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PIPER TWIN COMANCHE SERVICE MANUAL 

AEROFICHE REVISION STATUS 

Revisions to this service manual 753 645, originally published (on paper only) August 1, 1963 and 
reissued (on paper only) December 29, 1972 are as follows: 

Revisions Publication Date Aerofiche Card Effectivity 

ORIGINAL (Paper only) August 1. 1963 None 
COMPLETE REISSUE (Paper only) June 25, 1969 None 
COMPLETE REISSUE (Paper only) December 29. 1972 None 
1 st January 31, 1974 None 
2nd June 28. 1976 1 .2and3  
3rd October 6 .  1977 l a n d 2  
4th April 26, 1978 1 .2and3  
5th September 10. 1979 1 and 2 
6th April 6, 1981 1 .2 .3and4  
7th October 28. 1982 1. 2. 3 and 4 
8th* October 1. 1998 1, 2, 3, and 4 

* Revisions appear in all four cards. Accordingly, 
discard your existing card set and replace it with 
these cards dated October 1,1998. 

A. Consult the latest Piper Customer Service Information Catalog No. 1753-755 (Aerofiche) for 
current revision dates for this manual. 

B. The General Aviation Manufacturers Association (GAMA) has developed specifications for 
microfiche reproduction of aircraft publications. The information compiled in this Aerofiche 
Service Manual will be kept current by revisions distributed periodically. These revisions will 
supersede all previous revisions and will be complete Aerofiche card replacements and shall 
supersede Aerofiche cards of the same number in the set. 

C. Conversion of Aerofiche alphalnumeric grid code numbers: 

First number is the Aerofiche card number. 
Letter is the horizontal row reference per card 

Second number is the vertical column reference per card. 

Example: 2J 16 = Aerofiche card number two, row J, column 16. 

D. To aid in locating information, a complete Preface containing the Section Index Guide, List of 
illustrations and List of Tables for all fiche in this set is provided at the beginning of Card 1. Each 
subsequent aerofiche card contains a partial Preface, displaying only those elements on that card. 

IDENTIFYING REVISED MATERIAL 

A revision to a page is defined as any change to the text or illustrations that existed previously. Such 
revisions, additions and deletions are identified by a vertical black line (change bar) along the left- 
hand margin of the page opposite only the text or illustration that was changed. 

\ Changes in capitalization, spelling, punctuation, indexing, the physical location of the material or 
complete page additions are not identified by revision lines. 

\ 

Example 
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EFFECTIVITY 

This service manual is effective for all PA-30 and PA-39 airplanes as follows: 

b3Qddbm M&!wh lh  Serial Numbers Model Yeag 

Twin Comanche PA-30 30-2 thm 30-901. less 30-853 1963 - 1965 

Twin Comanche B and PA-30 30-853 and 30-902 thm 30-1744. 1966 - 1968 
Twin Comanche Turbo B less 3C-1717 

Twin Comanche C and PA-30 30-1717 and 30-1745 thru 30-2000 1968 - 1970 
Twin Comanche Tbrbo C 

n i n  Comanche C/R and PA-39 
Twin Comanche Turbo C/R 

PARTS 

This manual generally does not contain hardware callouts for installation. Hardware callouts are only 
indicated where a special application is required. To confirm the correct hardware used. refer to the PA- 
30139 nin Comanche Part. Catalog P/N 753 646. and FAR 43 for proper utilization. 

WARNINGS, CAUTIONS AND NOTES 

These are used to highlight or emphasize important information. 

- WARNING - 

OPERATING PROCEDURES, PRACTICES, ETC., WHICH MAY RESULT IN 
PERSONAL INJURY OR LOSS OF LIFE IF NOT CAREFULLY 
FOLLOWED. 

- CAUTION - 

OPERATING PROCEDURES, PRACTICES, ETC., WHICH IF NOT 
STRICTLY OBSERVED MAY RESULT IN DAMAGE TO EQUIPMENT. 

- Note - 

An operating procedure, condition, etc.. which is essential to emphasize 
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SECTION I 

INTRODUCTION 

1-1. GENERAL. This manual contains service and maintenance instructions for the Piper 
PA-30139 Twin Comanche, designed and manufactured as a versatile airplane in  the personal 
and business aviation field, by the Piper Aircraft Corporation, Lock Haven. Pennsylva~a.  

2 SCOPE OF MANUAL. Sections I1 and 111 comprise the service part of this manual. 
whereas Sections N t h r o u a  XTV comprise the maintenance instructions. Pan 11 of this 
manual has service information which is specifically for the PA-39 model onpi. The senice 
instructions include ground handling, servicing. and inspection. The maintenance 
instnrctions for each system include troubleshooting, removal and installation of 
components, and corrective maintenance and testing; each major system of the aircraft is 
covered in a separate section. Only qualified personnel should perform the operations 
described in this manual. 

The description of the airplane included in this section is limited to gencral information. 
Section Il gives leading particulars and principal dimensions, while each major system is 
described in its appropriate section of the manual. For a more detailed description of the 
airplane, refer to the Owner's Handbook. 

1-3. DESCRIETION. The Piper PA-30 Twin Comanche is a four-place (optional 5th and 
6th seats are available in Serial Nos. 30-853, 30-902 and up) twin engine, low-wing 
monoplane of all-metal construction. F'aragaphs 14 through 1-14 provide descriptions of 
the major components and systems. 

I .  FUSELAGE. The fuselage consists of three basic units: the nose section, the cabin 
section. and the tail cone section. 

1-5, WING. The laminar flow wing is of all-metal stressed-skin, full-cantilever design. 
consisting of two wing panels bolted together at the center of the fuselage. The wing tips are 
removable. The ailerons are cable and push rod controlled and are statically and dpnam~cally 
balanced. The trailing edge wing flaps are electrically operated. 

I\TRODL'CTION 
Issued: ! 2-19:;: 



PIPER TWIN COMANCHE SERVICE MANUAL 

1-6. EhlPENSAGE. The empennage consists of the fin. rudder. stabilator and stabilator 
trim tab. The rudder and stabilator are statically balanced. 

1-7. FLIGHT CONTROLS. The flight controls are conventional. consisting of a control 
wheel which operates the ailerons and stabilaton, and foot pedals wh~ch operate the rudder. 
D~~pl icate  controls are pmvided for the copilot. 

1-8. LANDING GEAR. The landing gear is an electrically operated tricycle gear. consisting 
of a nose wheel and two main wheels. 

1-9. BRAKE SYSTEM. The brakes on the PA-30 are hydraulically operated by toe pedals. 

1-10. ENGINES AND PROPELLERS. The airplane is powered by two Avco-Lycoming 
four cylinder, direct drive, wet sump. horizontally opposed, fuel injected engines. Tlie 
propellen are Hartzell full feathering, constant speed units controlled by a governor 
mounted on each engine. Some propellers are equipped with a backup spring which allows 
operation of the propeller in case of loss of air from the air cylinder. These propellers are 
identified bv the letter "S" after the hub dash number. such as HC-EZYL-29s. The "S" 
propeller should not be intennixed with the other propellen. Each model with its engines 
and particular propellen are as follows: 

IhTRODUCTIOS 

Issued: 1 2,'29/7'. 

Model 

PA-30 

!' \-30 T , ~ r b o  

Engine 

10-320-8 1 A 

TO-32O-C 1.4 

Octane 

9 1196 

100!130 

Ropeller 

HC-EZYL-2 
HC-E2YL-2B 
HC-EZYL-2BF 
HC-E2YL-ZBS 
HC-E2YL-2BSF 

HC-EZYL-2 
HC-E2YL-2B 
HC-E?YL-ZBF 
HC-E2YL-2BS 
HC-E2YL-2BSF 

H.P. 

I60 

160 
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1-1 1. FUEL SYSTEM. The fuel system consists of four ~ b b e r - t y p e  cells located in the 
wings with a total fuel capacity of 9 0  U.S. gallons. (Optional 15 U.S. gallon each, tip tanks) 
two enginedriven fuel pumps. two electric auxiliary fuel pumps and two combination fuel 
selectors and strainer valves. 

1-1 2. INSTRUMENTS. Rovisions for the instrument installation includes panels for engine 
instruments and advance f l i b t  instruments. The panel is shock mounted to minimize 
vibration t o  the instruments. 

1-13. ELECTRONIC EQUIPMENT. Rovision for electronic equipment includes varioc~s 
combinations of radio installations and Autopilot. 

1-14. HEATING AND VENTILATING SYSTEM. Heated air for the cabin and defroster is 
obtained from a 25,000 BTU gasoline heater installed in the nose section. Fresh air for the 
cabin interior is obtained from two individual sources: one from the nose section and the 
other from a scoop located in the speed fairing ahead of the vertical fin. 

ISTRODUCTION 
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SECTION 11 

HANDLING AND SERVICING 

1-1. INTRODUCTION. This section contains routine handling and servicing procedure5 
that are most frequently encountered. Frequent reference to this sectlon w~l l  a d  the 
individual by providing information such as the location of various components. ground I handling procedures, mutine senice procedures and lubrication. When any system or 
component requires senice other than the procedures outlined in this sectlon, refer to the 
appropriate section for that component. 

2-2. DIMENSIONS. The principal airplane dimensions are shown in Figures 2-1 and 2-2. 
and are listed in Table 11-1. 

1-3. STATION REFERENCE LINES. In order to facilitate the location of various 
components of the airplane which require maintenance and servicing, a method utilizing 
fuselage station, wing station or buttock line (BL), and water line (WL) designations is 
frequently employed in this manual. (Refer to  Figures 2-3 and 24 . )  Fuselage stations, 
buttock lines, and water lines are reference points measured by inches in the vertical o r  
horizontal direction from a given reference line which indicates station locations of 
structural memben of the airplane. Station 0 of the fuselage is located 13.37 inches aft of 
the foremost point of the nose. Station 0 (BL) of the wing and stabilator is the center line 
of the airplane: and station 0 (WL) of the fuselage, venical stabilizer and rudder is 8.25 
inches below the bottom edge of the fonvard left side window. The reference datum line or 
0 fuselage station reference line is located 79 inches fonvard of the wing leading edge. 

2 4 .  WEIGHT AXD BALANCE DAT.4. When figuring various weight and balance 
computations. the weight and empty weight center of gravity of the vrplane may be found 
in the Weight and Balance Form of the Airplane Flight Manual. 

HANDLING AND SERVICING 
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Figure 2-1. T h r e e  View of l%in Comanche P.4-30 
Serial Sos. 30-1 ro 30-832 inclusive and 30-854 to 30-901 inclus~ve 

HAhDLING AXD SERViCITG 
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Figure 2-2. Three View of %in Comanche P.4-30 
Serial Nos. 30-853, 30-902 to 30-2000 inclusive 
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a TABLE 11-1. LEADING PARTlCULARS AND PRlNClPAL DlMENSlONS 

MODEL PA-30 

ENGlNE 

Manufacturer 
Model 
FAA Type Certificate 
Rated Horsepower 
Rated Horsepower, RPM: 

Full Throttle 
Performance Cruise (75% rated) 
Economy Cruise (65% rated) 

Fuel Consumption Cruise 
75% Rated Power 
65% Rated Power 
60% Rated Power 

Propeller Drive Ratio 
Propeller Shaft Rotation 
Bore 
Stroke - 

Displacement 
Compression Ratio 
Weight (With Starter and Generator or Alternator) 
Dimensions: 

Height 
Width 
Length 

Oil, SAE Number 
Oil Sump Capacity 
Oil Consumption, Maximum 
Fuel, Aviation Grade, Minimum Octane 
Fuel Injector, Bendix 
Magneto (2). Scintilla 
Magneto Drive, Ratio to Crankshaft 
Magneto Drive, Rotation 
Magneto Timing 
Magneto Point Clearance 

Issued: 12/29/72 

Avco-Lycoming 
10-320 B1A 
lEl2 
1 60 

160 hp @ 2700 RPM 
I20 hp @ 2450 RPM 
104 hp @ 2350 RPM 

10.0 gph 
8.8 gph 
8.2 gph 
I : I  
Clockwise 
5.125 in. 
3.875 in. 
319.8 cu. in. 
8.50:l 
287 lbs. 

19.22 in. 
32.24 in. 
33.59 in. 
Refer to Table 11-111 
8 quarts 
0.010 lb./ bhp/hr. 
9 1/96 octane 
RSA-SAD I 
S4LN-21 
I : I  
Clockwise 
25 degrees BTC 
0.018 + 0.006 
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TABLE 11-1. LEADING PARTICULARS AND PRINCIPAL DIMENSIONS 

MODEL PA-30 Turbo 

ENGINE 

Manufacturer 
Model 
FAA Type Certificate 
Rated Horsepower 
Rated Horsepower, RPM: 

Full Throttle 
Performance C ~ i s e  (75% rated) 
Economy Cruise (65% rated) 

Fuel Consumption Cruise 
75% Rated Power 
65% Rated Power 
60% Rated Power 

Propeller Drive Ratio 
Propeller Shaft Rotation 
Bore 
Stroke 
Displacement 
Compression Ratio 
Weight (With Starter and Generator or Alternator) 
Dimensions: 

Height 
W~dth 
Length 

Oil. SAE Number 
Oil Sump Capacity 
Oil Consumption, Maximum 
Fuel, Aviation Grade. Minimum Octane 
Fuel Injector. Bendix 
Magneto (2). Scintilla 
Magneto Drive. Ratio to Crankshaft 
Magneto Drive, Rotation 
Magneto Timing 
Magneto Point Clearance 

HANDLING AND SERVICING 

Avco- Lycoming 
10-320 CIA 
1E12 
160 

160 hp @ 2700 RPM 
120 hp @ 2450 RPM 
104 hp @ 2350 RPM 

10.0 gph 
8.8 gph 
8.2 gph 
1:l 
Clockwise 
5.125 in. 
3.875 in. 
319.8 cu. in. 
8.50: 1 
294 lbs. 

19.22 in. 
32.24 in. 
33.59 in. 
Refer to Table 11-lII 
8 quarts 
0.010 lb./bhp/hr. 
1001130 octane 
RSA-SAD1 
S4LN-21 
1:l 
Clockwise 
25 degrees BTC 
0.018 + 0.006 

Issued: 12129n2 
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TABLE 11-1. LEADING PARTICULARS AND PRINCIPAL DIMENSIONS (cont . )  

MODEL PA -30 

ENGINE (cont .) 

Spark Plugs (shielded): 
A C 
Champion 

Spark Plug Gap Setting ( in.) '"  
F i r ing  Order  
Tachometer  Drive. Ratio To Crankshaft 
Tachometer  Drive, Rotation 
S ta r t e r  

Delco-Remy. 12-volt 
Prestolite,  12-volt 

S t a r t e r  Drive, Ratio to Crankshaft 
S t a r t e r  Drlve. Rotation 
Generator ,  Delco- Remy 

Voltage Regulator, Delco-Remy 
Paralleling Relay. Delco-Rerny 

Alternator .  Prestolite 
Voltage Regulator, Prestolite 
Over Voltage Control. Prestolite 

Vacuum Pump Drive, Ratio to Cr;lnkshafr 
Vacuum Pump Drive, Rotation 
Propeller Governor Dr ive  
Propeller Governor Ratio 
Fuel Pump 

PROPELLER 

Manufacrurrr 

Type 
Hub 

Blade ( 2 )  
D ~ a m e t e r  
Diameter. Minimum 
III sCFCl To L I C O V I M O  1 1 9 v I L E  I M I T ? u C T ~ O N  - 0 .  I 0 4 2  

SR-88D 
REM-40E 
0 .018 to 0.022 in. 
1-3-2-4 
0 .5 : l  
Clockwise 

Model 11095 1 1 
Model MZ4206 
13.55:l 
Counterclockwise 
12-volt, 50 amp. Model 1101915 
I1 19246 (50 amp) 
11 16887 (50 amp) 
12-volt. ALX 8403 
VSF 7203 8A 
XI7621 
1 .30:1 
Counterclockwise 
AN20010 Type X X  
0.866:l 
AC-GP6440296 

Hartzell 
Constant Sprcd Feathering 
HC-E2YL-?B. HC-EIYL-2BF. HC-E?YL-2BS 01 

HC-EIY L-IBSF 

76634 or F7h63-4 
72 ln. 
70 in.  
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MODEL 

TABLE 11-1 LEADING PARTICULARS AND PRINCIPAL DIMENSIONS (cont .) a 
ENGINE (cont .) 

Spark Plugs (shielded): 
AC 
Champion 

Spark  Plug Gap Setting (in .) 
Fir ing  O r d e r  
Tachometer  Drive, Ratio T o  Crankshaft 
Tachometer  Drive, Rotation 
S t a r t e r  

Delco-Remy. 12-volt 
Prestolite.  12-volt 

S t a r t e r  Drive, Ratio to Crankshaft 
S t a r t e r  Drive, Rotation 
Genera tor ,  Delco-Remy 

Voltage Regulawr,  Delco-Remy 
Paralleling Relay, Delco-Remy 

Alternator ,  Prestolite 
Voltage Regulator, Prestolite 
Over Voltage Control, R e s t o l i t e  

Vacuum Pump Drive, Ratio, to Crankshaft 
Vacuum Pump Drive, Rotation 
Propeller Governor Dr ive  
Propeller Governor Ratio 
Fuel Pump 

PROPELLER 

Manufacturer 

Type 
Hub 

Blade (2) 
Diameter  
Diameter,  Minimum 

1 1 )  l E F E l  TO L I C O M I M O  S E R V I C E  I M S T W J C I I O I  *a. l0.1. 

PA -30 Turbo 

171 
R EB-37N 
0 .015 to 0.021 i n .  
1-3-2-4 
0.5:1 
Clockwise 

110951 1 
MZ4206 
13.55:l 
Counterclockwise 
1 2-volt, 50 amp, Model 1101915 
11 19246 (50 amp) 
1 11 6887 (50 amp) 
12-volt, ALX 8403 
VSF 7203 8A 

a 
XI7621 
1 .30: l  
Counterclockwise 
AN20010 Type X X  
0.866: 1 
Lear-Siegler RG17980 

Hartzell 
Constant Speed Feathering 
HC-E2YL-2B. HC-E2YL-2BF. HC-E2YL-?BS or 

HC-E2YL-2BSF 

76634 or F76634 
72 In. 
70 In. 
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TABLE 11-1. LEADINC PARTICULARS AND PRINCIPAL DIMENSIONS (cont . )  

MODEL PA-30 

PROPELLER (cont .) 

Blade Angle, Low 1 2 '  

Blade Angle, High"' 
Control Governor 
Governor Model 

1 2 . 0 i  0.015 degrees  
78 degrees  
H a r u e l l  
F 6 - 3  o r  F6 

FUEL CELL CAPACITIES 

Inboard (Main) Fuel Cells Two 
Capacity (each) 30 U .  S .  gallons 
Unusable Fuel (each) 3 U . S . gallons 

Outboard (Auxiliary) Fuel Cel ls  Two 
Capacity (each) 15 U.  S .  gallons 

Tip Tanks Two (optional) 
Capacity (each) 15 U. S. gallons 

LANDING GEAR 

Type Electrically re t rac table  
Shock Strut Type Combination Air and Oil 
Fluid Required (Struts & Brakes) MIL-H-5606 (Red) 
Strut Extension (Static Load) 2 . 7 5  in .  
\4axinium A i r  P re s su re  (Strut) 100 psi 
T r e a d  (Wldth from each t i r e  cenrer) 9 ft . Y .j in .  
Wheel Base 7  f t .  :3.625 in .  
Nose Wheel Travel  25' Max. 19" Llin. rlght. 25" Max. 19' Min. left 
Main Wheel Toe-In  0 degrees  
Turning Radius (Min .) 28 ft . l . 5  i n .  
Wheel, Nose Cleveland 38501 
Wheel. Main Cleveland 4 0 - 3 4 " ' ~ l e v e l a n d  40-90"'  
Brake Type (Disc) Cleveland 30-23 
T i r e .  Nose 6:00 x 6, 6 ply rated 
T i r e .  Main 6:00 x 6. 6 ply rated 
T i r e  Pressure  42 psi  
121 BLIDL .NCIL r l  30 I N .  . I l i D u I .  

I11 5 ~ ~ 1 1 1  N O S .  3 & 2  TO 1 -645  I I I C L .  I 4  I E R I a L  N O S .  1-8.6 .NO UP. 
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TABLE 11-1. LEADlNG PARTICULARS AND PRINCIPAL DIMENSIONS (contd) 

PA-30 

MODEL 

PROPELLER (contd) 

Blade Angle, Low 
Blade Angle, High 2 

Control Governor 
Governor Model 

FUEL CELL CAPAClTlES 

lnboard (Main) Fuel Cells 
Capacity (each) 
Unusable Fuel (each) 

Outboard (Auxiliary) Fuel Cells 
Capacity (each) 

Tip Tanks 
Capacity (each) 

LANDING GEAR 

TY P'e 
Shock Strut Type 
Fluid Required (Struts & Brakes 
Strut Extension (Static Load) 
Maximum Air Pressure (Strut) 
Tread (Width from each tire center) 
Wheel Base 
Nose Wheel Travel 
Main Wheel Toe-ln 
Turning Radius (Min.) 
Wheel. Nose 
Wheel, Main 
Brake Type 
Tire, Nose 
Tire, Main 
Tire Pressure 

2 - B L A D E  ANGLE AT 30 I N  RADIUS. 

3 .  SERIAL NOS. 3&2 TO 30-845 INCL. 

4 - S E R I A L  NOS. 30-846 A N D  UP. 

Issued: 12/29/72 

12.0 + 0.015 degrees 
78 degrees 
Hartzell 
F6-3 

Two 
30 U.S. gallons 
3 U.S. gallons 
Two 
I5 U.S. gallons 
Two 
I5 U.S. gallons 

Electrically retractable 
Combination Air and Oil 
MIL-H-5606 (Red) 
2.75 in. 
100 psi 
9 ft. 9.5 in. 
7 ft. 3.625 in. 
25: Max. 19f Min. right. 25: Max. 19f Min. left 
0 degrees 
28 ft. l l in. 
Cleveland 38501 
Cleveland 40-343 Cleveland 4-90' 
(Disc) Cleveland 30-23 
6:00 x 6. 6 ply rated 
6:00 x 6, 6 ply rated 
42 psi 
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TABLE 11-1. LEADING PARTICULARS AND PRINCIPAL DIkIENSlOh'S 1cont.1 

I MODEL PA-30. PA-30 Turbo 

OVERALL 

G r o s  Weight 
Gross Weight Landing 
Width (Span) 

Length 
Height (Static Ground Line) 
Height, Propeller Hub, Thrust Line 

Level 
Clearance. RopeUer Tips, Thrust 

Line Level 

FUSELAGE 

Length (Including Tail Cone Fairing) 
Width (Without Stabilator) 
Height (Without Vertical Fin) 

WINGS 

Span (Width) 

Chord: 
Station 25 inches 
Station 62 inches 
Station 2 l l inches 

Dihednl (Leading Edge) 
Incidence 
Wing Twist 
Lcngth of Flap 
Lmgth of Aileron 

Stabilator Overall Span 
Fin Setting. Fixed 

I11 PA-10 TURBO ONLY. 

HANDLING AKD SERVlCING I Revised: 1/31 I74 

3600 lbs.. 3725 !bs.I1' 
3600 lbs.. 3725 lbs."' 
35 ft. 1 1.75 in. 
36 ft. 9.625 in. (11 

25 ft. 1.9375 in. 
8 ft. 2.875 in. 

4 ft. 6 in. 

11.5 in. 

23 ft. 0.950 in. 
47.875 in. 
53.875 in. 

35 ft. 11.75 in. 
36 ft. 9.625 in."' 

7 ft. I in. 
5 ft. 5 in. 
3 ft. 3 in. 
5 degrees 
2 degrees 
0 degees 
110.90 in, 
75.30 in. 

12 ft. 6in. 
0 degree centerlinc 
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TABLE 11-1. LEADING PARTICULARS AND PRINCIPAI. DIMI'.NSIONS (cont.1 

I MODEL PA-30. PA-30 'rt~rbo 

A R E A S  

Tota l  Wing Area (Including Aileron 
a n d  Flaps) 1 7 8  sq. f t .  

Aileron 14.1 sq.  ft. 
F l a p  20.2 sq. I't. 
Stabilator.  including trim lab  32 .5  sq. ft .  
Fin  9 .0  sq. ft. 
Rudder  5.9 sq. ft. 

C O N T R O L  SURFACES T R A V E L  

I R E F E R  T O  T A B L E S  V-1 A N D  V-IA. 

C O N T R O L  S U R F A C E  CABLE TENSION 

I R E F E R  T O  TABLES V-l A N D  V-IA. 

HANDLING AND SERVlClNG 
Revised: 1 / 3 1 / 7 4  
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Figure 2-3. Station Reference Lines. Fuselage 

HANDLlNG A N D  SERVICING 
Issued: 12/29/72 
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1775 

1 2  3 4 5  8 7  8 9 

10 11 12 

SERIAL NOS. 30-1 TO 30-852. 30-854 T O  30-901 INCL. 

1 2  3 4 5  6 7 9  9 

10 11 18 1 2  13 1415 18 17 

SERIAL NOS. 30-853 A N D  3 0 - 9 0 2  A N D  UP 

1. ELEnRlCAL WIRES. OXYGEN CONTROL U B L E  11. CONTROL CABLES 
2. FUSE PANEL 11. BRAKE LINES. MAIN N E L  CELL OUTLET UNE. 
3. ELECTRICU WIRES. FUEL UNE RIGHT ENGINE CONTROL CABLES 
4. UNDlNG GEAR RETUACTION TR*NSMISSION ASSEMBLY 13. CONTROL CABLE PULLEY CLUSTER. BRME UNE 
6. ELECTRICAL WIRES. FUEL UNE RIGHT ENGINE LEFT GEAR. TRIM SENSOR. MAJN G€4R PUSH.PULL 
6. FUEL PUMPS. FUEL SELECTOR VALVE CONTROLS CONTROL CABLE. TIP TANK FUEL UNE 
7. MAIN N E L  CELL OUTLET UNE. ELECTRICAL WIRES 14. AILERON AND FLAP CONTROL PULLEYS 
8. FUEL SELECTOR VALVES AND DRAINS 16. FLAP ACTUATING TRANSMISSION ASSEMBLY. FLAP 
9. MAIN G E M  WSH-PUU CONTROL CABLES. CONTROL PULLEYS. AUTOPILOT PITCH SERVO 

BFLAKE LINE. RIGHT GEM AND TIP TANK FUEL UNE 10 ELECTRIUL WIRES. NSELAGE STRINGERS 
10. COMROL CABLE WLL- CLUSTER. BRAKE UNES. 17. GYRO AMPLIFIER 

AUTOPILOT ~rrw SERVO 18. CONTROL CABLES 
19. CONTROL CABLES AND PULLEYS. FUSELAGE STRINGERS 

Figure 2 - 5 .  Access P!ates and Panels, Fuselage In ter io r  

t iA hDLISG AAND SERVICIXG 
I s s~ed:  l'_/Z9/73 
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1. NOSE LANDING GEAR 8. VERTICAL FIN AmACHMENT BOLTS. ELT TRANSMITTER 
2. FUEL SELECTOR VALVES. FUEL DRAINS. FUEL SCREENS 9. RUDDER CONTROL HORN. STABILATOR TOROUE TUBE. 
3. MAIN GEAR WSH-PULL CONTROL CABLES. FLAP POSITION STABIMOR CONTROL STOPS. STABlLAToR TRIM 

SENDING UNR MECHIHISM 
4. MAIN FUEL CELL OUTLET 10. ROTATING BEACON 
6. FUSELAGE AFT SECTION INTERIOR 11. STABILATOR BALANCE ARM AND WEIGHT. STABILATOR 

i 
6. BRAKE FLUID RESERVOIR. CENTRAL AIR FILTER. HEATER CONTROL CABLE ATTACHMENT ENDS. RUDDER TRIM 

NOSE GEAR. VOLTAGE REGULATORS. PARULEUNG RELAY BUNGEE 
7. OXYGEN FILLER 1 2  EXTERNAL POWER RECEPTACLE 

13. BAGGAGE AREA 8ATTERY 

Figure 2 - 6 .  -4ccess Plates and Panels, Fuselage 
2.4-.30. Serial Nos. 30-1 to 30-852 inci. and 30-854 to 20-501 incl 

ti.\SDLISG -4 hQ SERVICIX 
Issued: 12/29/72 
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n 

1 NOSE LANDING GEAR 
2 FUEL SELECTOR VALVES. FUEL DRAINS. FUEL SCREENS 
3 V A I N  A h D l h G  GEAR P-SAP,LL COhTRO- CAB-ES FLAP ACT,ATlhG I TRANSM SSlON F A P  POS TlON SENDER JNlT AdTOPlLOT 
4 MAIN FUEL CELL OUTLET 
5 EXTERNAL POWER RECEPTACLE 
6 BATTERY VOLTAGE REGULATOR BRAKE FLUID RESERVOIR CENTRAL 

AIR FILTER HEATER NOSE GEAR. PARALLELING RELAY 
7 BAGGAGE AREA 
8 OXYGEN FILLER 
9 VERTICAL FIN ATTACHMENT BOLTS. ELT TRANSMITTER 

10 RUDDER CONTROL HORN STABILATOR TOROUE TUBE. STABIIATOR 

I CONTROL STOPS. STABILATOR TRIM MECHANISM 
11. ROTATING BEACON 
12. STABILATOR BALANCE ARM AND WEIGHT. STABILATOR CONTROL 

CABLE ATTACHMENT ENDS. RUDDER TRIM BUNGEE 

Figure 2 - 7 .  .4scess Plates and Panels, Fuselage 
P.i-30, Serial Nos. 30-833, 30-902 to 30-2000 inclusive 

HAhDLING .4hD SERVICISG 
Issued: 12!19.'1 
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1. PROPELLER RECHARGE VALVE 
2. OIL FILLER 
3. VACUUM REGULATOR. ENGINE CONTROL 

CABLES AND ELECTRICAL WIRE CONNECTIONS 
4 FUEL CELL MA lN  
5 FUEL CELL FILLER. MA lN  
6 NACELLE INTERIOR 
7 FUEL CELL. AUXILIARY 
8 FUEL CELL FILLER. AUXILIARY 
9 WING TIP 

10 ENGINE CONTROL CABLES. ELECTRICAL WIRE 
CONNECTORS. FUEL LlNE CONNECTIONS. 
STATIC AIR LlNE CONNECTIONS. BRAKE LlNE 
CONNECTIONS AND FRONT AND REAR SPAR 
Al lACHMENT POINTS 

11 ENGINE OIL DRAIN 
12 FUEL CELL OUTLET AUXILIARY 
13 MA lN  LANDING GEAR AND BRAKE ASSEMBLY 
14 EUNGEE CORD 
15 FLAP BELLCRANK 
16 AILERON CABLE PULLEYS 
17 AILERON BELLCRANK 
18 PlTOT TUBE 
19 STEP LOCK ADJUSTMENT 

Figure  2 - 8 .  Access Plates  and Panels,  \\ 'in@s 

H.4SDLIXG .4X7J SERVICISG 
Issued: 12;19,'72 
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2-5. SERIAL NUMBER PLATE. The serial number plate on  the PA-30 can be found at the following 
locations: O n  the forward upper portion of the forward cabin bulkhead; inside the fuselage on the left skin 
opposite the rear fuselage access panel; or  on the fuselage adjacent to the left side of the tail skid. Airplane 
serial numbers will be used in this manual where servicing difference occurs, and should be used when 
contacting the factory on service o r  warranty matters. 

2-6. ACCESS AND INSPECTION PROVISIONS. The access and inspection provisions for the airplane 
are shown in Figures 2-5 thru 2-8. The component to beserviced or  inspected through each opening is assigned 
an index number to identify it  in the illustration. All access plates and panels are secured by either metal 
fasteners o r  screws. The floor panels may be removed by first removing the desired seats, then sliding the carpet 
edges from under its retainer strips. lifting the edges and  removing the carpet attaching screws. Remove the 
carpet. thus exposing the floor panel attaching screws. T o  enter the aft section of the fuselage. remove the 
lower rear baggage compartment upholstery panel by removing the attaching screws. 

CAUTION 

Before entering the aft section of the fuselage, be sure the airplane is 
supported at the tail skid. 

2-7. TOOLS A N D  TEST EQUIPMENT. Because of the simplicity and easy accessibility of components, few 
special tools outside normal shop tools will be required. Tools that are required may be fabricated from 
dimensions given in the back of the section that pertains t o  a particular component or are listed in the back of 

. the PA-30 Pans  Catalog. 

2-8. TORQUE REQUIREMENTS. The torque values given in Table 11-11 are derived from oil-free 
cadmium-plated threads and are recommended for all airframe installation procedures where torqueing is 
required, unless otherwise noted in sections where other values are stipulated. Engine torquevaluesare found 

I in the latest revision of Avco-Lycoming Service Bulletin No. 268. Propeller torquevaluesare found in Section 
Vll l  of this rrianual. Table 11-la lists the torque valves for flared fittings of various sizes and material. 

Revised: 10/27/82 
HANDLIKC A N D  SERVICIKC 
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C A U T I O N  

D o  not  over torque fittings 

N O T E  

W h e n  flared fittings a re  being installed. ascertain that  the  male 
threads  a r e  properly lubricated. T o r q u e  the  fittings in accordance 
with Tab le  11-1A. 

I 1 M I \ I M I  M M A X I M U M  I M I \ I M L M  M A X 1 M I : M  I M I X I M I ' M  M A X I M U M  1 

T A B L E  11-IA. F L A R E  F I T T I N G  T O R Q U E S  - 
T O R Q U E  I X C H - P O U N D  

Added: 10/28/82 HANDLING A N D  SERVICIXC 
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2-8a. TORQUE WRENCHES. Torque wrenches should be checked daily and calibrated by means of  
weights and a measured lever arm t o  make sure that inaccuraciesare not present. Checkingone torque wrench 
against another is not sufficient and is not recommended. Some wrenchesarequite sensitive as  to the way they 
are supported duringa tighteningoperation. Any instructions furnished by the manufacturer must be followed 
explici~ly.  

When it is necessary t o  use a special extension or adapter wrench together with a torque wrench, a simple 
mathematical equation must be worked out t o  arriveat the correct torque reading. Following is the formula to 
be used: (Refer to Figure 2-8a.) 

T =Torque  desired a t  the part. 
A = Basic lever length from center of wrench shank t o  center of handle o r  stamped on wrench or  listed for 

that model wrench. 
B =Length of adapter extension, center of bolt to  center of shank. 
C =Scale reading needed to obtain desired torque (T). 

The formula: C = A x T  
A + B  

EXAMPLE 

A bolt requires 30 foot-pounds and a 3 inch adapter (one-quarter of 
a foot o r  ,257 is needed to get a t  it. You want to know what scale 
reading it will take on a one-foot lever a rm wrench t o  obtain the 30 
foot-pounds a t  the bolt. 

Remember, the 3 inch adapter must be projecting 3 inches straight 
along the wrench axis. In general, avoid all complex assemblages or  
adapters and extensions of flex joints. 

A933 

Figure 2-8a. Torque Wrench Formula 

Added: 10/28/82 
1B17 
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TABLE 11-11, RECOMMENDED NUT TORQUE (INCH-POUNDS) 
TABLE B 

TORQUES: The imoonance of correct aoolication cannot be overemuhasized I -. 
Undenorque can result in unnecessary wear of nuts and bolts as well as the 
pans lhev are holding together When insufficnent pressures are applied. I COARSE THREAD SERIES I - - . . 
uneven loads will be transrnnned throughout theassemblywh~ch may result in 
B X C ~ S S I V ~  weer or premature failure due to fatigue Overtorque can be equally 
damaging because of fanlure of a boll or nut from overslresslng the thread 
areas. The followtng procedures should be followed to assure that the correct 
torque is applied' 

1 Torque (self-locking lastenersl-Add the fr~ct~ontorque from Table Afrom 
sues 8 through 7/16 to the recommendedtarque from Table B to get the 
fnnal torque Thls would be the actual readmng on the torque wrench 

2 Torque lcestellated and non-self.lock~ng nutsl.Use only the lorque given 
in Table B Unless otherw~se swcified, when castellated nuts are used 
wlth a cotter pln on moving latnts, donottorquethe nut Turn the nut onto 
the bolt until proper grlp is eslabllshed and alignment wlth the colter pnn 
hole 1s achieved. then ~nstall the coner pan. 

3 Calibrate the torque wrench permod~cally to assure accuracy: recheck 
frequently. 

4 Ascertann that the bolt and nut threads are clean and dry (unless olher- 

BOLTS 
S m I  Tension 

AN 3 thru AN 20 
AN 42 thru AN 49 
AN 73 thru AN 81 
AN 173 thru AN 186 
MS 20033 rhru MS 20096 
MS 20073 
MS 20074 
AN 509 NK9 
MS 24694 
AN 5 X  NK525 
MS 27039 

wise spec~f!ed by the manufacturel If the boll or nut is spec~lned to be 
lubr~cated prlor to tlghtenlng. the torque range should be reduced 50% 

5 Use a bolt length longenoughtoprevent beartngloadsonlhethreads The 
complete chamfer or end radlusof the bolt or screw mustezrendthrouph 
the nut. 

6 Untque torques specified in the text of this manual supersedethetorques 
given i n  Tables A and B. 

7 Refer to the latest revlslon of Lycomlng SSP1776 for torques on parts 
used on Lvcoming engnnes 

8 A maximum of two AN960 washers may be added under the bolt headsar 
nuts to correct far variatnons in maternal thickness within the tolerances 
permltled 

9 L~mitat~onr b l  the use of self-locking nuts, bolts and screws ~ncludmng 
fasteners woth non-metallic onserts are as follows 
A ?asteners lncorporatlng self-lack~ng dev~ces shall no! be reused if 

they can be run up ustng only lingers. They may be reused if hand 
1001s are requ~red to run them up, provldnng there is no obvlous 
damage to the self-locklng devace prlor to lnstallat~on 

B Bolts 5/16 lnch d~ameter and over wlth cotter pln holesmaybe used 
with self-locktng nuts Nuts with non-metallic locking devmcas may 
be used in th~sapplmcat!on only #{the boltsare free from burrsaraund 
the cotter pln hole 

C Do not use self-lock~ng nulsal lo~ntswh~ch rub)pcl enher the nut or 
the bolt to rotatlon 

D Never tap or relhread sell-lock~ngfasleners Donot use nuts boltsor 
Screws wnlh damaged threads or rough ends 

TABLE A 

FRlcT17~DRAGl 
TORQUE IN LBS 

1 /4 30 
5/16 60 
3 /8  80 
7/16 100 1 

'APPLICABLE TO COARSE THREADS ONLY 

AN 310 
AN 315 
AN 363 
AN 365 
NAS 1021 
MS 17825 
MS 31045 
MS 20365 
MS 20500 
NAS 679 

AN 320 
AN 364 
NAS 1022 
MS 17826 
MS 20364 

Torque Lomots 

Revised: 10/28/82 HANDLING AND SERVlClNG 
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TABLE 11-11. RECOMMENDED NUT TORQUE (INCH POUNDS) (cont.) 

HANDLING AND SERVICING 

BOLTS 
Stwl Tsnrion 

AN 3 thru AN 20 
AN 42 thru AN 49 
AN 7 3 t h ~  AN 81 
AN 173 thru AN 186 
MS 20033 thru MS 2W46 
MS 20073 
MS 20074 
AN 5Q9 NK9 
MS 24694 
AN 525 NK525 
MS 27039 

NUTS 

SmlTns ion  

AN 310 
AN 315 
AN 363 
AN 165 
NAS 1021 
MS 17825 
MS 21M5 
MS 2a366 
MS 20500 
NAS 679 

BOLTS 
St-1 Tension 

MS mIxthNMS2(3024 
NAS 144 thru NAS 158 
NAS 333 thru NAS 3U) 

NAS 583 thru NAS 590 
NAS 624 thru NAS 644 
NAS 1303 thm NAS 1320 
NAS 172 
NAS 174 

SmlShear 

AN 320 
AN 364 
NAS i o n  
MS 17826 
MS2M84 

FINE THREAD SERIES 

NAS 517 

S m l  Tensban 

AN 310 
AN 315 
AN 
AN 365 
MS 17825 
MS 20365 
MS 21M5 
NAS 1021 
NAS 679 
NAS 12Bl 

BOLTS 
Aluminum 

AN 3DD mru AN ZOOD 
AN 1730D thru AN 186DD 
AN 50BDD 
AN 525D 
MS 270390 
MS 2-0 

NUTS 

S ~ I  hear bolt ' 
7 

NAS 464 

NUTS 

StwlShem 

AN 320 
AN 364 
NAS 1022 
MS 17826 
MS 20364 

Alum. Tension 

AN 365D 
AN 3 1 0 ~  
NAS 1021D 

Alum. Shaa 

AN 320D 
AN 364D 
NAS 1022D 

Nut+olt 
size 

8 -36 
10 -32 

114--28 
5/16-24 
3/8-24 

7/1&20 
1/2-20 

9/16-18 
5/8-18 
3/4-16 
7/8-14 

1 -14 
11/8-12 
1.114-12 

Toque Limits 
in-lbs 

Min. Max. 

Toque Limits 
in4bs 

5 
10 
30 
40 
76 

180 
280 
380 
550 
950 

1.250 
1.600 
2.100 
3.900 

Toqum Limits 
in-lbs 

Min. Max. 

Torque Limits 
in - lb  

Min. Max. Min. 

12 
20 
M 

100 
160 
450 
480 

1.100 
2.3W 
2.500 
3,700 
5 . W  
9 . W  

10 
15 
45 
65 

110 
280 
410 
580 
870 

1,250 
1.900 
2,4W 
3.200 
5.600 

3 
5 

15 
25 
45 

110 
160 
230 
270 
5W 
750 
950 

1.250 
2.300 

7 
12 
30 
60 
95 

270 
290 
480 
560 

1.- 
1.500 
2.200 
3.000 
5.400 

Max. 

15 
25 
70 

140 
190 
500 
690 

8 0 0 1 , 0 0 0  
1,300 
2.500 
3.000 
4.500 

' 7 . m  
11.000 

Torque Limio 
iwlbs 

6 
10 
30 
40 
70 

170 
260 
360 
420 
880 

1.200 
1.500 
2.OW 
3.650 

9 .  
15 
40 
85 

110 
300 
+lo 
6W 
780 

1.500 
1.800 
3.300 
4.200 
6.600 

Toque Limits 
in-lbs 

Min. 

25 
80 

120 
200 
520 
770 

1,250 
2.650 
3.550 
4,500 
6.000 

1 l . m  

Min. 

15 
50 
70 

120 
300 
460 
650 
750 

1.600 
2.100 
2.700 
3.6W 
6.600 

M u .  

30 
100 
145 
250 
530 
950 

1.1001.300 
1.550 
3.200 
4.350 
6.500 
7.332 

13.400 

Max. 

20 
60 
90 

150 
400 
550 
800 
950 

1.9W 
2.690 
3.300 
4.400 
8,000 
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a 2-9. HANDHOLD AND WALKWAYS. A fixed handhold is located on [lie righr 
side of the fuselage, above che r e a r  window. Walkways of four pa r t s  Drvoe nun- 
skid compound and one part  black enamel a r e  painted on [he right wing and I'lap. 
T h e  lines of rivets on the walkway a r e  covered with non-skid paper s t r ips ,  st.- 
cured with sculp-metal compound before the walk i s  applied. 

Avoid damage to the wings by stepping only on the 
walkway. 

a HASELISG .4YD SERVICING 

Iswed: 1 2 '29172 
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Figure 2-9. Jacking Arrangements 

2-10. GROUND HANDLING. 

2-1 1. INTRODUCTION T O  GROUND HANDLING. Ground handling covers all essential information 
governing the handling of the airplane while on the ground. This includes jacking. weighing, leveling, mooring. 
parking, towing and taxiing. When the airplane is handled in the manner described in the following para- 
graphs, damage to  the airplane and its equipment will be prevented. 

2-12. JACKING. The airplane is provided with a jack pad on each main spar just outboard of the engine 
nacelle and a support position by making use of the tail skid. (Refer to Figure 2-9.) To jack the airplane. 
proceed as follows: 

a. Place the jacks under the jack pads. 
b. Attach the tail support to the tail skid. Place approximately 350 pounds of ballast on thesupport to 

hold the tail down. 

CAUTION 

Be sure to apply sufficient tail support ballast; otherwise the airplane 
will tip forward and fall on the fuselage nose section. 

c. Raise the jacks evenly until all three wheels clear the floor. 

( Revised: 10/28/82 HANDLING A N D  SERVICIXG 
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Figure 2-10. Weighing Airplane 

2-13. WEIGHING. (Refer to  Figure 2-10.) The airplane may be weighed by the following procedure: 
a. Position a scale and ramp in front of each of the three wheels. 
b. Secure the scales from rolling forward and tow the airplane up onto the scales using the towing 

procedure as given in paragraph 2-18. 
c. Remove the ramp so as not to interfere with the scales. 
d. If the airplane is to  be weighed for weight and balance computations. level the airplane per 

instructions given in paragraph 2-14. 

2-14. LEVELING. All configurations of the airplane are provided with a means for longitudinal and lateral 
leveling. The airplane may be leveled while on jacks. during the weighing procedure while the wheels are on 
scales, or while the wheels are on the ground. T o  level the airplane for purposes of weighing or rigging, the 
following procedures may be used: 

a. To longitudinally level the airplane, partially withdraw the two leveling machine screws on the side 
of the fuselage. On airplanes with Serial Numbers 30-1 to 30-852 inclusive and 30-854 to 30-901 inclusive, the 
screws are located overthe baggagedoor. (Refer to  Figure 2-1 I . )  Onairplanes with Serial Numbers 30-853 and 
30-902 to 30-2000 inclusive. there is one screw fore and one aft of the right rear window. (Refer to  Figure 2- 12.) 
Place a spirit level on these screw heads and adjust the jacks until the level is centered. Should the airplane be 
either on scales or on the floor, first block the main gear oleos to  full extension; then deflate the nose wheel 
until the level position is reached. 

Revised: lO/28/82 HANDLING AND SERVlCllVG 
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Figure 2-1 1 . Leveling Airplane 
Serial Nos. 30- 1 to 30-852 incl: 30-854 io 30-90i inci.  

Figure 2 -  12.  Leveling Airplane 
Serial Sos. 30-853. 30-902 to 30-2000 inclusive 

HANDLING AXD 5ERVIClLC 
Issued: 1 2 . 2 0 : 7 -  a 
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b. To  laterally level airplanes with Serial Numbers 30-1 to 30-852 inclusive and 30-854 
to 30-901 inclusive, place a level Jcross the floorboard at Station 136.5 over the blllkhead to 
which the baggage door hinge brackets are attacl~ed. ( R e k r  to Figure 1-1 I . )  On airplanes 
with Serial Numbers 30-853 and 30-902 to 30-3000 inclusive. place a level on or p v ~ l l e l  to 
the hat section channel of the forward cabin bulkliead. (Refer to Figure 2-12.) Should 
equipment or other obstacles hinder placing the level directly on the channel. use two 
spacers (rods. etc.) of equal length between the level and channel to bring the level abovi. 
anv obstacles. Raise or lower one wing tip by deflating the appropriate tire on the higll side 
of the airplane or adjusf either jack until the bubble of the level is centered. 

2-15. MOORING. The airplane should be moored to insure its immovability. protection 
and secunty under various weather conditions. 711e foUowing procedure yibc'c t l ~ e  
instructions for proper mooring of the airplane. 

a. Head the airplane into the wind, if possible. 
b. Lock the aileron and stabilator controls using the front seat belt. control wheel lock. 

or control surface blocks. 
c. Block the wheels. 
d. Secure t iedown ropes t o  the wing tiedown rings and the tail skid at approximatelv 

45degree angles t o  the ground. Leave sufficient slack to avoid damage to the aircraft when 
the ropes contract due to moisture. 

CAUTION 

Use square or bowline knots. Do not use slip knots. 

NOTE 

Additional prenantions for hi& winds include ,:sing 
riedown ropes from the landing gear forks. and securing the 
rudder. 

. Iqstall pitot t ~ ~ b e  cover. if possible. 

H.4 SDLING .Ah73 SERI'ICISG 

Issued 12'19/7? 
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2-16. PARKIYG. When parking the airplane. insure that i t  is sufficiently pro- 
tected against adverse weather conditions and presents no danger to other a i r -  
crafr.  When parking the airplane for any length of time o r  overnight, i t  is  rec-  
ommended thar i t  be moored as in paragraph 2-15. 

a .  To park che airplane, head it into the wind, i f  possible. 
b. Set the par- brake by applying toe p ressure  against the top of the brake 

pedals and a t  the same time pull out onthe brake handle. To release the parking 
brake, apply toe pressure on the pedals and push in on the parking brake handle. 

NOTE 

To prevent damage to brake drum, ca re  should be 
taken when setting brakes that are overheated o r  
during cold weather when accumulated moisture may 
freeze the brake. 

2-17. LOCKING AIRPLANE. The cabin and baggage doors a r e  provided with a 
key lock. The same key can be used to operate both door locks. 

2-18. TOWING. The airplane may be moved by using the nose whet1 steering 
bar provided, o r  power equipment that will not damage o r  cause excess strain to 
the nose gear  assembly. On airplanes with Serial Numbers 30- 1 to 30-852 inclu- 
sive, the steering bar is stowed on the underside of the hat shelf in the baggage 
compartment. On airplanes with Serial Numbers 30-853 and 30-902 to 30-2000 
inclusive, it is anached to the forward section of the main spar. 

When towing with power equipment, do not Nrn  nose 
gear more than 20-degrees in either direction a s  this 
will result in damage to the nose gea r  and steering 
mechanism. 

HAhDLING .4ND SERVICIS 
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1133 

P IVOT  POINT 

Figure 2- 13. Minimum Turning Radius 

2- 19 .  TAXIINC. Before atternpang to mi the airplane, ground personnel should 
be checked out by a qualified pilot o r  other responsible person. Engine s tar t ing 
and shut-down procedures should be covered a s  well. Whenit i s  ascertained that 
the propeller back blast and raxi a r e a s  a r e  clear ,  apply power to s t a r t  the taxi 
roll  and perform the following checks: 

a .  Taxi forward a few feet and apply brakes to determine :heir effectiveness.  
b .  Taxi with propeller set in low pitch. high RPM setting. 
c .  While taxiing, make slight rurns to ascer ta in  the effectiveness of steering. 

d .  Observe wing clearances when taxiing near buildings o r  other stationary 
objects .  If possible, station a guide outside the airplane to observe.  

e . When taxiing on uneven ground, look for holes and ru ts .  
i . Do not operate  the engine a t  high R b 1  when running up o r  taxiing over 

ground containing loose stones. gravel o r  any loose material that may cause 
damage to h e  propeller blades. 

HAYELIXG A M J  SER'vTCING 
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2-20.  EXTERNAL POWER RECEPTACLE. 

2-21. OPERATION OF EXTERNAL POWER RECEPTACLE. The external power 
receptacle i s  located on the right s ide  of the fuselage. just rearward of the bag- 
gage door. on airplanes with Serial Nos. 30-2 to 30-852 inclusive and 30-831 to 
30-901 inclusive; and on the left s ide  of the nose section of airplanes with Serial 
Nos. 30-853 and 30-902 to 30-2000 inclusive. When using external power for 
s tar t ing o r  operation of anyof the airplane's equipment, place the master  switch 
in the OFF posirion before inserting o r  removing the power plug. 

2-22.  CLEANING. 

2-23.  CLEANING ENGINE COMPARTMEI'JT. Before cleaning the engine com- 
partment, place a s t r ip  of tape on the magneto vents to prevent any solvent from 
entering these units. 

a .  Place a large pan under the engine to catch waste. 
b. With rhe engine cowling removed, spray o r  brush the engine with solvent 

o r  a mixrure of solvent and degreaser ,  a s  desired.  It may be necessary to brush 
a r e a s  that were sprayed where heavy g rease  and d i n  deposits have collected in 
o rde r  to clean them. 

CAUTION 

Do not spray solvent into the generator o r  alternator.  
s ta r ter ,  o r  air intakes. 

c .  Allow the solvent to remain on the engine from five to ten minutes, then 
r lnse the engine clean with additional solvent and allow to d r y .  

CAUTION 

Do nor operate engine until excess solvent has evapo- 
rated o r  otherwise been removed. 

d .  Rr~liove the protective covers from the magnetos. 
e Lubricate conuols ,  bearing surfaces, e tc . ,  per  Lubrication Chart. Figure 

2 - 2 0 .  

HANDLING AhD UDERVICIXG 
Issued: 12;29;71 



I 
PIPER TWIN COMANCHE SERVICE MAKUAL 

I 

a 2-24. CLEAXING LANDING GEAR. Before cleaning the landing gear, place a plastic cover 
o r  similiar material over the wheel and brake assembly. 

a. Place a pan under the gear to catch waste. 
b. Spray or brush the gear area with solvent o r  a mixture of solvent and degreaser. as 

desired. It may be necessary to bmsh areas that were sprayed where heavy grease and d i n  
deposits have collected in order to clean them. 

c. Allow the solvent to remain on the gear from five to ten minutes, then rinse the gear 
with additional solvent and allow to dry. 

d. Remove the cover from the wheel and remove the catch pan. 
e. Lubricate the gear per Lubrication Chan, Figure 2-20. 

2-25, CLEANING EXTERIOR SURFACES. The airplane should be washed with a mild 
soap and water. H a n h  abrasive or alkaline soaps or detergents used on painted o r  plastic 
surfaces could make scratches or cause corrosion of metal surfaces. Cover areas where 
cleaning solution could cause damage. T o  wash the airplane, the following procedure may be 
used: 

NOTE 

When horing down aircraft avoid directing water in the fuel 
tank vents, drain tubes o r  around the sealed cover plates and 
filler cap access openings. 

a ' 

a. Flush away l o o x  dirt with water. 
b. Apply cleaning solution with a rag, sponge or soft bristle brush. 
c. To remove stubborn oil and grease. use a cloth dampened with naptha. 
d. Where exhaust stains exist, allow solution to remain on the surface longer. 
e. Any good automotive wax may be used to preserve the painted surfaces. Soft cleaning 

cloths or a chamois should be used to prevent scratches when cleaning or polishing. A heavier 
coating of wax on the leading surfaces will reduce the abrasion problems in these areas. 

2-26. CLEANING WINDSHIELD AND WIXDOWS. 
a. Remove din. mud, etc.. from exterior surface with clean water. 
b. Wash with mild soap and warm water or on aircraft plastic cleaner. Use a soft cloth or 

sponge using a straight rubbing motion. Do not harshly rub surfaces. 
c. Remove oil and grease with a cloth moistened with kerosene. 

NOTE 

Do nor use gasoline. alcohol. benezene. cabon tetrachloride, 
thinner. acetone, or window cleaning sprays. 

HANDLING AYD SERVICING 
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d. After cleaning plastic surfaces, apply a thin coat of hard polishing wax. Rub  lightly with a soft clot 
Do not use a circular motion. 

e. A severe scratch o r  mar in plastic can be removed by using jeweler's rouge to rub out the scratch. 
Smooth both sides and apply wax. 

f. T o  improve visibility through windshield and windows during flight through rain. a rain repellent 
such as  REPCON should be applied to  the windshield and windows. The surfaces of the windshield and 
windows treated becomes so  smooth that water beads up and readily flows off the surface. Apply this product 
in accordance with the manufacturer's instructions. (Repco P I N  FSCM, made by UNELKO Corporation 727 
E. I loth Street Chicago, 111. 60628.) 

2-27. CLEANING HEADLINER,  S I D E  PANELS A N D  SEATS.  
a. Clean headliner, side panels and seats with a stiff bristle brush and vacuum where necessary. 
b. Soiled upholstery, except leather, may be cleaned by using an approved air type cleaner or foam 

upholstery cleaner. Carefully follow the manufacturer's instructions. Avoid soaking or harsh rubbing. 

CAUTION 

Solvent cleaners require adequate ventilation 

c. Leather material should be cleaned with saddle soap  or  a mild soap and water. 

2-28. CLEANING CARPET.  Use a small whisk broom or  vacuum to  remove dirt .  For  soiled spots. use a 
non-inflammable dry-cleaning fluid. 

2-29. SERVICING 

2-30. INTRODUCTION T O  SERVICING. Servicing the airplane includes the replenishment of fuel, o 

airplane. 
hydraulic fluid, tire pressures, lubrication requirements and other items required to  completely service the 

2-31. LANDING GEAR SYSTEM 

2-32. SERVICING LANDING GEAR. The landing gear consisting of tires, brakes, oleo strut assembly, 
drag links. down locks and gear doors should be visually inspected to  determine proper strut extension, 
possible hydraulic fluid leakage, security and condition of all related components. Minor service is described 
in the following paragraphs, and detailed service and overhaul instructions a re  listed in Section V11. 

Revised: 10/28/82 HANDLING A N D  SERVICING 
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F i g u r e  2-14. S e r v i c i n g  Landing  G e a r  S t r u t s  

2-33. OLEO STRUTS. 

2-34. SERVICING OLEO STRUTS. The air-oil type oleo strut should be maintained at 
proper stnlt  tube exposures for best oleo action. Both the nose and main gear struts must 
I iwe al~proxim3tely 2.75 inches of  piston tube exposed. (Refer to Figme 2-14.] These 
measurements are taken with the airplane sitting on level surface under normal static load. 
(Empty  weight of airplane plus fill1 file1 and oil.) I f  the strut has less rube exposure than 
prescribed. determine whether i t  needs air o r  oil bv rocking the airplane. If the oleo strur 
oscillates with sllort strokes (appro~imate ly  one inch) and the airplane settles to it,  normdl 
posirioli wirliin one  o r  two cycles after i!le rocking force is removed. t l ~ c  oleo srnlr rcc;uirc> 
inflating. Check tlie valve core and filler plug for air Ie>ks, correct if  r eu~~ i red .  and add air 2s 

described in paragraph 1-36. If the oleo stnlt  oscillates with long strokes (~ lpprohi tn~te ly  
tllrce inches) and tlie a ip lane  continues to oscillate after the roiking force is removed. r l ~ c  
olco strilts reqt~ire fluid. Check the oleo for indicat~ons o l o i l  leaks. correct if rec;~~ircd. 2nd 
add Cuid as described in  paragraph 2-3-5. For repair p roced~~res  o i  the landing gear andinr 
oleo stmts. refer to Section VII. 

WARNING 

Deflate strut before disassembly 

HANDLING A N D  SERVICING 
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2-35. FILLING OLEO STRUTS. T o  fill the nose o r  main gear  oleo s t ru t  w ~ r h  
fluid (MIL-H-5606). whether it be only the addition of a small amount o r  if the 
unit has been completely emptied and will require a large anlounc, i t  should be 
filled a s  follows: 

WARNING 

Do not re lease  a i r  by removing the s t ru t  valve co re  
o r  filler plug. Depress the valve c o r e  pin until s t ru t  
chamber pressure  has diminished. 

CAUTION 

Dirt and foreign particles form around the fil ler plugs 
of the landing gear struts ,  therefore. before aaempt-  
ing to remove these plugs. the tops of the struts should 
be cleaned with compressedai r  and/or with adrycype 
solvent. 

a .  Place the airplane on jacks. (Refer to Jacking, Paragraph 2- 11 .) 
b .  Place a pan under the gear  to catch spillage. 
c .  .At the filler plug, relieve a i r  p res su re  from the s t ru t  housing chamber by 

removing the cap from the a i r  valve and depressing the valve co re .  
d .  There  a r e  two methods by which the smut chamber may be filled and these 

a r e  a s  follows: 
Firs t  hlethod: 

I .  Remove the valve core  from the filler plug a t  the top of the nose gea r  
srrur l~ousing o r  a! the top inboard side of the main gear housing. Allow the filler 
plug rro remain installed. 

2 .  .Attach one end of a clean plastic hose to the valve stem of the filler 
?lug and 5ubrnerge the other end in a container of hydraulic fluid. 

NOTE 

.An air-tight connection 1s necessary between the plas- 
tic rube and the valve s t em.  Without such a connection. 
a ~mal l amounr  of a i r  will be suckedinto rhe oleo s t ru t  
duringeach sequence, resultinginaninordinate amount 
af a i r  bubbles and a prolonged filling operation. 

HAhDLING .AhD SERVTCIS 
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3. Fully compress and extend the strut thus drawing fluid f rom the l luid container and expelling 
air from the strut chamber. By watching the fluid pass through the plastic hose, i t  can bcdetsrmincd when thc 
strut i s  ful l  and no air i s  present i n  the chamber. 

4. When air bubbles cease to f low through the hose, compress thestrut ful lyand remove the hohc 
from the valve stem. 

5 .  With the strut compressed, remove the filler plug to determine that the fluid level i s  visible up 
to the bottom o f  the filler hole. 

6. Reinstall the core i n  the filler plug and the plug in  the strut housing and tighten. 
Second Method: 

I .  Remove the filler plug from the top o f  the nose gear strut housing or at the top inboard side o f  
the main gear housing. 

2. Raise the strut piston tube unt i l  i t  i s  fully compressed. 
3. Pour f luid f rom a clean container through the fi l ler opening until i t  reaches the bottom o f  the 

filler p lug hole. (A i r  pressure type oi l  container may be helpful.) 
4. Install the filler plug finger tight, and extend and compress the strut two or three times to 

remove air f rom the housing. 
5 .  Remove the filler plug, raise the strut to ful l  compression and f i l l  with fluid i f  needed. 
6. Reinstall f i l l  plug and tighten. 

e. W i th  the airplane raised, retract and extend the gear strut several times to ascertain that the strut 
actuates freely. The weight o f  the gear fork and wheel should extend the strut. 

f. Clean off overflow o f  fluid and inflate the strut as described in  paragraph 2-36. 

g. Check that fluid i s  not leaking around t h t  strut piston at the bottom o f  the housing. 

2-36, I N F L A T I N G  OLEO STRUTS. After making certain that an oleo strut has sufficient fluid attach a 
strut pump t o  the air valve and inflate the oleo strut. The main gear struts should be inflated to providc equal 
extension wi th normal static load (empty weight plug ful l  fuel and oil) of a recommended 2.75 inches of piston 
exposure, although i t  may be reduced to 2.25 inches at the pilot's discretion. (1-he nose gear slrut may vary 
from 2.25 t o  2.75 inches.) (Refer to Paragraph 1-34.) Rock the airplane several times loascertain that thegc;~r 
seulcs back t o  the correct strut position. ( I f  a strut pump i s  not available, the airplane ma) bc raised and line 
pressure f rom a high pressure a i r  system uscd. Lower theairplaneand while rocking i t ,  l e t  air from I he val\.e to 
bring the strut down to the propcr extension.) Before capping the valve, check for valve corc leakage. 
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2-37. BRAKE SYSTEM. 

2-38. SERVICING BRAKE SYSTEM. The brake system incorporates a hydraulic 
iluid r e se rvo i r  through which the brake system is periodically serviced. Fluid 
i s  drawn from the reservoi r  by the brake cylinders to maintain the volume of 
fluid required for maximum braking efficiency. Spongy brake pedal action i s  
often an  indication that the brake fluid reservoi r  i s  running low on fluid o r  a i r  in 
the sys tem.  Insauct ions for filling the reservoi r  a r e  given in paragraph 2-39. 
When found necessaryto accomplish repai rs  to any of the brake system compon- 
ents,  o r  to bleed the system, these insauct ions may be found in Section VII. 

2-39. FILLING BRAKE CYLINDER RESERVOIR. The  brake cylinder reservoi r  
should be filled to rhe l w e l  marked on reservoi r ,  with the fluid specified in 
Table 11-1. The reservoi r ,  located on the left s ide of the forward cabin bulkhead 
in the nose section (refer  to Figure 2-15 o r  2-16), should be checked a t  every 
100-hour inspection and replenished a s  necessary.  No adjustment of the brakes 
is: necessary,  though they should be checked periodically p e r  insauct ions given 
in Section VU. 

2-40. DRAINIK BRAKE SYSTEM. T o  dra in  the brake system, connect a hose 
to the bleeder fining on the bottom of the cylinder and place the other end of the . , 

line in a suitable container.  Open the bleeder and slowly pump the desired brake 
pedal until fluid ceases  to flow. To clean the brake system, flush with denatured 
alcohol. 

2-41. TIRES. 

7-4.) - . SERVICIKG TIRES. T h e n r e s  should be maintained a t  rhe pressure spec- 
liied in Table 11-1. \Vhen chechng t i re  pressure,  examine the tire for wear, cuts. 
bruises and slippage. 

HAhDLIXG Ah= S ERVICIX 
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1 8 6 1  

1858 

11 

1. BATTERY 10. FUEL IUECTOR 
1. FILLER OXYGEN 11, AIR VALVE. PROPELLER 
3. FUEL SELECTOR VALVES AND DRAINS 12. FILTER. ENGINE OIL 
4. FILLER. MAIN FUEL CELL 13. FILLER. ENGINE OIL 
6. FILLER. MAIN OLEO SHOCK STRUT LAND R 14. FILTER. ENGINE AIR INTAKE 
(I. FILTER. VACUUM REGUUTOR 16. TIRE. NOSE GEAR 
7. FILLER. AUXILIbRY FUEL CELL 16. VACUUM SYSTEM CENTRAL AIR FILTER 
8. TIRE. M A N  G E M  LAND R 17. BRAKE FLUID RESERVOIR 
8. ENGINE OIL SUCTION SCREEN 18. FILLER. NOSE OLEO SHOCK STRUT 

L 

Figure 2-15.  Service Points 
Serial Nos. 30-1 to 30-852 i n c l .  and 30-554 ro 30-901 inc!. 
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1. FILLER OXYGEN 
2: FUEL SELECTOR VALVES. AND DRAINS 
3. FIUER. MAIN FUEL CELL 
4. FILLER. MAIN OLEO SHOCK STRUT LAND R 
5. FILTER. VACUUM REGULATOR 
8. FILLER. AUXILIARY FUEL CELL 
7.  TIRE. MAJN G U R  LAND R 
8. ENGINE OIL SUCTION SCREEN 
9. FUEL INJECTOR 

10. AIR VALVE. PROPELLER 
11. FILTER. ENGINE OIL 
12 FILLER ENGINE OIL - - .- . - . - . - 
13 FILTER. ENGINE AIR INTAKE 
14. BAlTERY 
15. TIRE. NOSE GEAR 
16. FILLER NOSE OLEO SHOCK STRUT 
17. BRAKE FLUID RESERVOIR 
18. VACUUM SYSTEM CENTRAL AIR FrER 

Figure  2 -  1 6 .  Serv ice  Points 
Serial Sos. 30-E53. 3C-902 to 30-2000 inc!usive 



PIPER TWIN COMANCHE SERVICE MANUAL 

2-43. POWER PLANT 

2-44 SERVICING POWER PLANT. Regularly check the engine compartment for oil and fuel leaks, chafimg 
of lines, loose wires and tightness of all parts. For cleaning of the engine compartment, refer to paragraph 2- 
23. Maintenance instructions for the Power Plant may be found in Sections VIII and VIIIA of this manual and 
in the appropriate manufacturer's manuals. 

2-45. PROPELLER. 

2 46. SERVICING PROPELLER. The propeller blades, spinner and visible hub surfaces should be cleaned 
and inspected frequently for damage, cracks and oil leakage. Nicks should be removed from the leading edge 
of the blades in accordance with applicable FAA regulations or instructions found in Sections V m  and VIIIA. 
The face of each blade should be painted when necessary with a flat paint to retard glare. To prevent 
corrosion, wipe surfaces with a light oil or wax. The blades should be checked that they turn freely on the hub 
pilot tube by rocking the blades back and forth through the slight freedom allowed by the pitch change 
mechanism. Lubricate the propeller at 100 hour intervals in accordance with the Lubrication Chart. Figure 2- 
20. Ascertain propeller is charged to the proper chamber pressure. Additional service information for the 
propeller may be found in Sections VUI and VIILA. 

2-47. POWER PLANT INDUCTION AIR FILTER. 

2-48. REMOVAL OF AIR FILTER. 
a Remove the right side access panel from the engine nacelle to gain access to the air filter box. 
b. Turn the three studs and remove the air filter box cover. 
c. Lift the air filter from the filter box. 

2-49. CLEANING lNDUCTION AIR FILTER - ~ 

a. Tap filter gently lo remove dirt pmicles. Do not use compressed air or cleaning solvents. 
b. Inspect filter. If paper element is tom or ruptured or gasket is damaged, the filter should be replaced. 

The usable life of the filter should be restricted to one year or 500 hours, whichever comes first. 

2-50. CLEANING INDUCTION AIR FILTER, TURBOCHARGED. 
a. Clean air filter thoroughly with a dry type solvent or kerosene. 
b. Inspect filter. If element is punctured or ruptured or gasket is damaged, the filter should be replaced. 
c. Allow filter to dry thoroughly then dip in SAElO weight oil and allow to drain for four hours. 
d. Wipe off excess oil prior to installation. 

2-51. INSTALLATION OF INDUCTION AIR FILTER. 
a. Place filter in air box and inslall cover. 
b. Secure cover by turning studs. On turbocharged airplanes, secure air box cover with wing nuts and 

safety. 

2-52. VACUUM SYSTEM AIR FILTERS 

2-53. REPLACEMENT O F  CENTRAL AIR FILTER. Each 100 hours of operation the central air filter, 
located just foward of the forward cabin bulkhead, should be replaced. 

a. Remove top nose access panel by loosening quarter turn fasteners. 
b. Remove vacuum hoses from filter by removing spring clamps. 

a c .  Remove nu t  from stud attaching filter to mounting bracket. 
d.  Install new filter in reverse order of removal. 
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2-54. REPLACEMENT OF INSTRUMENT AIR FILTER. Remove the filter assembly and replace during the 
500 hour inspection of the airplane. 

a. Remove screws attaching air inlet plate to back of instrument. 
b. Remove snap ring that holds the filter in place and remove filter. 
c. Install new filter in adapter and secure with snap ring. 
d. Install air inlet plate to back of instrument and secure with screws. 

2-55. REPLACEMENT OF VACUUM REGULATOR FILTERS. Every 100 hours of operation the regulator 
filters. located aft of the firewall in each engine nacelle, should be replaced. 

a. Remove top access panel from each engine nacelle. 
b. Remove filter from around the regulator and replace with new one. 
c. Install top nacelle access panels and secure with screws. 

2-56. FUEL SYSTEMS, 

2-57. SERVICING FUEL SYSTEM. At intervals of 50 hours or 90 days. whichever comes first, clean the 
screen in each filter bowl located through an access opening in the center bottom of the fuselage. Remove and 
clean the screens in accordance with instructions outlined in Section IX. Inspection intervals of the various 
fuel system components may be found in Section IJI. 

Also. check condition of gaskets and seals at all filler openings, and ensure that filler cap rubber is in good 
condition. Check to see that the filler cap fits snugly in the opening when in the locked position. 

2-58. FILLING FLTEL CELLS. Observe all required precautions for handling gasoline. Fill the fuel cells to 
the bonom of the filler neck with the fuel specified on the placard located on the underside of the filler cover 
or in Table 11-1. Each main (inboard) fuel cell holds a maximum of 30 U.S. gallons. The auxiliary (outboard) 
fuel cells have a maximum capacity of 15 U.S. gallons each which give a total of 90 U.S. gallons of fuel with 
84 U.S. gallons usable. In addition, as optional equipment are tip tanks with a capacity of 15 U.S. gallons 
each. In order to obtain maximum capacity when filling fuel cells, the plane should be approximately level. 

NOTE 

Refuel after each flight to keep condensation in fuel tanks at a 
minimum 

2-59. DRAINING FUEL VALVES AND LINES. The fuel filter bowls and lines are drained by opening the 
access door within the fuselage just aft of the fuel selector console, and pulling up on the red knob in the 
center of each valve. A transparent plastic tube is attached to each filter bowl and extends through a hole in 
the bottom of the fuselage. Flow of the fuel is observed by means of the transparent tube. The fuel valves. 
bowls and lines should be drained regularly to check for water or din accumulations. 

NOTE 

To ensure removing any water that may be in the fuel lines, drain at 
least 1/2 pint from each tank. Collect the fuel samples in a glass 
container so the presence of water may be observed. 

a. To drain the lines from the main and auxiliary cells, open the drain valve with the selector handle on 
the main. Completely drain the sediment bowl before moving the selector handle to the auxiliary cell. 
Repeat the process for the opposite tank. 

HANDLING AND SERVICING Revised: 10/1/98 
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b. To drain the Lines from the tip tanks, move the fuel selector handle to the auxiliary fuel cell position; 
turn the master switch on; and the electrical selector switch. located on the forward side of the 
selector panel, to the tip tank position. Open the drain valve to allow the lime to drain. Repeat the 
process for the opposite tank. 

CAUTION 

During cold weather operation, if the sediment bowls drain slower 
than normal, or not at all, it could be an i n d i c h n  of icr at the drain 
and the aircraft should be hungered to thaw out and drained 
thoroughly. 

2-60. DRAINING FUEL SYSTEM. The bulk of the fuel may be drained from the fuel cells and tip tanks by 
the use of a siphon hose placed in the cell or tank through the filler neck. In addition, the tip tank may be 
drained by inserting a dowel in the plug at the bottom of the tank and pushing up or by removing the plug 
itself. The remainder of the fuel may be drained by opening the drain valve in each fuel selector bowl. 

2-61. ELECTRICAL SYSTEM. 

2-62. SERVICING ELECTRICAL SYSTEM. Servicing the electrical system involves adding distilled water 
to the battery to maintain correct electrolyte level, and checking cable connections and for any spilled 
electrolyte that would lead to corrosion. The security of all electrical connections should be checked as well 
as the operation of all lights. general condition of the generator or alternator and starter. All electrical wires 
should be inspected for chafing and bare wires. For detailed information on this system, refer to Section XI of 
this manual. 

2-63. OXYGEN SYSTEM. 

2-64. SERVICING THE OXYGEN SYSTEM. Oxygen for the breathing system is furnished from a 
stationary cylinder located aft of the baggage area on the left side of the fuselage at station 175.0. At 1800 psi 
of pressure, the oxygen cylinder has a capacity of 63.7 cubic feet. The cylinder valve is equipped with a hex- 
capped safety device, should the cylinder become exposed to fire or extreme heat. Do not attempt to remove 
this device. Keep the cylinder valve closed when the airplane is on the ground or when in flight and the 
oxygen system is not being used. To open the oxygen valve, pull out on the control knob located on the 
instrument panel. To close the valve, push in on the control knob. Refer to Section XIV of this manual for 
complete service information of this system. 

2-65. OXYGEN SYSTEM SAFETY PRECAUTIONS. The utmost care must be exercised in servicing, 
handling and inspection of the oxygen system. Comply with the following precautions: 

a. Keep the oxygen regulators, cylinders, gauges, valves, fittings, masks and all other components of the 
oxygen system free of oil, grease, gasoline and all other readily combustible substances. 

b. Do not allow foreign matter to enter the oxygen lines. 

WARNING 

The presence of foreign matter in the high pressure lines can cause 
an explosion. When coming in contact with oxygen equipment, keep 
hands, tools and clothing clean - hospital clean . 

c. Never attempt to repair or repaint oxygen equipment. 
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d. Keep fire and heat away from oxygen equipment. Do not smoke while working with or near oxygen 
equipment, and take care not to generate sparks with carelessly handled tools when working on the 
oxygen system. 

e. Never allow electrical equipment to come in contact with the oxygen cylinder. 
f. Use Ribbon Dope Thread Sealant (Permacel 412) on male ends of fittings only. Wrap thread in 

direction of thread spiral, beginning with the second thread on the fining. Avoid gening any sealant 
into the lines. 

2-66. FILLING OXYGEN CYLINDER. The filler valve for the oxygen system is accessible through a door 
located on the left side of the fuselage just aft of the rear window. 

a. To fill the oxygen cylinder, open the access door; remove the cap from the filler valve and attach the 
filler hose from the oxygen recharge unit to the filler valve. Ascertain that all fittings are free from 
oil, grease, dm, etc. 

NOTE 

If the airplnne's oxygen cylinder pressure k below Sopsi, the system 
should be purged as described in Section XIV 

b. To obtain the correct filling pressure for the oxygen system at various ambient temperatures, a table is 
included for your convenience. The pressures given are not exact. but sufficiently accurate for 
practical purposes of working pressures between 1800 and 2400 psig cylinders. The cylinder should 
be allowed to cool to a stabilized temperature after filling before checking against the figures given in 
Table 11-111.4. 

c. When using a recharge unit consisting of one supply cylinder, slowly open the valve of the supply 
unit and allow the oxygen to transfer. 

d. When using a recharge unit consisting of two or more supply cylinders (cascade storage system), it is 
recommended that the following procedure be used: 
1. Before opening any valves, check the pressure remaining in the airplane's oxygen cylinder. If it is 

still partly charged, note the pressure indicated on the cylinder gauge. Then open and close each 
valve on the cascade storage system and determine which cylinder has the lowest pressure. When 
found. if this cylinder has a pressure lower than the oxygen cylinder in the airplane, do not 
attempt using it for filling. Use the storage cylinder that has a pressure higher than the airplane's 
cylinder but lower than the others. 

2. Open the valve on only the one storage cylinder with the lowest pressure. When the pressure 
indicated on the airplane's oxygen gauge and charging gauge has become equal, close the valve 
of the storage cylinder, then go to the storage cylinder with the next higher pressure and repeat 
the procedure. 

3. If, after using the last storage cylinder, the airplane's oxygen system is still not fully charged. a 
full storage cylinder should be put in place of a cylinder with the lowest pressure and used in the 
same manner. 

4. A good deal of oxygen will remain in the large cylinders used in the cascade system after filling 
only one of the cylinders, but such remaining oxygen will be at a pressure something less than 
the 1800 pounds, which is not suflicient pressure to completely refill another aircraft cylinder, 
although it will refill several small cylinders. 

5. It is not economical, even on a three or four-cylinder cascade system, to begin recharging with 
oxygen at less than 300 psi pressure in the 300 cubic foot bank of cylinders. So. use 300 cubic 
foot cylinders down to approximately 300 psi, then return for refilling. In two-cylinder systems, 
use to approximately 600 psi, then return for filling. 
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e. When the pressure gauge on the recharge unit or in the airplane reaches 1800 psi. close the pressure 
regulator valve on the recharge unit. Disconnect the filler hose from the filler valve; replace the 
protective cap on the filler valve and close the access cover. Check the cylinder pressure according to 
Table II-IIIA after the cylinder temperature stabilizes. 

TABLE 11-IIIA. INDICATED OXYGEN PRESSURES 
FOR GWEN AMBIENT TEMPERATURES 

2-66a. INSPECTION AND OVERHAUL TIME LIMITS. It is recommended that inspection and overhaul be 
conducted by an FAA Approved Station or the manufacturer. Scon Aviation. The following checks give 
recommended inspection and overhaul time for the cylinders of the oxygen system (see Section 14. Paragraph 
14-6. for time l i i t s  on other components): 

a. Standard weight cylinders (ICC or DOT 3AA 1800 classification) must be hydrostatic tested every 5 
years. The lightweight cylinders (ICC or DOT 3HT 1850 classification) must be hydrostatic tested 
every 3 years and must be retired from service after 24 years or 4380 pressurizations, whichever 
occurs first. The month and year of the last test is stamped on the cylinder beneath the ICC or DOT 
identification. 

b. The outlets should be checked for leakage both in the non-use condition and for leakage around an 
inserted connector. 

c. The high pressure gauge may be checked for accuracy by comparing its indicated pressure with that 
of a gauge of known accuracy. 

d. Inspection of the regulator may be effected by introducing into an outlet a mask connector to which is 
attached a 100 psi gauge. With one other outlet flowing through a plugged in mask, the indicated 
regulator output pressure shall be not less than 45 psi at sea level with 200 psi supply cylinder 
pressure. It should be noted that the permissible leakage through the 1/16 diameter vent hole in the 
side of the upper regulator housing is 10 cclmin. maximum, when the regulator is turned on. There 
shall be no external leakage anywhere on the regulator when it is turned off. All fittings shall be leak 
free. 

Temperature "F 

110 
100 
90 
80 
70 
60 
50 
40 
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Indicated Cylinder Pressure (psig) 

1980 
1935 
1890 
1845 
1800 
1755 
1710 
1665 
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2-67. LUBRICATION. 

2-68. OIL SYSTEMS ( ENGINE). (Refer to latest revisions of Lycoming Service Instruction No. 1014 and 
Lycoming Service Bulletin No. 480) 

The engine oil level should be checked before each flight and the oil changed as specified in Paragraph 2-76. 
During oil change, the oil screen(s) should be removed and cleaned and, if installed, the oil filter cartridge 
replaced. Removal and cleaning of screens may be found in Paragraphs 2-72 and 2-73. The engine 
manufacturer does not recommend oils by brand names. Use a quality brand Aviation Grade Oil of the proper 
season viscosity. For information on the use of detergent oil, refer to Paragraph 2-76 andlor the latest revision 
of Lycoming Service Instruction 1014. 

CAUTION 

Do not introduce any trade additive to the basic lubricant unless 
recommended by the engine manufachrrer. 

2-70. DRAINING OIL SUMP. To drain oil sump. provide a suitable container with a minimum capacity of 8 
quarts. 

a. Remove the oil drain access plate from bottom of the engine cowl. 
b. Remove oil drain plug from bottom of the engine sump. It is recommended the engine be warmed to 

operating temperature to insure complete draining of the old oil. 

2-71. FILLING OIL SUMP. The oil sump should normally be tilled with oil to the 8 U.S. quart mark on the 
engine dipstick. The specified grade of oil may be found in Table U-V, the Lubrication Chart, or on each 
engine oil filler access door. To service the engine with oil, open the quick release access door on the left side 
of each engine cowling and remove the oil filler cap with dipstick. 

NOTE 

Do not use multi-grade oil unless Piper Service Bulletin No. 805A (i.e. - 
Hartzell Service Bulletin No. 142B) has been complied with. 

TABLE 11-IV. RECOMMENDED LUBRICATING OILS 

Air Temperature MIL-L-6082 MIL-L-2285 1 I 
(Ashless Dispersant) i 

All SAE 15W50 or 20W5O 1 
Above 80°F (26.67"C) SAE 60 SAE 60 1 Above 60°F (1 s.55°c) sAE 50 SAE 40 or SAE 50 i 

i 30" TO 90°F (- 1.1 l o  to 32.22"C) SAE 40 SAE 40 

1 O"T070°F(-17.770t021.110C) SAE 30 
I 

SAE 30, SAE 40, or SAE 20W401 

0" TO 90°F (-17.77" to 32.2Z°C) SAE 20W50 SAE 20W50 or SAE 15W50 1 
Below 10°F (-12.22"C) SAE 20 SAE 30 or SAE 20W30 
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Figure 2-17. Oil Suction Screen Figure 2-18. Oil Pressure Screen 

2-72. OIL SCREEN (SUCTION). The suction screen located in the bottom of the sump to the right of the air 
induction inlet should be cleaned at each oil change to remove any accumulation of sludge and to examine for 
metal filings or chips. If metal particles are found i n  the screen, the engine should be examined for internal 
damage. The suction screen is removed from the sump by cutting the safety wire and removing the hex head 
plug. Clean and inspect the screen and gasket and replace the gasket if over compressed or damaged. To 
eliminate damage to the oil screen, place it inside the recess in the hex head plug before inserting the 
assembly into the bottom of the sump. Care must be exercised to enable the screen to enter the oil suction 
tube inside the sump. (Refer to Figure 2-17.) When certain that the screen is properly seated, tighten the plug. 
If the plug seems tight, this will indicate that the screen is not properly seated, and must be disassembled and 
the above procedure repeated. After installation, safety the hex head plug with MS20995-C41 safety wire. 

2-73. OIL SCREEN (PRESSURE). The pressure screen located in a housing on the accessoly case of the 
engine between the magnetos, should be cleaned at each oil change to remove any accumulation of sludge and 
to examine for metal filings or chips. If metal particles are found in the screen. the engine should be examined 
for internal damage. The pressure screen is removed by disconnecting the temperature indicator wire and 
removing the four hex head bolts thar secure the screen housing to the accessory case. Clean and inspect the 
screen. Reinstall by first ascertaining that the screen fits flush with the base of the housing. (Refer to Figure 2- 
18.) Install the screen and housing to the accessory case using a new gasket. Torque attaching bolts within 50 
to 70 inch-pounds. 
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2-74. OIL FILTER. (FULL n o w . )  
a. The oil filter element should be replaced after each 50 hours of engine operation. This is 

accomplished by removing the lockwire from the bolt head at the end of the filter housing, loosening 
the bolt, and removing the filter assembly from the adapter. 

b. Before discarding the filter element, remove the outer perforated paper cover. and using a sharp knife. 
cut through the folds of the element at both ends, close to the metal caps. Then, carefully unfold the 
pleated element and examine the material trapped in the filter for evidence of internal engine damage 
such as chips or particles from bearings. In new or newly overhauled engines. some small particle of 
metallic shavings might be found. These are generally of no consequence and should not be confused 
with particles produced by impacting. abrasion or pressure. Evidence of internal engine damage 
found in the oil filter justifies further examination to determine the cause. 

c. After the element has been replaced. tighten the attaching bolt within 20 to 25 foot-pounds of torque. 
Lockwire the bolt through the loops on the side of the housing to the drilled head of the thermostatic 
valve. Be sure the lockwire is replaced at both the attaching bolthead and the thermostatic oil cooler 
bypass valve. 

Figure 2-19. Turbo Oil Filter 

2-75. TURBO OIL FILTER CLEANING PROCEDURE. 
a. Remove the oil filter, located on the lower right side of the firewall. from line and disassemble unit. 

(Refer to Figure 2-19.) 
b. Wash parts with solvent and back flush the bronze element. Check condition of " 0  ring and replace 

if necessary. An overnight soaking in carburetor cleaner may be necessary if heavy sludging is 
evident. (This is usually due to mixing detergent with non-detergent oils.) 

c. Reassemble unit and install filter in the turbo oil system. Clean filter at each oil change. 

HANDLING AND SERVICING 
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2-76. RECOMMENDATIONS FOR CHANGING OIL. (Refer to latest revision of Lycoming Service 
Bulletin No.  480  and Lycoming Service 
Instruction No. 1014.) 

NOTE 

Do not use multi-grade oil unless Piper Service Bulletin No. 805A (i.e. - 
Hartzell Service Bulletin No. 142B) has been complied with. 

a. Oil Change Intervals. 

(1) For engines equipped with full-flow oil filters, change the oil and filter each 50 hours of engine 
operation or every four months, whichever comes first. 

(2) For engines relying upon pressure screen filtration alone, change the oil and clean the pressure 
and suction screens each 25 hours of engine operation or every four months, whichever comes first. 

b. Ashless Dispersant (Detergent) Oil. 

( I )  With the exception of turbocharged engines, new or newly overhauled engines should be broken 
in on straight mineral oil for the first 50 hours of operation, or until oil consumption has stabilized. Lycoming 
oil additive PIN LW-16702 may be used. Mineral oil must also be used following the replacement of one or 
more cylinders until the oil consumption has stabilized. Attempting to break-in normally aspirated engines 
with detergent oil may result in high oil consumption as the additives in some of these oils can retard the 
break-in of the piston rings and cylinder walls. 

(2) All new or newly overhauled turbocharged engines must be broken in and operated only with 
ashless dispersant (detergent) oil. 

(3) In engines that have been operating on straight mineral oil for several hundred hours, a change to 
, ashless dispersant oil should be made with a degree of caution, since the cleaning action of some additive oils 

will tend to loosen sludge deposits and cause plugged oil passages. When an engine has been operating on 
I straight mineral oil and is known to be in excessively dirty condition, the switch to ashless dispersant oil 1 should be deferred until after the engine is overhauled. 

(4) When changing from straight mineral oil to ashless dispersant oil, the following precautionary 
steps should be taken: 

(a) Do not add ashless dispersant oil to straight mineral oil. Drain the straight mineral oil from 
the engine and fill with ashless dispersant oil. 

(b) Do not operate the engine with ashless dispersant oil longer than five hours before the first 
oil change. 

(c) Check all oil screens for evidence of sludge or plugging. Change oil every ten hours if sludge 
conditions are evident. Resume normal oil drain periods after sludge conditions improve. 
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2-77. LUBRICATION INSTRUCTIONS. Proper lubrication procedures are of immeasurable value both as a 
means of prolonging the service life of the airplane and as a means of reducing the frequency of extensive and 
expensive repairs. The periodic application of recommended lubricants to their relevant bearing surfaces, as 
detailed in the following paragraphs, together with the observance of cleanliness. will insure the maximum 
efficiency and utmost service of all moving parts. Lubrication instructions regarding the locations. time 
intervals, and type of lubricants used may be found in the Lubrication Chart, Figure 2-20. To insure the best 
possible results from the application of lubricants, the following precautions should be observed: 

a. Use recommended lubricants. Where general purpose lubricating oil is specified, but unavailable, 
clean engine oil may be used as a satisfactory substitute. 

b. Check the components to be lubricated for evidence of excessive wear and replace them as necessary. 
c. Remove all excess lubricants from components in order to prevent the collection of dirt and sand in 

abrasive quantities capable of causing excessive wear or damage to bearing surfaces. 

2-78. APPLICATION OF OIL. Whenever specific instructions for lubrication of mechanisms requiring 
lubrication are not available, observe the following precautions: 

a. Apply oil sparingly. never more than enough to coat the bearing surfaces. 
b. Since the cables are sufficiently coated by the manufacturer, additional protection for the prevention 

of corrosion is unnecessary. 
c. Squeeze the magneto cam follower felts at regular inspection periods. If oil appears on fingers, do not 

add oil. If the felt is dry, moisten with light oil. 

CAUTION 

Be careful not to odd too much oil because the excess will be thrown 
off during operation and will cause pitting and burning of the 
magneto points. 
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2-79. APPLICATION OF GREASE. Care must be taken when lubricating bearings and bearing surfaces with a 
grease gun to insure that gun is filled with new, clean grease of the grade specified for the particular 
application before applying lubricant to the grease fittings. 

a. Where a reservoir is nor provided around a bearing, apply the lubricant sparingly and wipe off any 
excess. 

b. Remove wheel bearings from the wheel hub and clean thoroughly with a suitable solvent. When 
repacking with grease, be sure the lubricant enters the space between the rollers in the retainer ring. Do 
not pack the grease into the wheel hub. 

c. Use extra care when greasing the Hamell propeller hub to avoid blowing the clamp gaskets. Remove 
one grease fining while applying grease to the other fitting . 

2-80. LUBRICATION CHART. Each part of the airplane to be lubricated. as depicted on the Lubrication 
Chart, is indicated by a frequency symbol which shows the time intervals between lubrications. Application 
symbols with the frequency symbols show how the lubrication is applied. A parts nomenclature key, referred to 
by a number adjacent to the frequency symbol, identifies the part to be lubricated. Within the frequency 
symbol is a code letter which identifies the type of lubricant to be used and a special instructions number 
which gives instructions for lubricating a particular component. 
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TABLE 11-IVA. T H R E A D  LUBRICANTS 
I 

TYPE O F  LINE T Y P E  O F  LUBRICANT 

Brakes MIL-H-5606 

Freon TT-A-580 or MIL-T-5544. Anti-Seize Compound 

Fuel MIL-T-5544, Anti-Seize, Graphite Petrolatum 

Landing Gear (Air Valve) 6PB Parker 

Oil MIL-G-6032, Lubricating Grease 
(Gasoline and Oil Resistant) 

Pitot and Static TT-A-580 (JAN-A-669). Anti-Seize Compound 
(White Lead Base) 

- NOTE - 
Lubricate engine jiltings only with the @id contained in the 
pariicular lines. 
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NOTES 

1 WHEEL BEARINGS REQUIRE CLEANING AND REPACKING 
AFTER EXPOSURE TO AN ABNORMAL OUANTITV OF 
WATER. 

2 SEE THE LATEST REVISION OF LYCOMINO SERVICE 
INSTRUCTIONS NO. 101'4 FOR USE OF DETERGENT OIL. 

3. MISCELLANEOUS - DURING ROVTlNE MAINTENANCE 
CHECKS. APPLY LUBRICANT TO MISCELLANEOUS 
LINKAGES 

4. TRANWlSSlONS SHOULD BE DISASEMBLED, CLEANED. 
INSPECTED. AND LUBRICATED AT EACH 6 0 0  H W R  
INTERVAL OR ANNUALLY. ACTUATOR SCREW SHOULD 
BE LUBRICATED AT EACH 100 HOUR INTERVAL OR 
ANNUALLY. 

CAUTIONS 

1. DO NOT USE HYDRAULIC FLUID WITH A CASTOR OIL OR 
ESTER EASE. 

2. DO NOT OVER-LUBRICATE COCKPIT CONTROLS. 
3. DO NOT APPLY LUBRICANT TO RUBBER PARTS. 

EXAMPLE 

PARTS 
NOYENCLATLRE 

\ c  

TYPE OF SPECIAL 
LUBRICATION INSTRUCIIONS 

Figure 2-20. Lubrication Chart 
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PARTS NOMENCLATURE KEY 

STABIIATOR TRlM TAB AND RUDDER HINGES 
STABIIATOR TRIMPULLEYS 
FLAP TRANSMISSION 
FLAP CONTROL ARMS AND CABLE ENDS 
AIR FILTER. RIGHT AND LEFT 
corn FW CONTROL LINKAGE. RIGHT AND LEFT 
ENGINE OIL SUMP, RIGHT AND LEFT 
BRAKE RESERVOIR 
PILOT AND PASSENGERS SEAT TRACKS 
IANDING GEAR RETRACTION MECHANISM 
LANDING GEAR RETRACTION TRANSMISSION 
OIL FILTER CARTRIDGE. RIGHT AND LEFT 
GOVERNOR.THROTTLE AND MIXTURE CABLE ENDS 
AILERON HINGES, RIGHT AND LEFT 
FIAP CONTROL ROD ENDS, CABLE ENDS AND BELLCRANK BEARINGS 
STABIIATOR CONTROL CABLE ENDSAND TRlM PULLEYS 
STABIIATOR CONTROL TUBE BEARINGS AND SQUARE TUBE MOUNTING BEARINGS 
CONTROL WHEEL ROLLERS 
CONTROL WHEEL CHAIN VERTICAL AND HORIZONTAL 
LOCK PIN. STEP 
STEP LOCK PULLEYS AND RELEASE ARM PIVOT BEARING 
FLAP TRACK 
FLAPTRACK ROLLERS. STEEL OR NYLON 

2. STEERING ROD END BEIRINOS. STEERING BELLCRANK PIVOT BEARING, 
STEERING ARM BUSHINO, GEAR ALIGNING BIBHINO 

a GEAR OLEO STRUT FILLER 
26. NOSE GEAR DOOR HINGES, DOOR ACTUATING MECHANISM. N06E GEAR PLSHPVLL 

ROD END BEARING 
27. STRUT HOUSING ATTACHMENT BUSHINGS. DRAG LlNK PlVOT AND 

ATTACHMENT BUSHINGS 
ZB SHIMMY DAWENER ROO END BEARING AND MOUNT 
29. UPPER AND LOWER TORQUE LlNK BUSHINGS 
I). UPPER AND LOWER TOROUE LINK CONNECTING BOLT 
31. WHEEL BEARINGS 
32 RUDDER TRlM GUIDE. UNIVERSAL 3OlNT. TRlM TUBE END BEARING, PUSHPULL 

N E E  END BEARINGS. BELLCRANK PlVOT BEARING 
33. RUDDER TRlM SCREW 
34. STABIIATOR TRlM MECHANISM 
s. RUDDER ~ M R O L  CABLE AND TRIM TUBE END BEARINGS 
36. STABILATOR TRlM TAB CONTROL ROD 
m C~ARI I  nma TRIM s r a ~ w  - . . - . - - . - - . - . . . . . . . . . - - . . - . . 
38. RUDDER PEDALS. BRAKE ACTUATING MECHANISM. BRAKE CYLINDER ENDS. 

CONTROL CABLE ENDS AN0  STEERING ROD ENDS 
39. RUDDER PEDAL TORQUE TUBE AND BLOCK BEARINGS 
40. STRUT ATTACHMENT BEARING 

GEAR OLEOSTRUT FILLER 
BUNGEE CORD ROLLERS 
GEAR W O R  HINGE. RETRACTION ROO END BEARINGS, TOROUE LINK 

CONNECTING BOLT 
WHEEL BEARINGS 
UPPER AND LOWER TORQUE LlNK BUSHINGS 
SIDE BRACE MOUNT BEARING 
SlDE BRACE END BEARING AND PlVOT BEARING 
RETRACTION CABLE END BEARING AND SIDE BRACE ATTACHMENT BUSHING 
PROPELLER GREASE FITTINGS, RIGHT AND LEFT 
AILERON PVSHPVLL ROD EN0 BEARINGS. CONTROL CABLE ATTACHMENT POINTS -- ~ 

AND BELLCRANK PlVOT BEARINGS 

Figure 2-20. Lubrication Chart  (cont.) 
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Figure 2-20. Lubrication Chart 
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Figure 2-20. Lubrication Chart (cont.) 
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I TYPE OF LUBRICANTS 

IDENTIFICATION SPECIFICATION 1 L m E R  
LUBRICANT I 

LUBRICATING OIL. GENERAL PURPOSE. LOW 
TEMPERATURE 

LUBRICATING OIL, AIRCRAFT RECIPROCATING 
ENGINE (PISTON) -- SEE TABLE Il-IV FOR 
SPECIFICATIONS. 

SEE PARAGRAPH 2-76 FOR RECOMMENDED USE 
OF ASHLESS DISPERSANT (DETERGENT) OILS. 

HYDRAULIC FLUID, PETROLEUM BASE 

GREASE, AIRCRAFT AND INSTRUMENT. GEAR 
AND ACTUATOR SCREW 

GREASE, AIRCRAFT. HIGH TEMPERATURE 

ALL PURPOSE SLlP SPRAY DUPONT NO. 661 1 

i SPECIAL INSTRUCTIONS 

1. AIR FILTER TO CLEAN FILTER. TAP GENTLY TO REMOVE DIRT PARTICLES. DO NOT SLOW OUT WlTH / COMPRESSED AIR OR USE SOLVENT. REPLACE FlLTER I 5  PUNCTURED OR DAMAGED. 

I TURSOCHARGED ENGINES - CLEAN FILTER IN SOLVENT AND ALLOW TO DRY. DIP IN SAE 10 OIL AND 
ALLOW TO DRAIN FOUR HOURS. 

1 2. BEARINGS AND BUSHINGS -CLEAN EXTERIOR WlTH A DRY TYPE SOLVENT BEFORE RELUBRICATING 

3. LANDING GEAR AND FLAP TRANSMISSIONS AND SCREWS. IDENTIFY TYPE OF TRANSMISSION 
INSTALLED. DUKES HAS LABEL ON TRANSMISSION HOUSING. DURA HAS PART NO. 1010250 STAMPED 
ON TRANSMISSION HOUSING. DISASSEMBLE AND CLEAN WlTH A QUICK DRYING TYPE SOLVENT. 
WHEN REASSEMBLING TRANSMISSIONS. FlLL DUKES TRANSMISSION WlTH DUKES NO. 4 LUBRICANT 
OR DURA TRANSMISSION WlTH MIL-G-7118 OR MIL-G-22827 GREASE. NO SUBSTITUTION IS ALLOWED 
IN EITHER TRANSMISSION. APPLY A THIN COAT OF MIL-G-71 18 OR MIL-G-23827 GREASE ON 
ACTUATOR SCREWS. SEE NOTE 4. 

4. OLEO STRUTS AND BRAKE RESERVOIR - FlLL PER INSTRUCTIONS ON UNIT OR CONTAINER. OR REFER 
TO SERVICE MANUAL. SECTION 11. 

1 5. PROPELLER - REMOVE ONE OF THE TWO GREASE FITTINGS FOR EACH BLADE. APPLY GREASE 

I THROUGH FITTING UNTIL FRESH GREASE APPEARS AT HOLE OF REMOVED FITTING. 

6. LUBRICATION POINTS - WIPE ALL LUBRICATION POINTS CLEAN OF OLD GREASE. OIL. DIRT. E T C -  1 BEFORE RELUBRICATING. 

1 7. LUBRICATING OIL - SEE PARAGRAPH 2-76, FOR RECOMMENDATIONS FOR OIL CHANGE INTERVALS, 

1 8. LUBRICATE FLAP TRACK WlTH DUPOINIT'S ALL PURPOSE SLlP SPRAY NO. 6611. FLAPS REQUIRE 
CLEANING AND LUBRICATION AFTER EXPOSURE TO AN ABNORMAL QUANTllY OF WATER. FLAPS WlTH 
NYLON ROLLERS WILL NOT REQUIRE LUBRICATION ON EITHER FLAP TRACKS OR ROLLERS. 

9. OVERHEAD TRIM PULLEYS - LUBRICATION MAY BE EXTENDED TO 250 HOURS WHEN DUSTY 
CONDITIONS ARE AT A MINIMUM. 

I Figure 2-20. Lubrication Chart (cont) 
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T A B L E  I l -V.  D E C I M A L I M I L L I M E T E R  E Q U I V A L E N T S  O F  D R I L L  SIZES 

Decirnal/Millimeter Equivalents of Drill Sizes From 1 /2' '  to No. 80 

Size Decimal M i l l i w r  Size Decimal M i l l i w r  Sue Decimal Millim- Siza Decimal Millimeter 
E q u ~ .  Equlv. Equiv. Equiv. Equiv. Equiv. Equiv. Equiv 

1/2 0.500 12.7MX) G 0.261 6.6294 5/32 0.1562 3.9687 51 0.067 1.7018 
31/64 0.4843 12W31 F 0.257 6.5278 23 0.154 3.91 16 52 0.0635 1.6129 
15/32 0.4687 11.9062 E-1/4 0.250 6.3500 24 0.152 3.8608 1/16 0.0625 1.5875 
29/64 0.4531 11.5094 D 0.246 6.2484 25 0.1495 3.7973 53 00595 1.5113 

7/16 0.4375 11.1125 C 0.242 6.1468 26 0.147 3.7338 54 0.055 1.397 

27/64 04218 10.7156 8 0.238 6.0452 27 0.144 3 6576 55 0.052 1.3208 
Z 0.413 10.4902 15/84 0.2343 5.9531 9/64 0.1406 3.5719 3/64 0.0468 1.1906 

13/32 04082 10.3187 A 0.234 5.9436 28 0.1405 3.5687 56 0.0465 1.1811 
Y 0404 10.2616 1 0.226 5.7912 29 0.136 3.4544 57 0.043 1.0922 
X 0.397 10.0838 2 0.221 5.6134 30 0.1285 3.2639 58 0.042 1.0668 

25/64 0.3906 9.9212 7/32 0.2187 5.5562 1/8 0.125 3.1750 59 0.041 1.0414 
W 0.386 9.8044 3 0.213 5.4102 31 0.120 3.048 60 0040 1.016 
V 0.377 9.5758 4 0.209 5.3086 32 0.116 2.9464 61 0.039 0.9906 

3/8 0.375 9.5250 5 0.2055 5.2197 33 0.1 13 2.8702 62 0.038 0.9652 
U 0.368 9.3472 6 0.204 5.1816 34 0111 2.8194 63 0.037 0.9398 

23/64 0.3593 9.1262 13/64 0.2031 5.1594 35 0.110 2.794 64 0.036 0.9144 
T 0.358 9.1281 7 0201 5.1054 7/64 0.1093 2.7781 65 0.035 0.899 
S 0.346 8.7884 8 0 199 5.0546 36 0.1065 27051 66 0.033 0.8382 

11/32 0.3437 8.7300 9 0.196 4.9784 37 0104 2.6416 1/32 0.0312 0.7937 
R 0.339 86106 10 0.1935 4.9149 38 01015 2.5781 67 0.032 0.8128 

0 0.332 8.4328 11 0.191 4.8514 39 0.0995 2.5273 68 0.031 0.7874 
21/64 0.3281 8.3337 12 0.189 4.8006 40 0.098 2.4892 69 0029 0.7366 

P 0.323 8.2042 3/16 0.1875 4.7625 41 0.096 24384 70 0.028 0.7112 
0 0.316 8.0264 13 0.185 4.699 3/32 0.0937 2.3812 71 0.026 0.6604 

5/16 0.3125 7.9375 14 0182 4.6228 42 0.0935 2.3749 72 0025 0.635 

N 0.302 7.6708 15 0 180 4.572 43 0.089 2.2606 73 0.024 0.6096 
19/64 0.2968 7 5387 16 0.177 4.4958 44 0.086 21844 74 00229 058166 

M 0.295 7.4930 17 0.173 4.3942 45 0082 2.0826 75 0.021 0.5334 
L 0.290 7.3660 11/64 0.1718 43656 46 0.081 2.0574 76 0.020 0508 

9/32 0.2812 7.1425 16 0.1695 4.3053 47 0.0785 1 9939 77 0.018 0.4572 

K 0.281 7 1374 19 0.166 4.2164 5/64 0.0761 19844 1/64 0.0156 0.3969 
J 0.277 7.0358 20 0.161 4.0894 48 0.076 1.9304 78 0.016 0.4064 
1 0 . 2 7 2  6.9088 21 0.159 4.0386 49 0.073 1.8542 79 0.0145 0.3683 

H 0 266 6 7564 22 0.157 39878 50 0070 1 776 80 00135 03429 
17/64 0.2656 6.7462 

DRILL SIZES AVAILABLE 
Drill may be obla~ned in regular smeslo a 4 lnch dlameler, and Increase in641hsofan lnch 

The regular melrlc drdls vary from 2 to 76mm and lncrease in 0 5mm varlatlons 

Added: 10/28/82 H A N D L I N G  A N D  SERVICING 
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TABLE 11-VI. CONVERSION TABLES 

I .  These charts contain the various conversion data that may be useful when figuring capacities. 
lengths, temperatures, and various weights and measures from the English system values to the 
metric system values or back again. 

2. The English System is in use by England and the United States. All other countries use the metric 
system. 

3. Procedure for Converting Inches to Millimeters. (Refer to Table 11-VI.) 

A. Example: Convert 1.5 inches to millimeters. 

( I )  Read down inches column to I .  inches. 
(2) Read across top inch column to 0.5. 
(3) Read down and across to find millimeters (1.5 inches is 38.10 millimeters). 

4. Procedure for Converting Fahrenheit (OF) and Celsius (OC) (Centigrade) Temperture. (Refer to 
Table Il-VI.) 

A. Read number in middle column, if in degrees Celsius (OC). read Fahrenheit equivalent in right-hand 
column. If in degrees Fahrenheit (OF), read Celsius equivalent in left-hand column. 

( I )  70°F = 21.I0C. 
(2) 30°C = 86.0" F. 

Added: 10/28/82 HANDLING AND SERVICING 
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TABLE Il-VI. CONVERSION TABLES (cont.) 

CENTIGRADE-FAHRENHEIT CONVERSION TABLE 

Example: To convert 20°C. to Fahrenheit. find 20 in the center 
column headed (F-C); then read 68.0°F. in the column (F) to the 
right. To convert 20°F. to Centigrade; find 20 in the center column 
and read -6.67"C. in the (C) column to the left. 

F-C 

-70 
-60 
-50 
-40 
-30 
-20 
-10 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 

F-C 

220 
230 
240 
250 
260 
270 
280 
290 
300 
3 10 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 

Added: 10/28/82 HANDLING AND SERVICING 1D9 
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T A B L E  11-VI. C O N V E R S I O N  T A B L E S  ( c o n t . )  

INCHES TO MILUMETER 

INCHES-0.0000 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0 0008 0.0009 
MILLIMETER 

0.0076 0.0101 
0.0330 0.0355 
0.0584 0.0609 
0.0863 0.0889 
0.1092 0.1117 
0.1346 0.1371 
0.1600 0.1625 
0.1854 0.1879 

INCHES-0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 
I MILLIMETER 

0.00 0.025 0.050 0.076 0.101 0.127 0 152 0177  0203  0228 I 

INCHES-0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 
I MILLIMETER Oog 

0b 0.254 0508 0.762 0.016 1.270 1.524 1778 2032 2 286 
0 1  2.540 2.794 3.048 3.302 3556 3.810 4.064 4318 4572  4826 
0.2 5.080 5.334 5.558 5.842 6.096 6 350 6.604 6.858 7 112 7 366 
0.3 7.620 7.874 8.128 8.382 8.636 8.890 9.144 9.398 9 652 9906 
0.4 10.160 10414 10.668 10.922 11.176 11 430 11 684 11.938 12 192 12446 
0.5 12.700 12.954 13.208 13.462 13.716 13.970 14224 14.478 14.732 14 986 
0.6 15.240 15.494 15.748 16.W2 16256 16.510 16.764 17018 17.272 17.526 
0.7 17.780 18.034 18.288 18.542 18.796 19.050 19.304 19.558 19812 20066 
0.8 20.320 20.574 20.828 21.082 21.336 21.590 21.844 22098 22.352 22.606 
0.9 22.860 23.114 23.368 23.622 23.876 24.130 24.384 24.638 24.892 25.146 

INCHES- 0.00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0 9 

I MILLIMETER 
0. 2.54 5.08 7.62 10.16 12.70 15 24 17.78 2032 2286 
1. 25.40 27.94 30.48 33.02 3556 38.10 40.64 43.18 45.72 48 26 
2. 50.80 53.34 55.88 58.42 60.96 63 50 66.04 6E 58 7112 7366 
3. 76.20 78 74 81.28 83.82 86.36 88.90 91.44 93.98 9652 99 06 
4. 101.60 104.14 106.68 1W.22 111.76 114.30 116.84 11938 12192 12446 
5. 127.00 129.54 132.08 134.62 137.16 139.70 142.24 144.78 14732 14986 
6. 152.40 154.94 157.48 160.02 162.56 165.10 16764 17018 172 72 175 26 
7. 177.80 180.34 182.88 185.42 187.96 190.50 193.04 195.58 19812 20066 
8. 203.20 205.74 208.28 210.82 21336 21590 218.44 220.98 223.52 226.06 
9. 228.60 231.14 233.68 236.22 238.76 241.30 243.84 246.38 248.92 25146 

Added: 10/28/82 H A N D L I N G  AN11 SI:It\ 'I<'IN(; 
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- - 

T A B L E  Il-V1. CONVERSION TABLES (cont.) 

UtiCES. AVDP 

GAL.. U S. D R Y  

GAL.. U S .  LIQ 

IN. 

JOULES 

Added: 10/28/82 H A N D L I N G  A N D  SERVICING 

268 8 
0 1556 
1.164 
4.405 

231.0 
0 1337 
3.785 
0.8327 
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0 000948 
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CU. FT. 
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YELLOW, NUMERALS. 
LETTERS~D STRIPE 

L-*-IIm-cM.*lsdd 

D. NONSELF-SEALING AROMATIC 

SYNTHETIC INNER 
RESISTNT HOSE 

/ A. FWEANDAROMATICRESISTANTHOSE 

(VIEWS SHOWING OPPOSITE SIDES OF HOSE) 

B. NONSELF-SEALING AROMATIC AND HEAT-RESISTANT HOSE 

RED NWRALS, LETTERS AND STRIPE 

RED NUMERALS AND LETTERS 
- 
E. SELF-SEALING AROMATIC 

RESISTANT HOSE 
C. FLAME, AROMATIC, AND OIL RESISTANT HOSE 

HOSE IDENTIFICATION MARKINGS 

CONDUIT GAS AIR 

CONDITION 

FLUID LINE IDENTIFICATION USING TAPE AND DECALS 

Figure 2-21. Identification of Aircraft Fluid Lines 

Added: 10/28/82 HANDLING AlVD SERVICING 
ID12 
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SMALL 
CENTER D R I L L  

Figure  2-22. Removal  of Cherrylock Rivets 

Added: 10/28/82 
1 Dl3 
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TABLE 11-VII. MAXIMUM DISTANCE BETWEEN SUPPORTS FOR FLUID TUBING 

DISTANCE BETWEEN SUPPORTS (IN.)  
TUBE 

O.D.  ( I N . )  ALUMINUM ALLOY STEEL 1 

Added: 10128182 HANDLING AND SERVICING 
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SECTION I11 

INSPECTION 

Paragraph 
Aerofiche 
Grid No. 

3-1. Introduction ....................................................................................................... ID16 
3-2. Recommended Lubricants ... .... ......... .............................................. ID16 
3-3. Inspection Periods ................................................................................................ 1D16 
3-4. Inspection Requirements ... ........... 

. . 
1d16 

I 3-4a. Defin~t~ons ....................................................................................................... ID1 6 
3-5. Preflight Inspection ID17 
3-6. Overlimits lnspection ID18 

Revised: 1011/98 INSPECTION 
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3-1. INTRODUCTION. This section provides instructions for conducting inspections. These inspections are 
described in paragraphs 3-4 and 3-5. Repair or replacement instructions for those components found to be 
unserviceable at inspection may be found in the section covering the applicable aircraft system. 

CAUTION 

When working on engines, ground the magneto primary circuit before 
perfonning any operalion. 

3-2. RECOMMENDED LUBRICANTS. Refer to Recommended Lubricants. Section I1 for lubrication 
servicing instructions. 

3-3. INSPECTION PERIODS 

3-4. INSPECTION REQUIREMENTS. The required inspection procedures are listed in Table 111-1. The 
inspection procedure is broken down into major groups which are: Propeller, Engine. Turbocharger, Cabin, 
Fuselage and Empennage. W i g ,  Landing Gear, Operational and General. The first column in each group lists 
the inspection or procedure to be performed. The second column is divided into four columns indicating the 
required inspection intervals of 50 hours. 100 hours, 500 hours, and 1000 hours. Each inspection or operation 
is required at each of the inspection intervals as indicated by a circle (0). If an item is not entirely accessible 
or must be removed, refer to the applicable section of this manual for instructions on how to gain access or 
remove the item. When performing inspection use forms furnished by the Piper Factory Service Department, 
available through Piper Dealers or Distributors. 

I .  Inspection. Must be performed only by licensed mechanics who are qualified on this aircraft; using 
acceptable methods, techniques. and practices to determine physical condition and detect defects. 
Inspections consist of a thorough examination of the aircraft, appliance, component, or system; y.Uh 
d~sassemblv as necessarv to determine condition. 

I 2. Check. Can be performed by pilots and/or mechanics who are qualified on this aircraft. A check 
consists of an examination to compare and verify condition, accuracy and/or tolerances with stated 

I standards. 

3. Operational Test. Ascertains that a system or component is in operable condition and can be 
performed with the equipment installed in the aircraft. Each operational test must be performed by 
an FAA cerrificated repair station appropriately rated or by a licensed mechanic who is qualified on 
this aircraft. A record of this test must be made in the airplane's permanent records by the 
authorized person performing the test. 

4. Functional Test. Ascertains that a system or component is functioning properly in all aspects in 
conformance with minimum acceptable design specifications. This test may require the use of 
supplemental bench test equipment. Each functional test must be performed by an FAA certificated 
repair station appropriately rated or by a licensed mechanic who is qualified on this aircraft. A 
record of this test must be made in the airplane's permanent records by the authorized person 
perfonning the test. 

INSPECTION Revised: 101v98 
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NOTE 

In addition to inspection intervals required in Table lI1-1 a 
prrtlight check must be performed as described in 
Paragraph 3-5. 

3-5. PREFLIGHT CHECK. The airplane must be given a thorough preflight and 
walk-around check. The pilot andlor mechanic must include the preflight check as a normal 
p r o c e d u ~  necessary for the safe operation of the aircraft. Refer to the Pilot's Operating 
Manual for a listing of items that must be checked. 

INTENT IONALLY LEFT BLANK 

~ 
Revised: 4/26/78 
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3-6. OVERLIMITS INSPECTION. If the airplane has k e n  operated so thzt any 
of its components have exceeded their maximum operanonal limits, check 'vith 
the appropriate rnanufacmrer. 

ISSPECTION 
Issued: 12/29/72 
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TABLE 111-1. INSPECTION REPORT 

NOTE 

N r n  

Perform inspection or operation at each of the inspection intervals 
as indicated by a circle (0). 

Read Note 8 prior to completing this inspection group. I 

Nature of Inspection 

A. PROPELLER GROUP 

1. Inspect spinner and back of plate for cracks ... 
2. Inspect blades for nicks and cracks 
3. Inspect for grease and oil leaks ................................................ 
4. Lubricate per lubrication chart in Section U ............................. 
5. Inspect spinner mounting brackets for cracks .......................... 
6. Inspect propeller mounting bolts and safety 

(Check torque if safety is broken) 
7. Inspect hub parts for cracks and corrosion ............................... 
8. Check propeller air pressure (Check at least once a month) .... 
9. Remove propellers; remove sludge from propeller 

and crankshaft ........................................................................... 
10. Overhaul propeller per latest revision of Hanzell Service 

Letter No 61 

B. ENGINE GROUP 

CAUTION 

GROUND MAGNETO PRIMARY CIRCUIT BEFORE 

1. Remove engine cowl ................................................................ 0 
2. Clean and check cowling for cracks, distonion and loose or 

. . msslng fasteners .... ................................... 0 
3. Drain oil sump (See Note 5) 0 
4. Clean suction oil strainer at 

foreign particles) ....................................................................... 0 
5. Clean pressure oil strainer (each 25 hours) or change full flow 

cartridge oil filter (each 50 hours). Check strainer or element 
for foreign particles ........... 

6. Inspect oil temperature sen 
7. Inspect oil lines and fittings for leaks, security, chafing. 

dents and cracks (See Note 7) .. .......... 0 
8. Clean and check oil radiator cooling fins ................................. 0 
9. Remove and flush oil radiator ................................................ 0 

Revised: 1011198 INSPECTION 

WORKING ON ENGINE I I I / I I  

L 

0 
0 
0 
0 
0 

0 
0 
0 

0 

0 

R 

0 
0 
0 
0 
0 

0 
0 
0 

0 

0 

Inspection Time (hrs) 

50 

0 
0 
0 

As req'd by Hartzell 
Svc. Ltr. No. 61. 

100 

0 
0 
0 

500 

0 
0 
0 

0 0 0  
0 0 0  

0 0 0  
0 0 0  
0 0 0  

0 

1000 

0 
0 
0 

0 
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TABLE 111-1. INSPECTION REPORT (cont.) 

NOTE 

Perform inspection or operation at each of the inspection intervals 

50 

0  

0  

0  

0 

0  

as indicated by a circle (0). 

Nature of Inspection 

B. ENGINE G R O W  (cont.) 

10. Check rocker box covers for evidence of oil leaks. If found, 
replace gasket; torque cover screws 50 in.-lbs. (See Note 9) ... 

NOTE 

Lycoming requires a valve inspection be made after every 
400 hours of operalion. (See Note 10.) 

11. Inspect wiring to engine and accessories (See Note 19). 
Replace damaged wires and clamps. Check terminals for 
security and cleanliness ............................................................ 

12. Inspect spark plug cable leads and ceramics for corrosion 
and deposits .............................................................................. 

13. Check cylinder compression (Ref: AC43.13-1A) ..................... 
14. Check cylinders for cracked or broken fins ............................. 
15. Fill engine with oil per Table 11-N and lubrication chart 

) in Section Il ............................................................................. , 16. Clean engine ............................................................................ , 17. Check condition of spark plugs (Clean and adjust gap 
as required. 0.015 to 0.018 or 0.018 to 0.022, per latest 
revision of Lycoming Service Instruction No. 1042) ............... 

NOTE 

If fouling of spark plugs h a .  been apparent, rotate bottom 
plugs to upper plugs. 

18. Inspect ignition harnesses and insulators for high tension 
. . 

leakage and cont~nulty .............................................................. 1 1 9  Inspect magneto main points for clearance -Mainlain 

L 

0  

0  

0  
0  
0  

0  
0  

0  

0  

0  
0  
0  

0  
0  

0 

0 

! 

R 

0  

0  

0  
0  
0  

0  
0  

0  

0  

0  
0  
0  

0  
0  

0  

0  

Inspection 

100 

0  

0  

0  

0  

0  

clearance at 0.018 k0.006 ........................................................ 
20. Inspect magneto for oil seal leakage ......................................... 
21. Inspect breaker felts for proper lubrication .............................. 
22. Inspect distributor block for cracks, burned areas or corrosion 

and height of contact springs .................................................... 
23. Check magnetos to engine timing ..................... ..-....- ............ 
24. Overhaul or replace magnetos. (See Note 6) ............................. 

..... / 25. Remove induction air filter and clean. Replace as required 
26. Remove and clean fuel injector inlet line screen (Clean 

........... injector nozzles as required) (Clean with acetone only) 

INSPECTION 

Time 

500 

0  

0 0 0  

0  
0 0 0  
0 0 0  

0  
0 0 0  

0 0 0  

0 0 0  

0 0 0  
0 0 0  
0 0 0  

0 0 0  
0 0 0  

0  

0  

Revised: 

(hrs) 

1000 

0  

0  

0  

0  

0  

10lU98 
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TABLE III-I. INSPECTION REPORT (cont.) 

NOTE 

Perform inspection or operation at each of the inspection intervals 
as indicated by a circle (0). 

I Nature of Inspection I I 

As req'd by Lycoming 
Svc. Instr. No. 1009. 

I I I I 

INSPECTION 

B. ENGINE GROUP (cont.) 

27. Inspect injector system for signs of fuel dye indicating leaks. 
If dye stains are present, check for loose connections 
and proper installation of air bleed nozzle shrouds. ................. 

28. Inspect alternate air takeoff assembly. Remove air duct hose 
to check door spring and hinge inside the assembly ................ 

29. Inspect alternate air inlet valve bracket hinge pinholes for 
excessive wear. (Refer to the latest revision of Piper Service 
Letter No. 623.) .. . . . . . . . . . . . . . . . . . .  

30. Inspect intake seals for leaks and clamps for tightness ............ 
31. Inspect condition of flexible fuel lines 
32. Replace flexible fuel lines (See Notes 6 and 7) ........................ 
33. Inspect fuel system for leaks (See Note 7) ............................... 
34. Inspect fuel pumps for operation (engine driven and electric). 
35. Overhaul or replace fuel pumps (engine driven and electric) 

(See Note 6) .......................................................................... 
36. Inspect vacuum pumps and lines ................... .. 
37. Overhaul or replace vacuum pumps (See Note 6) .................... 
38. Inspect throttle. alternate air, mixture and propeller governor 

controls for travel and operating condition ............................... 
39. Inspect exhaust stacks and gaskets ........................................... 
40. Inspect breather tube for obstructions and security .................. 
41. lnspect crankcase for cracks, leaks and security of seam bolts 
42. lnspect engine mounts for cracks and loose mounting ............. 
43. Inspect rubber engine mount bushings for deterioration 

(See Note 12) .. . . . . . . . . . . . . . . .  
44. Inspect all engine baffles .......................................................... 
45. Inspect fire walls for crack 
46. lnspect fire wall seals ............................................................. 
47. Inspect condition and tension of generator or alternator 

drive belt .......................... 
48. lnspect condition of generator or alternator and starter ............ 
49. Replace vacuum regulator filter 
50. Lubricate all engine controls (DO NOT lubricate teflon 

liners of control cables) (Refer to Section 11) 
5 1 .  Overhaul or replace propeller governor. (Refer to the latest 

revision of Hartzell Service Letter No. 61) .............................. 

52. Complete overhaul of engine or replace with factory rebuilt 
(See Note 6) ......................................................................... 

Revised: 10/1/98 

L 

0 

0 

0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

0 

0 

0 

R 

0 

0 

0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

0 

0 

0 
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TABLE 111-1. INSPECTION REPORT (cont.) 

i I I I I 1 

INSPECTION Revised: 10/1/98 

ID22 

NOTE 

Perfonn inspection or operation at each of the inspection intervals 
as indicated by a circle (0). 

1 

50 

0  

0  

0  

0  

0  

0  

0  

0  

0  

Nature of Inspection 

C. TURBOCHARGER GROUP 

I. Inspect all air inlet ducting and compressor discharger 
ducting for worn spots, loose clamps or leaks .......................... 

2. Inspect engine air inlet assembly for cracks, loose clamps 
and screws ... ..................................... 

3. Inspect waste-gate housing, exhaust ducting and exhaust 
stacks for signs of leaks or cracks .................... ... 

4. Carefully check all turbo support brackets, struts. etc.. for 
breakage. sagging or wear .................................................... 

5. Inspect all oil lines, fuel lines, air lines and fittings for wear, 
leakage, heat damage or fatigue ............ .... ................. 

6. Actuate waste-gate control; check spring preload and examine 
control for any pending sign of breakage 

7. Remove inlet hose to compressor and visually inspect 
compressor wheel 

8. Inspect the compressor wheel for nicks, cracks or 
broken blades 

9. Inspect for excess bearing drag or wheel rubbing against 

I housing 

Time 

500 

0  

0  

0  

0  

0  

0  

0 0 0  

0 0 0  

0 0 0  

0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  

0  

0  
0 0 0  

0  

0 0 0  

0 0 0  
0 0 0  

Inspection 

100 

0  

0  

0  

0  

0  

0  

0  

0  

0  

/ 10. Inspect induction and exhaust components for worn or 

1 damaged areas, loose clamps, cracks and leaks ........................ 
11. Inspect turbine wheel for broken blades or signs of rubbing .... 
12. Inspect turbine heat blanket for condition and security ............ 
13. Inspect rigging of exhaust waste gates ..................................... 
14. Inspect rigging of alternate air control ..................................... 
15. Run up engine; check instruments for smooth, steady 

response .. ........................................... 

1 16. Remove all turbocharger components from the engine. 
Inspect and repair or replace as necessruy ... 

I I 7  Clean turbocharger oil filter per Turbo Oil Filler Cleaning 
Procedure. Section 11, at every oil change ................................ 

18. Inspect all turbocharger hose assemblies (Refer to Note 15) ... 
19. Reinstall engine cowl ................................................................ 

D. CABIN GROUP 

(hrs) 

1OOO 

0  

0  

0  

0  

0  

0  

0  

0 

0  

0  

L 

0  

0  

0  

0  

0  

0  

0  

0  

0  

' 1  
1. Remove inspection plates and panels (See Note 20) ............................. ........ 
2. Inspect cabin entrance door, baggage compartment door and windows 

for damage, operation and security ............... 
1 3. Check upholstery for tears ............................................................................. 

R 

0  

0  

0  

0  

0  

0  

0  

0  

0  

0  
0  
0  
0  
0  

0  

0  

0  
0  
0  

0  
0  
0  
0  
0  

0  

0  

0  
0  
0  
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TABLE III.1 . INSPECTION REPORT (cont.) 

NOTE 

Perform inspection or operation at each of the inspection intervals 
as indicated by a circle ( 0 )  . 

Nature of Inspection 

D . CABIN CROUP (cont.) 

.............. 4 . Inspect seats. seat belts. securing brackets and bolts (See Note 18) 
5 . Inspect trim operation .................................................................................... 

... 6 . Inspect ~ d d e r  pedals . brake pedals and cylinders for operation and leaks 
7 . Inspect parking brake ..................................................................................... . ...................................... 8 . Inspect control wheels column. pulleys and cables 

....................... .... . 9 . Check landing. navigation cabin and instrument lights .. . .................................................... 10 . Inspect instruments lines and attachments 
.......................... 11 . Inspect instruments central air filter lines and replace filter 

12 . Inspect vacuum operated instruments and operation of 
............................. electric rum and bank (Overhaul or replace a .  required) 

.................. . . 13 . Replace filters if installed in gyro horizon and directional gyro 
14 . Inspect altimeter . Calibrate altimeter system in accordance 

............................................................... with FAR . 91.170 (if appropriate) 
................................ 15 . Inspect operation of fuel selector valves (See Note 14) 

.............................................................. 16 . Inspect operation of crossfeed valve 
....................... ...................... 17 . Inspect operation of heater fuel valves .... 

........................................ 18 . Inspect oxygen outlets for defects and corrosion 
........................................ 19 . Inspect oxygen system operation and components 

........................... ............................. 20 . Reinstall inspection plates and panels .... 

Inspection T~me (hrs) 

1 . Remove inspection plates and panels (See Note 20) .................................... 
2 . Check fluid in brake reservoir (Fill as required) ............................................ 
3 . Inspect battery. box and cables (See Note 19) (* at least every 30 days 

Flush box as required and f i l l  battery per instructions in Section 11 .............. 
.............................................................. 4 . Inspect heater for fuel or fume leaks 

5 . Check recommended time for overhaul of heater per Section XI11 ............... 
6 . lnspect electronic installations 

................................. (See latest revision of Piper Service Bulletin No . 553) 
.................................................. 7 . Inspect bulkheads and stringers for damage 

8 . Inspect loop and loop mount, antenna mount and electric wiring ................. 
9 . lnspect E.L.T. installation and condition of battery and antenna 

(See latest revision of Piper Service Letter No . 820) ................................... 
10 . Remove. drain and clean fuel filter bowl and screen 

(* at least every 90 days 
I I . Inspect fuel lines. valves and gauges for damage and operation ................... 
12 . Inspect security of all lines 

1 E . FUSELAGE AND EMPENNAGE GROUP 
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I 

500 

0 0 0  
0 0 0  
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0 0 0  
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0 0 0  
0 0 0  
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0 0 0  
0 0 0  
0 0 0  

100 loo0 

0 0  

0 0 0  
0 0 0  
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0 0  

0 0  
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PIPER TWIN COMANCHE SERVICE MANUAL 

TABLE III-I. INSPECTION REPORT (cont.) 

I 
I E WING GROUP I l l \ /  

NOTE 

Perform inspection or operation at each of the inspection intervals 
as indicated by a circle (0). 

! 

I 

I I I I I 

INSPECTION Revised: 10/l/98 

. . 
1. Remove inspection plates and fanngs 

1 2. lnspect wing, aileron and flap surfaces for damage and loose 
. . . . 

rivets, and cond~t~on of wlng tlps ................................................................... 
3. Inspect condition of walkway 
4. lnspect aileron attachments and hinges for damage, looseness 1 and operation ...................... ........ .......... .......................................................... 

1 5. Replace Aileron Outboard Hinge with Aileron Outboard Hinge 

I Bracket Kit No. 760 914 ................................................................................ 
6. Inspect aileron cables, pulleys, bellcranks and control rods for 

corrosion, damage and operation (See Note 17) ............................................ 
7. Inspect flap attachments, tracks and rollers for damage, looseness 

and operation. Clean tracks and rollers ....................................................... 
8. lnspect flap cables. pulleys, step lock, bellcranks and control rods 

for corrosion, damage and operation (See Note 17) ...................................... 
9. Replace bolts used with aileron hinges and flap tracks ....................... .. ...... 
10. Lubricate per lubrication chart in Section I1 
11, Inspect wing attachment bolts and brackets ................................................... 

Nature of Inspection 

E. FUSELAGE AND EMPENNAGE GROUP (cont) 

13. Inspect stabilator, fin and rudder surfaces for damage. 
(Refer to latest revision of Piper Service Lener No. 679) ... 

14. Inspect fin front spar to fuselage anachment per latest revision 
of Piper Service Letter No. 777 and Airworthiness Directive No. 76-18-5 ... 

15. Inspect stabilator attachment bolts per latest revision of Piper 
Service Lener No. 667 ......................... .. .................................................... 

16. Inspect stabilator bearings and horns for damage and operation 
(Refer to latest revision of Piper Service Bulletin No. 464) .......................... 

17. Inspect rudder hinges, horn and attachments for damage and operation ....... 
18. Inspect rudder him mechanism ........................ .. ......................................... 
19. Inspect stabilator trim mechanism ................................................................. 
20. Inspect stabilator free play (Refer to Section N) .......................................... 
21. Inspect aileron, rudder. stabilator, trim cables and turnbuckles, 

guides and pulleys for safeties, damage and operation (See Note 17) ........... 
22. Replace rudder hinge bolts ....................... .. ................................................. 
23. Inspect rotating beacon for wear. etc. 
24. Lubricate per lubrication chart in Section II 

! 25. Inspect security of autopilot bridle cable clamps ........................................... 
26. Reinstall inspection plates and panels ~ 

0 

0 

Inspection Time (hs) 

0 

0 
0 

0 

0 

0 

0 

0 
0 

0 0 

50 500 

0 0 0  

0 0 0  

0 0 0  

0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  

0 0 0  
0 

0 0 0  
0 0 0  

0 

100 

0 

loo0 

0 

0 1  



PIPER TWIN COMANCHE SERVICE MANUAL 

TABLE III-I. INSPECTION REPORT (cont.) 

Perform inspection or operation at each of the inspection intervals 
as indicated by a circle (0).  

Nature of Inspection 

E WING GROUP (cont.) 

12. Inspect engine mount attaching structure ...................................................... 
13. Inspect fuel cells and lines for leaks and water .............................................. 
14. Fuel cells marked for capacity 
15. Fuel cells marked for minimum octane rating .......................... .. ................ 
16. lnspect switches to indicators registering fuel cell quantity .......................... 
17. Inspect fuel cell vents and drain tubes 
18. lnspect thermos type fuel cap rubber seals for brittleness. 

deterioration and snug fit of cap in opening 
19. Inspect for exhaust corrosion in wing panel cavity ....................... ........... ...... 
20. Reinstall inspection plates and fairings .......................................................... 

I G. LANDING GEAR GROUP 

Inspection Time (hrs) 

0 

1. Inspect oleo struts for proper extension. 
(Check for proper fluid level as required) 

2. Inspect nose gear steering control .................................................................. 
3. Inspect wheels for alignmennt ..... ................................ 
4. Put airplane on jacks ...................................................................................... 
5. Inspect tires for cuts, uneven or excessive wear and slippage ....................... 
6. Remove wheels; clean, check and repack bearings ..... 

1 7. Inspect wheels for cracks. corrosion and broken bolts .................................. 
8. Check tire pressure (42 psi, all) ..................................................................... 
9. Inspect brake lining and disc (1164 min. lining) 
10. Inspect brake backing plates ............................ ..... ......................................... 
1 1 . Inspect brake lines ... ....................................................... 
12. Inspect shimmy dampener ............................................................................. 
13. Inspect gear forks for damage ........................................................................ 
14. lnspect oleo struts for fluid leaks and scoring ............................................... 

, 15. Inspect gear struts, attachments, torque links, retraction links 
and bolts for operation (See Note 11) ............................................................ 1 16. Inspect torque link bolts and bushings (Rebush as required) ......................... 

17. lnspect drag link bolts (Replace as required) ................................................. 1 18. Inspect gear doors and attachments 
19. Inspect warning horn and light for operation ................................................. 
20. Retract gear - check operation .. 
21. Retract gear - check doors for clearance and operation ................................. 1 22. Inspect emergency operation of gear (See the latest revision of 

Piper Service Letter No. 782) 
23. Inspect landing gear motor, transmission and attachments ............................ 
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PIPER TWIN COMANCHE SERVICE MANUAL 

TABLE m.1 . INSPECTION REPORT (cont.) 

NOTE 

Perform inspection or operation at each of the inspection intervals 
as indicated by a circle (0) . 

Nature of Inspection I Inspection Time (hrs) 1 
G . LANDING GEAR GROUP (cont.) 

24 . Inspect anti-retraction system ................... .. ............................................... 
25 . Inspect position indicating switches and electrical leads for security ........... 
26 . Replace rubber assist cords (See Note 13) .................................................. 
27 . Lubricate per lubrication chart in Section I1 .................................................. 
28 . Remove airplane from jacks .......................................................................... 

H . OPERATIONAL INSPECTION 

1 . Check fuel pump and fuel tank selector operation ......................................... 
2 . Check indication of fuel quantity and pressure of flow gauges ..................... 
3 . Check oil pressure and temperature indications ............................................ 
4 . Check generator or alternator output ............................. .. .......................... 

........................................................... 5 . Check manifold pressure indications 
...................... 6 . Check operation of brakes and parking brake ..................... .. 

7 . Check operation of vacuum gauge ................................................................. 
............................................................ 8 . Check gyros for noise and roughness 

9 . Check cabin heat operation ............................................................................ 
10 . Check magneto switch operation ................................................................... . . 
I I . Check magneto RPM vanatlon ...................................................................... 

............................................................ 12 . Check throttle and mixture operation 
13 . Check engine idle ..................................... 
14 . Check propeller smoothness .......................................................................... 

.................................................................... 15 . Check propeller governor action 
................... ................................... 16 . Check electronic equipment operation .. 

17 . Check operation of controls ........................................................................... 
18 . Check operation of flaps ................................................................................ 
19 . Check operation of Autopilot. including Automatic Pitch Trim . 

and Manual Trim (See Note 16) ............................................................... 

1 . GENERAL 

1 . Aircraft conforms to FAA Specifications .................................................... 
2 . All latest FAA Airwoahiness Directives complied with .............................. 

......... 3 . All latest Manufacturers Service Letters and Bulletins complied with 
4 . Check for proper Flight Manual ................................................................... 
5 . Aircraft papers in proper order ...................................................................... 
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PIPER TWIN COMANCHE SERVICE MANUAL 

TABLE Ill-I. INSPECTION REPORT (cont.) 

1. Refer to Piper's Customer Service Information Catalog No. 1753-755 (Aerofiche) for a checklist of 
current revision dates to Piper Inspection Reports and Manuals. References to Chapter or Section 
refer to the applicable ChaptedSection in this manual. 

2. All inspections or operations are required at each of the inspection intervals as marked by a (0). Both 
the annual and 100 hour inspections are complete inspections of the airplane, identical in scope. 
while both the 500 and 1000 hour inspections are extensions of the annual or 100 hour inspection. 
which require a more detailed examination of the airplane, and overhaul or replacement of some 
major components. Inspections must be accomplished by persons authorized by the FAA. 

3. Piper Service Bulletins are of special imponance and Piper considers compliance mandatory 

4. Piper Service Letters are product improvements and service hints pertaining to servicing the airplane 
and should be given careful attention. 

5. Refer to latest revisions of Lycoming Service Bulletin No. 480 and Lycoming Service Instruction No. 
1014. Lycoming recommends the following oil change intervals: (a) For engines relying upon 
pressure screen filtration alone, change the oil and clean the pressure and suction screens each 25 
hours of engine operation or every four months, whichever comes first: (b) For engines equipped with 
full-flow (cartridge) oil filters, change the oil and filter each 50 hours of engine operation or every 
four months, whichever comes first. Should fuel other than the specified octane rating for the power 
plant be used. refer to Lycoming Service Letter No. L185A for additional information and 
recommended service procedures. 

6 .  Replace or overhaul as required or at engine overhaul. (For engine overhaul, refer to the latest 
revision of Lycoming Service Instruction No. 1009.) 

7. Replace flexible oil, fuel and hydraulic lines in the engine compartment after 8 years. 1000 hours 
time-in-service, or  at engine overhaul, whichever comes first. Pressure check fluid hoses in the 
fuselage and wing areas to system pressures after 10 years time-in-service. Visually check for leaks. 
Hoses in the fuselage and wing areas that pass the pressure check may remain in service and must be 
checked again after the next 5 years time-in-service. 

8. Inspections given for power plant are based on the engine manufacturer's operator's manual. Any 
changes issued to the engine manufacturer's operator's manual shall supersede or supplement the 
instructions outlined in this report. Occasionally, service bulletins or service instructions are issued 

I by Lycoming that require inspection procedures that are not listed in this manual. Such publications 
usually are limited to specific models and become obsolete after corrective steps have been 

I accomplished. All such publications are available from Lycoming distributors, or from the factory by 
subscription. Consult the latest revision of Lycoming Service Letter No. L114 for subscription 
information. Maintenance facilities should have an up-to-date file of these publications available at 
all times. 

Revised: 10lU98 INSPECTION 



PIPER TWIN COMANCHE SERVICE MANUAL 

TABLE III-I. INSPECTION REPORT (cont.) 

J. NOTES: (cont) 

9. Check cylinders for evidence of excessive heat which is indicated by burned paint on the cylinders. 
This condition is indicative of internal damage to the cylinder and, if found, its cause must be 
determined and corrected before the aircraft is returned to service. 

Heavy discoloration and appearance of seepage at the cylinder head and barrel attachment area is 
usually due to emission of thread lubricant used during assembly of the barrel at the factory, or by 
slight gas leakage which stops after the cylinder has been in service for awhile. This condition is 
neither harmful nor detrimental to engine performance and operation. If it can be proven that leakage 
exceeds these condition. the cylinder should be replaced. 

10. At every 400 hours of engine operation, remove the rocker box covers and check for freedom of valve 
rockers when valves are closed. Look for evidence of abnormal wear or broken parts in the area of 
the valve tips, valve keeper, springs and spring seat. If any indications are found, the cylinder and all 
of its components should be removed (including the piston and connecting rod assembly) and 
inspected for further damage. Replace any parts that do not conform with limits shown in the latest 
revision for Lycoming Service Table of Limits No. SSP1776. 

11. Refer to the latest revision of Piper Service Letter No. 782 for proper inspection and wear limits, 

1 12. Replace all engine support bushings every 500 hours. 

13. Replace rubber assist cords every 500 hours or every three years, which ever occurs first 

14. Refer to the latest revision of Piper Service Letter No. 851. 

15. Refer to A.D. 81-19-04 and to the latest revision of Rayjay Service Letter No. 28. 

16. Refer to Flight Manual Supplement for preflight and flight check, for intended function in all modes. 

17. Examine cables for broken strands by wiping the cable with a cloth along the entire length of the 
cable. V~sually inspect the cable thoroughly for damage not detected by the cloth. Replace damaged 
or frayed cables. Refer to Appendix I, Grid 1K1, and the latest edition of FAA Advisory Circular 
43.13-lA, Paragraph 198. 

18. Verify compliance with latest revision of Piper Service Bulletin No. 980. Inspect seat belt and 
shoulder harness ends and attachment points for condition and security. Inspect harness web material 
for condition and wear over its entire length. Particularly look for wear and fraying where hamess 
web passes in and out of adjustable buckle end and shoulder harness inertial reel. If excessively worn, 
replace. On lap belts, inspect shoulder harness keeper nylon bushing. If excessively worn or missing, 
replacement of that half of the lap belt is required. 

19. Verify compliance with latest revision of Piper Service Bulletin No. 836. 

20. For aircraft in normal operation. each 7 years; or, for aircraft in training operations. each 2000 hours 
time-in-service: remove interior panels and headliner and conduct detailed inspection of aircraft 
structure (skin, bulkheads, stringers, etc.) for condition and security. Inspection of structure concealed 
by headliner may be accomplished by alternate means (i.e. - through the use of a borescope) without 
removing the headliner, providing access is obtained to all concealed areas and borescope provides 
sufficient detail to adequately accomplish the inspection. 

INSPECTION Revised: 101U98 



SECTION IV 
STRUCTURES 

Paragraph Aerofiche 
Grid No. 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
D e s c r ~ p t ~ o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wing Group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wing Tip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-5. Removal of Wing Tip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-6. Installation of Wing Tip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Landing Light . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-8. Removal of Landing Light . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-9. Installation of Landing L i g h t . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Aileron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-1 1. Removal of Aileron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-12. Installation of Aileron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Flap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-14. Removal of F lap . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-1 5 .  lnstallation of Flap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Wing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-17. Removal of Wing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-18. Installation of Wing.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Empennage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stabilator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-21. Removal of Stabilator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-22. Installation of S tab i la tor . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Stabilator Tr im Tab  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-24. Removal of Stabilator Trim T a b . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-25. Installation of Stabilator Trim T a b . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Rudder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-27. Removal of Rudder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-28. Installation of R u d d e r . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Vertical (Stabl l~zer  Fin) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-30. Removal of Fin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-3 1 .  Installation of Fin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 
Fuselage Assembly. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Paragraph 
Grid AerOficH@ No . 

. . ............................................................. Windshield 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.34 . Removal of Windshield 

4.35 . Installation of Windshield . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Windows(Side) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-37 . Removal of Side Windows 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.38 . Installation of Side Windows 

Door . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-40 . Removal of Cabin Door 

. . . . . . . . . . . . . . . . . . . . . . . . . .  4.41 . Installation and Adjustment of Cabin Door 
4-42 . Removal of Door Latch Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-43 . Installation and Adjustment of Door Locking Mechanism . . . . . . . . . . . . . .  
Structural Repairs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-45 . Repair of Stabilator and Stabilator Tab (Horizontal 

Tail Surface) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 4-46 Repair of Rudder 

Checking and Balancing Control Surfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-48 . Checking Stabilator Control Surfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-49 . Checking and Balancing Stabilator 
4-50 . Checking and Balancing Stabilator .................................. 
4-51 . Checking and Balancing Rudder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-52 . Balancing Ailerons 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fiberglass Repairs 

4-54 . Fiberglass Touch Up and Surface Repairs . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.55 . Fiberglass Fracture and Patch Repairs 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Thermoplastic Repairs 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Safety Walk Repair 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.58 . Surface Preparation 
4.59 . Product Listing for Liquid Safety Walk Compound . . . . . . . . . . . . . . . . . . .  
4-60 . Application of Liquid Safety Walk Compound . . . . . . . . . . . . . . . . . . . . . . .  
4.61 . Surface Preparation for Pressure Sensitive Safety Walk . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  4.62 . Application of Pressure Sensitive Safety Walk 
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SECTION IV 

I .  INTRODUCTION. This section explains the removal and inst;lllation procedures for 
the main structural surfaces; for checking and balancing the stabilator and repairing 
structural surfaces of the PA-30. Information for the rigging and adjustment of thesc control 
surfaces. as weU as the removal and installation of their controls, may be round in Section 
v. 

NOTE 

When torquing structural assemblies. standard torque values are t o  be 
used as found in Section U or FAA Advisory Circular 43.13-1, unless 
otherwise stated in this section. 

4-2. DESCRIPTION. The structures of the PA-30 are of sheet aluminum, completely 
primed with zinc chromate and covered with acrylic lacquer on the exterior surfaces. 

The fuselage is an allmetal semi-monocoque construction comprised of bulkheads. 
stringers. stiffenen, and longitudinal beams t o  which the outer skin is riveted. The 
cross-sectional dimension of the fuselage is 53.875 inches in height. 47.871; inches in width 
and an ovenll length of 290.06 inches. Windows include double paned side windows and a 
two piece windshield. A storm window on the lower left forward section of the left window 
swings inward and down when the latch at the upper side is released. Cabin access is gained 
irom the right side door. On airplanes with serial numbers 30-2 to 30-852 inclusive and 
30-853 to 30-901 inclusive, baggage compartment access is found on the right side of the 
t'usClage 31 the trailing edge of the wing. On airplanes with serial numbers 30-853. 30-902 
~ n d  up. the baggage door on the left side of the fuselage may also be used as an emergency 
exit by holding the inside door knob up while turning the latch clockwise. 

Eacli wing airfoil section is a full cantilever laminar flow type, NACA 642A215. with a 
maximum thickness of aft o f  the leading edge. At the point of maximum thickness in 
tlic wings. the main spar passes under the seats at fuselage station 108.1. Thc wing span is 36 
feet. With the optional tip tanks, the wing span is 36.8 feet. Installed in each wing are a 
main 2nd auxiliary fuel cell of the bladder type. The main landing g e x  retracts into the 
nnd?nid? of each wing and is partially enclosed by doon. Attached to each wing are the 
power plant. aileron and flap. Within the right wing is a step lock to the right llap prrmirti~!p 
support for the tlap when used as a step. The full length beam type main spzr is joined u.1111 

high strength butt f i t t inp in the center of the fuselage, making in ?ffect a continuous ma111 
$par. The main spar is also attached at the side of the fuselage as are the fro111 and rear sr;Ars. 

The all-metal empennage group is a full cantilever design consisting of' a vert~cal ;'in. 
rudder. 2nd stabilator with a trim tab. Both the rudder and stabilator trim are conrrolled 
from the cockpit. The stabilator and vertical fm have two channel main span runnung full 
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length. The  stabilator is attached to the fuselage by a torque tube supported by beiring 
blocks. 

4-3. WlNG GROUP 

NOTE 

The major sub-assemblies of the wing may be removed 
individually o r  the wing may be removed as 3 unit. T o  
remove a wing, a fuselage supporting cradle isrequired. 

4-4. WlNG TIP. 

4-5. REMOVAL O F  WlNG TIP. 
a. Remove the screws attaching the wing tip t o  the wing. 
b. Pull the wing tip far enough off to disconnect the navigation light positive and 

negative wires at the quickdisconnect fitting. 
c. Remove the wing tip. 

4-6. INSTALLATION O F  WlNG TIP. 
a. Connect the positive and negative electrical leads of the navigation light to their 

respective wire ends in the wing. 
b. Position the wing tip on the wing and start all screws with washers. 
c. With aU screws in place. tighten. 

THIS SPACE INTENTIONALLY LEFT BLANK 

STRCCTURES 
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Figure  4-1.  Landing Light Installation 

- 7  LANDING LIGHT. 

4 -S .  REMOVAL OF LANDING LIGHT. (Refer to Figure  1- I .) 
a .  Remove wing t i p .  (Refer ro Paragraph 4-5.) 
b .  Remove the shee t  metal s c r e w s  from the landing light window assembly  ( I ) .  
c .  Remove the machine s c r e w s  and c lamps  (2) holding the lamp (3). 
d .  Pull the lanip forward and  remove  the e lec t r i ca l  leads  (4) from r e a r  of t5e 

lamp,  [hen r rnlove the c lamp.  
e .  To dlsassenlble  rhe landing light housing, remove the s c r ews  located in thr 

c o r n e r s  oi the housing. 
i . Make s u r e  that the e lecmical  leads  to the lamp a r e  disconnected pr ln r  to 

renioval and that the lamp is not dropped when the front c lamp and rear bracker 
a r e  separa ted .  

STRCCTCR ES 
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4-9. INSTALLATION O F  LANDING LIGHT. (Refer to Figure 4-1.) 
a .  Install the landing light housing. securing with screws in each corner. 
b. Connect the electrical leads (4) to the back of the lamps (3) and secure the lamp to the mounting 

brackets (5). Ascertain that the lamp will light. 
c. Install the landing light window (I). 
d. Install the wing tip. (Refer to Paragraph 4-6.) 

4-10. AILERON 

4-1 1. REMOVAL O F  AILERON. (Refer to Figure 4-2.) 
a. Disconnect the aileron control rod at the inboard aileron hinge by lowering the aileron and 

removing the nut, washers, bushing and bolt. Note position of washers and bushing. 
b. Remove the two hinge bolts, observing the position of the spacer washers. 
c. Pull the aileron straight away from the wing. 

4-12. INSTALLATlON O F  AILERON. (Refer to  Figure 4-2.) 
a .  After placing the aileron in position, install the inboard and outboard hinge bolts. Place the spacer 

washers to allow for best alignment of hinges. 
b. Move the aileron through its full travel to  ascertain that there is no binding. 
c. Connect the aileron control rod at the inboard aileron hinge with the bolt, bushing, washers and nut. 

4-13. FLAP. 

4-14. REMOVAL O F  FLAP. (Refer to Figure 4-2.) 
a .  Remove the access plate to  the flap bellcrank located on the rear underside of the wing at 

approximately the center of the flap. Remove the main gear wheel well splash pan. 
b. Located at the rear inboard portion of the right wing is a combination flap return and step loc 

Enter through the wheel well to release spring tension and disengage the step lock. Release the spring tension o 
the flap, return spring in the left wing by access through the wheel well. 

9 
c. Disconnect the flap control rod and bellcrank return spring at the bellcrank by removing, washer 

and bolt. 
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Figure 4 - 2 .  Aileron and Flap Installation 
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I SKETCH B I 

Section A - A) 1 
WL511Cll  1M960-416  
4 1110. 

BOLT AM.-! I &  
W A S H E -  & M 9 6 0 - 4 ! 6 L  

Y Y T  U120365-428C 

Section A - A 

Figure 4-2. Aileron and Flap Installation (cont.) 
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d.  At the right flap, back the adjusting nut off the end of the step lock, return 
cable located behind an access plate on the i&eard underside of the flap. At the 
left flap, disconnect the flap renun cable a t  the lead- edge of the flap on the 
wing. 

e .  Remove the top rollers from the fl8p brackets. allowing the flap a, swing 
forward and permitting access for removal of the lower rollers Rollers may be 
removed by taking nut. washer and bolt from the assembly. 

f . Remove the flap. 

4-15. ISTALLATIONOF FLAP. (Refer to Figure 4-2.) 
a .  Ascertain that the flap control rod is installed on the flap. 
b .  Position flap in place, lubricate flap roller (Refer to Lubrication Chart. 

Section LI) and installthe lower roller assemblies. (Flaps with nylon flap rollers 
will not require lubrication.) 

c . Swing the flap rearward and install the remaining roller assemblies. Move 
the flap through its full uavel to assure that there is no binding. 

NOTE 

When insmllirig flap rollers, position spacer washers 
to allow m side binding and ascerrain that the roller 
bushings will roll free. 

d.  At the right flap, insert the flap return step lock cable end thsough the 
leading edge of the flap. At the left flap, connecr the flap rerurn cable to the 
1 eading edge. 

e .  Connecc the flap conuol rod and bellcrank return spring with nut, washer 
and bolt. 

f . In the right wing, by entering through the wheel well, draw and connect the 
flap return step lock cable and engage the step lock. In the left wing connect the 
flap return spring. 

g .  Check flap rigging and adjustments. (Refer to Rigging of Flap, Section V.) 
h. Insrall access plates and wheel well splash pan. 

STRUCTCR ES 
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4-16. WLNG. 

4-17. REMOVAL OF WING. (Refer to F i p r e  4 - 3 . )  
a .  Close the fuel valve and drain the fuel from the wing n~ be renioved. (Refer  

to Draining the Fuel System, Section U.)  
b. Remove the engine from the wing to be reniovetl. (Refer to Removal 

Engine. Secrion VIII o r  WIA .) 
c .  Remove wing butt fairing, wing access  plates and bottom fuselage access  

panel.  
d .  Within the fuselage remove the front sea ts ,  middle o r  r e a r  sea ts  and s a r -  

pets .  
e. Remove the spar cover and floor panels fore and af t  of the main s p a r .  
f . Place the airplane on jacks. (Refer to Jacking, Section U.) 

CAUTION 

T o  prevent damage o r  contamination of fuel, hydraulic 
and miscellaneous lines. place a protective cover  over  
the line firtings and ends. 

NOTE 

To facilitate reinstallation of control cables  and fuel 
o r  hydraulic lines, before removing, mark  cable and 
line ends in some idenufying manner and attach a line 
where applicable to cables before drawing them through 
the fuselage o r  wing. 

g. Drain the brake line of the wing to be removed and r e se rvo i r .  (Refer ru 
Draining Brake System, Section 11.) 

h .  Disconnect the static a i r .  iuel pressure.  fuel supply, heater fuel (right 
wing), oil p ressure ,  manifold pressure  and vacuum lines a t  the wing butt. 

1 . Disconnect brake line a t  the wing bum. 
j . Disconnect the main and auxiliary fuel l ines a t  the wing bur:. 
k .  I f  rip ranks a r e  installed. disconnect fuel lines and remove solenold valve. 
1 . Disconnect electrical leads a t  the wing burt. 
rn . Ldosen seal grommets and pull control cables through the firewall.  
n .  Luujen seal grommets and pull elecmical leads through the firervall. 
o . Pull the e n e n e  control cables into the fuselage from the conduit in the wing 

T h t  tachometer cable must  be removed l a s t  and installed i i r s t  due to the large 
cap  on the end. 

STRCCTL'RES 
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p. Disconnect electrical leads at bus bar in engine nacelle and pull leads into the fuselage from conduit 
in the wing. 

q.  Disconnect flap control cable a t  center of fuselage and remove cable pulley. 
r. Disconnect aileron balance cable at aileron bellcrank and aileron primary control cable at clevis in 

the center of fuselage. 
s .  Remove aileron cable pulleys from fuselage to allow cables to be pulled out. 
t .  Disconnect main gear push pull cable from torque tube arm and bulkhead. 
u. Remove clamp securing push pull cable t o  the bottom of the fuselage. 
v. Arrange a suitable fuselage support cradle and support the wing to be removed with trestles. 
w. Remove the front and rear spar bolts from the fittings a t  the side of the fuselage. 
x. Remove bolts from main spar fittings a t  the side of the fuselage. 
y. Where the two main spars butt. remove bolts from the top and bottom cap strip plates. 
z. Remove bolts from spar support tube assembly and move it back to clear the spar. 
aa .  Remove channel from front of spar  by removing attaching bolts. 
ab.  Remove remaining bolts from spar  web plates. 
ac. Check t o  insureall disconnections have been made, then pull the wing directly and slowly away from 

the fuselage. 

4-18. INSTALLATION O F  WING. (Refer to Figure 4-3.) 
a. Prepare the various lines, control cables, etc. in the fuselage before installation of the wing. 
b. Slide the wing into the fuselage until the main spars butt against each other and support the wing 

with trestles. 
c.  Install bolt that attaches the rear spar to fuselage fitting. 
d. At the side of the fuselage. install fittings and bolts attaching the top and bottom cap strips of the 

main spar t o  the fuselage. 
e. lnstall front spar web plate and aft cap strip straps and install bolts. 
f. Position channel on front of spar  web and install bolts. 
g. lnsen necessary spacer shims between front spar fitting and fuselage fitting and install bolt. 
h. Position spar support tube assembly and install bolt in aft attaching bracket. 
i ,  lnstall cap splice plate and bolts on the bottom capstrip. 
j. Install bolts that attach the support tube assembly to the upper capstrip. 
k. Install cap splice plate and bolts except for four in the center to facilitate torquing of previously 

installed bolts. 
I .  Check rear spar fittings for a maximum permissible gap of 0.010 between mating surfaces (before 

tightening nut.) 

STRUCTURES 
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SKETCH D J 
Figure 4-3.  Wing lnsta l la~ion (conr. )  
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m . Install washers and mts on all attaching bolts. 
n. Ascertain that no gap exists between spar splice plates and capsuips. 
o .  Torque bolts, securing spar splice plates to capstrip to 160 to 290 inch- 

pounds o r  13 to 24 foot-pounds and all other bolts w e  standard torque valves. 
p . Install four bolts and seat support on the mp capstrip plate and torque bolts 

to 160 to 290 inch-pounds o r  13 to 24 foot - pounds. 
q . Jack airplane and remove trestles. 
r .  Connect the main gear push-pull cable m the reuaction torque arm and 

adjust. (Refer to Adjustment of Landing Gear Reuaction System, Section M.) 
s . Route flap control cables into the fuselage, install cable pulleys, and rig 

system. (Refer to Rigging and Adjusment of Flaps. Section V.) 
t . Route aileron cables, install cable pulleys and rig system. (Refer to Rig- 

ging and Adjusanent of Aileron Conmls,  Section V.) 
u . Connect the static air, fuel pressure, fuel supply, heater fuel (right wing), 

oil pressure, manifold pressure and vacuum lines a t  the wing butt. 
v .  Connect brake line at  the wing butt. 
w .  Connect the main and auxiliary fuel llnes a t  the wing ha. 
x . If tip tanks a r e  installed, connect fuel lines and insfall solenoid valve. 
y . Connect electrical leads a t  the wing butt. 
2 .  Slide e n p e  conuol cables through condult in the wing to the w e  nacelle. 

Due to the large cap on the end, the tachometer cable must be installed first. 
aa .  Push conuol cables through seal grommets in firewall. 
ab.  Slide starter, generator o r  alternator and various electrical leads, etc. 

through conduit in wing to the engine nacelle. 
ac .  Connect short leads to bus bar in engine nacelle and slide remaining leads 

through seal grommet in firewall. 
ad.  Install engine. (Refer to Installadon of Engine, Section VIII o r  VIZIA .) 
ae .  Tighten seal grommets around conuol cables and electrical leads. 
af . Check for fuel leaks and flow. 
ag. Install floor panels, spar cover and carpet. 
ah.  Install seat tracks and sears. 
a i  . Fill brake fluid reservoir and bleed brakes. (Refer to Bleedhg Brakes. 

Section VII .) 
a j  . Install wing butt fairing and access plates. 

STRUCTURES 
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4- 19. EMPENNAGE. 

4-20 .  STABILATOR. 

4-11 .  REMOVAL OF STABILATOR. (Refer to Figure 4 - 4 . )  
a .  Disconnect the stabilator trlm control rod by removing nut, washer and 

bolt. 
b. Disconnect the right and left stabilator from each other a t  the stabilator 

r e a r  spar  attachment fitting by removing nut, washer and bolt. 
c . Remove bolts attaching the stabilator to the torque rube. 
d .  Slide the stabilator from the torque tube. 

4-22. INSTALLATION OF STABILATOR . (Refer to Figure 4-4  .) 
a .  When installing original stabilator on original torque tube. use the following 

procedure: 
1 .  Lubricate torque tube and slide stabi!ator halves in position, aligning 

the two holes in each srabilator half with holes in torque tube. 
2 .  Install bolts (ct) through stabilator halves and torque tube. 
3. Install bolt through stabilator r e a r  spar  fittings. 
4 .  Secure bolts with washers and nuts.  
5 .  Attach the aft end of the stabilator trim control rod to the stabilator 

trim tab by inscalling bolt, washer and nut. 
6. Rig stabilator uirn tab. (Refer to Rigging and Adjustment of Stabilator 

Tr im.  Section V .) 
b.  When installing new stabilator on original torque tube, use the follcrwing 

procedure: 
1 .  Lubricate torque tube and slide stabilator halves in position, al~gning 

the two holes in each stabilator half with holes in torque tube. 

NOTE 

The bolt holes inthe stabilaror a r e  smaller  than rho3r 
of the torque tube. Sight through one hole in each sra- 
bilaror half and align h e  stabilator fitting hole in rhc  
center  of the hole in torque tube. Ascertain char a i l  
four srabilator bolt holes will align with che rea r  spa;. 
bolt installed. 

STRUCTURES 
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2 .  Ascertain that 0.250 inch clearance i s  niaintained Iwnvern stal71latur 
s h n  and fuselage. Trim stabilator skin where necessary. 

3 .  Remove stabilator halves &om torque r u k  and real11 <Jne side uf one 
bolc hole in both stabilator halves to 0.3120/0.3130. 

4 .  Installstabilator halves on torque tube;allgn reamed holes with mating 
holes in torque tube and install bolt in rear spar  fimngs. 

5 .  Ream hole all the way through and install bolt (ct).  
6. Ream second hole and install bolt (ct). 
7 .  Ream holes in the other half of stabilator in the same manner and install 

bolts . 
8 .  Secure bolts with washers and nurs and torque. 
9 .  Connect conaol rod to srabilator trim tab with bolt, washer and n u t .  

c .  When installing o r i e n a l  stabilator on new torque tube, use the following 
procedure: 

1 .  Lubricate torque cube and slide srabilator halves in position, aligning 
one hole m each stabilator half with mating hole in torque tube and inserting lo- 
cating pin (P/N 25034-00). 

2 .  Install bolt in stabilator r e a r  spar  fitrings. 
3.  Ream vacant hole in stabilator and torque tube to 0.3120/0.3130 and 

install bolc (ct). 
4 .  Remove locaring pin and ream second hole to 0.3120/0.3130 and install 

bolt. 
5 .  Ream holes in the other half of the stabilator in the same manner and • 

install bolts. 
6. Secure bolts with washers and nurs and torque. 
7 .  R IS stabilator. (Refer to Rigging and Adjustmentof Stabilator Conuols. 

Secclon V . )  
S .  Attach control rod to stabilator e l m  tab and adjust. (Refer to Rlgging 

~ n d  Actju.;tnirnt or Stab~lator  Tr im.  Section V.) 

4 - 2 3 .  5T;\BILATOR TRLV TAB. 

4 - 2 4 .  R i3IOV.4 L OF ST.4BILATOR TRLM TAB. (Refer to Figure 4 -4  .) 
a .  Eis~onnect  the stabilator u i m  control rod by removing nut. washers and 

bolt.  
h .  Remove [he stabilator trim hinge pin by cuning i ta t  the bent portion of one 

end and pulling it from the hinge. Enlargement of the hinge pin holes may result 
i i  the pln is straightened for removal. Replace wi th  a new pln upon installation. 

STRUCTCR ES 
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4-25. INSTALLATION O F  STABILATOK TRIM TAB. 
a. Align the hinge pin holes of the trim tab w ~ t h  the stabiiator and inxr t  neu pins. 

Bend pins at each end down to 90 degress to secure. 
b. Connect the stabilator trim control rod with bolt. washer and nut. 

4-36. RUDDER. 

4-17. REMOVAL OF RUDDER. (Refer to Figuie 4-4.) 
a. Remove tail cone fairing by removing attaching screws and washers. 
b. Relieve rudder cable tension by rotating the turnbuckle o i  one  able at the pcdal 

assembly near the forward cabin bulkhead a t  station 50.0. 
c. Remove cable ends from rudder horn by removing cotter pins. castellated nuts. 

washers and bolts. 
d. Disconnect taillight wire located a t  the top of the vertical fin by releasing the 

quick-disconnect. 
e. Disconnect the trim control rod from the left side of the rudder horn by removing 

the cotter pin, castellated nut, washer and bolt. 
f. Remove the cotter pin, castellated nut, washer and bolt holding the rudder horn to 

the aft bulkhead hinge bracket. 
g. On models Serial Nos. 30-1 to 30-2000 incl. that have had Airflow Modification Kit 

760 409 or 760 564 installed it is necessary to remove the Zl sheet metal screws that hold 
the rudder seal to the right side trailing edge skin of the vertical fin. 

h. Disconnect the rudder from the two remaining hinge brackets in the vertical fin by 
removing castellated nuts, washers and bolts. 

i. Move the rudder to the right or left and upward to separate the hinge brackets. 
j. If desired, separate the rudder horn from the rudder torque tube by removing cotter 

pins. castellated nuts, washer and bolts (ct). Slide the horn from the torque tube. 

4-28. 1NSTALL.ATION O F  RUDDER. (Refer to Figure 4-4.) 
a. I f  removed. install the rudder horn into the torque tube of the rudder and secure 

w ~ r h  bolts (ct). washers and nuts. 
b. Align the two hinge brackets on the rudder with the hinge brackets on the rear spar 

of the fin and install hinge bolts with washers and nuts. Safety nuts with cotter pins. 
. Connect the rudder horn to the rudder hinge bracket on the f~iselage with bolt. 

wdsl~er and nnt. Safety nut with cotter pin. 
d. Connect the two rudder control cables and trim control rod to the rudder horn using 

clcvis bolts. washen and nuts. Safety all nuts with cotter pins. 
e. Connect the navigation tights at the wire quickdisconnect. 
. Replace the tail Lone fairing, and secure with screws and wail~ers. 
g. If installed. reattach the rudder seal of the Air Row Kit  by  aligning 1112 5 ~ ~ 1  wi th  thc 

holes in the vertical fin and install the 3 1 sheet metal screws. 
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4-29. VERTICAL (STABILIZER) FIN 

430. REMOVAL OF FIN. (Refer to Figure 4-4.) 
a .  Remove the tail fairings and access plate at the right side of the fuselage just forward of the 

stabilator. 
b. Remove the rudder as  described in paragraph 4-27. 
c. Disconnect the antenna wire from the fuselage assembly with the quick-disconnect fitting located at 

the lower forward position of the fin. 
d .  If the quick-disconnect is not installed. remove the antenna from the top of the fin and separate the 

coaxial cable from the antenna. 
e. Connect a fish line to  the cable before removing it from the fin to facilitate installation. 
f. Remove the bolts at the rear attachment bracket of the fin. 
g. Remove the bolts at the front attachment bracket of the fin. 
h. Remove the fin. 

4-31. INSTALLATION O F  FIN. (Refer to Figure 4-4.) 
a.  Position the fin on the top of the fuselage aft section and align the holes in the front attachment plate 

of the fin with the holes in the front attachment plate on the fuselage. Align the holes in the rear mounting 
bracket of the fin with the holes in the rear attachment plate on the fuselage. Ascertain that the extruded 
molding used as  a chafing strip is installed along the lower edge of the fin. With a new fin, it may require 
trimming the lower edge of the fin to allow the molding t o  fit. 

b. Install the bolts and screws on the forward attachment plate and on the rear mounting bracket of the 
fin assembly. 

c. Install the receiver antenna in the fin tip if the radio equipment is installed in the airplane. 
d. Connect the receiver coaxial cable to  the root of the fin assemblv if the receiver antenna is installed 

on the fin. 
e. Connect the overhead sensing antenna by clamping it to  the riveted bracket on the fin assembly an 

running it t o  the insulator on the top of the fuselage center section. 
a 

NOTE 

The fin should be vertical and in line with the centerline of the 
fuselage. 
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I SKETCH E 

SKETCH F 

Figure 4-4. Empennage Installation (cont.) 
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f . Install the rudder per paragraph 4-28. 
g .  Install tail fairings and access plate. 

4-32. FUSELAGE ASSEMBLY. 

4-34. REMOVAL OF WINDSHIELD. The windshield consists of two sections 
which may be removed a s  follows: 

a .  Remove windshield outside collar fairing by removing artaching screws.  
b .  Remove windshield divider s u i p  by removing attachmg machine screws 

and nuts. 
c .  Remove left o r  right upper interior windshield a i m  panel by removing 

attaching screws.  
d .  Remove left o r  right interior fairing from windshield post. 
e. Windshield can now be removed by pulling it  out from channels. 

NOTE 

A damaged windshield should be saved since i t  can be 
used a s  a pattern for drilling holes in a new windshield. 

4-35. INST.4LLATION OF WINDSHIELD. (Refer to Figure 4-5 .) 
a .  Ascertain that new windshield is cut to match windshield removed. 
b. Apply Restite Tape No. I63 o r  equivalent over edge of windshield. (Apply 

rwo thicknesses on windshield a t  center post .) 
c. Apply Resci te  Tape to back of inner collar and install collar on fuselage. 
d .  Install windshield in fuselage and allow 0. 125 inch clearance benveen two 

sections of windshield a t  divider post. 
e .  Inside the airplane a t  the top of the windshield install spacer  bushings and 

apply a s tr ip of plasdc tape 1 . 5  inch wide on the windshield and fuselage channel. 
f . Apply PRC 5000 sealing compound o r  equivalent between fuselage top and 

side post skins and windshield. 
g .  Install screws around che top of the windshield. 
h .  Install interior uirnstrips, washers and nuts. (Do nor tighten nuts .) 
i . Install windshield center s t r ip  and screws.  
j . .4pply electrical tape and sea ler  around the boaom of the windshield. 
k .  -4pply 3b1 No. 1126 Sealer to back of outside collar .  
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CTRICU TAPE 

R E S m E  TAPE 
FWESmE TAPE 

12 THICKNESS) 
PRESTlTE TAPE 

Figure 4 -5 .  Windshield !nscallacion 
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A220  
3M SEALER 81 126 

Figure 4-6. Side Window Installation (Typical) 

I. Install outside collar and screws. 
m .  Tighten all screws a n d  nuts evenly a n d  check for  water seepage 

4-36. W I h ' D O W S  (SIDE) .  

4-37. R E M O V A L  O F  S l D E  W I N D O W S .  
a .  Remove the screws that hold the t r im moulding a round  inside of the  window. 
b. Remove the screws that secure the  window retainer strip a n d  remove the  inner a n d  ou te r  window. 
c. Remove old window sealer tr im surfaces. 

4-38. I N S T A L L A T I O N  O F  S l D E  W I N D O W S .  (Refer t o  Figure 4-6.) 
a.  Ascertain that  the new window is cut  to  s a m e  dimensions  a s  old window. 
b.  Assemble inner a n d  outer  window by cementing rubatex strip t o  inner window using carbolene 

neobolene cement C- I .  Leave 0.06 t o  0. I2 gap  between ends  of rubatex strip t o  fo rm drain a t  t h e  lower aft edge 
of each window assembly. Allow cement t o  air  dry  15 minutes. 

c. Apply Prestite Tape  KO.  163 or equivalent over  edge of outside window where i t  contacts the 
fuselage skin a n d  seal with 3M sealer h'o. 1126. 

d.  Install the window assembly a n d  screw inner reralner st ip in to  position. 
e. Place trim molding around inside of window a n d  install screws. 

4-39. D O O R .  

4-40. R E M O V A L  O F  CABIN D O O R .  
a .  Remove the d o o r  holder assembly by removing the screw in the  d o o r  sill. 
b. Remove roll pin from d o o r  hinge fitting a n d  drive ou t  the  d o o r  hinge pin 
c. Remove the d o o r  without letting the  serrated bushings d r o p  o u t .  
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A218 

2 

1 

1 .  HINGE BUSHING 

!MAINTAIN APPROXIMATELY 1 2  1 "  CLEARANCE 
BETWEEN DOOR EDGE AND FUSELAGE 

2. HINGE PIN 

I 3. ROLL PIN I 

Figure 4-7. Door Installation 

4-41. INSTALLATION AND ADJUSTMENT O F  CABIN DOOR. (Refer to Figure 4-7.) The entrance 
door is made of formed aluminum assemblies spot welded together. This type of construction gives a ridges 
assembly, but still retains the flexibility needed for proper fitting of the door. When installing a new door. 
follow the procedure given below. 

a .  Temporarily mount the new door on the fuselage using bolts at the hinge points. As the door will be 
removed from time to time during fitting, the bolts will make the door easy to remove. 

b. Swing the door closed and check for alignment of the main door latch and the auxiliary latch with 
their respective latch striker plate. If the door fails to  align, remove it and reposition the two serrated door 
hinge bushings (I) .  Repeat the above procedure until the door is properly aligned. 

c .  Once the door is properly aligned with the door frame, the procedure of trimming and fitting the 
door can be started. Using a small pair of metal shears and a file, trim the door edges until there is an 
approximate clearance of 0.125 of an inch between the fuselage skin edge and the door edge. 

d .  After the door is fitted. use a short piece of 0.25 inch diameter dowl and a hammer to contour the 
edges of the door to align with the fuselage skin. 

e. With the door removed. use sandpaper to smooth the rough edges. Replace the door using the 
required hinge pins (2), staked with roll pins (3). Install the door holding assembly. Apply a light coat of oil to 
the latch assemblies. 
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2. LOWER DOOR LATCH 

3 UPPER LATCH CABLE 

4 LATCn PLATE 

6 HANDLE PLATE 

7. DOOR LOCK RELEASE 

10. DOOR LATCH TUBE 

11 COVER PLATE 

12  LOCK RELEASE TUBE 

Figure 4-8. Door Locking Mechanism 

,. 4-42. REMOVAL O F  D O O R  LATCH ASSEMBLY. (Refer to Figure 4-8.) 
a. Remove door latch assembly by removing doo r  trim upholstery and remo\ing screws attaching 

. latch assembly to door.  
b. Disconnect latch pull rod from inside door  handle. 
c. Remove complete latch assembly. 

4-43. INSTALLATION A N D  A D J U S T M E N T  O F  D O O R  LOCKING MECHANISM.  (Re i t r  to Figure 
4-8.) 

a.  Install the upper ( I )  and lower (2) latch assemblies with machine screws. 
b. Install latch cable assembly 0)  and connect the clevis rod end to the upper latch. Leabe 

approximately three threads of the cable end exposed from the clevis. then tighren the locknut. 
c. Lubricate and install latch plate (4). door  lock release (7) and latch spring (5). 
d .  Lubricate and install the door  handle shaft-plate assembly (6). With the latch plate in locked 

position. draw the door  handle up  and t o  the rear allowing the pawl of the handle plate assembl! (6) to catch 
the latch plate (4). 
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e. Align the latch cable clevis end (8) holes with the lower hole of the handle-plate 
assembly (6). Ascertain that the clevis pin will slip freely through these holes. Remove the 
pin and take in one turn if adjustment is with a cable that has been previously installed. 
Take in two turns if adjustment is with a new cable. lnstall the pin and safety. Check that 
tube (9) will rotate freely. 

f. Install door latch tube assembly (10) and pin, safety at the handle-plate assembly. 
Install cover (1 1 ) and secure. 

g. Install the latch tube clevis end to the lower latch assembly. Adjust the clevis to 
allow the inside handle to operate when the outside handle is moved in and out through its 
three positions. The outside handle should lock flush with its frame. 

h. Install door lock release tube (1 2) and spring (13). Adjust to allow the forward 
portion of the outside handle to  move out finger width when the rearward portion 1s 
depressed. 

i. Check the operation of the latch handle and ascertain that the upper and lower 
latches (I and 2) are fully extended when the door handle is in a locked position (full 
forward). The upper latch (1) is retracted when the lower latch is in closed position (neutral 
handle position, no force applied) and both latches are retracted when the handle is in open 
position (full rear). 

j. Ascertain that the flat portion of the door lock release tube (I 2) is 90 degrees to 
the flat of the latch plate (4). 

k. Lock all clevis rod ends and safety all pins. Install the door trim. 

4-44. STRUCTURAL REPAIRS. Structural repair methods used must be made in 
accordance with recommendations set forth in FAA Advisory Circular 13-1 3-1. To assist in 
making repain and/or replacements, Figure 4-9 identifies the type and thickness of various 
skin materials used. Never make a skin replacement or patch plate from material other than 
the type of the original skin or of a different thickness from the original skin. The repair 
must be as strong as the o r i m  skin. However, flexibility must be retained so the 
surrounding areas will not receive extra stress. 

It may be necessary to cut access holes to make skin repain in some areas of the 
airplane. Refer to Figure 4-10 for typical access holes. 

WARNING 

NO access holes are permitted in any control surface. 

Structunl repairs must be noted in the airplane logbook. with information as to type ot' 
repair. The logbook should be reviewed to determine that previous structural repain. 11' any. 
to the control surfaces do not, where combined, exceed the maximum allowable weight or 
thickness Limits. 
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Figure 4-9. Skin Material and Thickness 
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173UI ACCESS HOLE 
COVER RATE 
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AN 507-8-32R10 

Figure 4-10. Typical Access Holes 

STRUCTURES 

Issued: 1 1!19171 



PIPER TWIN COMANCHE SERVICE IMASUAL 

WARNING 

The use of patch plates for repair of the stabilator. stabilator 
tab, and rudder shall be limited as described in Paragraphs 
4 4 5  and 446. The use of surface filler material normally 
used for repair of minor dents. stone damage, etc., is 
prohibited on all movable control surfaces. 

4 4 5 .  REPAIR OF STABIMTOR AND STABILATOR TAB (HORIZONTAL T.-\IL 
SURFACE). Precautions must be taken when performing any maintenance and/or repain 
to the stabilator or stabilator trim tabs. R e p a h  must be made in a manner that maintains 
the original configuration, strength, stiffness and weight distribution. Repain are limited to 
replacement of complete skin sections, ribs, hinges, span,  etc., and paint. 

WARNING 

During the coune of any repair work being accomplished on 
the stabilator, the complete stabilator trim tab, and trim tab 
mechanism should be checked for 'Yree play." Refer to 
Paragraph 4-47 for complete details on checking for free 
play. 

WARNING 

The structural integrity of the assembly must be maintained. 
Proper drainage must be maintained t o  prevent any 
accumulation of d in ,  water o r  ice. 

It is recommended that before a stabilator or tab is repainted. it should be stripped of all 
old paint. This will prevent the build up of paint with the subsequent effect on the balance 
or' the stabtlaror. Refer t o  Paragraph 4-18 o r  4-19 for stabilator balancing ml'orm~rion. 

NOTE 

The stabilator torque tube. stabilator balance arm. and any 
part of their mounting structures should be replaced i f  any 
damage is detected which could tend to weaken the part, 
cause loss of stiffness or suength, or which w~l l  tend to 
propagate through continued use. 
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4-46. REPAIR OF RUDDER. Recautions must be taken when performing any 
maintenance and/or repairs to  the rudder. Repairs must be made in a manner that maintains 
the original configuration, strength, stifmess and weight distribution. Repairs are limited to 
replacement of complete skin sections, ribs, hinges, span, etc., and paint. 

4-47, CHECKING AND BALANCING CONTROL SURFACES. 

4-48. CHECKING STABILATOR CONTROL SURFACES. The importance of keeping 
control surfaces in proper balance cannot be overemphasized. The following checks are 
recommended before balancing to  ascertain the amount of ''free play" in the stabilator. 
stabilator trim tab and tab mechanism. 

a. S t ab i to r :  Check the stabilator for any "free play" at its attachment points by 
grasping each half near the tip and gently trying to move it up and down, fore and aft, and 
in and out, on its torque tube., NO play is allowed. 

b. Stabfiator Trim Tab: Set the stabilator trim tab in neutral position. This neutral 
position is determined with the airplane properly rigged per insmctions given in this section 
of the service manual; the control wheel positioned 7.88 inches from the instrument panel, 
and the trim indicator at its neutral position. Obtain a straightedge long enough to extend 
from the ground up to a few inches above the trim tab trailing edge. Place the straightedge 
next to the trim tab inboard (center) trailing edge, and pasping the tab, gently move it up 
and down. mark the h i t s  of tab free play on the straightedge. The overall travel (free play) 
must not exceed .076 of an inch. The w of a dial indicator and fixed stand is 
recommended, refer to Figure 4-10a. 

c. Stabilator Trim Tab Mechanism: The complete trim tab mechanism should be 
checked for free play at the various components such as trim control rod end bearing, trim 
bellcrank. trim screw. trim drum and trim drum assembly. The bearing located between the 
stabilator tab horns should fit close enough to eliminate play in the actuator system. 
However. it should not be so tight that the control rod cannot easily be moved sideways or 
<:idwise on the beanng. 

Whenever any portion of the stabilator has been repaired and/or repainted (refer to 
Paragaphs 4-44 and 4-45), it must be rebalanced before the airplane is flown. The following 
hzlancing procedure is recommended: 

1 .  Stabilator installation must be complete and ready for flight before balancing. 
1. Control cables at balance arm must be disconnected before balancing. 

It is veq important to have the stabilator free to rotate with 
a minimum of frictional resistance. To insure this 
requirement. check the bearings, trim tab hinges. and tab 
iontrol rod end bearings for rust, dirt or worn parts. If any of 
these conditions tt ist ,  repair or replace before balancing. 

STRCCTCR ES 
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Figure 4-10a. Checking Stabilator Free Play 

NOTE 

There are two different balancing procedures. Check the 
serial number of the airplane being serviced and use the 
appropriate procedures. 

4-49. CHECKING AND BALANCING ST..\BILATOR. (Serial Nos. 30-1 to 30-851- 
inclusive: 30-854 t o  30-901 inclusive: 30-1 71 7: 30-1 745 to 30-2000 inclusive.) (Refer to 
Figure 4- 1 1 . ) 

a. Whenever a stabilator has been repaired and/or repainted, it must be balanced 
before the ~irplane is flown. 

b. Stabilator inspllation must be complete before balancing. including tabs and 
paint. Stabilator control cables ( 2  and 3 )  must be disconnecte~i from st~bilator balance arm 
I 1 ,  and tab actuator arm must be disconnected from stabilator tab horn dunng balancing. 
Hardware used t o  connect the extension spring cable and stabilator control cables should br' 
removed. Hardware l~olding balance arm weight in place should be installed. A small piece of 
tape should be used to hold tabs neutral with srabilator. It is very impor t~n t  to \lave the 
jtabilator free to rotate with a minimum of frictional resistance. 
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NOTE 

If  the bearing resistance is too great, it is necessary t o  loosen the nuts 
holding the stabilator torque horn to thestabilator torque tube,and 
those holding the stabilator to the torque tube as  well as the nuts 
holding the stabilator stop t o  the torque tube. Measure the bearing 
resistance again. When this is done. the nuts must be tightened just 
enough to take the play out of the washers. The bolts holding the 
stabilator bearing blocks to the fuselage should be loosened and 
tightened finger tight during balancing. After balancing is 
completed, stabilator bearing block bolts should be torqued to a 
value of 135 t o  140 inch-pounds. Ascertain that the stabilator is free 
t o  rotate with minimum friction. 

c. Master check weight (6) ( P i N  23584-00) (weight 1.58 pounds) should be placed on top of balance 
weight (5) ( P I N  23594-00) with the side marked " F R O N T  facing forward. (Refer to Figure 4- 1 I.) Ifthis is not 
enough weight to obtain static balance with the balance arm level. plates (4) ( P i N  23179-00) must be added to 
the forward balance weight attaching bolt until 100% static balance is obtained or  until up to two plates more 
than that  required for  balance have been added. Generally, i t  should not be necessary to use more than eight 
plates. I f  a total of more than eight plates is necessary t o  obtain balance. recheck the procedure in steps " b a n d  .. 3. 

C .  

d. Should it be necessary t o  obtain a stabilator without a master check weight, a temporary balancing 
can be accomplished by using the procedure given in " b  above. A sensitive and accurate spring scale can be 
used to get a balance with 49 + 0 - 3  inch-pounds of  torque. Plates should be added (up  to eight) until a lifting 
force between 2.71 and 2.88 pounds will balance the stabilator with the spring scale hooked to the bolt that 
fastens the two stabilator-connecting tabs (arm of 17 inches). As soon a s a  master check weight is available. the 
balance should be checked for accuracy. 

f. All stabilator and tab controls should be reconnected. 

@ e. After balancing isaccomplished.the check weight (orspringscale)should be removed and the plate 
should be distributed equally on both sides of the stabilator balance tube and the bolt secured. 

g. The stabilator control extension spring link should be adjusted to obtain one and one-quarter inch 
extension of the spring with the stabilator stops adjusted and the control wheel in the full forward position. 

h. The operation and feel of the stabilator conrrols should then be checked for proper movement. 

4-50. CHECKING A N D  BALANCING STABILATOR. (Serial Nos. 30-853. 30-902 to 30-1716 inclusive 
and 30- 17 18 to 30- 1744 inclusive.) (Refer to Figure 4- 12.) 

a .  Whenever ti stabilator has been repaired. it must be balanced before flight. 
b. Stabilator installation must be complete before balancing, including tabs and paint. Stabilator 

control cables ( 2  and 3) must be disconnected from the stabilator balance arm ( I )  and the tab  actuator arm 
must be disconnected from the stabilator tab horn during balancing. Hardware used to connect the extension 
spring cable (3 )  and stabilator control cables (2) should be removed. Balance weights (7) (P IN 25780-02) and 
(6) ( P N  2578@03) must be removed from the balance arm ( I ) .  A bolt (AN4-16A) with nut must be installed 
in place of the bolt (8) (AX4-36A). The aft bolt holding the balancearm weight must remaininstalled. A small 
piece of tape should be used to hold tabs neutral with stabilator. It is important to have the stabilator free to 
rotate w i ~ h  minimum of frictional resistance. Refer t o  NOTE in Paragraph 4-4810 obtain minimum frictional 
resistance. 
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A1 5s 
NOTE: REHOVE 
CHECK WEIGHT 
AFTER ~ L P I ~ I N ~ .  

LATOR CONTROL CABLES 
NStON SPRING CABLE 

4. PLATE. PIN 2317940 
5. BALANCE ARM WEIGHT 
6. MASTER CHECK WEIGHT. Pm 2- 

Figure 4-1 1 .  Balancing Stabilator. Serial Nos. 30-1 to 30-852 incl.. 
30-854 to 30-901 incl.. 30-1717. 30-1 745 to 30-2000 incl. 

Figure 4-  1 2 .  Balancing Scabllator 
Serlal S o s .  30-833. 30-902 to 30-1516 incl .  and 30-171s to 30-1741 incl .  
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c. Master check weight (P/N 2358440) (weight 1.58 pounds) should be placed on 
top of balance weight (5) (P,W 23594-003 with the side marked "FROKT" facing forward. 
(Refer to Figure 4-1 1 .) If this is not enough weight to obtain static balance with the balance 
arm level. plates (4) (PIN 2317940) must be added to the forward balance weight 
attachment bolt until 1 Om static balance is obtained or until up to two plates more than 
that required for balance have been added. Generally, it should never be necessary to use 
more than tight plates. If a total of more than eight plates is necessary to obtain balance, 
recheck the procedure in steps "b" and "c." 

d. Should it be necessary to balance a stabilator without a master check weight, a 
temporary balancing can be accomplished by using the procedure given in "b" above. A 
sensitive and accurate spring scale can be used to get a balance with 49 + 0 - 3 inch-pounds . 
of torque. Thus, pla ta  should be added (up to eight) until a Lifting force of between 2.71 
and 2.88 pounds will balance the stabilator with the spring scale being hooked to the bolt 
which fastem the two stabilator<onnecting tabs (arm of 17 inches). As soon as a master 
check weight is available, the balance should be checked for accuracy. 

e. After balancing is accomplished, the check weight should be removed and the 
front anachment bolt connecting the stabilator balance weight to the stabilator balance arm 
should be removed and weighs (PIN 2578042 and 2578C-03) and bolt (AN4-36A) and 
stabilator balance weight p l a t s  (P/N 23179-00) should be installed at this attachment point. 
Stabilator balance weight (PIN 2578C-02) should be installed on the right side of the 
stabilator balance arm and stabilator balance weight (PIN 2578043) and stabilator balance 
weight plates (PIN 23 179-00) shall be installed on the left side of the stabilator balance arm. 
(Refer to Figure 4-12.) 

NOTE 

Balance weight (7) should be installed so that the 
counterbore and bolt head face outboard on the right side of 
the balance ann. 

f. .U1 srabilator and tab controls should be reconnected. 
g. The stabilator control extension spring link should be adjusted to obtVn one and 

one-quaner inch cxrcnsion of the spring with the stabilator stops adjusted and the sonrrol in 
the full forward position. 

h. The openrion and feel of the stabilator controls should then be shecked for 
proper movement. 
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4-51. CHECKING AND BALANCING RUDDER. (Refer t o  Figure 4-13.) The rudder 
must be checked t o  assure it is properly balanced whenever it has been repaired, repainted. 
o r  a l ten ted  in any manner. The balancing requirement of  the rudder must bc checked with 
the complete u e m b l y  removed from the airplane. 

a. Remove tlie rudder from the airplane. in accordance with instructions given in 
P x a g a p h  4-27. The rudder must be complete including rudder control horn, balance 
wei&ts, tip, etc. 

b. Insert bolts in the two end hinges and place the complete rudder assembly on a 
suitable balance stand. as  shown in Figure 4-13. 

c. Position an accurately calibrated scale brlow the trailing edge of  the rudder, as 
shown in Figure 4-13. 

d. With the centerline of  the rudder level, obtain a reading o n  the scale. Subtract the 
weight of  any support used between the trailing edge of the rudder and the scale. 

e. Measure the distance (in inches) between the point a t  which the support on the scale 
contacts the rudder surface and the centerline o f  the rudder hinge. This is Measurement D 
o n  Figure 4-1 3.  

f. Multiply the weight (obtained per paragrap11 d )  by the distance (obtained per 
pa ragaph  e). 

g. The product (moment)  should be in accordance with specifications given below: 

11. Any rudder which does not  balance within tlie given specification must be replaced. 
i. Install complete rudder assembly on aircraft in accordance wilh instructions given in 

Parag;~pI i  4-28. 

MODEL 

PA-30 and 3 9  

4-52. AILERON BALANCING. 

HINGE MOMENT (Trailing edge heavy) 

13.5 * l .O inch-pounds 

NOTE 

NOTE: Listed Hinge Moment is applicable to complete 
rudder assembly, painted and with balance 
weight and rudder tip installed. 

The ailerons are properly balanced as long as the lead weight 
and steel arm are installed. No further balancing is required. 
Should repainting be required i t  will be necessary t o  remove 
dl the old paint prior to applying the new paint to insure 
staying within the balance limits. 

STRUCTCRES 
Revised: 10:6/77 



PIPER TWIN COMANCHE SERVICE MANUAL 

1111 

--- 
SUPPORT KNIFE EDGE 

BOLTTHRU HINGE 

RUDDER 
HINGE 
CENTER 

'\ 

M E A S U R E M E N T  D 

\ 8ALANCE WEIGHT 

ACCURATELY 

BALANCE STAND 

F~gure 4-1 3. Checkmg and Balanc~np Rudder 

INTENTIOKALLY LEFT BLANK 

STRUCTURES 
Revised: 1131174 • 



PIPER TWIN COMAKCHE SERVICE MANL'AL 

1 4-53. FIBERGLASS REPAIRS. The :!berglass procedure in this manual will describe 
the methods for the repair of fiberglass reinforced structures. Paragraph 4-49 
describes Touch-up and Surface Repairs such as blisters. open seams, delaminations. 
cavities, small holes and minor damages that have not harmed the fiberglass cloth 
material. Paragraph 4-52 describes Fracture and Patch Repairs of punctures, breaks 
and holes that have penetrated through the structure and damaged the fiberglass 
cloth. A repair kit, Pan  No. 756 729. that will furnish the necessary material for such 
repairs is available through Piper Aircraft Dealers and Distributors. 

NOTE 

Very  careful ly  follow resin and  ca ta lys t  mixing in- 
s t ruc t ions  furnished with  r e p a i r  kit. 

( 4-54. FIBERGLASS TOUCH-UP AND SURFACE REPAIRS. 
a .  Remove wax, oil and  dirt f rom around the damaged a r e a  with acetone.  

Methylethylketone o r  equivalent and  r emove  paint to  ge l  coa t .  
b.  T h e  damaged area may be  sc raped  wirh a h e  blade knife or a power dr i l l  

wi th  a burr a t tachment  to roughen the bottom and sides of che damaged a r e a .  
F e a t h e r  the edge surrounding the  s c r a t ch  or  cavi ty .  Do not undercut the edge.  
(lf the s c r a t ch  o r  c av i ry i s  shallow and  p e n e a a t e s  only the  sur face  coat,  COnMue 
to s t e p  h.) 

c .  Pour a s m a l l  amount  of res in in to  a j a r  l id o r  on  a piece of cardboard.  just 
enough to fill the a r e a  being worked on .  Mix an equal amount  of milled f iberglas  
with the res in ,  us ing a p u q  knife o r  s t i ck .  Add cata lyst ,  according to kit in- 
s u u c u o n ,  to the  r e s i n  and mix  thoroughly.  A hypodermic needle may be used to 

inject  ge l  into sma l l  cav i t i es  not requir ing f iberglas  mil l ings  mrxed with the g e l .  
d .  Work the m i x m r e  of resin f ibers  and ca ta lys t  in to the  damaged a r e a ,  u j lng  

t he  s h a r p  point of a putty knife o r  s t i ck  to p r e s s  it into the brtorn oi the hole and 
to puncmre any a i r  bubbles which may be presen t .  Fi l l  the sc ra tch  o r  hule a h v c  
the sur roundmg undamaged a r e a  about 1/16 inch. 

e .  Lay a piece  of cellophane o r  waved paper  over  the r e p a l r  to cu t  of t  a i r  and 

s t a r r  the c u r e  of gel  mixture .  
i . Allow the gel to c u r e  10 to 15 minutes  until i t  f ee l s  rubberv to the touch. 

R=move the cellophane and  t r im  i lush wirh the surface.  us ing a sha rp  r a z o r  blade 
o r  knif?. Replace the cellophane and allow to c u r e  completely ior 30 minutes to 
a n  hou r .  The  patch will sh r ink  sl ightly belou the s m u c m r e  su r f ace  a s  it i u r e a  . 
(Xi was  3aper is used, ascer ra in  wax i s  removed from sur face . )  

STRUCTURES 
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g. Rough up the bottom and edges of the hole with the electric burr  attachment 
o r  rough sandpaper. Feather hole into surrounding gel coat, do not undercut. 

h. Pour out a small amount of resin, add catalyst and mix thoroughly using a 
cutting motion ra ther  than st i rr ing.  Use no fibers. 

i . Using the tip of a putty icnife o r  finger tips, fill the hole to about 1/16 inch 
above the surrounding surface with the gel coat mixture.  

j . Lay a piece of cellophane over the patch to s t a r t  the curing process.  Re- 
peat s tep f, a i m m i n g  patch when partially cured.  

k .  After a i m m i n g  the patch, immediately place another small amount of gel 
coat  on one edge of the patch and cover with cellophane. T h e n  using a squeegee 
o r  the back of a r azor  blade, squeegee level with a r e a  surrounding the patch; 
leave the cellophane on patch for  one to two hours or overnight for complete cu re .  

1 . After repai r  has cured for  24 hours, sand patch a r e a  using a sanding block 
with fine wet sandpaper. Finish by priming, again sanding and applying color 
coat .  

1 4-55, FIBERGLASS FRACTURE AND PATCH REPAIRS. 
a .  Remove the wax, oil and d i r t  from around the damaged area  with acetone, 

m ethylethylketone o r  equivalent. 
b. Using a key hole saw, electr ic  saber  saw, o r  sharp  knife, cut away ragged 

edges. c u r  back to sound material .  
c . Remove paint rhee inches back from around damaged a rea .  
d .  Working inside the saucrure.  bevel the edges to approximately a 30 degree 

angle and rough-sand the hole and the a rea  around it using 80 grit dry  paper.  
Feather  back for about owo inches al l  around the hole. This  roughens the surface 
i o r  strong bond with patch. 

e . Cover a piece of cardboard o r  meml with cellophane. Tape it to the outside 
o i  the structure coveringthe hole completely. The cellophane should face toward 
the inside of the s m c t u r e .  If the repai r  is on a sharp  contour o r  shaped area,  a 
sheer o i  aluminum formed to a s imilar  contour may be placed over che a r e a .  
The aluminum should also be covered with cellopkane. 

f .  Prepare a patch of fiberglass mat and cloth to cover an area two inches larger 
than the hole. 

z .  Mix a small amount of resin and catalyst, enough to be used for one step - 
ac a time according to kit instructions. 

h .  Thoroughly wet mat and cloth with catalyzed resin. Daub resin an mat 
f i r s t ,  and then on cloth. Mat should be applied against structures suriace with 
ilorh on top. Both pieces may be wet outon cellophane and applied a s  a sandwich. 
Enough fiberglass cloth and mat reinforcements should be used to at least replace 
the amount of reinforcement removed in order  to maintain the original strength. 
If damage occurred as: a s t r e s s  crack. an extra layer o r  nvo oi cloth may be 
used to sriengrhen a r e a .  

STRL'CTUR ES 
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i . Lay patch over  hole on inside of s m c t u r e ,  cover with cell'ophane, and 
squeegee from center  to edges to remove a l l  a i r  bubbles and a s s u r e  adhesion 
around edge of hole.  A i r  bubbles will show white in the patch and they should all 
be worked out to the edge. Remove excess res in  before it gels on the part .  .41- 
low patch to c u r e  completely. 

j . Remove cardboard o r  aluminum sheet from outside of hole and rough-sand 
the patch and edge of hole.  Feather  edge of hole about nvo inches into undamaged 
a r e a .  

k.  Mask area around hole with tape and paper to protect surface. Cut a piece of 
fiberglass mat about one inch larger than the hole and one or more pieces of fiberglass 
cloth two inches larger than the hole. Brush catalyzed resin over hole, lay mat over 
hole and wet out with catalyzed resin. Use daubing action with brush. Then, apply 
additional layer or layers of fiberglass cloth to build up patch to t h e  surface of 
structure. Wet out each layer thoroughly with resin. 

1 . With a squeegee o r  broad knife, work out all a i r  bubblesinthe patch. Work 
from center to edge, pressing patch firmly against the s t ruc ture .  Allow parch to 
c u r e  for 15 to 20 minutes.  

m . As soon a s  the patch begins to set up, but while s t i l l  rubbery, take a sharp 
knife and cur away evaa cloth and mat .  Cut on outside edge of feathering. S n i p  
cut  edges of structure. Do this before cu re  is complete to save extra sanding. 
Allow patch to c u r e  overnight. 

n .  Using dry SO g r i t  sandpaper on a power sander  o r  sanding block, smooch 
patch and blend with surroundingsurface.  Should a i r  pockets appear while sand- 
ing, puncture and fill with catalyzed res in .  A hypodermic needle n a y  be used to 
fill caviues . Let cu re  and resand.  

3 .  .Mix catalyzed r e s in  and workinto patch withfingers .  Smooth carefully and 
ivork into any crevices .  

p .  Cover with cellophane and squeesee smooth. .4llow to cure  compiete!); he- 
iore removing cellophane. Let  cu re  and resand.  

q .  Brujh or  spray  a coat of catalyzed res in  to seal patch. Sand patch. : ' i n~sh  
by priming, agaln sanding and applying color coat .  

NOTE 

Brush and hands may be cleaned in solvents such a s  
acetone o r  methylethylketone. If solvents a r e  nct 
available, a scrong solution o i  detergent and water 
may be used.  
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4-56. T H E R M O P L A S T I C  REPAIRS. The following procedure will assist in making field repairs to item 
made of thermoplastic which are used throughout the airplane. A list of material needed to perform the 
repairs is given along with suggested suppliers of the material. Common safety precautions should be observe 
when handling some of the materials and tools used while making these repairs. 

a 
TABLE IV-I. LIST O F  MATERIALS (THERMOPLASTIC REPAIR) 

I ITEMS I DESCRIPTIONS I SUPPLIERS I 

I Ram Chemical U69 x I I Ram Chemicals 
Gardena. Cal. 90248 1 

Buffing and Rubbing 
Compounds 

I Mirror Glaze #I I Mirror Bright Polish Co.. Inc. 
Irvin, Cal. 92713 

Automotive Type - DuPont 
U7 

I I 

Solvents Methylethyl Ketone Obtain From Local Suppliers 
Methvlene Chloride 

DuPont Company 
Wilmington. Del. 19898 

~- 

Cleaners 

ABS-Solvent Cements 

Fantastic Spray 
Perchlorethylene 
VM&P Naphtha (Lighter 
Fluid) 

Solarite U l l Series 

Epoxy Patching 
Compound 

Obtain From Local Suppliers 

Solar Compounds Corp. 
Linden, N.J. 07036 

- 
Hot Melt Adhesives 
Polyamids and Hot Melt 
Gun 

a. Surface Preparation: 
I .  Surface dirt and paint if applied must be removed from the item being repaired. Household 

Solarite #400 

Hot Air Gun 

cleaners have proven most effective in removing surface dirt. 
2. Preliminary cleaning of the damaged area with perchlorethylene or VM&P Naphtha will 

generally insure a good bond between epoxy compounds and thermoplastic. 

Solar Compounds Corp. 
Linden. N.J. 07036 

Stick Form l / 2  in. dia. 
3 in. long 

Added: 10/28/82 

Sears Roebuck & Co.  o r  Most 
Hardware Stores 

Temp. Range 300" to 
4OO0F , 
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071 

Hot Alr Oun 

Figure 4-14. Surface Scratches. Abrasions or Ground-in-Dirt 

F~gure 4- 15. Deep Scrarches. Shallow N ~ c k s  and Small Holes 

Added: 10/28/82 STRUCTURES 
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Figure 4-17. Welding Repair Method 

Added: 10/28/82 S T R U C T U R E S  
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r 4 
117 

DWBLER PLATE 
BONDED TO UNDERSIDE 

OF DAMAGED AREA 

L 

Figure 4-18. Repairing of Cracks 

b. Surface Scratches. Abrasion or  Ground-in-Dirt: (Refer to Figure 4-14.) 
I. Shallow scratches and abraded surfaces are usually repaired by following directions on 

containers of conventional automotive buffing and rubbing compounds. 
2. I f  large dirt particles are embedded in thermoplastic parts. they can be removed with a hot air 

gun capable of supplying heat in the temperature range of 300" to 400" F. Use care not to overheat the material. 
Hold the nozzle of the gun about 1/4 of an inch away from the surface and apply heat with a circular motion 
until the area is sufficiently soft t o  remove the dirt particles. 

3. The thermoplastic will return to its original shape upon cooling. 
c. Deep Scratches, Shallow Nicks and Small Holes: (Less than I inch in diameter.) (Refer t o  Figure 

4- 15.) 
I. Solvent cements will f i t  virtually any of these applications. I f  the area to be repaired is very 

small, it may be quicker to make a satisfactory cement by dissolving thermoplastic material of the same type 
being repaired in solvent until the desired paste-like consistency is achieved. 

2. This mixture is then applied t o  the damaged area. Uponsolvent evaporation, the hard durable 
solids remaining can easily be shaped t o  the desired contour by filing or  sanding. 

3. Solvent adhesives are not recommended for highly stressed areas. or  thin walled parts or for 
patching holes greater than % inch in diameter. 

4. For larger damages an epoxy patching compound is recommended. This type material isa two 
pan .  fast curing. easy sanding commercially available compound. 

5. Adhesion can be increased by roughing the bondingsurface with sandpaper and by utilizingas 
much surface area for the bond a s  possible. 

6. The patching compound is mixed in equal portions on a hard flat surface using a figure eight 
motion. The damaged area is cleaned with perchlorethylene or  V M & P  Naphtha prior to applying the 
compound. (Refer to Figure 4-16.) 

7. A mechanical sander can be used after the compound is cured, providing the sander is kept in 
constant motion to prevent heat buildup. 

Added: 10/28/82 1G1 STRUCTURES 
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8. For repairs in areas involving little or no shear stress. the hot melt adhesives. polyamids which 
are supplied in stick form may be used. This type of repair has a low cohesive strength factor. 

9. Far  repairs in areas involving small holes, indentations or  cracks in the material where high 
stress is apparent o r  thin walled sections are used, the welding method is suggested. 

10. This welding method requires a hot air gun and ABS rods. T o  weld, the gun should be held to 
direct the flow of hot air into the fusion (repair) zone, heating the damged area and rod simultaneously. The 
gun should be moved continuously in a fanning motion to prevent discoloration of the material. Pressure must 
be maintained on the rod t o  insure good adhesion. (Refer to Figure 4-17.) 

I I. After the repair is completed. sanding is allowed t o  obtain a surface finish of acceptable 
appearance. 

d. Cracks: (Refer  to Figure 4-18.) 
I .  Before repairing a crack in the thermoplastic pan .  first determine what caused the crack and 

alleviate that condition t o  prevent is recurring after the repair is made. 
2. Drill small s top holes a t  each end of the crack. 
3. I f  possible, a double plate should be bonded t o  the reverse side of the crack to provide extra 

strength t o  the part. 
4. The crack should be "V" grooved and filled with repair material, such as solvent cement, hot 

melt adhesive, epoxy patching compound or  hot air welded. whichever is preferred. 
5 .  After the repair has cured. i t  may be sanded t o  match the surrounding finish. 

e. Repairing Major Damage: (Larger than I inch in diameter.) (Refer to Figure 4-19.) 
I .  If possible a patch should be made of the same material and cut slightly larger than the section 

being repaired. 
2. When appearances are important. large holes. cracks, tears. etc.. should be repaired by cutting 

out the damaged area and replacing it  with a piece of similar material. 
3. When cutting away the damaged area, under cut the perimeter and maintain a smooth edge. 

The patch a n d / o r  plug should also have a smooth edge to insure a good fit. 
4. Coat the patch with solvent adhesive and firmly attach it over the damaged area. 
5. Let the patch dry for approximately one hour before any additional work is performed. 
6. The hole, etc., is then filled with the repair material. A slight overfilling of the repair material is 

suggested t o  allow for sanding and finishing after the repair has cured. I f  patching compound is used the repair 
should be made in layers, not exceeding a % inch in thickness at a time, thus allowing the compound to cure 
and insuring a good solid buildup of successive layers as required. 

I. Stress Lines: (Refer to Figure 4-20.) 
I. Stress lines produce a whitened appearance in a localized area and generally emanate from the 

severe bending or impacting of the material. (Refer to Figure 4-21.) 
2. To restore the marerial to  ils original condition and color. use a hot air gun or similar heating 

device and carefully apply heat to the affected area. Do not overheat the material. 
g. Painting the Repair: 

I. An important factor in obtaining a quality paint finish is the proper preparation of the repair 
and surrounding area before applying any paint. 

2. I t  is recommended that pans  be cleaned prior to painting with a commercial cleaner or  a 
solution made from one-fourth cup of detergent mixed with one gallon of water. 

3 .  The paint used for coating thermoplastic can be either lacquers or  enamels depending on 
which 1s preferred bv the repair facility or customer. (See NOTE.) 

NOTE 

It is extremely important that solvent formulations be considered 
when selecting a paint, because not all lacquers or enamels can be 
used satisfactorily on thermoplastics. Some solvents used in the 
paints can significantly affect and degrade the plastic properties. 

Added: 10/28/82 
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Figure 4-19. Various Repairs 
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Figure 4-20. Repair of Stress Lines 

Figure 4-21. Repair of Impacted Damage 

Added: 10128182 
STRUCTURES 



PIPER TWIN C O M A N C H E  SERVICE M A N U A L  

4. Another important matter to  consider is that hard, brittle coatings that are usually best for 
abrasion resistance should not be used in areas which incur high stress, flexing or impact. Such coating may 
crack, thus creating a weak area. 

4-57. SAFETY WALK REPAIR. 

4-58. SURFACE PREPARATION. 
a. Clean all surfaces with a suitable cleaning solvent to  remove dirt. grease and oils. Solvents may be 

applied by dipping. spraying or mopping. 
b. Insure that no moisture remains on the surface by wiping with a clean dry cloth. 
c. Outline the area to which the liquid safety walk compound is to be applied, and mask adjacent 

surfaces. 

NOTE 

Newly painted surfaces, shall be allowed to dry for 2.5 hours 
minimum prior to the application of the safety walk. 

4-59. PRODUCT LISTING FOR LIQUID SAFETY WALK COMPOUND. 
a. Suggested Solvents: 

Safety Solvent per M IL-S- 187 18. 
Sherwin Williams Lacquer Thinner R7KCI2O. 
Glidden Thinner No. 207. 

b. Safety Walk Material: 
Walkway Compound and Matting Nonslip (included in Piper Part No. 179872). 

4-60. APPLICATION O F  LIQUID SAFETY WALK COMPOUND. Liquid safety walk compound shall 
.,.. be applied in an area, free of moisture for a period of 24 hours minimum after application. Do not apply when 

surface to be coated is below SO°F. Apply liquid safety walk compound as fo l l~ws:  
a.  Mix and thin the liquid safety walk compound in accordance with the manufacturer's instructions 

on the container. 
b. Coat the specified surfaces with asmooth, unbroken film ofthe liquid safety walk compound. A nap 

type roller or a stiff bristle brush is recommended. using fore and aft strokes. 
c. Allow the coating to dry for 15 minutes to one hour before recoating or touch-up; if required after 

application of the initial coating. 
d. After recoating or touch-up, if done. allow the coating to dry for 15 minutes to one hour before 

removing masking. 

NOTE 

The coated surface shall not be walked on for six hours minimum 
after application of final coating. 

~ Added: 10/28/82 
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4-61. SURFACE PREPARATION FOR PRESSURE SENSITIVE SAFETY WALK. The areas to which 
the pressure sensitive safety walk is to be installed must be free from all contaminates and no moisture present. 
If liquid safety umalk is installed the area must be prepared as follows: 

a.  Area must be masked off to protect painted surfaces. 
b. Apply suitable stripper MEK Federal Spec. TT-M-261, U.S. Rubber No. 3339 to wingwalk 

compound. As compound softens remove by using putty knife or other suitable tool. 
c. Area must be clean and dry prior to painting. 
d. Prime and paint area. 

NOTE 

Newly painted surfaces. shall be allowed to  dry for 2.5 hours 
minimum prior to the application of the safety walk. 

4-62. APPLICATION O F  PRESSURE SENSITIVE SAFETY WALK. Wipe area with aclean dry cloth to 
insure that no moisture remains on surface. Do not apply when surface temperature is below 50°F. Apply 
pressure sensitive safety walk as follows: 

a. Peel back the full width of the protective liner approximately 2 inches from the leading edge of the 
safety walk. 

b. Apply the safety walk to the wing area, begin at the leading edge, insure proper alignment and 
position from wing lap. 

c. Remove the remaining protective liner as the safety walk is being applied from front to back of wing 
area. 

d. Roll firmly with a long handled cylindrical brush in both lengthwisedirections. Makesure all edges 
adhere to  the wing skin. 

e. Install and rivet leading edge retainer. 

4-63. FLOW STRIPS. For PA-30 Installation. (Refer to the latest revision of Piper Service Letter No. 5 5 8 . )  
The flow strips are located on both wing leading edges and secured with A D ~ ~ A B S  pop rivets 

Added: 10/28/82 
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SECTION V 

SURFACE CONTROLS 

5-1. INTRODUCTION. This section contains instructions for the removal. installation and rigging and 
adjustment procedures for the control assemblies of the various structural surfaces. For the removal and 
installation of the structural surfaces of the airplane, refer to  Section IV. The assemblies need not be removed 
in order of paragraphs since each paragraph describes the individual removal and installation of the 
component. 

5-2. DESCRIPTION. The primary flight controls of the PA-30 are of the conventional type operated by dual 
control wheels and dual sets of rudder pedals. A system of cables, pulleys, bellcranks and push-pull rods 
transfer the movement of the control wheel and rudder pedals to the ailerons. stabilators and rudder. 

The aileron controls consist of two control wheels connected by torque tubes to sprockets on each end of 
the square tubes. A chain is wrapped around the sprockets to  synchronize the control wheels. An additional 
chain and sprocket is fixed on the left control tube which is coupled t o  the primary aileron control cable. The 
cable is routed under the floor along the side of the fuselage t o  the main spar and out through the wing to the 
bellcrank in each wing. A one piece balance cable is also connected to the bellcranks. As the control wheels are 
moved. the control cables move the bellcranks and actuate push-pull rods to  move the ailerons. 

The stabilator control cables are connected to  the control wheel torque tubes. From the connecting 
points. cables are routed around aseries of pulleys under the floor and aft to  the tailsection of theairplane. 
aft end of the cables connect to  the stabilator balance arm which in turn is connected to the stabilator torqu 

hp 
When the control wheel is moved forward or aft, the cables move the balance arm up and down turning 

the torque tube and stabilator. 
The rudder is controlled by rudder pedals installed on both the pilot and co-pilot sides. Cables are 

connected to both sides of the rudder pedal assembly and are routed aft through the bottom of the fuselage to  
the rudder horn. When one rudder pedal is pushed, the cable pulls [he rudder horn turning the rudder. 
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T-XBLE V-I. CONTROL SURFACE TRAVEL AND C.XBLE TESSIOS 

Rev ised :  6 ;  4; 8 1 

Control Surface Travel 
Ai leron 

Sta b ~ l a t o r  
Stabilator Trim Tab 

Rudder 

Flaps 

Contro l  Ib'heri 

- 
Rudder Pedals 

Cable Tension 
Aileron 
Stabilator 
Stabilator Trim Tab 
Rudder I 

Rudder Trim 

I. MEASUREMENT TO BE TAKEN AT THE 

FORWARD CABIN BULKHEAD. 

SURFACE CONTROLS 

A209 

4.s0 +/- I' - -------->A! 
15.5' y - ~  9" +/- lo 

> 

ma7 ,. 
/ '  

, 27' +/- ID 
, ' 

- - . - . - . - - - - 
' .  27' +/- l o  

(MEASURED PERPENDICULAR TO HINGE I ' . . . 
x 

€ 
270 +/- lo down 

MEASURED FROM FACE .- 4 2 1 0  
OF INSTRUMENT PANEL 88.25' 88.73" 

. . 

LW2 
5.9e - -. - . . .  

-7 .88  - tJ.2a- 

Neutral position 13' aft vertical 
Neutral to Fwd 3.51 i n c  ) 6,6p Total 
Neutral to Aft 3.18 in. 

NOTE 

26 lb +/- 20% 
18 lb +/- 20% CABLE TENSIONS GIVEN APPLY ONLY 

I 2  lb +/- 20% TO AIRPLANES WITHOUT AUTOPILOT 

25 lb +/- 40 lbs 3 BRIDLE CABLES ATTACHED. REFER TO 

18 lb +/- 20% APPROPRIATE AUTOPILOT SERVICE 
MANUAL FOR PROPER CABLE TENSIONS 

10 lb +/- 20% WHEN ATTACHING BRIDLE CABLES. 

FLEXIBLE PORTI~N OF THE CONTROL CABLE NEAR THE 

2. O N  SIN 30-2 to 1716. 30-1718 to 30-1744 WITHOUT AIRFLOW MODIFICATION KIT INSTALLED. 
3. ON SIN 30-1717. 30-1745 AND UP (AND ALL PREVIOUS AIC HAVING THE AIRFLOW MODIFICATION K I T  
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TABLE V-IA. CONTROL SURFACE TRAVEL AND CABLE TENSION 
AIR FLOW MODIFICATION KIT INSTALLATION 

SERFACECONTROLS 
Revised: 1131174 

Control Surface Travel 
Aileron 

Note: In neutral position 
the angle between the a i r  - 
plane leveling lugs and the 
upper surface of the ai- 
leron, parallel with and 
next to the rib rivets. 
6 1/2" from the inboard 
end of the aileron is 12' 

Stabilator and 
Stabilator Trim Tab 

Rudder 
Note: In neutral position 
the rudder is rigged lo 
right of the rudder - fin $ 

Cable Tension 
Aileron 
Stabilamr 
Stabilator Tr im Tab 
 udder ' I '  

Rudder T r i m  
I l l  MEASUREMENT TO BE TAKEN 

OF THE CONTROL CABLE NEAR 

4.s0 * l 0  

/,, * ';;. / 27 - 

\ a  

(MEASURED ERPENDICUUR TO HINGE $1 

NOTE 
26 lbs i 20% 
18 lbs * 20% CABLE TENS IONS GIVEN APPLY ONLY 

12 lbs * 20% 
TO AIRPUNES WITHOUT AUTOPILOT 
BRIDLE CABLES ATTACHED. REFER TO 

25 l b ~ .  to 40 l b ~ .  APPROPRIATE AUTOPILOT SERVICE 

10 lbs i 20% MANUAL FOR PRORR CABLE TENSIONS 

AT THE FLEXIBLE PORTION 
WHEN ATTACHING aRtDLE CABLES. 

THE FORWARO CABIN BULKHEAD. 
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The rudder pedals also turn the nose whcrl when in the down and locked position which 
is covered in Section VII. 

Stabihtor and rudder trim are operated by knobs and controlled by cables extending 
through tlic cabin ceiling and under the floor to the tail section. As the knobs are turned. 
cable drums are rotated which in turn rotate drums in thc tail section. Push-pull rods are 
connected to acnwtor screws which are rotated by the cable drums The push-pull rods are 
attached to t l ~ c  stabilator trim tab and the rudder horn. When the actuator s c ~ w s  u c  
turned. the push-pull rods move the trim tab and rudder. 

5-Zil. TROUBLESHOOTING. Troubles peculiar to the control system arc listed in Table 
V-I1 at the back of this section, along with their probable causes and suggested remedies. 

5-3. STANDARD SERVICE PROCEDURES. The following tips may be helpful in the 
removal and installation of the various assemblies: 

a. It is recommended, though not always necessary. to level and placc the airplane on 
jacks during rigging and adjustment. 

b. Remove turnbuckle barrels from cable ends before withdrawing cables through 
struchueo 

c. Tie a cord to cable end before drawing cable through stmctures to facilitate cable 
reinstallation. 

d. Turnbuckle stations are given at neutral position. 
e. When referring t o  marking cable ends. etc.. before disconnecting, a felt inker may be 

used. 
f. When turnbuckles have been set to correct cable tension. no more than three threads 

should be exposed from either end o f  the turnbuckle barrel. 
g. Cable tensions should be taken with the appropriate surface and trim control in its 

neutral position. 

I h. When installing rod ends refer t o  Figure 5-1. for proper installation method. 

4 .  COhTROL COLUMN ASSEMBLY 

5-5. REMOVAL O F  CONTROL COLUMN ASSEMBLY. 1Rr.tc.r to Figure 5-1.) 
a. To rcmovu either of the control wheels ( I and 10) with rube ( 2 ) .  proceed as follows: 

I .  \lark the roller assembly (B) cable attachmcnt fitting (20) and collars forc I 21) 
:lnd aft (121 in reference to their positions around the control wheel tube. 

3. Cut the wire (16) that safeties the cap bolts ( 17) that secure the roller ~ssembly 
and collars to the control tube. Remove the cap bolts. 

3. Slide the control tube from the roller assembly. cable attachment iirtrng and 
collars and draw the tube from the instrument panel. Note the number of seal wastxrs I 18, 
between the cable fitting and coUan. 

SL'RFICE COXTROLS 
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b. The square tube assembly may be removed by the following procedure: 
I .  D~sconnect one turnbuckle (6) of the horizontal control chains (5 and 7) and unwrap chain. 
2. Ssparate the vertical control chain (13) from the aileron control cables. On airplanes with 

turnbuckles connecting the vertical chain with the control cables, disconnect one of the connecting turn- 
buckles and unwrap chain. On airplanes without turnbuckles connecting the vertical chain with the control 
cables. first relieve chain and cable tension by removing the access plate to either aileron bellcrank at wing 
station 139.5 loosen the balance cable turnbuckle (forward turnbuckle), then disconnecting the chain from 
either control cable within the fuselage. Unwrap the chain from the sprocket. 

3. From the horizontal brace between the left and right sprocket brackets(4 and8). remove three 
cap bolts and loosen the fourth lowering the brace slightly to  allow withdrawal of the sprocket bracket. 

4. Remove bolts and screw holding the sprocket bracket to the bulkhead. 
5 .  Withdraw the square tube assembly. 

NOTE 

I f  an Autopilot roll servo is installed in the forward end of the square 
tube shaft forward of the bulkhead, it must be removed from the 
shaft prior to withdrawing the square tube. 

c. The square tube assembly may be removed from the sprocket assembly by the following procedure: 
I. Remove the bulkhead seal, nut and washer (31) from the shaft at the sprocket bracket. 
2. Remove hex nut, washer and bolt (12) from the shaft and sprocket axle (36). Use a Kaynar 

wrench ( P I N  WIO-3) to  remove the nut. 
3. Remove thesquare tube withshaft from thesprocet assembly takingcare that thesprocket and 

washers d o  not fall. 
d. I f  the sprocket assembly housing is not to be removed, the roller assembly may be removed from the 

square tube at the guide or aft end by the following procedure. a I. Cut thesafety wire(16) holding the nylon rub blocks(23) used as guidesand remove the blocks. 
Nylon blocks are secured by attaching screws. 

2. Slide the roller assembly from the square tube. 

Issued: 12/29/72 SURFACE CONTROLS 



PIPER TWIN COMANCHE SERVICE MANUAL 

5-6. INSTALLATION O F  CONTROL COLUMN ASSEMBLY. (Refer to Figure 5-1.) 
a. When installing the control column assembly, first install the components of the square tube 

assembly. I f  the nylon rub blocks (23) have been removed. install and tighten them on their attaching screws 
and secure in place with safety wire. Washers (25). Pan  No. 81342-78 may be installed as required under the 
nylon rub blocks (23) to remove play between the square tube (3) and control tube (2) without restricting 
control tube movement over square tube. 

b. If both the sprocket assembly and roller assembly have been removed. the roller assembly may be 
replaced over the forward end of the square tube shaft. Adjust with spacer washers and rotate the eccentric 
bushing (37) to maintain 0.003 of an inch clearance between one roller (15) and the tube (3) with the opposite 
roller in contact with the tube. Adjust clearance of the other set of rollers. 

c. T o  avoid unnecessary disassembly of control tube when checking end play of thecollars (21 and 22) 
and cable attachment fitting (20). pre-assemble to obtain clearances required between the cable attachment 
fitting and the fore and aft collars. Pre-assemble as follows: 

I. Slide the aft collar (22). cable attachment fitting (20). forward collar ( Z I ) ,  and roller assembly 
onto the control tube (2). 

2. Temporarily insen forward collar and roller assembly attaching bolts (17). 
3. Move the aft collar until the collars and fitting contact, then withdraw the aft collar until the 

first of its staggered holes align with the holes in the control tube. 
4. Install bolts (17) in aft collar. 
5 .  Check clearances between either collar and cable attachment fitting. Note the required seal 

washers ( 18) that will be equal on each side of the cable attachment fitting to  maintain a clearance of 0.003 to 
0.013 of a n  inch. 

6. Draw line from roller bearing housing across collars and cable attachment fitting t o  control 
tubc to  mark their relative positions. 

7. Remove the bolts, roller assembly. collars and cable fitting from the control tubc and continue - . . with step d .  
d. To install the square tube with sprocket assembly. proceed as follows: 

I. Position sorocket (26 or 27) insorockets14 or 8)and d a c e  washer(38) on sauaretubeshaft(3). . . 

2. Slide squa're tube shaft intdsprdcket bracket and sp;ocket. Attach sprockit with bolt. washer 
and hex nut (12) using Kaynar wrench (P!N WIO-3). 

3. On early installations place washer and self-locking nut (31) on sprocket axle (36). On later 
installations a castle nut and cotter pin (refer to sketch D) are used. Tighten nut (3 I) or  castle nut to allow no 
end play while permitting the shaft to rotate freely. 180 degrees, from stop to  stop. Check the stops to insurea 
minimum engagement of ,062 of an inch between the sprocket stop ins (30) and the aileron stop (29) as shown 
in Sketch D. Secure the castle nut with a cotter pin. Place the bulkhead seals over the large nut (31) at the 
forward side of the sprocket bracket. 

4. Align holes in sprocket bracket with those in the bulkhead and install bolts and screw securing 
the sprocket bracket to the bulkhead. 
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25. SHIM WASHER 
4 .  BRACKET. LEFT 26. SPROCKET. RIGHT 
5. CHAIN. LEFT 27. SPROCKET. LEFT 
6. TURNBUCKLE 28. BUSHING 
7. CHAIN. RIGHT 29. STOP 
8 .  BRACKET. RIGHT 10. STOP PIN 
9. PULLEY 31. NUT A N 0  WASHER 
10. CONTROL WHEEL. RIG-T 12. SLIDE BLOCK. CONTROL TUBE 
I I. CONTROL CABLE. STABILATOR 31. COLLAR. CONTROL SHAFT 
12. BOLT NUT ASSEMBLY 14. ADJUSTMENT SCREW 
13. CONTROL CHAIN. AILERON 35. COVER 
14. FITTING. ROLLER ATTACHMENT 36 SPROCKET AXLE 
15. ROLLER I 7  ECCENTRIC BUSnlNG 
16. SAFETY WIRE I8 WASHER 
I 1  CAP BOLT 
18. SEAL WASHER 
19. BEARING 
20. FITTING. CONTROL WHEEL SHAF r 
21. COLLAR. CONTROL WHEEL SHAFT G R U N T  
22. COLLAR. CONTROL WHEEL SHAFT RE 

Flgure 5 -  1, Control  Column Ins ta l l a r~on  
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PIPER TWIN  COMANCHE SERVICE M A N U A L  

SKETCH E 
A200 A201 

Figurc 5-1. Conlro l  Column ln \ la l l i~ l ion  (conr.) 
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5. Install and tighten cap bolts in horizontal brace. 

NOTE 

If an AutoPil~t roll servo i s  to be installed on the for- 
ward end of the square tube shaft fonvardof the bulk- 
head it may be insralled a t  this time. 

e. To install the control wheel tube (2), proceed a s  follows:. 
1. Lubricate the friction surface of the collars and cable attachment fittjng 

bearings with a light film of grease (IMIL-G-3278). 
2. After sliding the control column cover (35) onto the control wheel tube 

(2), insert the tube through the instrument panel. Slide the control tube into the 
aft collar (22) and one-half the seal washers (18). Slide the cable aaachment 
fitting (20) withcablearm forward onto thecontrol tube followed bythe rernaimng 
seal washers (18) and forward collar (21). Insert the end of thecontrol rube over 
the square tube (3) until the control tube contacts the roller bearing housing. 

3. If the control wheel tube fits easily over theguide blocks (23), align the 
cable aaachment fitting and collars a s  marked and tighten the cap bolts (17). 

4. Check that there is  minimum end play in the bearing tolerance (0. 003 
to 0.013 of an inch), and that the control tuberotates freely through 180 degrees. 
Install safety wire (16) in t!!e cap bolts. 

5. In early model airplanes, rotate the lower roller eccentric bushing o 

benveen tube and rollers. 

d the control tube support rollers a t  the instrument panel to maintain a snug fit 

6. On late model airplanes, dghten adjustment screw (34) to obta~n a snug 
fit benveen tuhe (2)  and slide blocks (32). 

5 .  Install and tighten screw in control wheel cover (35). 
f .  To attach chains to sprocket, use the following procedure: 

1. With the control wheels centered. wrap the horizontal chains (5 and 5 )  
around sprockets (26 and 27). The horizontal turnbuckles (6) should be centered 
ienveen right and leit sprockets. Connect turnbuckles and tighten to allow no 
slack. Safety rurnbuckles. 

2. With the control wheels still centered, wrap the vertical chain (13) 
:round its sprocket. The chain ends should be even with one another. Connect 
the contrcl chain with rhe aileron conrrol cables. Set cable tension and c11eck 
rigging and lldjustnIent as  given in paragraph 5-12. Safety turnbuckles. 

3. Check that the conuol wheel will roll 30 degrees each side of center 
with no binding. 
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5-7. AILERON CONTROLS. 

5-8. REMOVAL OF AILERON CONTROL CABLES. (Refer to Figure 5-2.) 
a. Remove the rear seats, and seat rails, carpet and floor panel from the left side of the 

fuselage aft of the main spar. 
b. To remove the right and/or left primary control cable(s) (6 or 3) within the fuselage 

from station 50.0 to station 126.5, the following procedure may be used: 
1. Remove the front seats and lay back enough floor carpet left of the nose wheel 

well to enable the removal of the fmt  left floor panel aft of the forward bulkhead. 
2. Disconnect the desired cable at the turnbuckle where it connects to the sprocket 

chain at station 50.0. 
3. Remove the cable guard (1 5) at the pulley cluster just aft of the forward cabin 

bulkhead, station 50.5, and at the cluster aft of the main spar, station 11 5.75. 
4. Disconnect the cable from the cable leading into the wing at the seap fitting (7) 

at station 126.5 by removing coner pin, nut and bolt. On aircraft equipped with 
rudder-aileron interconnect system, remove the interconnect cable from the large spring, 
then remove the bolt that connects the two strap fittings. 

5. Draw the primary cable back through the fuselage. 
c. To remove the right and/or left primary control a b l e  from either wing, the 

following procedure may be used: 
I .  Remove the access plates from the aft underside of the wing at stations 72.0. 

115.5 and 139.5 and the fairing strip from between the underside of the fuselage and wing. 
2. If tension exists in the cable. rotate the turnbuckle barrel on the aft arm of the 

aileron bellcrank at station 139.5 in the wing to slacken the cable. Then, disconnect the 
cable from the bellcrank by removing cotter pin. nut, washer and bolt or by disassembling 
the turnbuckle. 

3. Remove the coner pin cable guard from the cable pulley by reaching throu@ 
the access hole at  wing station 1 15.5. 

NOTE 

The aft end of each bellcrank and the turnbuckle assembly of 
the primary cable are painted red to facilitate reinstallation. 

4. In removing the right control cable (6). remove the pulley located at the aft butt 
end of the wing by removing the nut, washer and bolt holding the pulley in its bracket. 

5. Remove the cable pulley from the forward side of the rear spar support 
bulkhead at station 135.0. The pulley supporting the left control cable may be removed by 
removing the nut, washer and bolt that holds the pulley in its mounting bracket. The pulley 
supporting the right control cable may be removed by first removing the screws securing the 
mounting bracket to the bottom fuselage skin and rear spar bulkhead, and then removing 
the nut. washer and bolt that holds the pulley in the bracket. 

SURF-ICE COKTROLS 
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6 .  I f  not previously disconnected, disconnect the cable from the forward control cable at fuselage 
station 126.5 by removing the cotter pin. nut and bolt. 

7. Draw the cable through the wing. Use caution when drawing the end of the cable through the 
rub block at wing station 78.0. 

d. Removal of the aileron balance cable (40) may be accomplished by the following procedure: 
I .  Ascenain that the access plates are removed from the aft underside of each wing at stations 

72.0, 115.5 and 139.50. Also, the fairing from between the underside of the fuselage and each wing. 
2. Remove the floor panel from the right side of the fuselage aft of the main spar. 
3. If tension exists in the cable, rotate the turnbuckle barrel on the forward arm of either aileron 

bellcrank at station 139.5 in the wing to slacken the cable. Then disconnect the cable from each bellcrank by 
removing cotter pin, nut, washer and clevis bolt or by disassembling the turnbuckle. 

4. Remove the cotter pin cable guard from the cable pulley by reaching through the access hole 
in each wing at station 115.50. 

5. Remove the cotter pin cable guards from the left and right pulleys of the balance cable at 
fuselage station 135.0. 

6. If an Autopilot roll servo isattached to the balancecable, remove theslot head screws from the 
bridle cable clamps at the center of the fuselage. Remove the safety sleeves inboard of each clamp. 

7. Draw the cable through the fuselage and each wing. Use caution when drawing the end of the 
cable through the rub block at wing station 78.0. 

5-9. INSTALLATION OF AILERON CONTROL CABLES. (Refer to Figure 5-2.) 
a .  Installation of the aileron balance cable may be accomplished by the following procedure: 

I. Draw the balance cable (4) into each wing from the center of the fuselage. 
2. With the cable positioned on both the left and right pulleys in the fuselage at station 135.0 

install the cotter pin cable guards. 
3. Attach the ends of the cable to the forward end of the bellcrank in each wing by assembling 

- turnbuckles andior securing with clevis bolt, washer, nut and cotter pin. Do not set cable tension at thistime. 

NOTE 

Do not tighten turnbuckle fork ends on bellcrank so tight that the 
end cannot rotate. 

4. By reaching through theaccess opening in each wing at station I 1  5.5, position thecable around 
the upper pulley of the cluster and i f  the primary control cable is installed, install the cotter pin cable guard. 

5. I f  an autopilot roll servo is pan  of the airplane's equipment, attach the bridle cable to the 
balance cable with the use of the installation instructions given in Electronics Section. 
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b. Installation of the left and /o r  right primary control cables (3 and 6) that lead from the fuselage into 
the wings may be accomplished by the following procedure: 

I .  Draw the cable through the wing into the fuselage. 
2. Install the cable pulley in the fuselage, forward of the rear spar support bulkhead at station 

135.0. For the left pulley, position the cable and pulley and secure with bolt. washer and nut. For the right 
pulley. position the cable and pulley in the bracket and secure pulley with bolt, washer and nut, and then attach 
the bracket assembly to  the bottomskin of the fuselage and spar support bulkhead usingscrews. Ascertain that 
cotter pin cable guards are installed. 

3.  If the right cable (6) was removed. position the cable and install the pulley in the bracket 
located on the butt aft end of the wing by using bolt, washer and nut. 

4. Through the access hole in the wing at station 115.5 position thecableon thelowerpully of the 
cluster and install the cotter pin cable guard. 

CAUTION 

When stringing the cables on the front pulley cluster just aft of 
firewall, be sure to  thread cable in the pulley groove and not over top 
of eitherthe front or bottom cable guards. (Refer to  Figure 5-2. View 
A-A,) 

5. Attach the cable to the aft end of thecable bellcrank by assemblingturnbuckleandi or securing 
with clevis bolt. washer, nut and cotter pin. 

NOTE 

D o  not tighten turnbuckle fork ends on the bellcrank so tight that 
the end cannot rotate. 

6. If the forward control cables in the fuselage are installed, connect the strap fittings (7) and the 
rudder-aileron interconnect cable, if installed, at station 126.5 using bolt, nut, cotterpin. and bushing required 
with the interconnect cable, then slip the loop on the other end of the interconnect cable over the end of the 
large spring. 

c. Installation of the left and /o r  right primary control cable(s) within the fuselage may be 
accomplished by the following procedure: 

I. From the pulley cluster within the fuselage at station 115.0 draw the primary cable forward 
through the floor support bulkheads, under the pulley cluster at station 50.0 and up to  the vertical sprocket 
chain. 

2. Connect the cable with turnbuckle to  the vertical chain using clevis bolt, bushing, nut and 
cotter pin. 

3. Connect the fuselage primary cable with the wing primary cable and the rudder-aileron 
interconnect cable. if  installed, with the strap fittings a t  fuselage station 126.5 using bolt. nut, cotterpin and 
bushing required with the interconnect cable, then slip the loop at the other end of the interconnect cable over 
the end of the large spring. 

4. Replace the cable guard( 15) at the pulley cluster aft of the rear spar and the two cable guards at 
the pulley cluster at station 50.0. 

d. Set cable tension per Table V-I. check rigging and adjustment per Paragraph 5-12 and ascertain that 
all turnbuckles are safetied. 
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AILERON RUDDER INTERCONNECTSYSTEM 
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I .  LEFT  RUOOER CABLE 
2 .  LEFT AILERON CABLE 
3 .  CABLE ASSEMBLY 
4 .  RIGHT RUDDER CABLE 
5 .  RIGHT AILERON CABLE 
6 .  CABLE ASSEMBLY 
7 .  STABILATOR CONTROL CABLES 
8 .  PULLEY BRACKET 
9.  TURNBUCKLE 

10. SPRING 
I I. CLAMP SKETCH C 
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CAUTION 

After setting cable tension on aircraft equipped with 
rudder-aileron interconnect system, recheck the strap clamp 
fittings and make sure the aileron cables haven't twisted 
under tension and wrapped the interconnect cables around 
them. Lf this has happened, release tendon, disconnect s t n p  
clamp fitting, let any twist out of the cable and proceed from 
Step 3. 

1. Insure the interconnect cables are riding in their pulley grooves then adjust the 
interconnect cable turnbuckles per Paragraph 5-34, j. 

e. Install access plates and panels, carpets, seat hacks and seats. 

5-10. REMOVAL OF AILERON BELLCRANK ASSEMBLY. (Refer to Figure 5-2.) 
a. Remove the acces plate from the aft underside of the wing at station 139.5. 
b. Release cable tension from the control system by rotating one of the turnbuckles 

attached to the bellcrank (1 or 5). 
c. Disconnect the turnbuckle ends from the forward and aft ends of the bellcrank by 

m o v i n g  the cotter pin, nut, washer and clevis bolts. 

NOTE 

The aft end of each bellcrank and turnbuckle assernbly of 
each primary control cable is painted red to facilitate 
reinstallation. 

d. Disconnect the aileron control rod (13) from the bellcrank by removing cotter pin. 
nut, washer and clevis bolt. 

e. Remove the pivot bolt (14) that secures the bellcrank and remove bellcrank from 
wing. 

f. The stop block (I I )  may be removed by unbolting and removing from wing. 

5-1 1. INSTALLATION OF AILERON BELLCRANK ASSEMBLY. (Refer to Figure 5-1.) 
a. Place the bellcrank in its mounting bracket with the adjustable stops (10) toward the 

outboard end of the wing. 
b. Install the pivot bolt and torque. 
c. Install the aileron control rod (13); secure bolt assembly and safety. 

SURF-ICE CONTROLS 
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d. Connect the turnbucklu ends to the bellcrank. secure and safety. 

NOTE 

The aft end of the bellcrank and the primary cable ends are 
painted red t o  help facilitate proper hookup. Do not t~ghten 
turnbuckle fork ends on bellcrank so tight that the ends 
cannot rotate. 

e. Install s top block (1 I )  and torque bolts. 
f. Check aileron controls rigging and adjustment as per Paragraph 5-1 2 
g. Install access plate and secure. 

5-1 2. RIGGING AND ADJUSTMENT O F  AILERON CONTROLS. 
a. T o  check and adjust rigging of the aileron controls, use the following procedure: 

I .  Ascertain that the control wheels have been properly rigged ( R ~ f e r  t o  Paragraph 
5-6) and place them in neutral position. 

2. Remove aileron bellcrank access plates from the aft undeaidc of the wing at 
station 139.5. 

3. Check bellcranka for neutnl  position by aligning bellcrank pivot bolt with rear 
cable attachment bolt using fabricated checking tool as shown in Figure 5-3. (This tool may 
be iabncated from dimensions given in Figure 5-1 7 . )  

4. If the bellcranks d o  not fall in neutral position with control wheels level. adjust 
cable turnbuckles a t  bellcranks to position both at neutral. ;Maintain cable tension specified 
in Table V-I. 

b. Check and adjust the aileron for neutral position on aircraft without the Airflow 
Modification Kit installed by the following procedure: 

1 .  Place a modified straightedge. as shown in Figure 5 1 .  against the underside of 
thc wing ne:;t to and outboard of the row of rivets at station 169 with tlie aft spacer even 
wit11 the trailing edge of the aileron. (Do not vlace tool on rivets.) Ifhis tool may be 
fabricated from dimensions given in Figure 5-1 8.) 

2. H'ith the conrrol wheel in neutral and the tool spacen contacting rhe wing. the 
tniling edge of the aileron should make contact with the aft spacer. 

3. Should the three points not contact. disconnect control rod and adjust rod end 
bearing until the three contact points touch the skin surfaces. Chsck for suitisient i!lresd 
engagement and tighten jam nut. Connect control rod to aileron and safety. 

c. Check and adjust the aileron for neutral position on PA-30 aircraft (Serial Nos. 30- 1 to 1 10-2000 inclusive) with Airflow Modification Kit 760 409 or 760 564 installed by the following 
procedure: 

I .  Place a bubble protractor on the upper surface of the aileron, parallel with and 
next to the rib rivets 6 112 inches from the inboard edge of the aileron. 

2. With control wheel and aileron bellcrank in neutral position and airplane level. the 
angle between the airplane leveling lugs and the upper surface of the aileron. should be 12' in 
neutral position. 

SURFACE CONTROLS 
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Figure 5-3. Installation of 
Bellcrank Checking Tool 

I .  .ILL"O" 
2. L I L I I O *  .ITGl"G TOOL 

3. * l"G 

F i g u r e  5-4. Installation of 
Ai leron Rigging Tool 

3. Should any adjustment of aileron neutral position be required, disconnect 
control rods and adjust rod end bearings until aileron neutral position is reached. Check for 
sufficient thread engagement and tighten jam nut. Connect control rods to ailerons and 
safety. 

d. Place a bubble protractor on the inboard section of the aileron perpendicular to the 
hinge line and establish neutnl  or zero on the protractor. Remove the control wheel block 
and adjust the bellcrank stop bolts to the specific aileron travel from neutral s given in 
Table V-l or Table V-IA. Stops on both bellcranks should contact their stops at the same 
time and before the control wheel contacts the stops. 

e. Check that the aileron balance weight does not come in contact with rlic botrom 
w~n: skin. 

C Chtck control opention. bolts and turnbuckles for safety and install accesh plates. 

5-1 4. ADJUSTMEST OF .-\ILEROK TRIM. For the purpose ot' ~.l~anging lateral Inn]. ;l 
fixed metdl t ~ b  is installed on the rra~ling edge ot 'the left aileron or both ailerons. The tabs 
are adjustable irom the ground 2s necessary. 

SURF-ICE COXTROLS 
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5-15. STABILATOR CONTROLS.  

5-16. REMOV.AL O F  STABILATOR CONTROL CABLES. (Refer to Figure 5-5.) 
a.  T o  remove the forward control cables that connect the control column assembly with thestabilator 

cables, the following procedure may be used: 
I. Remove the cover plate, fold back the carpet and remove the floor panel a t  the left side of the 

wheel well by removing attaching bolts. In airplanes with Serial Nos. 30-1 t o  30-852 inclusive and 30-854 to 
30-901 inclusive, remove the rear seat and carpet and floor panel from the baggagecompanment. Remove the 
access panel to the aft section of the fuselage from the rear wall of the baggage compartment. 

In airplanes with Serial Nos. 30-853. 30-902 and up. remove the rear seats and. if  installed. 
family seats. Within the left family seat foot well. remove the floor carpet and forward inspect~on plate. Models 
with a one piece baggage area floor panel, remove the complete panel and those with a split floor panel. remove 
only the left panel. Remove the access door t o  the aft section of the fuselage from the rear wall of the baggage 
area. 

2. If not previously accomplished, mark the upper set of cable ends to facilitate reinstallation 
and, with the trailing edge of the horizontal stabilator in the down position, loosen and disconnect both 
turnbuckle barrels (5) in the aft section of the fuselage at station 172.0. 

3. Remove the cotter pin cable guards from the pulley brackets aft of rear baggage area at station 
159.0 

4. Remove the cotter pin cable guard from double pulley bracket on the aft side of rear spar 
support bulkhead a t  station 138.5. 

5. Remove the cable guard (9) from the pulley cluster aft of the main spar  a t  station 115.75 by 
withdrawing cotter pin from one side and removing the guard. 

6. Remove the two cable guards (9) from the pulley cluster located beneath the floor panel at the 
forward bulkhead a t  station 51.5 by withdrawing cotter pin from one side and removing the guard. 

7. Disconnect the cable from the cable attachment fitting on the control wheel column by 
removing the cotter pins from the fitting arm. (Refer to Figure 5-1.) 

8. Remove the stabilator control cable pulleys under each normal control column behind the 
forward fuselage bulkhead and forward of the instrument panel by removing the pulley bolts and nuts. 

9. Draw the cable forward through the fuselage. 
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b. The following p roced re  may be used to remove the aft control cables that 
begin a t  fuselage station 172. 0 and route aft to the balance arm (30) of the sta- 
bilator. 

1. Remove the access plate from the right rear  side of the fuselage just 
ahead of the stabilator by removing artaching screws. 

2. In airplanes with Serial Nos. 30-1 to 30-852 inclusive and 30-854 to 
30-901 inclusive, remove the back panel access door from the rear  wall of the 
baggage comparrmem. In airplanes with Serial Nos. 30-853. SO-902 and up, 
remove the right rear  family sea& if installed, and the back panel access door 
from the baggage area. 

3. If not previously accomplished, mark the upper set of cable ends to 
facilitate reins&lladon and. with the mailing edge of the horizontal stabilator in 
the down position. loosen the turnbuckles (5) at  station 172.0. 

4. Remove the fork end straps (32) of the cable from the balance a rm (.30) 
of the stabilator by removing cotter pin, nut, washer and bolt. 

5. Remove pulleys from the top and/or bortom brackets at stations 233.0 
and 235.0 respectively by removing nus ,  bolts and tushings. 

6. Draw the cables aft out of the fuselage. 

5-17 CU'STALLXTION OF STMILATOR CONTROL CABLES. (Refer to Figure 
5-5. ) 

a. To install the aft stabilator controlcables that route from the balance arm 
(30) to fuselage station 172.0, the following procedure may be used: 

1. Place the ah cables within the fuselage from the right rearaccessopen- 
ing with the turnbuckle end of the cables extended forward. 

2. Connect the fork end scraps (32) of the upper and lower cables to the 
balance arni (30) by insemng the b l t s  from the left side through the washers. 
straps. bushings and Lalancearm andinstalling the nut andcotter pinon the right 
s ~ a e  of the helance arm. 

3. With the cables riding in the pulley grooves, install the upper pulley in 
its bracket a t  station 231. O by inserting the bolt from the right side rlirough the 
bracket and pulley bushing, and installing the nut. Install the lower pulley a t  
sraticn 2 3 .  0 & inscrtinb che tmlt from the left side and tightening the nut. 

4. li the fonvard cables are  installed, comect the upper and lower aft 
;ak.le ends ro rhc iuruard cables using turnbuckles (5). 

u. The iollo~r,ing procedure may be  used to install the ionvard cables chat 
connect the control solumn assembly wirh the aic w n a o l  cables: 

1. ldentliy the leit cable length by measuring approximately 151 inciles 
from the thimble oi the unpa~nted cable end to the swaged ball on the cal~le. 

2. Connect the swaged ballof the 151 inch cable length to the cable attacn- 
menr firrlng by !means of cotter pins through the a rm of the fining. (Keier to 
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Figure 5- I . )  
3. With the attached length in the pulley grooves. install the pulleys in their brackets immediate11 

under the left side control column at the forward bulkhead and iust forward of the instrument oanel. ~ ~~~~ ~~~~ - ~ 

4. Identify the swagged ball that connects to the right cable attachment fitting approximately 178 
inches from the thimble of the painted end. 

5. Install the pulleys beneath the right side control column by stringer the cablt from the pulley 
just ahead of the instrument panel and beneath the left controlcolumn tothe bracket beneaththe right control 
column at the forward bulkhead. 

6.  With the cable in the groove of the right side forward pulley. install the pulley with bolt and 
nut. 

7. Connect the swagged ball to the right control column cable attachment arm with cotterpins. 
8. With the cable in the pulley groove. install the remaining pulley in its bracket beneath the right 

side control column just forward of the instrument panel. 
9.  Determine that the cable section from the pulley bracket just forward of the instrument panel 

beneath the right side control column runs under the opposingcablesection midway between the left and right 
control columns. 

10. With the cable in the pulley groove. install the pulley in the lower bracket at the forward bulk- 
head and beneath the left control column by installing bolt and nut. 

I I .  Draw the cable ends down and under the pulleys a t  the floor and forward bulkheads and 
through the pulley grooves aft of the main spar and back panel towards station 172.0. 

CAUTION 

When stringing the cables on the front pulley cluster just aft of ths 
firewall. be sure to thread cable in the oullev eroove and not over too . , - 
of either the front or bottom cable guards. (Refer t o  Figure 5 -5 .  View 
A-A,) 

12. Connect the forward and aft stabilator cables at station 172.0 with the use of turnbuckles (5). 
c. Set cable tension per Table V-l and check rigging and adjustment per Paragraph 5-20. 
d. Install floor panels, carpets, seat tracks. seats, access plates and access door. 

5-18. REMOVAL O F  STABILATOR TORQUE TUBE ASSEMBLY. (Refer to Figure 5-5.) Removal of 
the stabilator torque tube may be accomplished by the following procedures: 

a.  Remove the access plate from the right rear side of the fuselage forward of the stabilator. 
b. Remove the top and bottom tail cone fairings. 
c. Disconnect the control cables from the balance arm (30) by removing cotterpins. nuts. washersand 

bolts connecting the fork end straps (32) at the forward end of the balance arm. 
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d. Disconnect the aft end of the control rod (35) from the stabilator trim tab horn at the unierside of 
the stabilator by removing nut. washers and bolt. 

e.  Remove nut, washer and bolt from the stabilator rear spar attachment fitting where the two 
stahilator halves are joined at the a~rp lane  centerline. 

f .  Disconnect the left and right stabilators from the stabilator torque tube by removing the nuts. 
washers and four bolts (ct) from the torque tube. Pull each stabilator outward from the torque tube. 

g. Separate the tab  co l~ t ro l  bellcrank (34) from the stabilator bearing blocks (40) by remoking cotter 
pins. bolts, washers and nuts. (It is not necessary to further disassemble this unit.) 

h. Remove the stabilator bearing block reinforcement channels by removing nuts and washers from 
the bolts of the bearing block. 

i. Remove the bolts from the right stabilator bearing block and the bottom bolt from the left bearing 
block. The top  bolt need not be removed from the left bearing block. Mark top for proper reassembly. 

j. The entire torque tube and counter balance assembly can be removed from the airplane by pulling 
the stabilator torque tube rearward and rotating the right end of the tube downward t o  pass the rudder arm. 

k. Remove the components of the torque tubc assembly noting the position of parts for proper 
reassembly and use the following procedure: 

1 .  Remove the left bearing block (40) by tapping with a soft mallet. Note shims ( P i  N 80122-84 on 
i~ iboard  side of bearing block. 

2. Remove stop assembly (38) by removing nuts and bolts. 
3. Remove the counter balance arm assembly by removing nut and bolt at the aft end of the 

balance arm. 
4. Remove the right bearing block assembly noting the shims. 
5. Remove the horn assembly (41) from the tube by removing nuts and bolts. 

: 5-19. INSTALLATION O F  STABILATOR TORQUE TUBE ASSEMBLY. (Refer to  Figure 5 - 5 ; .  
. installation of the stabilator torque tube may be accomplished by the following procedure: 

a. Install the components of the torque tube by the following steps: 
1. In case a n  old counter balance horn (41) or  stop assembly 138) is to  be installed on a neu 

r .  stabilator tube. the holes of the tube must be line reamed for fit by the following procedure: 
=. (a) Position the counterbalance horn or  stop collar in place on the tube and insert a 

locating pin into one set of holes for alignment. (Pin. Part No. 25034-00 i s  required for the 
horn and pin. Part No. 25034-02 is required for the stop collar.) 

(b)  Line ream the other seat of holes from one side of the tube to  and through the other side. 
(Ream horn attachment hole to  0.3120!0.3130 of an inch and colliir attachment hole to  
0.2465i0.2475 of an  inch.) 
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--- I SKETCH 8 . i 
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SKETCH D 
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F ~ g u r e  3-5. Stabllator and Stabliaror Trlm Controls 
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Figurc 5 - 5 .  Srabilator and Srabilator Trim Conrrols (cont.) 

I .  P U L L E Y  

2. T l l M  C A B L C  

3. C O M T I O L  CIILE. L O W E R  

4. C O M T I D L  C A B L E . U P P T R  

5.  T Y I I I B U C I L E  

6. C L A M P  

7 .  B O L T  I I I T U B L "  

8 .  T V I I C .  LADLE G U l D E  

9. R O D .  C A B L E  G U A R D  

10. "OUI,*C, T R I M  D.UY 

I ! .  S C R E W ,  T l l l M  

12. B E L L C I A M I ,  T R I M  I A 8  

13. P I *  L S S F M B L Y  

14. STOP,  T R I M  S C R E W  

15. M O U N T ,  T l l M  DRUM 

IS. T R I M  DRUM 

17 .  P L A C A R D .  T R l Y  I M D I C I I O R  

I e .  B I A C I C T .  T l l M  I M 0 1 C 1 1 0 R  

19. SPI I I "G 

20. TUBE.  l"DlC.TO" 

I , .  I * ~ I C . I O R  

2 2 .  M D U M T I M L  8 I I A L I E 1 ,  Y P P E I  

2,. I*DIC.TOR W I R E .  l " l M  

21. M O Y ! a I I Y T .  B I I I C I L T  

25. H I H D L F  
21. C I A M l  I Y P P O l l  

27.  I T E M .  C R A M "  M I I I I D L E  

28.  R O L L  P I N  

ZP. . I I \LAHCE W E I G H T  

30. B A L A N C E  A I M  

3 1 .  SPRING 

32. C A B L E  END S T R A P S  

33. END B E A R 1 1 6 .  CONTROL ROD 
34 .  B E L L C I A H I .  711M T A B  

35 .  I C T U A I O R  ROO 

36. STOP,  T R I M  S C R F W  

37. I Y D I C I I O W  W I R E .  I n I Y  
38 .  H O R N  A S I L M b L I .  I I T I I ) I L I T O R  S T O P  

39.  A O J U I T U F M T  BOLT 1 X D  LOCK HUT 

40.  8 T I I I I N P  e L D C R I  

41.  HORN A S I I Y a L I .  C D U M T l l  B I L A M C E  

42 .  BCLLCIIYI AIM 

1167  I 
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(c) Insert a bolt in the reamed boles and repeat the process after re- 
moving the locating pin. 

2. In case a new counter balance horn o r  stop assembly is to be installed 
on an old stabilator tube, one side of the holes in the counter h l ance  horn o r  
stop collar must be reamed to 0.3120/0.3130 of an inch for the horn o r  0.2465/ 
0.2475 of an inch for the collar before positioning the component on the tube, then 
use the following procedure: 

(a) Insert a locating pin into one set of holes for alignment. (Pln, Part 
No. 25034-00, is required for the horn and pin. Part No. 25034-02. is required 
for the stop collar .) 

(b) Line ream the far side of the tube by entering kom the reamed side. 
(c) Insert a bolt through the reamed set of holes, then line ream the 

remaining far side of the component by entering &om the reamed side. 
3 .  In case old components a r e  to be installed on an old rube, no reaming 

is necessary. 
4. Position the balance horn on the center of the torque rube and install 

bolts (ct) with the heads forward. Install washers and nuts. then torque. 
5. Install the stop collar assembly on the left side of the torque ruk with 

the head of the Inboard bold (ct) forward and the head of the outboard bolt aft. 
Install nuts and washers, then torque. 

6. Install the counter balance arm (30) in the horn and secure with bolt (ct) 
and nut. 

7 .  Install bearing blocks (40) on the torque tube. When insmlling the bear- 
ing blocks it is necessary that there be a dimension of 8.62 inches between the 
centers of the bearing blocks. Maintain this dimension by placing the necessary 
shims (P/N 80122-84) equally between each bearing and tube collar. Tap the 
bearing blocks on the torque tube with a soft mallet maintaining a snug flt between 
bearing block, shims and collar. 

b . With the top bolt of the left bearing block in place, slide the counterbalance 
arm into the aft end of the fuselage with the left side of the torque rube vertical 
to pass the rudder a rm.  Rotate the cube counterclockwise into position. Place 
the three remaining bolts in the bearing blocks. 

c .  Install the bearing block reinforcement channels by installing washers and 
nuts on the bolts of the bearing blocks. 

d .  Install the bolts, washers and nuts chat secure the lower reinforcement 
channel to the tab drum support bracket. 

e .  Connect the tab conaol bellcrank (34) to the stabilator bearing blocks by 
insmlling bolts, washers, nuts and cotter pins. 

f . Slide the left and right stabilator halves onto the torque tube and secure 
with bolts (ct), washers and nuts, then torque. 
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g. Install the bolt, washer and nut that joins the two halves at the stabilator r eu  spar 
attachment fitting. 

h. Check stabilator balance per Checking and Balancing Stabilator, Section IV. 
i. Connect the aft end of the control rod (35) with the stabilator trim tab horn by 

installing bolt, washer and nut at the stabilator underside. 
j. Connect the control cable fork end straps (32) with the balance arm (30) by 

installing bolts, bushings, washers, nuts and cotter pins near the forward end of the balance 
arm. 

k. Check Stabilator Rigging and Adjustment per Paragraph 5-20. 
I. I ~ t a l l  the top and bottom tail cone fairing and access plate on the right rear side of 

the fuselage forward of the stabilator. 

5-20. RIGGING AND ADJUSTMENT OF STABIUTOR COKTROLS. 
a. Level the airplane. (Refer to Leveling, Section 11.) 
b. To check and set the correct degree of stabilator travel, the following procedure may 

be used: 
1. Check the travel by placing a rigging tool on the upper surface of the stabilator 

as shown in Figure 5 4 .  (This tool may be fabricated from dimensions given in Figure 5-1 9.) 
2. Set on a bubble protractor the number of d e g m  up travel as Sven in Table V-I 

or Table V-IA and place it on the rigging tool. Raise the trailing edge of tne stabilator and 
determine that when the stabilator contacts its s top ,  the bubble of tne protractor is 
centered. 

NOTE 

The stabilator should contact both of its stops before the 
control wheel contacts its stops. 

3. Set on the promctor the number of degrees down travel as given in Table V-I or 
Table V-IA and again place it on the riging tool. Lower the miling edge of the stabilator 
and determine that when it contacts its stops, the bubble of the protractor is centered. 

4. Should the stabilator travel be incorrect in either the up or down position. 
remove the tail cone fairing by removing the attaching screws and with the use of the 
stabilator rigging tool and bubble protractor, turn the stops located at the lzft bearing block 
of the torque tube in or out (Refer to Figure 5-5) to obtain the correct d e p e  o i  travel. 

5 .  Acenain that the locknuts of the stop screw are secure and reinjtall the tail 
cone tainng. 
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I. BUBULE PROTRLSTOR 
$MORT L C 0  O C  L E V C L l N O  TOOL 

BOLT5 ACCESS HOLES 

Figure 5-6. Stabilator Rigging Tool 

c. To check and set stabilator control tension, and neutral relation of the control 
wheels with the stabilator. the following procedure may be used: 

I .  Ascertain that the stabilator balance (Refer t o  Checking and Balancing 
Stabilator. Section IV) and travel ye correct. 

1. Remove the access panel from the rear wall oi  the baggage compartment or area. 
3. Position and maintain the stabilator in a n e u d  position with the use of the 

bubble protractor set at zero and placed on the rigging tool. 
4. With the stabilator neutral. check that the control wheel is neutral fore and aft. 

and the control cable tension is correct as required in Table V-I or Table V-IA. Neutral 
position of the control wheel is 7.88 riches from the metallic surface of the instrument 
panel as measured along the underside of the control column t o  the wheel. 

5. Should the neutral position of the control wheel andlor cable tension be 
incorrect. adjust the turnbuckles in tllc aft section of the fuselage t o  obtain sorrect position 
2nd tension. With this corrtct. the r~~rnbuckles should be positioned approximately at 
stdtion 172.5 to s u r e  turnbuckle ~ l r ~ r a n c e s .  

d. Check and. if required. a d j u ~ t  the stabilator control extension bpring located in the 
exireme air pomon of the f,.aelagc to obtain 1.15 inch extension of the spring with 
jtabilator jtops at sorrect adji~>tment and ~ o n t r o l  wheel at the full forward position. .Access 
ti, the spring I, gained by removing t!~e access panel locdted on the right side of the iuselage 
jilsr forward of the itabilator. 

e. Check the t'llll travel o i  the control wheel with relation to the full travel of the 
stabilator to determine that the j ~ ~ b l i a t o r  contacts its stops before the control wheel 
contacts its stops. 

f. Check safety of turnbuckles and bolts. 
g. Remove the airplane from jacks. 
11. Instdl access plates and panels. 
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5-21.  STAB1L.-\TOR TRIXl CONTROLS. 

5-22. REMOVAL OF STABILATijR T'RILI CABLES A h L )  r30F.TROI. (FORWARD). 
(Refer to Figure 5-5 . )  

a .  Remove the trim crank handle (25) from the ovcrhcdd Ilgh~ panel hy p res s -  
ing upward on the light panel near  the crank jtcni (27) and rvniuvinh. the clip froni 
the s t em.  

b. Remove cabin light panel from cockpit overhead by renln\ ing attaclilng 
s c r e w s .  

c .  In airplanes with Serial Nos. 30-1 to 30-852 inclusive and 30-854 to 3U-901 
inclusive, remove the access  door from the r e a r  wall of the baggage compart- 
ment .  In airplanes with Serial Nos. 30-853. 30-902 and up. renluve the right 
r e a r  family seat, i f  installed, and remove the back panel access  dour froni the 
baggage a r e a .  

d .  T r i m  cables (2) may be blocked to prevent the unwrapping c j f  cables from 
the u i m  drum by removing the lower tail cone fairing and blockinn the cables a t  
the t r im drum a s  shown in Figure 5-7. 

e .  Disconnect the forward conuo l  cable end from the r e a r  control cable by 
disconnecting che forward turnbuckle in aft  a r e a  of the fuselage ar station 199.0. 

f . T o  facilicace withdrawal of cable through the tube guides (8) within the cock- 
pi t  headliner, the following procedure may be used: 

1. If the cable i s  to be reused ,  split the neopress sleeve and remove the -. 
thimble a t  one end of the fonvard cable.  

. ~ 

2.  If the cable i s  not to be reused, i t  mav be cut just f o n v a r ~ :  o i  the s leeve.  

Figure 5 -7 .  l\l?thods u i  Blocking TL-iin Cables 
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g. Draw the cable end forward from aft area of the fuselage to  and through the trim servo, if installed 
around the pulleys at the trim handle and back to the aft area of the fuselage. 

h. The stabilator trim stem (27) and pulley assembly may be removed by the following method: 
I .  Remove the trim crank (25) lower support (26) from the cabin overhead by removing screws. 
2. Remove the stem by removing the roll pin (28) from pulley. 
3. ' Remove the pulley. 

NOTE 

The trim screw and pulley assembly should be installed by reversing 
this procedure prior to installation of stabilator cables. 

5-23. INSTALLATION O F  STABILATOR TRIM CONTROLS AND CABLE (FORWARD). (Refer to  
Figure 5-5.) One of two procedures may be used for installing the forward cables according to knowledge of 
cable length. The first procedure should be followed for cables of predetermined length such as old cables that 
are t o  be reused, and new cables measured to  the correct length of the old. The second procedure should be 
used if the old cable is damaged or cut and the replacement is of undetermined length. 

a. For cables of known length, the following procedure should be used: 
1. Draw the cable end forward from the pulley located directly aft of the aft wall of the cabin area 

at station 157.0, through the cable guide tube (8) and around the double pulley and idler pulley of the trim 
crank (25) at station 87.5. Draw the cable end aft through the guide tube and through the pulley groove at 
station 157.0 to the aft section of the fuselage. 

2. Swage the sleeve to  the cable with the thimble and turnbuckle end installed. 
3. Connect the forward cable end(s) to the aft cable by connecting the turnbuckles in the aft 

section of the fuselage a t  station 199.5. 
b. For cables of undetermined length, the following procedure should be used: 

I .  Draw the cable end forward from the pulley at station 157.0through the guide tube (a), aroun 
the double pulley and idler pulley at station 87.5 and aft through the guide tube and the pulley at station 157. 
to  the aft section of the fuselage. 

B 
2. Connect the forward cable end to  the corresponding aft cable end by rotating the turnbuckle 

barrel until threads on each end are showing. 

Issued: 12/29/72 
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3. Assemble the eye thimble and sleeve and connect the ends of the aft and forward cables to the 
barrel with three or four threads. 

4. Draw the free cable end until it is tight and  clamp the cable s o  that it will not damage thecable 
or  slip back. 

5. Crank the trim a few times t o  seat the cable on the drum and pulleys. 
6. Draw the free end of the cable to approximately the required cable required cable tension. 

(Refer to Table V-I.) 
7. Swage the sleeve to the cable and reset the cable tension. 
8. Cut off the remaining cable. 

c.  I f  a trim servo is installed, separate the left trim cable at the turnbuckle in the aft section of the 
fuselage a t  station 199.0. 

I. Add a cable splice to the forward cable end just separated t o  compensate for the figure eight 
wrapping of the trim servo. 

2. Lower the trim servo from its bracket by removing attaching bolts. washers and nuts. 
3. Remove the cable guard bracket from the trim servo drive pulley by removing screws. 
4. Raise the idler pulley above the fixed cable guards on the right side by removing the pulley bolt. 
5.  Install the pitch trim servo by passing a portion of the servo up through the cutout in the 

mounting bracket and attaching the servo with bolts, washers and nuts. 
6 .  Route trim cable from the forward part of airplanearound the top of the drive pulley groove to 

and around the idler and back to the lower groove of the drive pulley. 
7. Reinstall idler with cable routed around it in a figure eight. 
8. Reinstall cable guard bracket on top of the trimservo by installingscrews. Position the bracket 

within 0.032 of an inch of the pulley. 
d. Connect the forward cable end with aft cable aft the forward turnbuckle. 
e. Install the light panel on the overhead a t  the trim crank stem with attaching screws. 
f. Install the trim crank handle by placing the handle on the crank stem and pressing upward. 
g. Set cable tension per Table V-l and check rigging and adjustment per paragraph 5-26. Safety all 

*. turnbuckles. 
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5-24. REMOVAL O F  STABILATOR TRIM SCREW AND CABLE ASSEMBLY (AFT). (Referto Figur 
5-5.)  m 

a.  In airplanes with Serial Nos. 30-1 to  30-852 inclusive and 30-85410 30-901 inclusive, remove the 
access door from the rear wall of the baggage compartment. In airplanes with Serial Nos. 30-853. 30-902 and 
up, remove the right rear family seat, if installed, and remove the back panel access door from the baggage 
area. 

b. Remove the access plate from the right rear side of the fuselage forward of the stabilator by 
removing the attaching screws. 

c. Remove the tail cone fairings by removing the attaching screws. 
d. Block the aft cables at trim screw assembly to prevent the unwrapping of the cable from the drum. 

The cables may be blocked as shown in Figure 5-7. 
e. Remove screw cable guards and bushings from the pulley bracket which isattached to  the bulkhead 

aft of the stabilator balance weight at station 239.2 by removing nuts. 
f. Mark one set of cable ends in the aft section of the fuselage at station 199.0 to  facilitate installation, 

then disconnect turnbuckles by rotating their barrels. 
g. Disconnect the trim tab control screw assembly from the tab control bellcrank assembly (34) by 

removing the cotter pin, castellated nut, washers and bolt from the bellcrank at the upper end of the control 
screw station 265.6. 

h. Separate the lower bearing block brace from the bracket support assembly by removing four bolts, 
washers and nuts. 

i. Remove the control cable drum housing (lo), trim drum (16). and control screw (I I) with stops by 
removing cotter pins, castellated nuts, and washers from both sides of the bracket support assembly. 

j. Draw the trim drum, bracket drum and cables out of the fuselage from the rear. The support 
brackets may be pried apart slightly to allow passage of the drum housing with angle ( 15) and bolts installed. 

5-25. INSTALLATION O F  STABILATOR TRIM SCREW AND CABLE ASSEMBLY (AFT). (Refer to 
Figure 5-5.) 

a. Place the forward ends of the aft stabilator trim cable within the fuselage and draw them forwar b . 
b. With the cable evenly wrapped and blocked on the trim drum (16), install the trim screw assembly 

between its support brackets with washers, bolts, castellated nuts and cotter pins. Only a snug fit is needed. Be 
sure that the s.ide bolts are inserted in the housing support angles (15) with the threads outward. The support 
brackets may be pried apart slightly to admit the drum housing support angles with bolts. 

c. Install nuts, washers and bolts connecting the lower bearing block brace to  the support brackets. 
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d.  Connect the turnbuckles to the forward trim cables in the aft section of the fuselage station 199.5 
and set cable tension given in Table V-I. 

e. With the cables still evenly wrapped and the turnbuckles parallel, turn the trim screw until 0.350 of 
an inch is between the upper screw stop (14) and the top of the drum housing (10). 

f. Connect the trim screw (I I )  with the tab control bellcrank assembly (12) by installing bolt, washers, 
castellated nut and cotterpin to a snug fit at the upper end of the screw. 

g. Remove the blocks holding the trim tab cables. 
h. With primary tension gained by rotating the turnbuckles, continue rigging and adjustment 

beginning with step f, paragraph 5-26. 
i. Install cable guard screws with bushings and nuts at the pulleys of station 239.2. 
j. Install tail cone fairings and on the right side of the fuselage forward of the stabilator. Install the 

access plate with attaching screws. 
k. Install the access door and. if removed, install the right rear family seat to the baggage area. 

5-26. RIGGING A N D  ADJUSTMENT O F  STABILATOR TRIM. (Refer to  Figure 5-5.) 
a .  Level the airplane. (Refer to Leveling, Section 11.) 
b. Remove tail cone fairing from fuselage by removing the attaching screws. 
c. In airplanes with Serial Nos. 30-1 to  30-852 inclusive and 30-854 to  30-901 inclusive. remove the 

access door from the rear wall of the baggage compartment. In airplanes with Serial Nos. 30-853, 30-902 and 
up. remove the family seat, if installed. from the right rear of the baggage area, then remove the access door 
from the back panel. 

d. Determine that the turnbuckles in the aft section of the fuselageat station 199.0are paralleland that 
the trim tab cable is evenly wrapped on its drum. 

e. If cable drums are not equally wrapped and the turnbuckles are not together. the drums must be 
removed and re-wrapped. Refer to  paragraph 5-47 for wrapping of the drum. 

. ~ f. Measure a space of 0.350 inch between the upper screw stop (14) and the top of the trim drum 
housing (10). If the required distance is lacking, use the following procedure: 

I .  Disconnect the trim screw ( I  I )  from the bellcrank ( I  2) by removing cotterpin. castellated nut. 
washers and bolt. 

2. With trim cables evenly wrapped and holding the trim drum (16), rotate the trim screw to  
obtain 0.350 of an inch, then reconnect the trim screw and bellcrank with nut, washers, bolt and cotterpin. 

a 
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g. If the stabilator tab is not aligned with the neutral stabilator. disconnect the stabilator tab actuato 
rod (35) from the bellcrank (34) by removing cotterpin, castellated nut, washer and bolt. 

h. Loosen jam nut and rotate rod end bearing (33) until the trim tab and stabilator are aligned when the 
rod end bearing is in place. 

NOTE 

The stabilator trim control rod end bearing located at the forward 
end of the control rod (33) should be checked for freedom of 
movement during the regular 100 hour inspection by disconnecting 
the rod at the trim tab and holding the end between your fingers, try 
to  turn the rod from side to  side and rotate up and down. If the rod 
will not turn or is hard to  turn, the bearing should be checked more 
thoroughly by removing the complete assembly (33) from the 
airplane. 

i Connect the tab actuator arm to  the bellcrank at the rod end bearing with bolt, washers,castellated 
nut and cotterpin. 

j. With stabilator in neutral position, turn the trim in each direction to screw stops tocheck tab angle 
as given in Table V-I and also check minimum number of wraps left on the drum. (Minimum allowable is one 
and one quarter turns.) 

5-27. REMOVAL O F  T R l M  INDICATOR AND WIRE. (Refer to Figure 5-5.) 
a. Remove the lower tail cone fairing by removing attaching screws. 
b. Remove the trim crank handle (25) from the overhead light panel by pressing upward on the panel 

near the crank stem (27) and removing the clip from the stem. 
c. Remove light panel by removing attaching screws. 
d. Remove bolt and nut holding the indicator assembly to  the bulkhead at station 89.0. 
e. Remove screw holding indicator pointer (21) and forward spring (19) to the tube (20). 
f. Slide the tube aft from its placard brackets (18) and aft of station 88.8 then unwrap the indicator 

wire (23) from the tube or tap out the roll pin. 
g. Disconnect indicator wire from the lower bellcrank arm (42) at station 263.8 by unwrapping and 

drawing the wire from the fuselage. 

5-28. INSTALLATlON O F  TRlM INDICATOR AND WIRE. (Refer to Figure 5-5.) 
a .  Draw the indicator wire (23) into the fuselage through the guide tubes to station 88.8. 
b. Secure the forward end of the indicator wire to  the aft end of tube (20) by wrapping the wire to the 

roll pin at the aft end of the indicator tube. 
c. Slide the indicator tube forward into the placard brackets (18) and secure the pointer (21) and 

forward spring (19) to the tube with a screw. 
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a d.  Install the bolt and nut holding the indicator assembly to the bulkhead a t  station 89.0. 
e.  With the stabilator in neutral, align the stabilator t ab  and stabilator, then draw the wire until the 

pointer indicates neutral and wrap the aft end to the bellcrank indicator rod (42). 
I. Install the light panel with attaching screws. 
g. Install the crank handle (25) by first installing the attachment clip on thecrank and then pushing the 

handle onto the stem (27) while pressing upward on  the light panel. 
h. Install the lower tail cone fairing by installing the attaching screws. 

5-29. RUDDER AND STEERING PEDAL ASSEMBLY. 

5-30. REMOVAL O F  RUDDER AND STEERING PEDAL ASSEMBLY. (Refer to Figure 5-8.) 
a .  Disconnect the rudder control cables (21 and 19) from the pedal assembly at station 50.0 by first 

rotating the barrels of turnbuckles (22). and  then disconnecting the fork ends by removing nuts, washers and 
bolts. 

b. Disconnect the right (I I) and left (2) steering rods from the rudder pedal torque arms ( I 5  and 10) by 
removing attaching screw and nut. 

c. Disconnect the toe brake cylinder assemblies (4 and  7) from the brake idler links (3 and 14) by 
removing the cotterpin. castellated nut. washer and bolt. 

d .  T o  loosen the two halves of the torque tube (12). remove the two bolts (8) that secure the right 
inboard pedal (10) to the torque tube. 

e. Disassemble the right (9) and center (13) bearing blocks by removing the lockwires and cap bolts. 
Note the number of shims between the blocks. 

f .  Compress the two halves of the torque tube assembly by sliding them together before removal. The 
torque tube will then be free of the left bearing block (I).  

g. Take the pedal assembly out from the left side over the wheel well. 

5 -31  INSTALLATION OF RUDDER A N D  STEERING PEDAL ASSEMBLY. (Refer to Figure 5-8.) 
a .  Lubricate and assemble the torque tube assembly (12) with the right inboard pedal (10) and  brake 

. pedals (17), idler llnks (3  and 14) and connecting rods (16 and 18). Do not bolt the torque tube at the right 
inboard pedal at this time. Ascertain that there is a measurement of 8.8 1 Inches between the attachment holes 
of the left toe brake connecting rods (16 and 18) in airplane with Serial Nos. 30-2 to 30-558 inclusive. In 
airplanes with Serial Nos. 30-559 and up. theadjustment of the toe brake connecting rodsshould measure 8.56 
inches between holes. 

b. Place the pedal assembly into position from the left inside of the fuselage and slide the tube into the 
left bearing block (I) .  
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1. BEARING BLOCK. LEFT 
2. STEERING ROD. LEFT 
3. IDLER LINK. LEFT 
4. BRAKE CYLINDER. LEFT 
5. PARKING BRAKE CONTROL CABLE 
6. BRAKE CYLINDER CLEVIS BOLT 
7. BRAKE CYLINDER LEFT 
8 .  BOLT ASSEMBLY 
9. BEARING. BLOCK. RlGHT 

1 0  RUDDER PEDAL TORQUE ARM.  
RlGHT SlDE INBOARD 

11.  STEERING ROD. RlGHT 
12. TORQUE TUBE 

13. BEARING BLOCK. CENTER 
14. IDLER LINK. RlGHT 
15. RlGHT RUDDER PEDAL TORQUE ARM 

LEFT SlDE 
16. CONNECTING ROD. RlGHT 
17 BRAKE PEDAL 
18. CONNECTING ROD. LEFT 
19.  RUDDER CONTROL CABLE RlGHT 
20. LEFT RUDDER PEDAL TORQUE ARM 

LEFT SlDE 
21. RUDDER CONTROL CABLE. LEFT 
22. TURNBUCKLE 

Issuctl: 12/29/72 

Figure 5-8.  Rudder Pedal Installation 



PIPER TWIN COIMANCHE SERVICE MA IWA L 

c. Instdl thc center (13) and right 
bearing blocks (9). Use shims (.010, PIN 
4137142;  .015, PIN 4137143;  .032, PIN 
41371 4 4 )  as required between bearing 
blocks t o  aUow the tube a snug fit yet be 
free to rotate. 

d. Install bolts (8) that secure the right 
side inboard pedal (10) t o  the torque tube. 

e. Install lockwires in cap bolts of the 
bearing blocks. 

f. Secure the steering rods (2)  and (1 1) 
t o  the center set of rudder pedal torque 
arms ( 10 and 1 5) by installing screws and 
nuts. The heads of the screws should be 
outboard. 

g. C o n n e c t  t h e  b r a k e  cylinder 
assembly (4 and 7 )  t o  the toe brake links (3 
and 14) with bolts, washers, castellated nuts F i g u r e  5-9. Adjusmient of Brake Pedal 
and cotter pins. 

11. For the left and/or right rudder pedals with toe brakes. check that there is 1.50 
inches between the aft surface of the pedal tube ( 2 ) m d  the aft surface of the toe brake pad 
(3). (Refer to Figure 5-9.) Adjust the clevis bolt ( 6 )  at the top of each brake cylinder by 
removing the cotter pin, nut, washer and bolt and rotating the clevis to the desired 
adjustment. Reconnect the clevis when adjusted and tighten jam nut. 

i. Connect the fork ends of the turnbuckles (22)  t o  the arms of the torque tube 
assembly with bolts. washers and castellated nuts. 

j. Rotate the turnbuckle barrels until required tension is reachtd as given in Table V-l 
and check rudder adjustment as given in Paragraph 5-37. Safety the turnbuckles. 

5-33. RUDDER CONTROLS. 

5-33. REMOVAL O F  RUDDER CONTROL CABLES. IRcler to Figure 5- lo . )  To remove 
the rudder control cable assembly, use the following procedure: 

a. Remove the scuff plate, fold back the carpet. and remove r l~c  floor panel a r  the left 
side of the wheel well. 

b. In airplanes with Serial Nos. 30-1 to 30-852 inclusive and 30-854 to 30-901 
inclusive. remove the rear seat bottom. Remove carpets and floor panel from the b a g ~ ~ g e  
compartmenr and remove the access door to the aft sestion of the fuselagc from the back 
panel. In airplanes with Serial Nos. 30-853. 30-902 and up, remove the rear seats and family 
5531%. ii installed. Remove the carpers and floor panels dit of the main spar an11 remove rhe 
sccesb door of the back panel. 

c. Remove the tail cone fairings by removing the attilcl~ing screws. 
d. Remove the access panel from the right rear side of tnc fuselage d r  >ration 232.0. 
. Relieve rudder cable tension by rotating one of thc two vertical turnbuckles 

att~clieC1 10 the pedal assembly ar the forward cabin bulkhead. 

SURFACE CO;.;TROLS 
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f. Remove the cable guards from the pulley clusters at the forward cabin bulkhead at station 52.0and 
directly aft of the main spar at station 115.0 by removing the cotterpins and withdrawing the cable guard tubes. 

g. Remove the cotterpin cable guards from the pulley brackets located on the aft side of the wing rear 
support bulkhead (left cable only) a t  station 137.0 and at the bulkhead just aft thestabilator balance weight at 
station 238.0. 

h. On aircraft equipped with the rudder-aileron interconnect system. slip the left and right inter- 
connect cables from the larger springs they are attached to. then remove the clamps that attach the large 
springs to the rudder cables. 

i. Separate the rudder control cable from the rudder pedal arm by rotating the required vertical 
turnbuckle barrel attached to  the pedal assembly a t  station 50.0. 

j. Disconnect the cable from the rudder horn (21) by removing thecotterpins, nuts, washer and bolt 
(20). 

k. Draw the cable aft out of the fuselage. 

5-34. INSTALLATION O F  RUDDER CONTROL CABLES. (Refer to Figure 5-10.) 
a. Draw cable into fuselage from the tail section, over the pulley at the bulkhead just aft of the 

stabilator balance weight to  station 239.0; under the pulley just aft of the baggage area at station 158.0 (the left 
cable only, over the pulley at station 137.0); under the pulley just aft of the main spar a t  station 115.0at the 
forward cablin bulkhead at station 52.0. 

CAUTION 

When stringing the cables on the front pulley cluster just aft of 
firewall, be sure the thread cable in the pulley groove and not over 
top of either the front or bottomcablenuards. (Refer to  Figure 5-10. - - 
view A-A,) 

Connect the cable end to the rudder horn (21) at station 260.0with bolt, washer, castellated nut an 
cotterpin (20) to a snug fit. Allow the cable end to  rotate freely. 

c. Connect the end of the cable to  the arm of the pedal assembly at station 50.0 by assembling the turn- 
buckle. 

d. Install cable guardsat stations 52.Oand 115.0 by insertingthe guards into bracket holesand securing 
with cotterpins. 

e. Install cotterpin cable guards at stations 137.0 and 238.0. 
f. Check rudder travel and cables to assure that not binding occurs. 
g. Set cable tension per Table V-l and rig and adjust the rudder controls per Paragraph 5-37. 
h. Safety the turnbuckles at the forward cable bulkhead. 
i. On aircraft equipped with rudder-aileron interconnect system, attach the large springs (10) to the 

rudder cables at the swagged balls by means of clamps (11). If the aircraft is equipped with the Airflow 
Modification K i t ,  the springs (10)areattached to the ruddercables by means ofclamps(I0)spaced asshown in 
Sketch C. then slip the looped ends of the interconnect cables over the other end of the springs (10). 
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Figure 5-10. Rudder and Rudder T r i m  Connols  
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Figure 5-10. Rudder and Ruddcr Trim Control\ ( cont . )  
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A~LERON RUDDER INTERCONNECTSYSTEM 

- 1. LEFT RUDDER CABLE 
7 2. LEFT AILERON CABLE 

3 .  CABLE ASSEMBLY 
1. RIGHT RUDDER CABLE 
5 .  RIGHT AILERON CABLE 
6 .  CABLE ASSEMBLY 
1 .  S T A B I M T O R  CONTROL CAEILES 
8. PULLEY BRACKET ._ 9. TURNBUCKLE 

10. SPRING -~ I I. CLAMP . I ' 
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j. I N U ~  the interconnect cables are riding in their pulley grooves then adjust the 
turnbuckle (9) so that the springs (10) have .06 inch extension with rudder and ailerons in 
neutral position. The length of the left spring may be increased up to .38 inch to allow the 
aileron controls to spring back approximately equal amounts from right and left stops with 
the rudder controls held in neutral position. 

k. I ~ t a l l  the removed floor panels, carpets, r u f f  plate. access door, access panel, seats 
and tail cone fairingr. 

5-35. REMOVAL OF RUDDER HORN. (Refer to Figure 5-10.) 
a. Remove tail cone fairings by removing attaching screws and washers. 
b. Relieve rudder cable tension by rotating the turnbuckle of one cable near the 

fonvard cabin bulkhead at station 50.0. 
c. Remove cable ends (19) from rudder horn (21) by removing cotter pins, castellated 

nuts, washers and bolts (20). 
d. Disconnect tail light wire located at the top of the vertical fin by releasing the quick 

disconnect. 
e. Disconnect the trim control rod (32) from the left side of the rudder horn by 

m o v i n g  the cotter pin, castellated nut, washer and bolt 
f. Remow the cotter pin, castellated nut. washer and bolt (23) holding the rudder 

horn to the hinge bracket 
& Disconnect the rudder fmm the two remaining hinge brackets in the vertical fm by 

removing castellated nuts, washen and bolts. 
h. Move the rudder to the right or left and upward to sepantc the hinge brackets. 

a i. Separate the rudder horn from the rudder toque tube assembly by removing nuts, 
washen and bolts (20). Slide the horn from the torque tube. 

5-36. INSTALLATION OF RUDDER HORN. (Refer to Figure 5-10.) 
a. Attach the rudder horn (21) to the mdder torque tube with bolts, washm and nuts 

at the torque tube base. 
b. Align the holes for the hinge bolt in the horn with the hole in the hinge bracket 

while aligning the bracket hole of the rudder with those in the vertical fm. 
c. Install the bolts, washers and castellated nuts in the three hinge bracket holes. 
d. Connect the tail light on the rudder with the wire in the top of the vertical fin by 

means of the quick disconnect 
e. Connect the control cable ends (19) to the rudder horn with bolts, washers. 

castellated nuts and cotter pins to a snug fit. 
f. Join the rudder trim control rod (32) to its attachment hole on the left side of the 

rudder horn with bolt, washer, castellated nut and cotter pin. 
g. Set cable tension per Table V-I and check rigging and adjustment of the rudder 

controls per Paragraph 5-37. 
h. Check the free travel of the rudder and cables, then secure the turnbuckles near the 

forward cabin bulkhead at station 50.0 with safety clips. 

SURFACE CONTROLS 
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Figure 5-1 1. Claming Rudder Pedals In Neutral Position 

5-37. RIGGING A N D  ADJUSTMENT O F  RUDDER CONTROLS. 
a ,  Ascertain that the nose gear is properly aligned with the rudder pedals according to  Alignment o 

Nose Landing Gear, Section VII. 
b. Check. and if required, adjust rudder for neutral alignment with relation to  neutral position of the 

rudder pedals, and cables for correct tension as required in Table V-I or Table V-IA. The following procedure 
may be used: 

I. Place airplane on jacks (Refer to Jacking, Section 11) to clear the nose wheel. 
2. Clamp the rudder pedals to align in a lateral position as  shown in Figure 5-11. 
3. If not previously removed, remove the tail cone fairing by removing attaching screws. 
4. Ascertain that rudder trim bungee is in neutral position, (1.437 of exposed rudder trim bungee 

screw surface as shown in Figure 5-10. Sketch 0. 
5. Install a small diameter rod on tothe bottom of the rudderat the trailingedge. (Refer to Figure 

5-12.) 
6. Apply masking tape on 90' to airplane centerline, between stabilator halves immediately 

beneath rod inserted on rudder. On tape. mark the airplane centerline (stabilator trim control rod) and a line 
114 inch to  right of centerline. (Refer to Figure 5-12.) 

7. With rudder pedals clamped, check that the rod in the rudder aligns with aircraft centerline 
and cable tension is correct. (Refer to Table V-1.) On PA-30 aircraft Serial Nos. 30- 1 to  30-2000incl. with Air- 
flow Modification Kit 760 409 or 760 504, the rudder should be rigged so that with the pedalsclamped the rod 
in the rudder should align with the point I14 inch outboard of aircraft centerline as established in Step 6, and 
cable tension iscorrect. (Referto Table VI-IA.) (Cable tension is taken at the flexible portion of the cableat the 
forward cabin bulkhead. station 50.0.) 

8. Should alignment and /o r  cable tension be incorrect, adjust the turnbuckles which are attached 
to the rudder pedal assembly to obtain correct alignment and tension. 

9. Remove the clamps from the rudder pedals. 
c. To check and adjust rudder travel, proceed as follows: 
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I .  RUDDER 
2 .  RUDDER H O R N  
3 .  FABRICATED ROD 
4 .  S T A B I U T O R  T A B  ACTUATOR A R M  
5 .  RUDDER H O R N  STOP BOLTS 

. 

Figure 5-12. Determining Neutral 
Rudder Position 

i I 

i 

/. , . 

I. R U D D E R  
2.  R U D D E R  U O R N  STOP BOLT 
I. R U D D E R  H O R N  
4 .  MASKING TAPE 
5. FABRICATED R O D  

Figure 5-13. Checking Rudder Travel 

I .  At a distance of 6.52 inches (6.87 inches right and 6.44 inches left on aircraft with Airflow 
.r Modification Kit installed) outboard from thecenterline of theairplanestabilator trimcontrol rod), make two a small dots approximately six inches apart fore and aft, with a pencil, on the top surface of thestabilator, both 

sides of the rudder and parallel to  the airplane's centerline. . . 
2. Run masking tape on each stabilizer surface fore and aft with theedgeofthe tape placed at the 

outboard side of the pencil marks. 
3. Disconnect the rudder trim system at the lower end of the trim bellcrank a t  station 251.5. 
4. With the small rod attached to the trailing edge of the rudder. swing the rudder in both 

directions to determine that  the pointer intersects the inboard edge of the tapes. (Refer to Figure 5-13.) 
5. Should the pointer not intersect the inboard edge of the tape, adjust the rudder stops at the 

rudder hinge bracket t o  obtain correct travel. 
6. Ascertain rudder trim controls are properly rigged per Paragraph 5-45 and contact control rod 

to trim bellcrank. 
7. From the pilot's seat only, depress each rudder pedal completely and check for full deflection 

of the rudder to each side. 
8. Should the point not intersect the inboard edge of the tape, check for interference a t  the rudder 

horn and the nose gear travel stops. 
9. I f  interference is found a t  the nose gear travel stops, located at the bottom of the strut housing. 

rework the stops until full deflection of the rudder in both directions is obtained. 
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NOTE 

Maximum allowable nose gear travel is 25 degrees. 

10. Check full travel of the nose wheel and rudder to  determine that the rudder hits its stopsjust 
before the nose wheel hits its stops. 

d. Check safety of turnbuckles and bolts. 
e. Remove pointer rod and install access panels and plates and tail cone fairing. 

5-38. RUDDER T R l M  CONTROLS. 

5-39. REMOVAL O F  RUDDER TRlM SCREW AND CABLE ASSEMBLY (FORWARD). (Refer to  
Figure 5- 10.) 

a. Remove seats, seat tracks, carpets and floor panels from the left side of the fuselage so that the rub 
blocks a t  the bulkheads under the noor panels can be separated. This can be accomplished in the following 
manner: 

I .  In airplanes with Serial Nos. 30-2 to  30-852 inclusive and 30-854 to 30-901 inclusive, remove 
the floor panels from the left side of the fuselage between the forward bulkhead and main spar from station 
66.5 to  113.8. Within the baggage companment, remove the carpets and floor panel and from the rear wall 
remove the access door  to  the aft section of the fuselage. 

2. In airplanes with Serial Nos. 30-853 and 30-902 and up, remove the floor panels from the left 
side of the fuselage between the forward bulkhead and main spar from station 66.5 to  113.8. Remove the access 
panels from front and aft corners of foot recess by removing attaching screws. Remove the right family seat. if  
installed, and remove the access door from the back panel of the baggage area. 

b. Remove the top skin assembly from the forward fuselage nose section by removing attaching 
screws. 

c. Remove the access panel from the right rear side of the fuselage at station 233.0. 
d. Center the trim indicator to facilitate installation. 
e. Block the trim cables (3) at the aft drum assembly, station 226.5 as shown in Figure 5-7 to  prevent 

cables from unwrapping when tension is released at turnbuckles. 
f. Disconnect the forward trim cables from the aft cables by rotating the turnbuckles(4) located in the 

aft section of the fuselage at station 192.0. 
g. At the rudder trim control knob below the instrument panel, disconnect the control tube (6) from 

the universal joint (7) by removing the cotterpin, washer and clevis pin. 
h. Remove the cotterpin cable guards from the pulleys that are located in the lower aft area of the 

fuselage a t  station 157.5 and forward of the main spar at station 113.8. 
i. Separate the rub blocks (10)atstations 136.5. 105.5.87.5and66.5 by removingattachingscrews(9). 
j. Slide the cable guards from the pulley cluster at the forwardcabin bulkhead by removingcotterpins 

and sliding the guards, to  the left side of the pulley bracket. 
k. Remove the cable retainer plate from its block a t  the forward cabin bulkhead by removing the 

attaching screws. 
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I. Remove the clamp holding the plastic tubing at the forward cabin bulkhead by removing the 
attaching screw. (Remove the tubing with the cable.) 

m. Remove the double pulley from the bracket at the forwad cabin bulkhead by removing the bolt and 
washer. 

n. Remove the trim drum (8) and mounting bracket (5) from the forwardcabin bulkhead by removing 
the bolts from the mounting bracket. Remove the nuts and washersforward ofthecabin bulkhead by entering 
through the nose section. 

o. Draw the trim drum, tube and cable from the fuselage cabin. 

5-40. INSTALLATION OF RUDDER TRIM SCREW ANDCABLE ASSEMBLY (FORWARD). (Refer 
to  Figure 5- 10.) 

a. Determine that the trim cable assembly is evenly wrapped (centered) on the drum (8) and that the 
cables are blocked to prevent unwrapping. 

b. Position the trim drum control tube (6) in the universal joint (7) forward of the control knob and 
below the instrument panel, then align the holes in the trim drum mounting bracket (5) with those in the 
forward cabin bulkhead and install the bolts (The washers and nuts are installed forward of the bulkhead.) 

c. Install the clevis pin that holds the control tube to the universal joint and secure with a cotterpin. 
d. Draw the ends of the cable through the bulkhead hole at mid-fuselage near the forward bulkhead, 

then under the pulleys at station 50.0, aft through the bulkhead holes and under the pulleys at the main spar 
and back panel to  the aft section of the fuselage. 

e. With the cable in the tracks of the double pulley, install the pulleys in the bracket at the forward 
bulkhead by installing the bolt and washer. Be sure the plastic tubing is below and free of pulleys. 

f. With the plastic tubes extending below the cable retainer plate, fasten the upper end of the tubes to 
forward end of the tubes to the forward cabin wall with clamps and screws. 

g. Install the cable retainer plate on its block at the forward cabin bulkhead by installing attaching 
screws. 

h. Position the pulley guards in the bracket of the pulley cluster at the forward bulkhead and secure 
a with cotterpins. 

I. Install the rub blocks ( lo)  on the floor support bulkheads at stations 66.5.87.5, 105.5 and 136.5 by 
installing the attaching screws (9). 

j. Install cotterpin cable guards in the pulley brackets at stations 113.8 and 157.0. 
k. Attach the forward and aft cables at station 192.0 and gain cable tension as given in Table V-I by 

rotatlng the turnbuckle barrels (4). (The turnbuckles should be parallel when the trim tab is in neutraland the 
cables are evenly wrapped. Rig and adjust per paragraph 5-45. 
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I . Install top skin assembly of the nose s e ~ r i o n .  the iicccss panel. floor panels. 
carpets ,  seat cracks. seats ,  access  door tcr t h e  aft sccuon o i  the fuselage. 

5-41. REMOVAL OF RUDDER TRIM SCREW AND C.+BLE -4SSEMBLY (AFT). 
(Refer to Figure 5-10 .) 

a .  Block the forward cables a t  the pulleys just af t  of the back baggage com- 
partment o r  a r e a  panelat station 157.5 to prevent unwrapping a s  shown in Figure 
5-7 .  

b .  Remove the access  panel to the aft section of the fuselage by releasing 
fas teners .  

c .  Remove the access  plate from the right rear s ide  of the fuselage a t  station 
233.0 by removing h e  arcaching screws.  

d .  Block the af i  aim drum (30) to prevent unwrapping of the cable. 
e .  Separate the aft cable from the forward cables by rotating the turnbuckle 

ba r re l s  (4) in the afi  section of the fuselage a t  s tauun 192.0. 
f . Remove the double pulley &om its bracket near the top aft a rea  of the fuse- 

lage  a t  station 226.0 by removing nut. washer and bolt. 
g. Detach the  guide bracket (26) by removing the nuts. washers and bolts that 

s e c u r e  the bracket and aim drum mounting bracket tu the bulkhead above the 
trim drum.  Slide the guide bracket aft on the rube assembly. 

h .  F ree  the tube assembly (12) from the aft pornun of the universal joint af t  
of the n i m  drum by removing the c o a e r  pin, washer  and clevis pin (29). 

i . Remove the drum bracket (24) from the M k h e a d  at scacion 227.8 by remov- 
ing the remaining nuts, washers  and bolts from the mounting bracket.  

j . Draw the u i m  drum and cables from the fuselage. 

5-42,  1SST.ALLATION OF RUDDER TRLM SCREW .4ND CABLE .4SSE\lBLY 
(AFT). (Refer to Figure 5-10.) 

a .  With the cables evenly wrapped and blocked, h s t e n  the n l m  drum (30) and 
mounting bracket (11) to the bulkhead by installing the bolts, washers,  and nuts 
a t  the underside of the u i m  d r u m .  

b. Secure the conuol  rube (12) to the universal joint o i  the drum assembly by 
installing the clevis pin (29), washer and c o a e r  pin. 

c .  Srcure  guide bracket (26) and the upper pordon of the trim drum mounring 
bracket to the bulkhead by installing bolts, washers  and nuts. 

d .  With the cable in the pulley n a c k s ,  install the pullevs in the bracket near  
the top o i  the fuselage a t  s tadon 226.0 by installing bolt. washer and nut. 

r .  Connect the aft cables to the forward cables bv asiembling the mrnbucliles 
(4) a t  ,ration 292.0.  
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f. Remo\,e cable blocks and gain tension as per Table V-I. Rig and adjust per paragraph 5-45 

5-43. REMOVAL O F  RUDDER TRIM CONTROL TUBE AND BELLCRANK. (Refer to Figure 5-10.) 
a.  Remove the access plate from the right rear side of the fuselage at station 233.0 and remove the tail 

cone by taking out the attachment screws. 
b. Separate the guide bracket (26) from its bulkhead bracket by removing the cotterpin, nut, washer 

and screw (25) from the forward part of the bracket a t  station 228.8. 
c. Separate the tube assembly (12) from the trim drum shaft by removing cotterpin. washer and clevis 

pin (29) aft of the universal joint. 
d .  Disconnect the tube and control rod (16) from the lower end of the bellcrank arm (34) by removing 

nut. washer and bolt at station 251.50. 
e. Draw the tube assembly out ofthe fuselage. T o  disassemble the tube further. usethe following steps: 

I .  Disconnect the aft clip (13) from the tube removing the lockwire (14). 
2. Remove clip and pull the control rod (16) with spring (15) from the tube. 
3. Remove spring by removing roll pin from bushing. 

f. Separate the bellcrank assembly (34) from its mounting bracket assembly by removing the cotter- 
pin, nut, washer and bolt (33) from station 251.5. 

g. Disconnect the aft control rod(32) from the rudder horn (21) by removingthe cotterpin, nut. washer 
and bolt. 

h. Draw the bellcrank and aft control rod forward, then out through the access holein the right sideof 
the fuselage. 

i. Disconnect the upper end of the bellcrank from the aft control rod by removing the cotterpin, nut. 
washer and bolt. 

5-44. INSTALLATION O F  RUDDER TRIM CONTROL TUBE AND BELLCRANK. (Refer to  Figure 
. , 5- 10.) 

a.  Assemble the trim bungee tube assembly as follows: 
I .  Install one bungee spring stop bushing on the bungee rod (16) and secure with roll pin. 
2. Slide onto the rod a washer spring (15) and washer compress spring. Install second stop 

bushing and secure with roll pin. 
3. lnsert a lock clip (IS) into the center most slot of the bungee tube (12) and secure with 

MS20995-C41 safety wire. 
4. lnsert the spring assembly into the bungee tube and compress it enough toallow installation of 

the lock clip. Insert the lock clip into the same side of the tube as the previous clip was and then safety. 
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5 .  Install the rod end bearing (18) with jam nut (17) on the bungee rod and 
adjust to allow a distance of 20.69 inches between the center of the bearing and 
the end of the rube. Secure end bearing with jam nut. 

6. Collnect the guide bracket (26) m its bulkhead bracket by installing bolt. 
washer. castellated nut and cotter pin (25) at  the forward part of the bracket. 
Ascertain that the safety wire (14) that secures the lock clips is at  the lower side 
of the tube. 

b. Connect the ah control rod (32) to the upper end of the bellcrank (34) with 
bolt. washer and nut. 

c .  Posirion the bellcrank within the fuselage and secure, it  to its mounting 
bracket with bolt, washers and nut. 

d.  Connect the aft control rod m the rudder horn (21) by inscalling bolt, washer. 
nut and cotter pin. 

e. Connect the conuolrod (16) of the bungee assembly to the lower end of the 
bellcrank by installing bolt, washers and nut. Check riggiiig and adjustment of 
the u i m  system as given in paragraph 5-45. 

f . Install tail cone fairing and the right rear  side access ~ n e l  with atrachtng 
screws. 

5-45. RIGGIN3 AND ADJUSTMENT OF RL'DDER TRIM COhTROLS . (Refer to 
Figure 5-10.) 

a .  Remove the access panel located on the right side of the fuselage just for- 
ward of the stabilamr . 

b. Place the airplane on jacks and raise enough to allow the nose wheel to clear 
the floor. (Refer to Jacking, Section lI .) 

2. If new cables have been installed, operate the trim mechanism from stop to 
stop several times. This will allow the cables to regain their tightness on the 
drums. 

d .  Check cable tension a s  given in Table V-I. 
e .  Ascertain that the fore and aft cables a r e  equally wrapped on their drums 

and the turnbuckles a r e  located opposite each other. Lf cable drums a r e  not 
equally wrapped and the turnbuckles a r e  not together, the drums must be removed 
and re-wrapped. Refer to paragraph 5-47 for wrapping of rhe drum. 

i . With the cables equally wrapped, turnbuckles together and cable tension 
set  as  given in Table V-I. the a i m  indicamr a t  the insuument panel should be 
m the neunal position. If the indicator is  not a t  neunal, remove the correr pin 
and clevls pln securing the universal joint to the n im conuol. Turn the trim 
knob unnl the indicator is at  neutral and secure universal joint to trim control 
with clevis pin and cotter pin. 
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g. With the indicator in neuual ,  measure  the distance from the forward end 
of the a i m  control rube (12) to the af t  sur face  of the screw stop (28). Lf che 
measurement is not 1.437 inch. slide the alignment bracket (26) back by remov- 
ing attaching nut and bolt (25). Then remove pin (29) securing conao l  tube screw 
(11) to the universal joint and adjust screw to ob&in c o r r e c t  measurement .  

h .  With measurement  obtained. secure  the t r im screw to the universal joint 
with clevis pin, washer and cot ter  pin. Arrach the alignment bracket with bolt, 
washer  and nut. 

i . Check and. if required, adjusr the rod (32) joining the bellcrank (34) to the 
rudder  horn to obtain a measurement of 10.062 inches between the centers  of 
each rod end bearing. 

j . Check the rudder for neutral by inserting a small  diameter  rod into the 
bottom of the rudder  a t  the trailing edge, and allow its end to extend down to the 
stabilator t r im conuol  rod.  Should the rudder  not be neutral, disconnect the rod 
end bearing (18) of bungee assembly from the t r im bellcrank and adjust to bring 
the rudder to n e u a a l .  Maintain 0.375 of a n  inch thread engagement of rhe rod 
end bearing in the bungee tube. Remove check rod k o m  rudder .  

NOTE 

If the adjustment cannot be made by adjusting the a i m  
tube rod end bearing only, the adjustment may be di- 
vided between both the rudder  horn rod and the t r im 
tube end bearing keeping the 0.375 of an inch thread 
engagement. 

k .  Check that rod end bearing jam nuts a r e  secure .  Install access  panel and 
remove airplane from jacks. 

5-46. TRIM DRUM. 

5-47,  WRAPPIYG TRLV DRUM. (Refer ro Figure 5-14,)  A l l  rrlm drum, a r t  
wrapped basizally by the same procedure and must  be removed f rom the airplane.  

a .  Llark rhe end of the drum toward the base  of the hous~ng bracker (3) for a 
reference when later installing and wrapping [he cable (1) on the d r u m .  

b .  With the drum housing bracket firmly held, remove one o t  the cable guard 
bolrs (8) from the housing bracket.  

c .  Remove the drum screw (4) o r  the drum shafr (9) from the rrim screw a s -  
sembly.  The screw is removed by removing [he stop(6) located on the end of che 
screw,  opposite the base of [he housing bracket.  Turn che screw from [he d rum.  
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Figure 5-14. Tr im Screw Assembly 

The shaft is removed by driving the rol l  pin (10) from the center of the drum. 
Press  the shaft from the drum. 

d .  Remove the drum (2) from the housing. 
e. Unwrap the a i m  cable and remove the cable and lock pin (13) From the 

drum.  (If one end of the cable has been marked to facilitate hook-up of the cable 
ends, note this locationin relation to the drum when installing a new cable on the 
drum .) 

f . Check the cohdicion of the bushings (7) in the housing for excess wear.  
g. To install and wrap the trim cable, locate the center of the cable, meas- 

uring from end to end. 
h .  Insert  the center of the cable into the cable slot in the drum and install the 

lock pin. 
i . Hole the drum with the previously marked o r  base end of the drum down. 
j . Looking down on the drum, wrap up the cable that leads from the base end 

nlne and one-quarter turns in a counterclockwise direction. The cable from the 
upper end, wrap down in a clockwise direction nine and one-quarter Nrns .  

k. Insert the drum in the housing bracket, position the drum and route the 
cables from rhe assembly a s  shown in Figure 5-14. 

I . Install the screw and screw stop on the drum s h a f  and rotate rh? drum 
one-quarter mrn to allow installation of roll pin. 

m . Block the trim cables in center position to keep them tight and irom un- 
wrapping by the method shown in Figure 5 - 7 .  

n.  Center the drum between the stops on the screw by rotating the screw. 
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5-48.  WIXG FLAP CONTROLS. 

5-49. REMOVAL OF FLAP TRAXSMSSION AND CONTROL AR.M ASSEMBLY. 
(Refer to Figure 5-15.) 

a .  Remove the sea ts ,  carpers and floor panels a s  necessary to expose me 
center  fuselage section beeween the main and r e a r  s p a r s .  I t  desired, remove 
the panel k o m  the underside of the fuselage. 

b .  Removal of the flap mansmission assembly may be accomplished by the 
following procedure: 

1. Disconnect the motor electrical leads.  
2 .  Extract the pin(26) a t  the aansmiss ion  housing by removing cotter pm 

(23) and washer (24). 
3 .  Remove the bolt(l9) a t  the forward position of the actuaring screw (28) 

by removing cot ter  pin and nut (32). 
4 .  Remove artaching screw.  

c .  The actuating a r m s  may be removed by the following procedure: 
1 . Disconnect the flap position sender  rod (15) by removing the screw from 

the rod amchment  bushing a t  the actuating a r m  (17). 
2 .  Disionnect the control cable fork end o r  turnbuckle (20) end a t  each 

actuaung a r m  by removing the cot ter  pin, castellated nut and bolt (19). 
3 .  Remove the pivot bolt a t  the top spar support tube (11) by removing the 

cot ter  pin, nut. washer and bolt. 
4 .  If not previously removed, separa te  the actuating screw (26) from the 

boctom of [he actuating a r m s  by removing the bolt, washers  and nut. 
5 .  Remove the actuating a r m s .  

d .  The spa r  support a-bembly may be removed bv the following procedure: 
1 .  If not prwioujl!- disconnected, dsconnecr  the cable iork end o r  turn- 

buckle end a t  each actuaring a r m  by removing the cot ter  pins. iastel lated nut= 
and bol ts .  

2 .  Remove rhe cabllt pulleys (3) from their brackets by removing the nut,, 
washers  and bolts. 

3 .  Disconn2cr the e lecnica l  lead to the sender unit assembly (16) by r r-  
moving a t tachng nut. 

4 .  Remove [he support irom the r e c e s s  benveen the nvo longitudinal bulk- 
head= by removing the artaching bolts, washers  and nuts.  

5 .  With [he tlap r r a n m i s s i o n  assembly and actuating a r m s  removed, dis-  
connecr che support assembly irom the main and r e a r  spar. by removing nu[,. 
bolts and washers .  Sore rhe locanon of the shlm washer on tine side oi  plate be- 
w e e n  the angles at  [he r ea r  s p a r .  

6 .  Remove rhe spar  support assembly from the a i rp lanr .  
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e. If the spar support assembly is to be removed with the actuating arms and transmission assembly 
attached, the following procedure may be used: 

I .  Disconnect the electrical leads to the motor and coil assemblies on the forward right side of the 
spar support assembly. 

2. Disconnect the electrical lead to the flap position sender on the right rear side of the support 
assembly by removing the attaching nut. 

3. Disconnect the cable fork end or turnbuckle end at each actuating arm by removing the 
cotterpins, castellated nuts and bolts. 

4. Remove the cable pulleys from their brackets by removing the nuts, washers and bolts. 
5. Remove the support from the recess between the two longitudinal bulkheads by removing the 

nuts, washers and bolts securing it to the bulkhead. 
6. Disconnect the spar support assembly from the main and rear spars by removing the nuts, 

washers and bolts. Note the location of the shim washer to one side of the plate between the angles at the rear 
spar. 

7 Draw the spar support assembly from its recess in the center fuselage. 

5-50. CLEANING, INSPECTION AND REPAIR O F  FLAP TRANSMISSION. 
a. Clean the transmission assembly with a suitable solvent. 
b. Inspect the transmission tube for excessive end or side play on the transmission screw. 
c. Ascertain that the transmission tube and screw are not distorted or bent. 
d. Check that the screw bearing is not loose on the transmission screw or within the transmission 

housing. Excess wear can be determined by holding the transmission and moving the screw up and down. 
e. Check for excess wear within the transmission by turning the screw by hand and notingtheend and 

side play in the transmission drive shaft. End play should not be great enough to cause end pressure on the 
motor drive shaft. 

f. Should any of these checks show excess wear, corrosion or damage, the transmission or its 
components should be replaced. 

g. When the transmission assembly is disassembled for any reason, or at 500 hours, it should be 
repacked with MIL-(3-23827 grease. 

NOTE 

Refer to Lubrication Chan,  Special Instructions for specific 
lubrication instructions of flap transmission assembly. 
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5-51. INSTALLATION OF FLAP TRANSMISSION AND CONTROL ARM ASSEM- 
BLIES. (Refer to Figure 5-15.) 

a .  Installadon of the spar  support assembly with the flap transmission and 
control a rm assemblies installed may be accomplished by the following proce- 
dure: 

1. Align the forward end of the s p a r  support (1 1) with foux attachment holes 
in the main spa r  and align the aft  end in rhe slot between the attachment angles 
a t  the rear spar. Atrach the spar support to the main spar  with bolts, washers 
and nuts to determine which side of the slot a t  the rear spar needs the shim 
washers .  The aft end of the spar support will fall to one side of the slot when 
fastened a t  the main spar. Place the shim washer in the slot space and install 
with bolt, washer and nut. 

2 .  Install the bulkhead support through the center  of the spar support a s -  
sembly by installing the bolts, washers and nuts that secure  it  to the bulkheads. 

3. With cables (2) and (9) in the pulley a a c k s ,  install pulleys (3) in the 
brackets with bolts, washers and nuts. 

1. Temporarily connect the cable fork ends o r  turnbuckle ends (20)at each 
acruating a rm (17 and 18). After rigging and adjusunent, permanently secure 
ends with bolts, washers, castellated nuts and c o u e r  pins. Allow cable ends 
freedom to rotate. 

5 .  Install the electrical leads to the rnoror and coil assemblies on the for- 
ward right side of the spar  support assembly.  Refer to Electrical Systems 
Schemauc. Section XI, for wiring hookup details. 

6 .  Connect the electrical lead to the sender u ~ t  assembly (16) by insralling 
actaching nut. 

7.  Rig and adjust per  paragraph 5-58. 
b. Installauon sf che spar support assembly with actuaring a r m s  and trans- 

n i s j i o n  assembly removed may be accomplished by the following procedure: 
I .  Align the iorward end of the spa r  support with the four 3ttachment holes 

in the main spar  and align the aft end in the slot benveen rhe attachment angles 
a t  rhe rear  s p a r .  .4tush the spa r  support to the main spar  with bolts, washers 
and nu t s  to ~lerermine ivhlch side of the slot a t  the r e a r  spar  needs the shim 
washer .  The ~ i r  dnd o i  th* spar  support will fall to one side when fastened ar the 
c?ain >par .  P l ~ c r  the shlnl washer inthe slot space and secure  with bolt. washer 
and n u t .  

2 .  Insrall the bulkhead support through the center of the spar  support a s -  
sembly by installing che bolts. \\*ashers and nuts that secure  i r  to the bulkheads. 

3 .  With cabies m the pulley u a c k s ,  install pulleys in brackets with bolts. 
washers and nut=. -4llow ends ireedom to rotate. 
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c .  Installation of the conuol arm assembly may be accomplished a s  follows: 
I .  Aaach the actuating arms (17 and 18) to the top of the spar support a s -  

sembly with bolt, washer and nut. 
1 .  Slide the end of the flap position sender rod(l5) into the rod attachment 

bushing. Allow the screw to remain loose until flap adjustments a r e  made. 
3.  Secure the actuating arms to the forward end of the aansmission screw, 

if transmission is installed, with adapter (31). bushing (30), bolt (29), washer, 
nut and cotter pin. 

4 .  With the cables in the pulley tracks, install the pulleys in the brackets 
with bolts, washers and nuts. 

5. Temporarily connect the cable fork o r  olrnbuckle ends (20) to the ac-  
tuacing a rms .  After adjusment, secure cable ends by installing bolts. washers, 
castellated nuts and cotter pins. Allow ends freedom to rotate. 

d .  Installation of the flap aansmission assembly may be accomplished a s  fol- 
lows: 

1. Comect the aft end of the transmission assembly with the attachment 
bracket of the spar support by installing clevis pin (26). washer (24) and cotter 
pin (23) just forward of the rear  spar.  

2. Rotate the actuating screw (28) counterclockwise until the bushing hole 
in the end of the screw housing aligns withthebottom holes of the actuating a rms .  
Install adapter (31). bushing (30), bolt (29). washers and nut. 

3.  Connect the motor and coil assembly elecuical leads. Refer to Elec- 
trical Systems Schematic. Section XI, for wiring hookup details. 

5-52. REMOVAL OF F U P  CONlXOL CABLES. (Refer to Figure 5-15.) 
a .  Removal of flap conaol cables in  airplanes with SerialNos. 30-1 to 30-852 

inclusive and 30-854 to 30-901 inclusive may be accomplished by the following 
procedure: 

1. Remove the carpets, sear and floor panel from the baggage area.  
2 .  From the underside of the wingremove the wing rootfairing, the splash 

plate from the wheel well and rhe flap bellcrank access plate from sration i 2  . O .  
3 .  Wirhin the fuselage disconnect the conaol cables (2) and (9) from the 

actuating arm (17 and 18) by removing the cotter pin. nut, washer and bolt from 
the cable fork end (20). 

4 .  Remove the pulley (3) from the bracket on the spar support (I I )  by re- 
moving bolt (19). nut and washer. 

5 .  Separate the flap conaol cable a t  the turnbuckle within the fuselage by 
rotadng the turnbuckle barrel. Separate the left cable end from the spring (5) 
on the fuselage floor. 

6.  Remove the cotter pin cable guard from the pulley bracket wlthin the 
wing root just outside the fuselage. 

SbRFACE CONTROLS 
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7 .  Within the right wheel well only, remove the small  pulley (3) iron] thc 
link assembly on the s tep  lock mechanism by removing nut. washers  and L w l t  

8 .  Remove the cone r  pin cable guard from the pulley bracket \\,ilhin u:? 
wheel well a t  s tadon 41.0. 

9 .  Disengage the step lock pulley (3) and pull the flap down to galn access  
to the aft a r m  of the flap bellcrank (10) a t  wing station 75.0. (If the flap 1s ro 
s tav  down during removal, the re turn  cable (35) may be released within the right 
wheel well by removing the re turn  spring (4) k o m  i t s  bracket forward of the s tep  
lock by removing corter pin, pin and washer  .) 

10. Disconnect the cable fork end from the aft  a r m  of the bellcrank a t  wing 
station 75.0 by removing cone r  pin, castellated nut, washer and bolt. 

11. Draw the cable out through the wing. 
b .  Removal of flap control cables  in airplanes with Serial Nos. 30-S5:3. 30-902 

and up may be accomplished in the following manner: 
1 .  Remove the seats ,  seat rracks, carpe ts  and floor panels between the 

niain and r e a r  spa r s .  
2 .  From the underside of the wing, removethe wingrootiairing, the splash 

plate from the wheel well and flap bellcrank access  plate a t  starion 72.0.. 
3 .  W i r h i n  the fuselage, disconnect the conao l  cables (2 and 9) from the 

actuating a rm (17 and 18) a t  the rurnbuckle end (20) by removing cot ter  pin, nut, 
washer  and bolt. 

4 .  Remove the pulley (3) from the bracket on the spar  support (11) and 
i r o ~ n  the bracket near the top of the r e a r  spa r  by removlng nuts, washers  and 
bolts.  

5 .  Remove the cotter pin cable guard horn the small  pulley bracket within 
the wing root just outside the fuselage. 

6. \\'idun the r ~ g h t  wheel well only, remove the small  pulley (3) irom the 
link assembly on the s tep lock mechanism by removing nut and bolt. 

7 .  Renlove the cotter pin cable guard from the b r a c b t  within [he wheel 
\veil a t  starlon 41 . O .  

8 .  Di~engage  the step lock pulley (3) and pull the flap downward to gain 
~ C C C , ~  co the aft  a r m  of the flap bellcrank (10) a t  wing station 75.0. (If the ilap 
is to stay down during removal, the return cable (35) may be released within the 
right \rlic-CI well by removing the return spring (4) from i t s  bracket i ~ r w a r d  of 
the s tep  lock by removing cone r  pin, pin and washer .) 

9 .  R?move the cable iork end irom the air a rm of the bellcrarA ar wing 
,catidn 75.0 bv removing comer pin.  ast tell aced nut, washer and bolt. 

10 .  h a w  the cable out througn the wing. 
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5-53. INSTALLATIOS OF FL4P COhTROL CABLES. (Refer to Figure 5-15,)  
a .  Installation of flap conuol sables in airplanes with Serial Nos. 30-1 to 

30-852 inclusive and 30-854 to 30-901 inclusive may be accomplished by the fol- 
lowing procedure: 

1.  Draw the cable into the wing and fuselage from station 73.0. 
2 .  Connect the cable fork end to the aft a r m  of the bellcrank (1 aad 10) with 

bolt, washer, castellated nut and c o a e r  pin. 
3 .  Within the aft outboard side of the wheel well. a t  station 41 .O, place 

the cable in the pulley u a c k s  and install the comer pin cable guard. 
4 .  If the tlap return cable spring (4) within the right wheel well i s  discon- 

nected. arrach the return spring to its bracket fonvard of the step lock by install- 
ing pin, c o a e r  pin and washer. 

5 .  Within the right wheel well, connect the small pulley (3) to the link as- 
sembly on the step lock mechanism with bolt and nut. 

6 .  With the cable in the pulley tracks, install the cotter pin cable guard 
in the pulley bracket within the wing root just outside the fuselage. 

7 .  In the center of the fuselage, connect the conaol  cable to the actuating 
a r m  (17 o r  18) by installing bolt, washer. nut and cotter pin a t  the cable fork end. 

8 .  Position the cable within the fuselage (short cable) in the a a c k a  of the 
pulley a t  the spar support bracket ( l l ) ,  install the pulley on the bracket of the 
support by installing nuts, washers and bolts. 

9. Connect the cable (short cable) within the fuselage to the cabie within 
the wing a t  tbe turnbuckle in the fuselage by connecting the cable ends using the 
turnbuckle barre l .  Hook the spring (5) on the left side fuselage bottom to the 
turnbuckle end of the fuselage cable. 

10. Rig and adjust flap controls per  paragraph 5-58. 
11. On the underside of the wing, install the root fairing, the r ig  a t  wheel 

w e l l  splash plate and the flap bellcrank access  plate a t  statiofi 51.0. 
12. Install the floor panels, seats  and carpets in the baggage area  between 

nialn and r e a r  spa rs .  
b . Installation of flap control cables in airplanes with Serial Kos . 30-853 and 

50-901 and up, may be accomplished in the following manner: 
I .  From the flap bellcrank access hole a t  wingstauon 72.0, draw the cable 

into the wing and fuselage. 
2 .  Connect the cable fork end to the aft a rm of the bellcrank with bolt. 

washer. castellated nut and cotter pin. 
3 .  Within the ait outboard side of the wheel well a t  station 41 . O ,  place the 

cahlr  in the pulley tracks and install the c o n e r  pin sable guard. 
4 .  If the flap rerurn cable spring (4) within the right wheel well is discon- 

nected. attach the return spring to its bracket fonvard of the step lock by mstall- 
lng pin, comer pin and washer. 
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5 .  Within the right wheel well, connect thc sinall pcllry (3) to the link a s -  
sembly on the s tep lock mechanism with bolt and nut. 

o With the cable in the pulley cracks, install the cotter pin cable guard 
In the pulley bracket within the wing root just outside the iuselage. 

7 .  In the center of the fuselage connect the concrol cable to the actuating 
a r m  (I7  o r  18) by installing bolt, washer,  nut and cot ter  pin a t  the turnbuckle 
end (20). 

8 .  With the cable in the pulley tracks, install the pulley on the bracket 
nea r  the top of the r e a r  spar  and on the bracket of the s p a r  support by installing 
nuts. washers and bolts. 

9 .  On the underside of the wing, install the root fairing, the splash plate 
in the right wheel well, and the flap bellcrank access  panel a t  wing station 72.0. 

10. Rig and adjust flap controls  pe r  paragraph 5-58. 
11. Install seats.  sea t  t racks,  carpe ts  and floor panels bemeen the main 

and r e a r  s p a r s .  

5-34 .  REMOVAL OF FLAP BELLCRANK. (Refer to Figure 5-15.) Removal of 
the flap bellcrank may be accomplished by the following procedure: 

a .  Remove the flap bellcrank access  plate from the underside of the wing a t  - 
station 72.0 and irom the right wing remove the wheel well splash plate.  

b .  In airplanes with Serial Nos. 30-1 to 30-852 inclusive and 30-854 to 30-901 
inclusive, remove the carpets  and floor panel of the baggage comparrment. In 
airplanes :r.ith Serial Xos. 30-853 and 30-902 and up, remove the sea ts ,  sea t  
t racks .  carpets and aft Lootwell access  panel berween the main and r e a r  spa r s .  

c . Extend the [lap electrically and hold it against the tension pull of the return 
spring (4). 

d .  Disconnect the aft end of the control rod  (40) from the flap by removing 
cot te r  pin. nut and bolt. 

e .  .411ow the flap to r e n a c t  and re lease  the remaining tension from rhe ildp 
cable by rotating the rurnbuckle barrel  (20) within rhe fuselage. 

f . Disconnect the flap rerurn spring(4) from t h e  link(41) by drawing the ipr ing  
air  and unhooking the link. 

g .  Disconnect the cable from the aft a r m  of the bellcrank (1 o r  10) by removing 
nut. washer and bolt. 

h .  Rcnove the bellcrank from the bracket by removing the pivot bolt. 
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5-55. ISTALLATION OF FLAP BELLCRIhK. (Refer to Figure 5-15 . I  Instal- 
lation of the flap bellcrank may be accomplished by the following procedure: 

a .  Determine that the spring link (41) and conaol  rod (40) a r e  installed on the 
forked a r m  of the tel lcrank (1 o r  10) and that the conaol  rod length is se t  per  
paragraph 5-58. 

b. Position the bellcrank in its mounting bracket a t  wing station 72.0 with the 
forked a r m  outboard and the remaining a r m  a h .  Secure the bellcrank with pivot 
bolt. 

c. Install the cable onthe af tarm of the bellcrank wi thh l r ,  washer and cotter 
pin (19). Allow the cable freedom to rotate. 

d .  With the forward end of the conaol  rod (40) and one end of the link (41) 
attached to theforward a r m  of the bellcrank. connect the link withthe flap return 
spring (4) forward of the bellcrank. 

e. Rotate the turnbuckles (20) within the fuselage to draw the bellcrank a r m  
and conaol  rod aft for attachment to the flap. 

f . Pull the flap down to the extended position. 
g. Place the bellcrankin the extended position and guide the conaol rod through 

the hole in  the aa i l ing  edge of the wing. 
h .  Attach the flap to the aft end of the conaol  rod with bolt, nut and cotter pin. 
i . Rig and adjust per  paragraph 5-58. 
j . Replace access panels, wheel well splash plate, floor panels, carpets ,  seat 

t racks and seats. 

5-56. R m O V A L  OF STEP LOCK ASSEhlBLY. (Refer to Figure 5-15.) 
a .  From the right wing remove the wheel well splash plate, and the access 

plate from the underside of the right flap a t  the inboard end. 
b. Remove the wing root fairing from the under side of the right wirrg. 
c .  Remove rhe small pulley (3) to the link assembly on the step lock by remov- 

lng nut, washer and bolt. 
d .  Disconnect the flap return spring (4) by removing the cotter pin, pin 2nd 

~3 ,her from the bracket forward of the step lock. 
c .  Disconnect the a h  end of the flap return cable (35) by removing nut and 

washer from the cable end within the flap. 
f . Esrend the flap manually and remove the nuts and bolts that secure the sre? 

lock mounting bracket to the aai l ing edge and inboard edge of the wing. 
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5-57. INSTALLATION OF STEP LOCK ASSEMBLY. (Refer to Fibare 5-15,) 
Installation of the step lock assembly may be accomplished by UIC follo\%ing pro- 
cedure: 

a .  W i ~  the flap extended. position the step lock mounting bracket widul~  thc 
right wing and secure it to the inboard and trailing edges by ins stalling the auach- 
ing bolts and nuts. 

b. Withthe cable placed through the holes inthe wing trailing edge and through 
the lea- edge of me flap, re t rac t  the flap and rorate the adjusung nut with 
washer a few threads on the aft end of the cable. 

c . C o ~ e c t  the flap return spring to its bracket forward of the step lock by In- 
stalling pin, washer and cocter pin. 

d. With the s tep  lock engaged, and with the flap control cable in the pulley 
tracks,  insa l l  the small pulley on the link assembly of the step lock by installing 
bolt, washer and nut. 

e . Rig and adjust per paragraph 5-58. 
f . Install flap access  plate and wheel well splash plate. 

+ 5-58. RIGGING AND ADJUSTMENT OF FLAPS. (Refer to Figure 5-15 .) 
a .  To r ig  and adjust the flaps, the following procedure may be used. 

1. Ln airplanes with Serial Nos. 30-1 to 30-852 inclusive and 30-854 to 
30-901 inclusive. remove the rear sear. In airplanes with Serial Nos. 30-853. 
30-902 and up. remove the seats, seat tracks, carpet and floor panels bemeen 
the main and rea r  spa r .  

'7. Remove the flap bellcrank access places from the underside of each 
wing a t  station 72.0, 'and remove the flap return cable adjustment access plate 
from the inboard underside of the right flap. 

3 .  Check and, if required, adjust the fork end (38) of the !lap control rod 
(40) so that one inch is measured from the end of the control rod to the center of 
the hole in the fork.  Then adjust the control rod bearing end (42) to a len@ of 
5 -313 from the center  of the hole in the rod end bearing to the center of the hole 
in fork. Secure with jam nuts. 

4.  With the flap cables disconnected from the a c t u a m g  a r m s  (17 and Id) .  
adjust the down limit switch actuating screw (13), located on the actuaang arm. 
so  that the screw (28) of the mansmission assembly extends to 14.25 f 0.062. 
This measurement IS taken from the forward face of the transmission housing to 
the center line o i  the attaching bolt (29) a t  the lower end of the actuating a r m .  
(Refer to Figure 3-15 .) 

3 .  Retract the actuadng screw and connect the cable o r  turnbuckle fork 
ends to the actuaring a r m s  with bolts, washers. nuts and cotter pins. Allow the 
cable ends h-eedom to rocate. 
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I SKETCH A \  

F i g u r e  5 -  15. Flap Control  Instal lat ion 
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6.  Extend the actuating screw until the down limit switch disengages the 
e lecuic  motor . Adjust the turnbuckles (20) to allow 27 degrees of flap deflection. 
This adjustment may be accomplished a s  follows: 

(a) Position the flap with roller snug againat tke upper end of the flap 
track slot. (With the airplane level, thIa wil l  allow a flap angle of 13 degrees a s  
read on a bubble protractor phced on the upper side of the flap, outboard of the 
rivets which a r e  located 23 inches from the flap inboard end.) 

NOTE 

O c c a s i o ~ l l y  flaps a r e  adjusted to compensate for wing 
heaviness with a stop screw located between the center 
roller brackets of theflap. If the screw smp prevents 
the roller from contacUng the upper end of the flap 
aack,  then romte the screw clockwise to allow the 
roller to make contact. The screw should be read- 
justed for compensating flap deflection after rigging 
and adjustment is completed. 

(b) Place 0 degrees on d x  W e  protractor, then extend the flap until 
the down limit switch disengages the electric motor. Adjust the turnbuckles 
within the fuselage to achieve 27 & 1 dqlree of flap deflection. (.The angle of the 
flap with the airplane level should be 40 1 degree.) 

(c) Safety the wnbuckles . 
7. Adjust the actuating screw of the up limit switch (14) located on the right 

actuating arm to slacken the cable enough to fully engage the step lock. To ac- 
complish chis adjustment, reuac t  the flap fully and adjust the actuating screw to 
disengage the e lecuic  motor when 3/4 f 1/8 inches slack is  gained in the cable 
a t  a point 2.5 inches forward of the spar support pulley bracket. (Refer to Fig- 
ure 5-15.) This slack may be pulled by hand. The left cable will have more 
slack than the right due to the absence of a step lock. Inthe fuselage of airplanes 
with Serial Nos. 30-1 to 30-852 inclusive and 30-854m 30-901 inclusive. be sure 
that the left flap cable tension spring (5) is secured. 

8 .  The step lock cable (35) may be adjusted by turning the adjusting nut a t  
the aft end of the cable (located within the access hole on the inboard, underside 
of the flap) until approximately 1/8 inch vertical play exists in the flap a t  its 
trailing edge. 

9 .  To calibrate and adjust the flap position indicator, refer to insauctions 
in paragraph 5-60. 

10. Actuate the flap system and check for proper functioning. Check turn- 
buckles and push-pull rods for safeties. 

SURFACE CONTROLS 

Issued: 12/29/72 



PIPER TWIN CObIA XCHE SERVICE k,IA hU.4 L 

11. Reinstall access  plates, floor 
panels, carpets,  s e a t  tracks and sea ts  
a s  necessary. 

5-59. CHECKIN FLAP IhPICAT'lX 
SYSTE?rI. 

a .  Flap position sender check. 
1 .  R?move a c i e s s  plates and 

panels a t  ilap acmating mechanism. 
2 .  Loosen set  screw securing 

indicadng rod to the right control a r m .  
3 .  Disconnect e lecnica l  lead 

from sender unit. 
1. Connect an ohmmeter r~ rhe 

sender unit, attaching the ohmmeter Figure 5-16. Flap Pos1:ion 
ground lead to the sender case .  Sender Unit 

5 Move the indicating rod aft 
until the sender a r m  reaches stop "A". (Refer to Figure 5-16.) The ohmmeter 
should read from 0.00 to 0.50 ohms.  

6 .  Slowly move the indicaring rod forward to stop "B" while watching the 
ohmmeter .  The  ohmmeter needle should steadily move up the sca le  wirkout 
fluctuation, a s  the indicating rod is moved. 

7 .  With the sender a r m  against stop "9, the ohmmeter should indicate 
i rom 29.6 to 3 1 . 3  ohms. If incorrect  resistance o r  fluctuation i s  found, the 
sender should be replaced. 

S .  Check sender ground contact to mounting bracket, it should be free of 
corros iun .  

b .  l l ~ r ~ n q  check. 
: . Cl:t ik all ground connections throughout the indicating system for cor-  

rosicn u r  Loose comections that may cause excessive resis tance in the circuir.  
2 Check all splices and terminal connections for corrosion and security. 
3 .  Check wiring benveen connections for excessive resistance due to fray- 

e6 o r  broken s t rands .  
i. Gauge iheck.  

I . Connect a 14-volt power supply to flap gauge and sender unit. .I j a r -  
tam th? sender i s  goodand has a good groundcontact against i ts mounting bra- ' .  ~ h e t .  

1. Move sender unit a r m  up to stop "A" (Refer to Figure 5-16.). the ridp 
lnaicator gauge needle should point to the up position. 

3 .  Slowly move the sender a rm to stop "B", the gauge needle should 7:mr;. 

ireadily withour fluctuation and point to the full down position. 
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5-60.  R I G G I S  AND .4DJCST.\IEhT OF FL.4P POSITIOX SEhDER.  
a .  Lower the flaps to 15 degrees extension. This positions the indicator on 

the instrument panel a t  the bottom of the white a r c .  
b. Adjust the position sender rod by means of a se t  screw a t  the flap actuadng 

a r m  s o  that the i n ~ i ~ c a t o r  hand on the instrument panel is a t  the boccom of the 
\v hire a r c .  

c .  Operate the n a p  system and <heck iur proper operation. 
d .  Check the turnbuckles and push-pull rods for safeties. 

NOTE 

When deterrn~ning the deflection angle of the flap, use 
a bubble protractor. The angle between the aircraft  
leveling lugs and the flaps whenthey a r e  fu l l reaacted  
should be 13 degrees. when the flaps a r e  fully extended 
to 27 degrees the angle should be 40 degrees.  Tuler- 
ances a r e  2 1 degree. 

SL'R F.4CE C O ~ T R O L S  

Issued. 12/19i72 
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TABLE V-11. TROLBLESHOOTINC; CHART (SURFACE COhTROLS) 

SLRF.\CE CONTROLS 
Added: 1 / 3  1/74 

Remedy Trouble Cause 

AILERON CONTROL SYSTEM 

Adjust cable tension. 
trol wheel and aileron. (Refer to Table V-I.) 

Linkage loose o r  worn. Check Linkage and tighttn 
or replace. 

Replace pulley. 

Cables not in place Install cables correctly. 
Check cable guards. 

Resistance to control 
wheel rotation. 

I 

Control wheels not 
synchronized. 

System not lubricated 
properly. 

Cable tension too high. 

Control column hori- 
zon tal chain improperly 
adjusted. 

Pulleys binding o r  
mbbing. 

Cables nor in place on 
pulleys. 

Cables crossed or routed 
incorrectly. 

Incorrect control column 
rigging. 

Lubricate system. (Refer 
to Lubrication Chart, 
Section 11.) 

Adjust cable tension. 
(Refer to Table V-I.) 

Adjust c h A .  (Refer to 
paragraph 5-6.) 

Replace binding pulleys 
and/or provide ciear;lnce 
between pulleys and 
brackets. 

Install cables correctly. 
Check cable guards. 

Check routing of control 
cables. 

Rig in accordance with 
paragraph 5-6. 
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- - - -  

TABLE V-11. TROUBLESHOOTIS(; CHART (SURFACE C0K7 ROL S I (cont.) 

SURFACE COhTROLS 
Added: 1 '3 1 ,',4 

Remedy Trouble Cause 

.AILERON CONTROL SYSTEM (cont.) 

Rig in accordance with 
paragraph 5- 1 2. 

Adjust in accordance 
with paragraph 5-1 2. 

Adjust in accordance 
with paragrdph 5-12. 

Rig in accordance with 
pa ravph  5-1 2. 

Rig in accordance with 
paragraph 5-1 2. 

Control wheels not 
horizontal when 
ailerons are neutral. 

Incorrect aileron 
travel. 

Correct aileron travel 
cannot be obtained by 
adjusting bellcrank 
stops. 

Control wheel stops 
before control sur- 
faces reach full 
travel. 

Incorrect rigging of 
aileron system. 

Aileron cone01 rods 
not adjusted properly. 

Aileron bellcrank stops 
not adjusted properiy. 

Incorrect rigging of 
aileron cables. convol 
wheel and control rod. 

Incorrect rigging be- 
tween control wheel and 
control cables. 

STABILATOR CONTROL SYSTEM 

Adjust cable tension per 
Table V-I. 

Replace pulley. 

Install cables correctly. 

Lost motion between 
control wheel m d  
stabilator. 

Cable tension too low. 

Broken pulley. 

Cables not in place on 
pulleys. 
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TABLE V-11. TROUBLESHOOTING CHART (SURFACE CONTROLS) (cont.) 

Remedy Cause 
r 

Trouble 

Resistance to stabilator 
control movement. 

lncorrect stabilator 
travel. 

Correct stabilator 
travel cannot be 
obtained by adjusting 
stop bolts. 

Added: 1/31/74 SURFACE CONTROLS 
154 

STABILATOR CONTROL SYSTEM 

System not lubricated 
properly. 

Control wheel travel 
resistance too high. 

Cable tension too high. 

Pulleys binding or 
rubbing. 

Stabilator binding at 
stabilator bearings. 

Cables not in place 
on pulleys. 

Cables crossed or 
routed incorrectly. 

Stabilator stop bolts 
incorrectly adjusted. 

Stabilator cables 
incorrectly rigged. 

(cont.) 

Lubricate system. (Refer 
to  Lubrication Chart. 
Section 11.) 

Lubricate and adjust control 
column per Section V, 5-6. 

Adjust cable tension per 
Table V-I. 

Replace binding pulleys 
and/or  provide clearance 
between pulleys and 
brackets. 

Replace bearings a n d / o r  
readjust stabilator 
attachment bolts per 
Section IV. 4-9b. 

Install cables correctly. 

Check routing of control 
cables. 

Adjust stop screws per 
paragraph 5-20. 

Rig cables in accordance. 
with paragraph 5-20. 
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TABLE V-11. TROUBLESHOOTING; CHARF ISCRFACE COKTROLS) ( c o r ~ t . ~  

SURFACE CONTROLS 
Added: I, '?li71 

Trouble C ~ u s e  Rc:l~ic.dy 

Lost motion between 
trim control handle 
and trim tab. 

Trim co~itrol handle 
mows with excessive 
resistance. 

STABILATOR TRIM CONTROL 

Cable tension too low. 

Cables not in place on 
pulleys. 

Broken pulley. 

Linkage Ioose or worn. 

System not lubricated 
properly. 

Cable tension too high. 

Pulleys binding or 
rubbing. 

Cables not in place on 
pl~lleys. 

Trim tab hinge binding. 

Cables crossed o r  routed 
i~icorrectly. 

SYSTEM 

Adjusl in accordal~.e 
with Table V-I. 

Install cablcs according 
to  paragraplis 5-23 and 
5 - 2 5 ,  

Replace pulley. 

Check linkage and tighten 
o r  replace. 

Lubricate system. (Refer 
t o  Lubrication Chart, 
Section 11.) 

Adjust in accordance 
with Table V-1. 

Replace binding pulleys. 
Provide clearance be- 
tween pulleys And 
brackets. 

Reier to paragr~phs 5-23 
and 5-25 .  

Lubricate hinge. I f  nec- 
essary, replace. 

Check routing o i  control 
cables. 
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TABLE V-11. TROUBLESHOOTING CHART (SURFACE COMROLS) (cont.) 

SCRF.ACE CONTROLS 
Added. 1 '31,'74 

#- 

Trouble Cause Remedy 

STABILATOR 

Trim indicator fails to 
indicate correct trim 
position. 

Trim indicator fails to 
indicate any movement. 

Trim tab fails to reach 
full travel. 

TRIM CONTROL SYSTEM 

Trim indicator not prop- 
erly adjusted. 

Trim indicator wire 
broken. 

Trim indicator wire 
broken. 

Broken indicator ten- 
sion spring. 

Forward h pulley 
dipping when uank 
is turned. 

System incorrectly 
rigged. 

Trim drum incorrectly 
wrapped. 

(cont.) 

Adjust in accordance 
with paragraph 5-28. 

Replace wire. 

Replace wire. 

Replace spring. 

Check for oil or grease 
or  loose cables and 
tighten in accordance 
with Tabk V-I. 

Check and/or adjust rig- 
ging per paragraph 5-26. 

Check and/or adjust rig- 
ging per paragraph 5-16. 
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TABLE V-11. TROUBLESHOOTING CHART (SURFACE CONTROLS) (cont.) 

Added: 1/31/74 

Trouble 

SURFACE CONTROLS 

Cause Remedy 

Lost motion between 
rudder pedals and 
rudder. 

Excessive resistance t o  
rudder pedal movement. 

RUDDER CONTROL SYSTEM 

Cable tension too low. 

Broken pulley. 

Bolts attachng bellcrank 
to  rudder are loose. 

System not lubricated 
properly. 

Rudder pedal torque 
tube bear~ng blocks. 
in need of lubrication. 

Cable tension too high. 

Pulleys binding or 
rubbing. 

Cables not in place on 
pulleys. 

Cables crossed or routed 
incorrectly. 

Adjust cable tension per 
Table V-l and paragraph 
5-37. 

Replace pulley. 

Tighten bellcrank bolts. 

Lubricate system. (Refer 
to Lubrication Chart, 
Section 11.) 

Lubricate torque tube 
bearing blocks. Consult 
Lubrication Chart, Section 11. 

Adjust cable tension per 
paragraph 5-37 and Table 
v-I. 

Replace binding pulleys 
and/or  provide clearance 
between pulleys and 
brackets. 

Install cables correctly. 
Check cable guards. 

Checking routing of control 
cables. 
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T.\BLE V-11. TROUBLESHOOTIEiG CHART (SURFACE CO?TROLS) (son[.) 

SURFACE CONTROLS 
Added: 1/31/74 

R m c d y  Troublt Cause 

Rudder pedals not 
neutral wk,e:~ rudder 
is streamlined. 

Incorrect rudder 
travel. 

- 

RL'DDER CONTROL SYSTESI 

Rudder cables incor- 
rectly r iaed.  

Rudder beucrmk stop 
incorrectly adjusted. 

Nose wheel contacts 
stops before rudder. 

(cont.) 

Rig in ~scordarce  \VI;!I 
paragraph 5-37, 

Rig in accordance wltl: 

paragraph 5-37. 

Rig in accordans;. \\it!: 
paragraph 5-37. 
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TABLE V-11. TROUBLESHOOTING CHART (SURFACE CONIXOLS) (cont.) 

SURFACE CONTROLS 
Added: 1131174 

Remedy Trouble Cause 

Turn switch on. 

Replace selector switch. 

Replace relay. 

Check ground connection. 

Check ground connection. 

Replace motor. 

Isolate cause and repair. 

Turn switch on. 

Reset circuit breker. 

Replace selector switch. 

Replace defective switch. 

Replace flap solenoid. 

Check ground connection. 

Isolate cause and repair. 

- 

v 

Flaps fail to extend or 
retract though flap 
solenoid actuates. (Me 
tor circuit.) 

Flaps fail to ?xtend or 
retract. Flap solenoid 
does not actuate. 
(Solenoid circuit.) 

FLAP COlrTROL SYSTEM 

Master switch off. 

Defective flap selector 
switch. 

Defective flap motor 
circuit relay. 

Ground open from flap 
motor circuit relay. 

Ground open from flap 
selector switch. 

Defective flap motor. 

Defective circuit 
wiring. 

Master switch off. 

Flap solenoid circuit 
breaker open. 

Defective flap selector 
switch. 

Defective up or down 
limit switch. 

Defective flap solenoid. 

Ground open from flap 
solenoid. 

Defective circuit wiring. 
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TABLE V-11. TROUBLESH~)OTING CHART (SLIPFACE CONTROLS) Icont.) 

SURFACE CONTROLS 
Added: 1131174 

1 

Remedy Trouble Cause 

Lubricate the trans- 
mission. (Refer to the 
Lubrication Chart. Sec- 
tion 11.) 

Check for defective parts 
and replace if necessary. 

Replace transmission. 

Check and repair elec- 
trical connections. 

Clean and replace if 
necesury. 

Refer to Lubrication 
Chart, Section 11. 

Replace indicator unit. 

Adjust sendcr unit in 
accordance with ? a n -  
graph 5-56. 

Check and repair wiring. 

Turn switch on. 

Rcset circuit break-r. 

Check grcund conncchcjn 

('l~rsk and repar. 

Repair. 

Flaps have erratic 
sluggish o r  retarded 
operation during ex- 
tension and r e t r ~ c -  
tion. 

KO indication of flap 
position on indicator. 

FLAP CONTROL SY-STEM (cont.) 

Transmission needs 
lubrication. 

Binding between track 
and rollers. 

Slipping or stripped 
transmission. 

Loose electrical con- 
nection. 

Dm, foreign material. 
paint or damage to flap 
rollen and tracks. 

Improper lubricant. 

Defective indicator 
unit. 

Sender unit not ad- 
justed properly. 

Defective wiring. 

Master switch off. 

Circuit breaker open. 

Sender unit ground open. 

Mechanical linkage be- 
tween walking beam and 
transmitter. broken o r  
disconnected. 

T msmi t t e r  inoperative. 
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TABLE V-11. TROUBLESHOOTING CHART (SURFACE CONTROLS) (cont.) 

SURFACE COhTROLS 
Adlied. 1!31i74 

Flap indicator shows Incomplete ground. 
flaps down when they a t  transmitter under rear 

Flaps fail to retract Up limit switch in- Adjust flap in accordance 

correctly adjusted. with paragraph 5-58. 

Flaps not synchronized Incorrect rigging. Rig in accordance with 
or fail to fit evenly 
when retracted. 

83302-54 on thr bell- 

Flap actuating system 
fails to jllut oif  when 
flaps are 11111 u p  o r  
iull down. 

The limit switches u e  
out o l  adjustment. 

crank links and KO. 
8330240 on the return 
cables. 

- 

Reset h i t  switches. 
(Refer t o  paragraph 
5-58.) 
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TABLE V-II. TROUBLESHOOTING CHART (SURFACE CONIXOLS) (cont) a 

SURFACE CONTROLS 
Added: 113 1/74 

. 
Trouble Cause Remedy 

Right flap fails to lock 
when in the retracted 
position. 

, 

FLAP CONTROL SYSfEM (wnt.) 

Flap actuating cable has 
inruffiaent slack. 

Spring on flap 10- 
mechanism broken. 

Rerig up lock cable. 
(Refer to paragraph 
5-58.Y 

Replace spring. 
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'is 

MATERIbL 0040 2024-T3 ALUMINUM 

Figure 5-17. Fabricateci Aileron Bellcrank Rigging Tool. 

Issued: 12/29/72 Surface Controls 
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Figure 5-19. Fabricated Stabilator Rigging Tool. 
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APPENDIX I 

CONTROL CABLE INSPECTION PROCEDURE 

1. CONTROL CABLE INSPECTION. Aircraft control cable systems are subject to a variety of 
environmental conditions and forms of deterioration that, with time. may be easy to recognize as wirelstrand 
breakage or the not-so-readily visible types of wear, corrosion. andlor distortion. The following data may help 
in detecting the presence of these conditions: 

a. Cable Damage. 

Critical areas for wire breakage are sections of the cable which pass through fairleads and around 
pulleys. To inspect each section which passes over a pulley or through a fairlead, remove cable from 
aircraft to the extent necessary to expose that particular section. Examine cables for broken wires by 
passing a cloth along length of cable. This will clean the cable for a visual inspection, and detect 
broken wires. if the cloth snags on cable. When snags are found, closely examine cable to determine 
full extent of damage. 

The absence of snags is not positive evidence that broken wires do not exist. Figure 27-1A shows a 
cable with broken wires that were not detected by wiping, but were found during a visual inspection. 
The damage became readily apparent (Figure 27-IB) when the cable was removed and bent using the 
techniques depicted in Figure 27-IC. 

b. External Wear Panerns 

Wear will normally extend along cable equal to the distance cable moves at that location. Wear may 
occur on one side of the cable only or on its entire circumference. Replace flexible and non-flexible 
cables when individual wires in each strand appear to blend together (outer wires worn 40-50 
percent) as depicted in Figure 27-2. 

c ,  Internal Cable Wear 

As wear is taking place on the exterior surface of a cable, the same condition is taking place 
internally, particularly in the sections of the cable which pass over pulleys and quadrants. This 
condition, shown in Figure 27-3, is not easily detected unless the strands of the cable are separated. 
Wear of this type is a result of the relative motion between inner wire surfaces. Under certain 
conditions the rate of this type wear can be greater than that occurring on the surface. 

Added: 1011198 APPENDIX I 
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Figure APP 1-1. Control Cable Inspection Technique 

I - 

INDIVIDUAL OUTER WIRES 
WORN MORE THAN 50% 

INDIVIDUAL OUTER WIRES WORN 
MORE THAN 40 - 50% 

(NOTE BLENDING OF WORN AREAS) 

INDIVIDUAL OUTER WIRES WORN LESS THAN 40% 
(WORN AREAS INDIVIDUALLY DISTINGUISHABLE) 

I I 

Figure APP 1-2. External Cable Wear Patterns 

APPENDIX 1 Added: 1011198 
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CABLE WEAR 

a 

Figure APP 1-3. Internal Cable Wear 

d T ~  Corrosion 

Carefully examine any cable for corrosion that has a broken wire in a section not in contact with wear 
producing airframe components sucl~ as pulleys. fairleads. etc. It may be necessary to remove and 
bend the cable to properly inspect it for internal strand corrosion as this condition is usually not 
evident on the outer surface of the cable. Replace cable segments if internal strand rust or corrosion is 
found. 

Areas especially conducive to cable corrosion are battery compartments, lavatories, wheel wells, etc.. 
where concentrations of corrosive fumes, vapors, and liquids can accumulate. 

- Note - 
Check all exposed sections of cable for corrosion after a cleaning andlor metal- 
brightening operation has been accomplished in that area. 

e. Cable Maintenance 

Frequent inspections and preservation measures such as rust prevention treatments for bare cable 
areas will help to extend cable service life. Where cables pass through fairleads, pressure seals. or 
over pulleys, remove accumulated heavy coatings of corrosion prevention compound. Provide corro- 
sion protection for these cable sections by lubricating with a light coat of graphite grease or general 
purpose, low-temperature oil. 

- CAUTION - 
AVOID USE O F  VAPOR DECREASING,  S T E A M  CLEANING,  
METHYLETHYLKETONE (MEK) O R  OTHER SOLVENTS TO REMOVE 
CORROSION-PREVENTATIVE COMPOUNDS, AS THESE METHODS 
WILL ALSO REMOVE CABLE INTERNAL LUBRICANT. 

Added: 1011198 APPENDIX 1 
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f. Cable Fittings 

Check swaged terminal reference marks for an indication of cable slippage within fitting. Inspect 
fitting assembly for distortion andlor broken strands at the terminal. Assure that all bearings and 
swivel fittings (bolted or pinned) pivot freely to prevent binding and subsequent failure. Check 
turnbuckles for proper thread exposure and broken or missing safety wiresiclips. 

g. Pulleys 

Inspect pulleys for roughness. sharp edges, and presence of foreign material embedded in the 
grooves. Examine pulley bearings to assure proper lubrication, smooth rotation. freedom from flat 
spots, dirt, and paint spray. Periodically rotate pulleys, which turn through a small arc, to provide a 
new bearing surface for the cable. Maintain pulley alignment to prevent the cable from riding on 
flanges and chafing against guards. covers, or adjacent structure. Check all pulley brackets and 
guards for damage, alignment, and security. 

h. Pulley Wear Patterns 

Various cable system malfunctions may be detected by analyzing pulley conditions. These include 
such discrepancies as too much tension, misalignment, pulley bearing problems. and size mismatches 
between cables and pulleys. Examples of these conditions are shown in Figure 27-4. 

1 EXCESSIVE CABLE WEAR PULLEY MISALIGNMENT 

PULLEY TOO LARGE FOR CABLE CABLE MISALIGNMENT 

FROZEN BEARING NORMAL CONDITION 

APPENDIX I 

Figure APP 1-4. Pulley Wear Patterns 

Added: 10lY98 
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AEROFICHE REVISION STATUS 

Revisions to this service manual 753 645. originally published (on paper only) August I .  1963 and 
reissued (on paper only) December 29. 1972 are as follows: 

Revisions 

ORIGINAL (Paper only) 
COMPLETE REISSUE (Paper only) 
COMPLETE REISSUE (Paper only) 
I st 
2nd 
3rd 
4th 
5th 
6th 
7th 
8th+ 

Publication Date 

August 1 ,  1963 
June 25. 1969 

December 29, 1972 
January 3 1, 1974 

June 28, 1976 
October 6. 1977 
April 26, 1978 

September 10. 1979 
April 6, 1981 

October 28, 1982 
October 1, 1998 

Aerofiche Card Effectivity 

None 
None 
None 
None 

1.  2 a n d 3  
I and 2 

l . 2 a n d 3  
I and 2 

l , 2 , 3 a n d 4  
1 , 2 , 3 a n d 4  
1 ,  2, 3, and4 

* Revisions appear in all four cards. Accordingly, 
discard your existing card set and replace it with 
these cards dated October 1,1998. 

A. Consult the latest P~pe r  Customer Service Information Catalog No. 1753-755 (Aerofiche) for 
current revision dates for this manual. 

B The General Avia~ion Manufacturers Association (GAMA) has developed specifications for 
microfiche reproduction of aircraft publications. The information compiled in  his Aerofiche 
Service Manual w ~ l l  be kept current by revisions distributed periodically. These rev~sions will 
supersede all previous revisions and will be complete Aerofiche card replacements and shall 
supersede Aerofiche cards of rhs same number in the set. 

C .  Conversion of Aerofiche alphalnumeric grid code numbers: 

First number is the Aerofiche card number 
Letter is the horizontal row reference per card 

Second number is the vertical column reference per card 

Example: 2J 16 = Aerofiche card number two, rou J ,  column 16 

D. To aid i n  locating information, a complete Preface containing the Section Index Guide, List of 
Illustrations and List of Tables for all fiche in this set is provided at the beginning of Card 1. Each 
subsequent aerofiche card contains a partial Preface, displaying only those elements on that card 

IDENTIFYING REVISED MATERIAL 

A revision to a page is defined as any change to the text or illustrations that existed previously. Such 
revisions, additions and deletions are identified by a vertical black line (change bar) along the left- 
hand margin of the page opposite only the text or illustration that was changed. 

\ Changes in capitalization, spelling, punctuation, indexing, the physical location of the material or 
complete page additions are not identified by revision lines. 

Example. 

Revised: 1011198 PREFACE 
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EFFECTIVITY 

This service manual is effective for all PA-30 and PA-39 airplanes as follows: 

Ms&LNXW Model Number Model Years 

Twin Comanche PA-30 30-2 thm 30-901, less 30-853 1963 - 1965 

Twin Comanche B and PA-30 30-853 and 30-902 thm 30- 1744. 1966 - 1968 
Twin Comanche Turbo B less 30- 17 17 

Twin Comanche C and PA-30 30- 17 17 and 30- 1745 thm 30-2000 1968 - 1970 
Twin Comanche Turbo C 

' b i n  Comanche C/R and PA-39 
Twin Comanche Turbo CIR 

39-1 thm 39-155 1970 - 1972 

PARTS 

This manual generally does not contain hardware callouts for installation. Hardware callouts are only 
indicated where a special application is required. To confirm the correct hardware used, refer to the PA- 
30139 Twin Comanche Pans Catalog P N  753 646. and FAR 43 for proper utilization. 

WARNINGS, CAUTIONS AND NOTES 

These are used to highlight or emphasize important information 

- WARNING - 
OPERATING PROCEDURES, PRACTICES, ETC., WHICH MAY RESULT Ih' 
PERSONAL INJURY OR LOSS OF LIFE IF NOT CAREFL'LLI' 
FOLLOIVED. 

- CAUTION - 
OPERATING PROCEDURES, PRACTICES, ETC., WHICH I F  NOT 
STRICTLY OBSERVED MAY RESULT IN DAMAGE T O  EQUIPMENT. 

- Note - 

An operating procedure, condition, etc., which is essential to emphasize. 

PREFACE Added: lOIy98 
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SECTION VLI 

LANDING GEAR AND BRAKE SYSTEM 

7-1. INTRODUCTION. This  section contains insauctions for troubleshooting. 
overhaul, inspection and adjusment  of the landing gear ,  landing gear  retraction 
system, and brake system. Also a r e  adjustment for e l eca ica l  safety and limit 
switches. 

7-2 .  DESCRIPnON. The PA -30 tricycle Ian* gear system is an  air-oi l  oleo 
type unit that is elecuical ly operated, fully r euac tab le  with the nose gea r  r e -  
a a c t i n g  aft into the nose section and the main gear reuac t ing  inboard into the 
wing. Gear doors operate by g e a r  movement completely covering the nose gear  
and partially covering the main gear  when r e a a c t e d  . 

The retraction mechanism consists of an elecrric motor and transmission 
assembly, torque rube assembly, push-pull cables m each main gear and a push- 
pull cube to the nose g e a r .  Limit switches are installed in the system to cut off 
the transmission motor when the gear  is fully extended o r  retracted.  These 
switches a lso  operate gea r  indicator lights in the cabin. To prevent the gear  
from retracting while the airplane i s  on the ground, an  and-retraction safery 
switch located on the left main gear  will m t  allow the gear  m retract  until weight 
off the gea r  has allowed the s t ru t  to extend to within three-quarters of an inch of 
full extension. When the manifold pressure  is  reduced below 10 to 12 inches and 
the landing gear  is  not down and locked, a warrung horn will sound. In the cockpit. 
located between the pilot seats,  underthefloor panel. is an  extension handle used 
to manually extend the landing gear  while in flight should it  become n e c e s s a n  
A Iso, i t  may be used to extend and r e u a c t  rhe gea r  on the ground while on jacks 

The brakes a r e  hydraulically actuated by individual master  cylinders mount- 
ed on the left (optional on the right) se t  of rudder pedals. A reservoir  located on 
the front side of the forward cabin bulkhead supplies hydraulic fluidto each mas- 
t e r  cylinder. From the cylinders the fluid i s  routed through lines and hoses to 
the brake assemblies on each main landing g e a r .  The brakes a r e  self-adjusting, 
single disc, single housing, double piston assemblies.  To  operate the brakes. 
apply toe pressure  to the top of the brake pedals.  The parking brake may b* 
actuated by applying the brakes and pulling out the parking brake handle. To  re- 
lease  the parlung brake, depress the brake pedals and push in on the parking 
brake handle. 

LAhDIh'G G U R  r\&T BRAKE SYSTEM 
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7-3. T R O U B L E S H O O T I S G .  Troub les  peculiar  t o  t h e  landing gear  system a r e  listed in Tab le  VII-Il  a t  the  
back of t h e  section. a long wi th  their  p robab le  causesand  suggested remedies. W h e n  t roubleshoot ing.  check the  
p o w e r  supply  a n d  g r o u n d  of t h e  items affected.  If n o  t roub le  is found .  the  t roub le  probably exists  inside 
individual  pieces of equ ipment .  T h e  electrical system d i a g r a m  f o r  the  system m a y  be found in Sec t ion  XI. 
Electrical  System.  

7-4. L A N D I N G  G E A R  S Y S T E M .  

7-5. N O S E  L A N D I N G  G E A R  

W A R N I N G  

Defla te  s t ru t  before disassembly 

7-6. D I S A S S S E M B L Y  OF N O S E  G E A R  O L E O .  ( R e f e r t o  F i g u r e 7 - I . ) T h e  n o s e g e a r  o leoassembly ma! be 
removed a n d  disassembled f rom the  gear  o l eo  housing with the  gea r  removed f r o m  o r  installed o n  the  a i rp lane .  

a .  Place the a ip lane  o n  jacks.  (Refe r  t o  Jacking.  Sect ion 11.) 
b.  Place a d r ip  pan under  the nose  gea r  t o  ca tch  spillage. 
c. Remove air  a n d  fluid f rom the  o leo  s t ru t .  Depress the  air  valve core  pin ( 8 )  until s trut  chamber  

pressure  has  diminished. remove the  filler p lug (21)  a n d  with a small  hose  s iphon a s  m u c h  hydraulic fluid f rom 
t h e  s t ru t  a s  possible. 

d .  T o  remove t h e  complete  cylinder a n d  fork  assembly f rom t h e  o leo  housing (10) .  cut the  safer! u i r e  
(6)  a t  the  t o p  o f t h e  unil. a n d  r e m o v e t h e  c a p  bolts  (7)  tha t  a t t ach  t h e s t e e r i n g a r m  ( 2 8 ) a n d  a l ~ g n e r g u ~ d e  bracket 
(18 )  t o  t h e  t o p  of the o leo  cylinder 133). 

e .  Disconnect the  s h i m m y  d a m p e n e r  ( 13) b! removing each cot ter  pin. nu t .  washer a n d  bolt 112) that 
connects  the  dampener  t o  t h e  o leo  cylinder a n d  housing.  

f .  Release a n d  remove  t h e  s n a p  rlng 119) a t  the t o p  of the  housing ( 10). a n d  pull the complete cylinder 
( 3 3 )  a n d  fork  assembly ( 17) f rom the  bo t tom of the  housing.  T h e  upper  a n d  lower housing bushlngs(20 a n d  32) 
should  remain  pressed in t h e  housing.  

g .  T o  remove the  p ls ton tube  (35) a n d  fork (17)  f rom the  cylinder (33) .  first separate the upper  a n d  
l o ~ e r  t o r q u e  links 14 a n d  I )  b! removlng t h e  l ~ n k  connect ing bolt assembly ( 3 )  a n d  then separa te  the t w o  llnks. 
Xore  spacer  washer ( 2 )  berueen  the t w o  l inks.  

h Compress  the  piston tube  (35).  reach u p  a long  the  tube  a n d  release the  s n a p  rine (49)  f r o m  the  
a n n u l a r  slot a t  the b o t t o m  of the  oleo housing.  

i .  Pull the piston tube  ( 35 )  with componen t  parts  f rom the  c y l ~ n d e r .  
j. T h e  piston tube  c o m p o n e n t s  m a )  be  removed by reaching in to  t h e  tube  a n d  pushing ou t  the  upper  

bear ing retainer pins (42) .  S l ~ d e  f rom t h e  tube .  t h e  upper  bear ing(43) .  lower bearing ( 4 3 )  wi thou te r  a n d  inner 
O-r ings  ( 4 6  a n d  45).  wiper s t r ip  (47). washe r  (48) a n d  s n a p  ring (49).  
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k. T o  remobe the orifice tube (34). remove the large locknut (22) and  lockwasher (24) from the top  
the cylinder. Pull the tube from the cylinder. 

1. The oriiice plate (40) is removed from the bot tom of the orifice tube by releasing the snap  ring (4  
that holds the plate in position. Expand and remove t he  ring (39) from the lower end of the tube. 

0 
m. T o  remove the piston tube plug (37) with O-ring (36) located in the lower end of the piston tube. 

remove the bolt assembly (15) and  insert a rod up through the hole in the body of the fork (17). Push the plug 
out  through the top  of the tube. 

7-7. CLEANING.  INSPECTION A N D  R E P A I R O F  NOSE G E A R  OLEO.  
a .  Clean all parts with a suitable dry type cleaning solvent. 
b, Inspect the landing gear oleo' assembly component for the following: 

I .  Bearings and  bushings for excess wear. corrosion, scratches and  overall damage.  
2 .  Retaming pins for wear and  damage. 
3. Lock rlngs for cracks. burrs. etc. 
4. Cylinder and  orifice tube for corrosion. scratches. nicks and  excess wear. 
5. Upper and  lower cylinder bushings loose or turning in cylinder. 
6. Orifice plate for hole restriction. 
7. Fork tube for corrosion. scratches, nicks. dents and  misalignment. 
8. Air balve general condition. 

c. Repair of the oleo is limited t o  smoothing out  minor scracthes. nicks and dents and  replacement of 
pans .  

d. Individual replacement of the wiper strip may be accomplished per instructions given in paragraph 
7-3 1 

7-8. ASSEMBLY O F  3 O S E  GEAR OLEO.  (Refer t o  Figure 7-1.) 
a .  Ascertain that  parts are cleaned and inspected. 
b. T o  1nstaI1 the piston tube plug(37). first lubricate the tube plug and  0-r ing(36)  with hydrau l~cf l  

(MIL-H-5606). and install the O-ring o n  the plug. Lubricate the inside wall of the piston tube 135). Insert 
plug inro t he top  o f the tube  and push it t o  the fork end. (Align the bolt holes of the fork (17). tube and plug.and 
install boll (CT) I 15) ~ i r h  washers (51)  and nut (30). (If a new tube (35) is to be installed that  has nor been 
drilled. press the tube Into the fork piston housing( 17) until it bottoms. t i s ~ n g t h e  bolt holes in the fork bod! a3 
a guide. drill a p ~ l o t  hole and ream to  0.250 0.252 through each side of the tube wall. Remove burrs from the 
inside of the tube and  flush the tube with a suitable solvent t o  remove all metal particles.) 

Issued: 12/29/72 LANDING GEAR A N D  BRAKE SYSTEM 
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c. If desired, cement a cork in the hole in the bottom of the fork body to prevent dirt 
from entering between the fork and tube. 

d. To assemble the components of the orifice tube (34). insert the orifice plate 140) 
into the bottom of the tube and secure with snap ring (41). Lubricate and install the O n n g  
(38)  on the upper end of the tube. Install ring (39) o n  the lower end of the tube. 

e. Insen the orifice tube (34) up through the bottom of the cylinder (33). With the 
tube exposed through the top of the cylinder, install the lockwasher (24) and insert roll pin 
(23) through the lockwasher into the cylinder. Install the tube locknut (22) finger tig!lt at 
this time. 

f. Tlie fork (17) and tube (35) assembly may be assembled by installing the tube 
components on the tube. In order. slide onto the tube the snap ring (49), washer (48). lower 
bearing (44) with outer and inner O-rings (46 and 45) and upper bearing (43). Align the lock 
?in holes in the upper bearing with the pin holes in the piston tube (35) and install pins 
(42). 

g. Lubricate the inner wall of the cylinder (33) with hydraulic fluid. Carefully insert 
the piston tube assembly into the bottom of the cylinder, allowing the orifice tube to guide 
itself into the piston t ~ ~ b e  until the snap ring (49) can be installed in the annular slot a t  the 
bottom of the cylinder. 

Ii. At the toy, of the cylinder (33). tighten the orifice tube locknut (12). 
i. Install wiper strip (47). slide washer (48) into position and secure assembly with 

s : u r  ring (49). 
j. .Ascertain that bushings are installed in the u p p r  and lower torque links (4 and 1) 

I then install both links. The torque link bolt v s r m b l i a  should be lubricated and 
installed witli the flat of the bolt head hex adjacent t o  the milled stop on the wide end of 
the link. A thin washer (2)  is required between contact surfaces of the upper and lower link 

I 
bushings. Tighten the bolts only tight enough to allow no side play in the link. yet be free 
enough to rotate. Insure that there is no b~nding or interference of the torque llnks when the 
nose gear is full! compressed. Safety nuts with cotter pins. 

k.  Ascertain that the upper and lower oleo housing bushings (20 and 32) are installed. 
Install the cylinder (33) into the oleo housing (10) and secure with onap h g  (19). 

1. .At the top of the oleo housing. install on the cylinder the aligner g i d e  bncket f 18) 
and strennp arm (28). Install cap bolts (7). tighten to 3 0  t o  35 inch pounds torque and 
u fe ty  with kiS20995C40 wue (6) .  

m. Install the shimmy dampener (13) using bolts. washer and nuts ( 1  2)  and sccfety with 
iotter  nin. 

n. L~~bricate the _pear assembly. (Refer to Lubrication Chan. Section 11. )  
o Compress and extend the strut several times t o  ascertain that the strut will ooen te  

irecly. The weight of the gear wheel and fork should allow the strut to extend. 
p. Servlce the oleo strut with fluid and air. (Refer to Oleo Struts, Section 11.) 
c,. Check the nose gear for alignment (Refer to Paragraph 7-13) and gear operation. 
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7-9. REMOVAL O F  NOSE LANDING GEAR. (Refer to Figure 7-2.) 
a .  Remove nose access  panel by loosening the quar ter  turn fasteners .  
b .  Remove the canvas cover from the nose gea r  mount by releasing snap 

fasteners .  
c . mace the airplane on jacks. (Refer to Jacking, Section 11.) 
d .  Remove the down limit switch (29 o r  43) k o m  the left drag link (28) by re- 

moving switch anachmg nut and electrical lead s u a p s  . The  electrical wires  may 
remain connected. 

e .  Disconnect the retraction transmission by prlling up on the release l eve r .  
f . Retract the landing gear until it hangs in the neutral position, by using the 

emergency extension lever .  
g .  Disconnect the nose gea r  door actuadng rods  from their mounting brackets 

by removing anaching nuts and washers .  
h.  Partially r e t r ac t  the landing gear until the nose gear push-pull rod anaching 

bolt (26) clears  the wheel well and then remove bolt. 
i . Pardally r e t r ac t  nose g e a r  and remove downlock spring(s) (33) by removing 

nut(s), washer(s) and bolt(s) securing the spring aaachrnent 1FPk(s) to the drag  
link c r o s s  brace (30). 

j . Push up onthenose  gea rdoor  ac tua t inganns  and removebolts  (22) securing 
the upper left (28) and right (18) d rag  links to the gear mount. Note spacer washers  
(2 1) between drag links and mount. 

k .  Remove cot ter  pins, nuts, washers  and bolts (9and 20) from the s m t  hous- 
ing arcaching a r m s  and gear mount. Note the number of spacer  washers (8 and 
19) between the s m t  artachmg a r m s  and the gea r  mount. 

1 . Remove s r m t  assembly and drag  links from wheel well.  
m .  The steering bellcrank (13) and aligner guide (11) may be removed by r e -  

moving nuts, washers  and bolts securingthe steering rods (15 and 16) to the bell- 
crank; the nut, washer and bolt securing the aligner guide tang to its bracket and 
b e  nut. washer, bolt and bushing securing the steering bellcrank to the landing 
gea r  mount. 

7-1 0. CLEANING, INSPECnON AND REPAIR OF NOSE LANDING GEAR. 
a Clean all parts with a suitable dry type cleaning solvent. 
b. Inspect the gear components for the following unfavorable conditions: 

1. Bolts, bearing and bushine for excess wear, corrosion and damage. 
2. Strut housing, drag links, torque links, fork assembly and fork tube for cracks, 

bends or mhlignmmt. 
3. Downlock spring for corrosion and wear, and serviceable limits. (Refer to Table 

4. Check the general condition of limit switch and its actuator, wiring for fraying, 
and poor connection or conditions that may lead to failure. 
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5 .  Check all polished surfaces for scratches and nicks. 
6. Check the drag link assembly, (Refer to Figure 7-2) thru center travel of both 

the left (18). (35) and right (28), (34) drag links, by placing a straight edge in alignment 
with the center of the rear and forward drag link attachment points. (See Sketch A of 
Figure 7-2). Arenain that when the stop surfaces of the two links touch, the center of the 
pivot bolt (32) is .I87 + .062 - .OO of an inch below the straight edge. This check may be 
conducted on a surface table using a surface gauge. If the drag links are not within the @en 
tolerances, replace one or both dng links. 

c. The shimmy dampener requires no service other than routine inspection. In case of 
damage or malfunction, the dampener should be replaced nther  than repaired. 

d. Repair to  the landing gear u limited to reconditioning of pans, such as replacing 
bearings and bushings, smoothing out minor nicks and scratches, and replacement of parts. 

7-1 1. INSTALLATION OF NOSE LANDING GEAR. (Refer to Figure 7-2.) 

NOTE 

When assembling any units of the hding gear, lubricate 
bearings, bushingr, and friction surfaces with the proper 
lubricant as derribed in the Lubrication Chart, Section 11. 

a lnstall the seering bellcrank and aligner assembly as follows: 
1.  Attach the steering bellcrank (13) and aligner assembly (1 1) with washer and 

bushings to the nose gear mount with bolt and nut. 
2. Attach the tang of the aligner to the aligner suppon bracket with bolt, washer 

and nut. 
3. Connect the staring rods (15 and 16) to the bellcrank with bolts, washen and 

nuts. 
b. The landing gear oleo housing ( 5 )  mav be installed as follows: 

I .  Position the nose gear to allow the suppon arms of the housing ( 5 )  to align wi:h 
the suppon fittings on the tubular mounting structure (17). 

2. Install spacer w&en (8 and 19). evenly and as needed to allow no side thrust (a 
maximum of two washm are allowed on each side), between the suppon anns and the 
suppon fittings: and attach each arm to the fitting with bolts (9  and 20). washen and nuts. 
Do not safety attaching bolts until after the adjustment of the drag links has been 
completed. 

3. Extend and retract the gear to determine that the screw head of the aligner roller 
( 1  1) clean the inside web of the aligner guide (6). 

L.\\TIXG GE.4R A A D  BRAKE SYSTEl? 
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c .  The drag links and downlock spring(s) may be installed a s  follows: 
1. Ascertain that the upper (18 and 28) and lower drag links (34 and 35) 

a r e  assembled, and thru aave l  of the links is checked according to paragraph 
7-10. Allow the drag link cross  brace (30) to remain loose until the adjustment 
of the links is completed. 

2.  Attach the upper drag llnks (18 and 28) to the gear mount support. a t  
the forward cabin bullhead, with bolts (22). washers. nuts and cotter pins. In- 
stall spacer washers (21), not to exceed two. between the left drag link (28) and 
amchment fitting to attain sufficient clearance between clevis (27) and fuselage. 

3 .  Anach the lower drag llnlts (34 and 35) to the strut  housing (5) using 
bolt. Do not secure bolt with washers, nut and coner pin until after adjustment 
of drag links . 

4 .  Check adjustment of drag links to determine that they lock a s  i~UUCted  
in paragraph 7-12. 

5.  Secure the drag link cross  brace (30) and safety remaining nuts of the 
anaching bolts Piper Kit 76 1 082 should be installed. 

6 .  Connect the downlock spring(s) (33) between the firrrngs on the gear 
housing and link cross  brace. 

d .  Install the gear down limit switch (29 o r  43) on i ts  mounring bracket on t i e  
lefr drag links and adjust a s  given in paragraph 7-44. 

e .  Attach the end bearing of the reaaction push-pull rod (25) to the drag link 
clevis (27) using bolt (26), washer and nut. The head of the bolt (26) with the 
countersunk portion is to the lefr or  outboard. Also, check adjustment of both the 
drag l ~ n k  clevis and the push-pull rod a s  given in paragraph 7-47. 

f . Check alignment of the nose landing gear per paragraph 7-13. 
g .  Connect and adjust the gear door push-pull rods per paragraph 7-17. 

- 
1 - 12. .ACJCST1\.1ENT OF NOSE GEAR DRAG LINKS. (Refer to Figure 7 - 2  .) 

a .  1: desired to facilitate adjusunent of drag links, remove the top access 
panel from the nose section by loosening the quarter tu rn  fasteners and the canvas 
cover from around h e  nose gear mount. 

b .  Place the alrplane on jacks. (Refer to Jacking. Section 11.) 
c .  Disconnect the retraction push-pull rod (25) a t  the left drag link (28) by first 

retracting the gear enough to align the connecting bolt of the push-pull rod and 
drag link clevis (27) with che one inch hole in the adjacent longirudinal channel and 
then removing rhe nut, washer and bolt (26). 

d .  Remove the downlock spring(s) (33) from benueen the gear housing (5) and 
drag link cross brace (30) by removing the nut(s), washer(s) and bolr(s) that se- 
cure the spring link(s) to the cross  brace. 
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e. Loosen drag link cross brace a t t ach i i  bolts enough to allow the brace freedom to 
rotate but not separate from either drdg link. 

f. Check that there ir no e x c m  wear in the buhin@s and bolts of the drag link 
rsrembly. 

g Avenain that when the upper and lower drag links are oscmbled. the thm tnvel of 
the link. is within the limits given in pvrgoph 7-10. 

h. Extend and retract the nore par manually to  check that each Link assembly locks 
simultaneously and independently of each otha.  Should one or both links not lock as 
required, adjustments may be made as f o l l o ~ :  

Following adjutmrnt to any of the thme gears in which the 
control tubeslrod w m  disconnected with aircroft on jacks, 
the transinkcion disconnected, ascertain that all three gear 
drag tinkc go over center and lock at the same time 
independently of each otha.  

I .  Fiat. check to determine that the oleo housing is not restricted from swinging 
far enough forward as a result of the Seakg arm roller bushing (12) pressing against the 
steering bellcnnk (13), thus preventing one or both links frum dropping into the locked 
position. Should the roller bushing i n t a f m ,  m o v e  the bushings until after adjustment is 
completed. 

2. To check for comct  adjustment of fomard drag link attachment fittings. 
proceed as follows: 

(a) Remove the cotter pin, nut and washer from the bolt attaching the lower 
drag links (34 and 35) to the strut housing. 

(b) To determine that the bolt is a slip fit, slide it back and forth through the 
fittings. 

(c) Remove the bolt and swing the drag links up and down along the sides of the 
strut fitting to determine that there is clearance between the dm8 link fittings and the strut 
fining. 

(d) If there is binding or the drag link fittings will not swing up and align with 
the strut fining without forcing them to either side, the entire strut housing (5) must be 
shimmed to the right or left at the upper strut anaclung anns to  allow propa alignment of 
the drag links and strut finins. 

(e) If t h m  is excessive clearance which would allow the drag links to be drawn 
together causing binding when the attaching bolt and nut are tightened. spacer washen (36 )  
should be installed between the drag link and strut fitting. A maximum of two washen are 
allowed on either side of the strut fitting. 

(0 With the drag links and strut housing adjusted for proper clearance of the 
lower drag link attachment fittings. and the attaching bolt is a slip fit. secure the bolt with 
washer. nut and coner pin. 

(g) Extend and retract the nose gear manually to check that each link assembly 
locks simultaneously and independently of each other. 
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Figure 7 - 2 .  Nose Landing Gear Installation 
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(h) Should further adjustment be necessary, then shims (23) available 
in 0.016, P/N 21820-02; 0.020. P/N 21820-03 and 0.032. P/N 21820-04 canbem-  
stalled or  removed, a s  required, betweenthe forward cabin bulkhead and the two 
center bortom atraching points of the landing gear mount. 

NOTE 

The maximum amount the landing gear  mount can be 
shimmed is 0.120 of an inch. 

(i) Remove or  add shims a t  the forward cabin bulkhead on the same 
side a s  the drag link that i s  binding. 

6) Each time a shim is removed o r  added, the lower drag link fittings 
should be checked for adjustment a s  described in steps "b" thru "e" for this ad- 
justment may change and now be the cause of the binding. 

(k) When proper adjusrment is attained, the drag ILnks will lock simul- 
taneously and independently of each other whenthe gear is extended manually and 
the lower drag link attaching bolt will be a sl ip fit. 

3 .  \\'hen shims a r e  installed o r  removed between the fomard  bulkhead and 
landing gear mount support, the bolt hole in the tang (24) of the mount support 
may be out of alignment with the hole in the fuselage. When this occurs, drill  
the holes to the next larger size not exceeding 0.312 of an inch. 

4 .  Secure the lower drag link attaching bolt, c r o s s  brace and downlock 
spring(s) with washers and nuts .  

5 .  Connect and adjust the reuaction push-pull rod. (Refer to Paragraph 

I 

Figure 7-3. Clamping Rudder 
Pedals in Neuual Position 
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7-13. ALIGNMENT OF NOSE LANDING GEAR. 
a .  With no load on the m s e  wheel, make sure no gaps exist a t  the points where 

the steering arm busbrigs contact the steering bellcrank but will allow the bush- 
ings to rotate with a slight drag. Install bushings (.625 dia. ,  P/N 14976-23; 
.687 dia., P/N 14976-21; .812 din., P/N 14976-102: .750 dia., P/N 14976-13; 
1.00 dia.. P/N 14175-113) to obtain proper adjustment. 

b. Two methods of aligning the nose landing gear a r e  a s  follows: 
1 .  Chalk Line Method: 

(a) Place the airplane on a hard level surface and place on jacks. (Re- 
fer to Jaclcing, Section 11.) 

) Install the plumb bob amchmcnt tool on the nose wheel well frame 
channel a s  shown in Figure 7-5 and attach a plumb bob to the tool. Chis tool 
may be fabricated from dimensions given In Figure 7-27 .) 

(c) Anach a plumb bob to the fuselage one-half inch to the right from 
center of the tail skid. 

(d) Using the plumb bobs a s  a guide, soap a chalk line extending sev- 
eral feet beyond each bob. 

(e) Stand in front of the nose landing gear  and orient the tire. with the 
chalk line. Sight alongthe center r ib  of the w e .  With the rudder pedals clamped 
in neuaal position (Refer to Figure 7-3). adjust the rod ends of each nose gear 
steering rod to posidon the cockpit rudder pedals fore and a h .  The centered 
angle of the rudder pedals is 13 degrees a h  of the vertical position (Refer to Fig- 
ure  7-4) with the airplane level. Place a bubble proaactor against the pedal 
steering tube to check this angle. Do not artrmpt to make the adjustment by 
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means of one rod end bearing, but divide the adjustment between the bearings at 
each end of the steering rod. A three-eighths inch minimum thread engagement 
must be held. Check by inserting a wire in the check hole of the rod. 

( f )  Measure 19 degrees on each side of the chalk line, intersecting at 
the pivot point of the wheel, and check nose landing gear for 19 degrees mitll- 
mum. 25 degrees maximum right and left travel. 

2 .  Jig Method: 
(Fabricate a jig and plumb bob arcachment tool conforming to specifications 

given in Figures 7-27 and 7-28 . )  
(a) Anach a plumb ro the plumb bob attachment tool and install tool on 

the nose wheel well frame channel a s  shown in Figure 7-5. 
(b) Attach aligning jigto the rear  of the nose wheel atthe axleas shown 

in Figure 7-6. 
(c) Ascertain chat the airplane is laterally level. (Refer to Leveling, 

Section I1 .) 
(d) Turn the nose wheel until the center line marked on the jig aligns 

with the plumb bob. With the rudder pedals clampedin neuaal position (Refer to 
Figure 7-3). adjust the rod ends of each nose gear steering rod to position the 
cockpit rudder pedals fore and aft. The center line of the rudder pedals is  13 
degrees aft of the vertical posicion (Refer co Figure 7-4) with the airplane level. 
Place a bubble promactor against the pedal steering tube to check t h s  angle. Do 
not artempt to make adjustments by means of one bearing but divide the adjust- 
ment between the rod end bearings a t  each end of the rod. A three-eighths inch . 

Figure 7 - 5 .  Installation of Plumb Figure 7-6.  Installation of Nose 
Bob Attachment Tool Gear Alignment Jig 
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minimum thread engagement must be held. 
(e)  Check nose gear neering for 25 degxees maximum 19 degees minimum right 

and left bv turning the jig and wheel to the right and left while observing that the degree 
marks align with the plumb bob. 

7-14. REMOVAL O F  NOSE GEAR DOOR ASSEMBLY. (Refer t o  Figure 7-7.) 
a Remove top nose access panel by loosening the quarter turn fastenen. 
b. Remove bolt. nut and washer attaching each retraction arm tomon spring (9) .  

bushing (10) and spacer (1 I )  (left side only) to its mounting bracket. 
c. Remove the four pivot bolts attaching the door hinges (2) t o  the fuselage. 
d. Remove the nose door assembly from the wheel well. 

7-1 5, CLEANING, INSPECTION AND REPAlR OF NOSE GEAR LWOR ASSEMBLY 
a. Clean all parts in a suitable dry type solvent. 
b. Inspect d o o n  for cncks  or damage and loose, damaged o r  worn hinges. 
c. Inspect door retraction rods and m s  for bends, damage and corrosion. 
d. Check tonion spring and bushing for excess wear and corrosion. 
e. R e p m  t o  the d o o n  may be replacement of hinges and minor skin repair. 

F igure  7 - 7 .  Nose G e a r  Door Installat ion 
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7-16. IXTALLATlON OF NOSE GEAR DOOR ASSEMBLY. (Refer to F ~ g u r e  7-7.) 
a .  Install retraction a r m s  (5) in the wheel well with torsion spring (9). bushing 

(10) and spacer  (11) (left side only) and secure  with bolts, washers and nuts. 
b .  Align the door hmges (2 and 8) with their brackets and secure with actaching 

bolts, washers and nuts. 
c .  Connect retraction rods  (3) to doors (1) and retraction a r m s  (5) a d  secure  

with washers and locknuts. 

7-17. ADJUSTMENT OF NOSE GEAR DOOR ASSEMBLY. 
a . Place the airplane on jacks. (Refer to Jacking. Section I1 .) 
b .  Adjust one door a t  a time bylengthening o r  shorteningthe retracrion push- 

pull rod. 
c .  Adjust each door s o  i t  re t rac ts  flush with the fuselage and snug against the 

s tops .  
d .  Check retraction rod ends for adequate b e a d  engagement for safety and 

tighmess of jam nut. 

7-18. MAIN LANDING GEAR SYSTEM. 

7-19. DISASSEMBLY OF MAIN G!3R OLEO. (Refer to Figure 7-6.) The main 
gea r  oleo assembly may be removed and disassembledhom the gear  oleo housmg 
w ith the gear removed horn o r  installed on the airplane. 

a .  Place the airplane on jacks. (Refer to Jachng,  Section 11.) 
b .  Place a dr ip  pan under the main gear  to catch s p ~ l l a g e .  
c . Remove rhe a i r  and fluid from the oleo by depressing the a i r  valve core pln  

unc~l  s trut  pressure  has diminished. Remove the filler plug and with a smdli 
hose, siphon a s  much hydraulic fluid horn the s t ru t  a s  possible. 

d .  Tm1 remove the piston cube (8) assembly from the oleo housing ( 7 ) .  remove 
the upper (5) and lower (2) torque link connecmg bolt assembly (4) and separate 
the links. Note the number and thickness of spacer  washer(s) (3) between the two 
1 inks. 

e .  Compress the piston mbe (a), reach up along the cube and release chr snap 
r ing (29) from the annular slot a t  the b o m m  of the oleo housing. 

f . Pull the piston cube with component parts from the cylinder housing. 
g .  The piston tube components may be removed by reaching in the ruhr and 

pushing our the upper bearing retainer pins (23). Slide off the upper bearing(:?) 

LANDING GEAR AN3 BRAKE SYSTEM 
Issued: 12/29/72 



PIPER TWIN COMANCHE SERVICE MANUAL 

lower bearing (24) with "0" r ings  (25 and 26), wiper (27). washer (18) and snap 
ring (2 9) . 

h .  To remove the orifice tube (19) from the oleo housmg, remove the iocknut 
(12)and washer(l3) from the top of the housing. Draw the tube with back-up rlng 
(14). "0" ring (15) and ring (16) from the housing. 

i . The orifice plate (17) is removed from the bottom of the orifice tube (19) by 
releasing the snap ring (18) that holds the plate in position. Expand and remove 
the ring (16) from the lower end of the tube. 

j . To remove the piston tube plug (21) with "0" ring (20) located in the lower 
end of the piston rube (a), remove the bolt assembly (9) and insert  a rod up through 
the hole in the body of the fork(l) ,  pushingthe plug out through the top of the tube. 

7-20. CLEANING, IFSPECTION AND REPAIR OF MAIN GEAR OLEO. 
a .  Clean all  par t s  wirh a suitable dry type cleaning solvent. 
b .  Lnspect the landing gear oleo assembly component for the following: 

1 .  Bearings and bushrngs for excess wear,  corrosion. scratches and over- 
all  damage. 

2 .  Retaining pins for wear  and damage. 
3 .  Lock r ings for  c racks ,  burrs ,  e tc  . 
4 .  Cylinder and orifice tube for corrosion, scratches,  nicks and excess 

wear .  
3 .  Orrfice plate for hole restr ict ion.  
6.  Fork tube for  corrosion, scratches,  nicks, dents and misalignment. 
7 .  Air valve general condition. 

L. .  Repalr of the oleo i s  l i m ~ t e d  to smoothing out minor scratches,  nicks and 
c!cnt= and replacement of pa r t s .  

d .  lndivldual replacement of wiper s u i p s  may be accomplished per  instruc- 
Ilona given in paragraph 7-31. 

-11. ASSELIBLY OF ,MAIN GE-4R OLEO. (Refer to Figure 7 - 8 . )  
2 .  .\scerraln that all  parts  d r e  cleaned and inspected. 
h .  To install the piston tuhe plug (21). f i rs t  lubricate the plug "0" ring (20) 

ivlth hydraulic fluid WIL-H-5606) and install it on the plug. Lubricate the inside 
wall of the plston mbe (8). Insert  the plug into the top of the tube and push i t  to 
rh r  iork end. Align the bolt holes of the fork, tube and plug, and install bolt a s -  
i rmblv  (9). (If a n w  tube (%) 1s installed that has not been drilled. press  the 
ruhc  lnru  the fork housing untll it bottoms. Using the fork b l t  holes a s  a guide. 
drlii d p ~ l o t  hole and ream to 0.250/0.252 thrmgh each side of the rube wall .  

L4NDlNG GEAR AND BRAKE SYSTEXI 
Issued: 12i29j72 



2 88 
IN1 ENTIONALLY LEFT BLANK 



PIPER TWIN COMANCHE SERVICE MANUAL 

Figure 7 - 8 .  Main Gear Oleo Strut Assembly a 
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Remove burrs from the inside of the tube and flush the cube with a suitable solvent 
to remove all metal particles. 

c .  If desired, cement a cork in the hole in the bottom of the fork body to pre- 
vent dirt from entering between the fork and tube. 

d. To assemble the components of the oriflce ah? (19). insert the orifice plate 
(17) into the bottom of the rube and secure with snap ring (18). Install ring (16) 
on the lower end of the tube. 

e .  To install the orifice tube inche oleo housing(7), insert the cube up through 
the housing. With the end of the nrbe exposed through the top of the housing, in- 
stall the "0" ring (15). back-up ring (14). washer (13). and locknut (12). Tighten 
locknut only finger tight a t  this time. 

f . Assemble the components of the piston tube (8) on the arbe by placing, in 
order, the snap ring (29). washer (28), lower bearing (24) with outer and inner 
"0" rings (26 and 25)and upper bearing(22). Align the lock pin hole of the upper 
bearing with the pin holes in the cube and install pins (23). 

g .  Lubricate the wall of the cylinder oleo housing (7) and piston tube (8). and 
carefully insert the tube assembly into the housing, guiding rhe orifice tube (19) 
into the piston cube until the snap ring (29) can be installed in the annular slot a t  

the lower end of the housing. 
h. At the top of the housing, tighten the orifice cube locknut (12). (Should it 

be an impossibility to tighten the locknut due to the orifice tube rotating with the 
nut, withdraw the piston tube assembly from the cylinder and. wh le  tightening 
the nut, secure the orifice tube with the use of a 1-1/2 x 3/16 inch drag link 
socket held in the slot a t  its lower end. Check that the orifice mbe is centered 
in che cylinder and then reinstall the piston tube assembly. 

i . Install the wiper s a i p  (27), s!ide the washer (28) into position and secure 
the assembly wirh snap ring (29). 

j . Ascertain that the bushings a r e  installed in the upper and lower torque 
links (5 and 2) and then install links. The torque link bolt assemblies (6 and 10) 
should be lubricated and installed withthe flat of the bolt head hex adjacent to the 
milled stop of the wide end of the link. (Use the same thickness of spacer washer 
(3) between the two links a s  those removed to maintain correct wheel alignment .) 
Tighten the bolts only tight enough to allow no side play in the links, yet be free 
enough to rotate. Insure that there is no binding or interference of the torque llnks when the 1 main gear is fully compressed. 

k .  Lubr~cate the gear assembl!. (Refer to  Lubrication Chart. Section 11.) 
I .  Compress and extend the strut several times to ascertain that the strut uill operale 

[reel!. The weight of the gear uheel  and fork should allow the strut to extend. 

L A \ D I \ G  GEAR 4 \ D  BRAKE SYSTEM 
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m. Service the oleo strut with fluid and air. (Refer to Oleo Struts. Section 11.) 
n. Check the main gear alignment (Refer to Paragraph 7-26) and gear operation. 
o. Remove the airplane from jacks. 

7-22. REMOVAL OF MAIN LANDING GEAR. (Refer to Figure 7-9.) 
a. Place the airplane on jacks. (Refer to  Jacking. Section 11.) 
b. Disconnect the retraction transmission by pulling up on the release lever. 
c. Retract the landing gear until it h a n g  in the neutral position. by usins the 

emergency extension lever. 
d. The side brace link assembly may be =moved by the following procedure: 

1. Disconnect the pain spring. (This may also be accomplished while 
disconnecting the push-pull cable as described in the next step.) 

2. Disconnect the push-pull cable from the upper dmg Link by removing 
attaching nut, washer and bolt with swivel assembly (20). 

3. Disconnect the par  down limit switch (25) by removing switch attaching - - 
nut. 

4. Remove the side brace links by removing the pivot bolts (23) at  each end. 
5. Remove the side brace support bracket (22) from the front spar by removing 

attaching bolts. 
e. Remove the main gear strut housing with components using the following 

procedure: 
I .  Disconnect the gear door retraction rod (29) from the strut housing. 
2. Disconnect the brake line (33) and c a ~  it to prevent dripping and .. - 

contamination. 
3 .  Remove the acce s  panel aft of the rear spar by removlng attaching screws. 
4. Swing the landing gear enough to allow insertion of a bungee tool, P ' S  7 5 1  

998. between the inboard (4) and outboard 16) bunme oullevs. ~ . .  - . -  
5. With tension relined fmm th; bungee. rem& the inboard pulley attaching 

bolt ( 3 )  and remove the bungee assembly by unscrewing the outboard pulley bn ikc t  ( 7 )  
from its fitting. 

6. Remove the bolt (9) holding the bungee arm (10) to the rear strut support fitting 

I ( 1  I ) .  Cut and remove safety wire (13). Slide studs (14) from rear strut arm. 
7. Slide the bungee am tube out of the rear support fitting freeing the rear 

strut arm. Note the number and thickness of shims (12) between the rear support fitting and 
rear strut arm. 

8. Remove the gear assembly from the wheel well by removing the attaihing 
bolts holding the front support fitting (18) to the front spar web. 

9. Remove the rear rupport fitting by gaining access to the attaching nilrs 
throtlrh the a c c w  hole behind the rear spar and remove nuts, washen and bolts. 

7-13. CLEAVING. INSPECTION AND REPAIR OF MAIN LANDING GEAR. 
a. Clean all parts with a suitable cleaning solvent. 
b. Inspect the gear components for the following unfavorable conditions. 

I .  Bolts, bearings and bushings for exces  wear, corrosion and damage. 
2. Gear housing, side brace links. torque links and attachment plates for craiks. 

bends or misalignment. 

LANDING GEAR AND BRAKE SYSTEM 
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3. Assist spring for corrosion. wear and serviceability. (Refer to Table VU-111.) 
4. Bungee cords for frayed protective covering, brakes and soft areas. Replace cords exhibiting 

these conditions. (Refer to Table VII-IU.) 
5. Wiring for fraying poor connections or conditions which may lead to failure. 
6. Check general condition of limit switch. 
7. Check side brace link through center travel by attaching the upper and lower links. setting 

them on a surface table, and ascertaining that when the stop surfaces of the two links touch. 
linkage is not more thanb. 125 of an inch +.061-A0 through center. Should the distance 
exceed the required through center travel and bolt and bushings are tight, replace one or both 
links. (Refer to Figure 7-8A.) 

8. Check side brace links and rod end bearing for wear and pitch diameter tolerances in 
accordance with paragraph 7-23A. 

c .  Repair of landing gear is limited to reconditioning of parts such as replacing bearings and 
bushings. smoothing out minor nicks and scratches, repainting of areas where paint has chipped 
or peeled and replacement of parts. 

7-23a. INSPECTIOS OF MAIK GEAR SIDE BRACE LINKS AND ROD END BEARINGS. (Refer to 
Figures 7-8c) 
a. Side Brace Links. To determine the serviceability of these pans requires the inspection of the 

threads for wear, by determining the pitch diameter of the threads. There are two methods as 
follows: 

1 .  Thread Ring Gauge Method (See Figure 7-8c) The following is the suggested method for 
checking thread wear: 

(a) Procure standard thread ring gauges for the thread sizes specified in Figure 7 %  
(2) Using the instructions provided by the thread ring gauge manufacturer, check thread 

u8ear and determine pitch diameter. Flgure 7% shou2s a typical three-step process 

2 .  Three \V~re Method 

(a) See U.S. Department of Commerce Screw Thread Standard H-28 Handbook or any good 
machlnisl's handbook. 

(b) Follou, the procedure given and calculate the pitch diameter based on wire sue  used. 

3. I f  the link is worn i n  excess of the tolerances gi\,en in Figure 7-8c, i t  must be replaced 

b. Rod End Bearings 

I .  This check requires the use of a NO-GO thread plug gauge (refer to table ~ncluded in Figure 
7-8b for the specific size gauge to use). This gauge can be purchased from any good tool 
suppl~er. 

2.  If the NO-GO gauge can be screwed into the bearing. the bearing is worn larger than the 
tolerances @\'en i n  the table with Figure 7-8b, and must be replaced. 

NOTE 

The NO-GO gauge should not f i t  a ser\,iceable bearing 
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I 

I J 
Figure 7-8a. Main Gear Side Brace Link Travel 

Figure 7-8b. Main Gear Side Brace Bearing Tolerance. 

LANDING GEAR AND BRAKES Revised: 10lU98 

Serviceable 

Bearing PIN 

452-382 
22943-00 

Thread Size 

1/2-20 NF 3 
518-1 8 NF 3 

Plug 
Gauge Size 

.4731 

.5949 

Thread 
Tolerances 

.4675 1.4731 

.5889 1.5949 
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Serviceable 
Thread 

Link PIN Thread Size Tolerances 

20768-00 112 20 NF 3 4675 I 4550 
20766-01 1/2-20 NF 3 4675 1 4 5 5 0  

i 24911-00 1/2-20 NF 3 4675 1.4550 

22577-00 5/8-18 NF 3 5889  1.5764 
) 25046 00 5/6-18 NF 3 ,5889 1.5764 

I 

S t e p  2 S t e p  3 

THREAD RING GAUGE METHOD 

F ~ g u r e  7-8c. Main Gear Slde Brace Link Tolerance 
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7-24. INSTALLATION O F  MAIN LANDING GEAR. (Refer to Figure 7-9.) 

NOTE 

When assembling components of the landing gear, lubricate bearings, bushings 
and friction surfaces with proper lubricant as described in Section 11. 

a. Insen a gear suppon bearing (43 and 48) in each suppon fining (I 1 and 18) and secure with snap 
rings (45). 

b. The gear housing may be installed in the wheel well of the wing by the following procedure: 

1. Place a spacer washer (17). 0.035. P/N 19513-10. or original number of washers and then the 
forward suppon fitting (18) on the forward support arm of the strut housing. 

2. Slide the barrel nut (47) into the forward strut arm and insen the attaching bolt (49) with 
washer through the fitting into the arm. 

3. Tighten bolt and cheek suppon fitting for freedom of rotation. 
4. Secure the aft suppon fitting ( I  I )  to the rear spar web with attaching bolts, washers and nuts. 
5. Position main landing gear strut assembly in the wheel well and attach the front suppon 

fitting to the main spar web with attaching bolts and washers. 
6. Using the access hole behind the rear spar, insert the bungee tube (10) with washer (44) 

(0.125, P/N 14943-20) through the rear support flitting and into the rear strut arm using 
enough shim washers (12) between the rear suppon flitting and the strut arm to diminish end 
play of the strut housing. (Shim washers are available in sizes 0.035. PA' 19513-10; 0.062. 
P/N 14843-93; and 0. 125. P/N 14843-20.) 

7. Position the side brace suppon bracket (22) on the main spar web and secure with bolts and 
mjashers. 

c. Assemble the upper and lower drag links (24 and 27) with pivot bolt (26). 
d. Adjust the lower drag link to a dimension of 6.125 inches from center of the middle pivot bolt to 

center of the rod end bearing. (Refer to Figure 7-10.) 
e. Install the landing gear door retraction arm on the strut housing and secure with bolt, washers and 

nut. 
f. Attach the upper drag link to the support bracket with clevis bolt. washer, n u t  and cotter pin and 

the lower link to the strut housing with bolt, washers at each side of bearing and nut. 
g. Check for clearance between drag link middle pivot bolt head (26) and the main gear capstrip. 

and binding of the lower drag link and bearing by re~racting and extending the gear by hand. If 
clearance is less than 0.062 of an inch between pivot bolt head and spar capstrip. additional shims 
(17) must be added between the strut arm and front support bracket. 

h. Install studs (14) in rear strut arm and safety with minimum 0.041 (Spec. MS20995C41) wire 
(1 3). 
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i. Install barrel nut (46) in rear stnit arm and insert bolt (9) with washer through 

NOTE 

It is suggested that new assist spring (19) be installed if new 
bungee cords (5) arc installed, to insure proper operation of 
the system. 

bungee tube and tighten. 
j. Check gear stnlt arm support bearings for freedom of rotation by retracting and 

extending the gear by hand. 
k. lnstall attaching bolt and b u n p e  cord in roller bracket (7). 
I .  Install roller ( 6 )  in bracket and secure with pin, washer and cotter pin. 
m. Install inboard pulley (4) and bungee cord assembly on bungee tool (PIN 752 998). 
n. Secure the outboard bungee cord bracket to its fitting aft of the rear spar. 
o. Place the main gear in the u p  position and secure the inboard bungee pulley to the 

bungee arm (1  0) with w h m  and bolt. 
p. Extend the gear and remove b u n p e  tool. 
q. Connect the revaction push-pull cable (21) t o  the upper drag link with attaching 

bolt and adjust. (Refer t o  paragraph 7 4 6  for adjustment of push-DUU control cables.) 

r. lnstall the assist spring (19) between the strut housing and upper drag link. 
s Extend and retract the main gear manually t o  check that each link assembly l o c k  

dmulmeously and independently of each other. 

NOTE 

Following adjustment to any of the three gean in which the 
control tubeslrod were disconnected with the aircraft on 
jacks, the transmission disconnected, ascenain that all three 
gear drag links go over center and lock at the same time 
independently of each other. 

t. Install main landing p a r  down h i t  switch ( 2 5 )  and adjust. (Refer to paragraph 
7 4 4  for adjumnent of landing gear down Limit switches.) 

u.. Install landing gear safety switch (28) (left gear only) and adjust. (Refer to 
paragraph 7 4 3  for adjumnent of safety switch.) 

v. Connect the brake Line. 
w. Connect the landing p a r  door retraction rod to the bracket on the main gear strut 

housing. 

NOTE 

Bungee access cover panel to be sealed with 118 inch bead of 
black 3M sealerO1 126, applied to access opening flange. 

LANDING GEAR A N D  BRAKE SYSTEM 
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Figure 7-10. Adjustment of Main Landing Gear Drag Link 

7-25. ADJUSTMENT OF MAIN GEAR SIDE BRACE UNKS. (Refer to Figure 
7-10.) Disconnect me side brace link from the main gear strut housing, and ad- 
just to maintain a distance of 6.125 inches between the center of the pivot bolt 
which amches  the upper drag link to the lower drag link and the center of che rod 
end bearing. 

NOTE 

Do not check adjustment using head of rod end bolt 
installed in strut as  bolt sets a t  an angle to the center 
line of the lower drag link. 

7-26. ALIGNMENT OF MAIN LANDING GEAR. 
a .  Place a straight edge no less than twelve feet long across the front of both 

main landing gear wheels. Butt the straight edge against the eire a t  the hub level 
of the landing gear wheels. Dwise a support, o r  use a box, to hold the straight 
edge in this position. 

b. Set a square against the straight edge and check to see  if its outstanding 
leg bears on the front and rear  sides of the main landing gear tire. (Refer to 
Figure 7-11 .) If it touches both ourboard sides of the tire, the landing gear is 
correctly aligned. The toe-in for the main landing gear wheels is 0 degrees. 

LANDING GEAR AND BRAKE SYSTEM 
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Figure 7 - 11. Aligning Main Gear 

NOTE 

A carpenter's square, because of i ts  especially long 
legs, is recommended for checking main landing gear 
wheel alignment. 

c .  If the square contacts the r ea r  side of the t i re  leaving a gap beween i t  an l  
the front side of the tire. the tire is toed-in. If a gap appears at the rear. the 
wheel is toed-out . 

d .  To rectify toe-in or  toe-out conditions. remove bolt connecting upper and 
lower torque links and remove o r  add spacers to move the wheel in desired d i -  
rection. 

e .  Recheck the wheel alignment. If the wheel alignment is correct, safety the 
castellated nut with a cotter pin. If the misalignment still exists, separate the 
torque links and add another spacer to the torque links. Limit the number of 
spacers installed to allow for installation of the coaer  pin in the bolt. 

LANDING GEAR A N D  BRAKE SYSTEM 
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7-27. REMOVAL OF MAIN LANDING GEAR DOOR ASSEMBLY. 
a .  Disconnect the reuaction rod at  the oleo s m t  by removing the attaching 

nut, washer and bolt. 
b. Remove the gear door by removing the screws attaching it to the boaom of 

the wing . 

7-28. CLEANING, IISPECTION A N D  REPALR. 
a .  Clean all parts with a suitable solvent. 
b. Inspect reuaction rod for corrosion a t  the end bearings. 
c . Inspect doors for cracks. dents, worn hinges and loose brackets. 
d. Repairs a r e  limited to replacement of parts and minor sldn repair .  

7-29. ISTALLATION OF MAIN LANDING GEAR DOOR ASSEMBLY. 
a .  Position the gear &or in place and secure with attaching screws. Main- 

tain equal clearance between door and wing panel. 
b. Connect the reuaccion rod to the oleo s m t  with attaching bolt, washer and 

nut. 

7-30. ADJUSTMENT OF MAIN LANDING GEAR DOORS. 
a .  Ascertain that there is an all around even clearance between the door and 

wing panel when the door is in the reuacted position. 
b. Adjust by loosening the &or lunge screws in the wing panel, repositioning 

the door and retightening rhe screws. 
c . The gear door actuating rods should be adjusted so that a nine pound weight 

suspended at the center line of the inboard edge of the door in the retracted posi- 
tion will create a 0.125 of aninch deflection from the wing contour at the inboard 
edge of the door. 

7-31. REPLACEMENT OF WIPER STRIP ON LANDING GEAR STRL'TS . 
a .  Place the airplane on jacks. (Refer to Jacking, Section I1 .) 
b. Jack the airplane only high enough to mke weight off the gear .  
c .  Release the a i r  pressure from the strut by depressing the valve core pin 

until the pressure has diminished. 
d . Using snap ring pliers, disengage the snap ring from the annular slot in the 

oleo housing and allow it to lay a t  the lower end of the piston tube along with the 
wiper s u i p  retainer washer. 

LANDING GEAR AND BRAKE SYSTEhI 
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e .  Remove the old wiper s t r ip  from the housing, and clean and inspect the 
housing to determine that m pieces remain in it .  

f . Wipe the piston tube and check i t  for any abrasions which may damage the 
new wiper. Polish the rube to remove any abrasions found. 

g. A new wiper s t r ip  should be cut straight across ,  and a little longer than 
needed, to c i r c l e  the piston tube. 

h. Insert fhe new wiper s t r ip  up into the oleo housing with the tapered edge 
down. Slide rhe retainer washer and snap ring up the piston tube and insert  them 
into the oleo housing. Using snap ring pliers to compress the snap ring, install 
i t  into the annular slot in the oleo housing. 

i . Inflate the oleo s a u t  in accordance with instructions given in Oleo Struts, 
Section II, and remove the airplane from the jacks. 

7-32. LANDING GEAR RETRACTION SYSTEM. 

7-33. PRINCIPAL OF OPERATION. The landing gear  is  a tricycle rype, fully 
retractable through an  electrically operated r e a a c d o n  mechanism. The re t r ac -  
tion mechanism consists of an  electr ic  motorand aansmiss ion assembly, torque 
rube assembly, push-pull cables for each main gea r  and a push-pull tube to the 
nose gea r .  Limit switches a r e  installed in the system to shut off the motor when 
the gear  is fully extended o r  re t rac ted .  These switches also operate gear indi- 
ca tor  lights on the insuument panel. 

The landing gea r  selector switch is placed in the up position acnvating the 
retraction motor which operates the transmission. The retraction transmission 
pushes h e  torque a r m s  forward which pull the main landing gear  cables and 
pushes the nose gea r  retraction tube forward, retracting the landing g e a r .  When 
the gear  IS fully r eaac ted ,  the gea r  uplimit switch srops the motor and the amber 
gear  up indicator light on the instrument panel lights. The landing gear  selector 
switch is  then piaced in the down position, operating the motor and retraction 
transmission. The aansmiss ion pulls the torque a r m s  back which pushes on the 
main gear  cables and pulls on the nose gea r  tube exrending the landng g e a r .  
When the gear  is fully extended, the gear  down switches stop the motor and rhe 
green gear down and locked indicator light on the instrument panel l ~ g h t s .  

LAXDING GEAR A N D  BRAKE SYSTEM 
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Figure 7 -  1 2 .  Landing Gear  Retraction System 
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7-34. REMOVAL OF RETRACTION TRANSMISSION ASSEMBLY. (Refer to Figure 
7- 14.) 

a. Remove the gear retraction transmission assembly by using the following procedure: 
I .  Place the airplane on jacks. (Refer to  Jacking. Section 11.) 
2. Open the retraction tnnsnirsion accesi door louted between the two front 

-6. 
3. Disconnect transmission motor electrical leads by sliding back the protective 

cwcring and uncoupling the quick disconnect tmninals. 
4. Race the emergency retraction release handle (18) in the full up position. 
5. Disconnect the tnnrmisJion retraction spring located on the left side of the 

transmission h o w .  
6. Remove the c o n n  pin, washer and pin (1 2) attaching the tranmission housing 

to the mountmg bracket. 
7. Remove the tr 'on assembly from the well. 

7-35 .  CLEANING, INSPECTION AND REPAIR OF GEAR RETRACTION 
TRANSMISSION. (Refer to Figure 7-13.) 

a Remove the six screws attaching the transnission cover (7) to  transmission housing 
and remove the covn  n o w  the position of the mounting lug. 

b. Wipe the old @case from the transmission housing and from the actuator screw (4) 
and screw nut (3). 

c. Check the gear release arm (1) and amain  that it will map lock in place and will 
require a load of 6 to 12 pounds applied at  the end of the arm to release. Adjust by 
spreading o r  comprrssing the arm sides at  the round head rivets to obtain proper fit. Once 
the arm is released, ascertain that there is no binding through its travel. 

d. Inspect the transmission screw and tube nut (2) for end and side play and ascertain 
that they ~IC not distorted or  bent. 

e. Check that the screw bearing (9 )  is not loose on the transmission screw or within the 
tranrmission housing. A loose bearing can be determined by holding the transmission and 
moving the screw up and down. This check can also be made when the transrniss~on is 
installed in the airplane, with the landing gear partially retracted. by applying a load to the 
emergency extension handle and noting play. 

f. Check for wear within the transmission by turning the transmission screw (4) by 
hand and noting end play in the transmission drive shaft (24). End play usually indicates 3 

worn thrust bearing or  a loose connection between the thrust bearing and drive shaft. I f  end 
play is in excess of 0.01 5 of an inch, the transmission should be replaced. 
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g The coupling (10) between the transmission and motor may become worn to a point 
where the metal inserts in the coupling protruda from the rubber, thus causing chatter. This 
chatter may be eliminated by grinding the metal inserts until they arc 0.010 to 0.015 of an 
inch below the surface of the rubber. This grinding operation may be repeated until the 
coupling reaches a minimum diameter of o m  inch and then should be replaced. 

h Adjust the motor brake (20) (early type) by adjusting the nut on the brake support 
rod (22) until the brake disc (18) dean the highest point on the retraction -on 
coupling. Hold the brake disc h l y  against the bmke solenoid while m a h g  this 
adjustment. 

i The only adjustment required for the later type motor is to align the brake solenoid 
unit with the transmission coupling which is accomplished by adjusting the nut on the brake 
support rod. 

j. Fill the Panrmission housing with grease per special instruction found on 
Lubrication Chart in Section I1 of this Service Manual. 

7-36. INSTALLATION OF RETRACTION TRANSMISSION ASSEMBLY. (Refer to 
F- 7-14.) 

a Ascertain that the transmission is properly lubricated and position it in the 
tranmission well. 

b. Align the basmirsion m a t i n g  lug (27) with the hole in the mounting b r a a a  (28) 
and secure with pin (l2), washer and cotter pin. 

c. Attach the retracticn spring (22 or 23) to the tnnsrnisiion and adjust the cotter pin 
between the spring and floorboard to maintain enough tension on the spring to hold the 
transmission away from the retraction torque tube during ememncy gear extension. 

d Lubricate the torque arm through bolt (13) and hook the transmission tube (19) 
over the bolt. 

e. Place the emergency release handle (18) in the down and locked position, locking 
the transminion release tube around the through bolt 

f. Connect the electrical leads and slide the protective covering over the terminals and 
tie at both ends. 

g Check for proper operation and adjust. (Refer to Paragraph 7-44.) 

LAXDING GEAR A N D  BRAKE SYSTElI 
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1879 
1879 

23 

1. RELE4SE M M  15 TRbNSMISSION RETRACTION SPRING 
1. RELEASE N B E  SERIU NOS 30-93 AND UP 
3. TRANSMISSION SCREW NUT 16. MOTOR B R M E  ASSEMBLY 
4. W S M I S S I O N  SCREW SERlU NOS. 30-1 TO 30.648 INCL 
6. R O U  ?IN STOP 17. BRAKE SOLENOID 
8. TRANSMISSION 18. MOTOR BRME DISC 
7. TRANSMISSION COVER U T E  19. SPRING TENSION 
8. W S M I S S I O N  GASKET M MOTOR BRAKE ASSEMBLY 
0. SCREW BEMING SERUL NOS. 30-6.8 AND UP AND USED 

10. COUPUNG W T H  SERUL NOS 30-1 TO IO-BUI 
11. BEARING RI3YNING PLATE 21. E R M E  SOLENOID 
11. SCREW 22. BRMESUPPORTMM 
13 UNK 23. TRbNSMISSION MOTOR 
14. TRANSMISSION RETRACTION SPRING 24. TRANSMISSION ORNE SHAFT 

SERlU NOS. 30-2 TO 20-92 INCL 25. RElRACT SPRING BRACKET 

Figure 7-13. Landing Gear Reaacnon Transmission Assembly 
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7-37. REMOVAL OF NOSE LANDIXG GEAR PUSH-PULL CONTROL ROD. (Re- 
fe r  to Figure 7- 14 .) 

a .  Place the airplane on jacks. (Refer to Jackmg, Section 11.) 
b. Open the reaac t ion  transmission door located belween the two front seats 

and disconnect the transmission by pllling up on the re lease  lever. 
c .  Reaac t  the landing gear  until i t  hangs in the neutral position, by using the 

emergency extension lever.  
d .  Disconnect the push-pull rod (I I) from me underside of the left torque arm 

(9) by removing the cotter pin, washer and pin. 
e .  Disconnect the forward end of the rod at the left drag link located in.the 

nose gear  wheel well by removing nut, washer and bolt. Retract the gear  enough 
to allow removal of che arraching bolt through provided hole in the nose section 
channel. 

f . Remove the rod by removing end bearing and pulling it through seal and 
nose gear  wheel well.  

7-38. REMOVAL OF MAIN LANDING GEAR PUSH-PULL CONTROL CABLES. 
(Refer to Figure 7-14 .) 

a .  Place the airplane on jacks. (Refer to Jackmg, Section 11.) 
b .  Open the reaac t ion  aansmiss ion door and disconnect the aansmission by 

pulling up on the release lever.  
c .  Reaac t  the landing gear  until it hangs in the neutral position, by using the 

emergency extension lever. 
d .  Remove fuel selector console and carpet  arcaching screws, rol lcarpet  back 

oif the center access  panel and remove panel. 
e .  Remove the r e a r  seats and c a r p e t a t t a c h g  screws on airplanes with Serial 

Nos. 30-1 to 30-852 inclusive and 30-854 to 30-901 inclusive. 
f . Roll the carpet back and remove floor panel aft of the main s p a r .  
g .  On airplanes with Serial Nos. 30-853 and 30-902 and up, remove access 

panel on bottom of fuselage. 
h .  Disconnect the reuaction cables (7 and 8) from the torque a r m s  (9 and 10) 

by removing acrachmg cotter pins, washers and pins. 
i . Remove castle nuts (3 and 4) from cables at  the bulkhead aft of the re t rac-  

tion transmission. 
j . Remove clamps securing cables to bottom of the fuselage. 
k .  Enter rhrough the wheel well and disconnect cable ends from upper main 

gear  drag links by removing artaching nut, washers and bolts. 
1 . Disconnect cables from the support brackets(36) by removing nuts (34) and 

washers.  

LANDING GEAR -4ND BRAKE SYSTEM 
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m. Remove the end bearing from the cables at the drag links by backing off the jam nuts and 
unscrewing the end bearing. 

n. Slide the cable suppon nut (34) and washer off the cable and remove the cable by sliding it 
through the support bracket and out through the access holes in the floor. 

7-39. CLEANING, INSPECTION AND REPAIR OF RETRACTION PUSH-FULL CONTROLS, 

a. Clean all pans with a suitable cleaning solvent. 
b. The push-pull rod should be inspected for the following unfavorable conditions. 

1. Bends in the rod and threaded portion of the end bearings 
2. Dents in the rod. 
3. Cracks around the end bearings. 
4.  Corrosion and excess wear. 

c. The main gear push-pull cables should be inspected for the following unfavorable conditions 

I NOTE 

To properly inspect push-pull cable assemblies, disconnect the main gear 
push-pull cable ends: at the landing gear torque tube arms in fuselage; and, 
at each main gear attach point. 

I .  Freedom of movement through the housing, 
2 .  Corrosion of cable and housing. 
3.  Excess wear of cable and housing. 
4. Bends and cracks of cable threaded ends. 

d. Repair of the push-pull controls to limited to replacement of pans 

7-40. INSTALLATION OF NOSE LANDING GEAR PUSH-PULL CONTROL ROD. Install the nose gear 
push-pull rod using the following procedure: 

a. With the rod end bearing removed from the aft end of the push-pull rod, place the rod i n  the noqe 
wheel well and slide i t  through the seal assembly. 

b. Attach the rod end bearing to the aft end of the rod and check both end bearings for proper thread 
engagement by sighting or inserting a piece of safety wire through the safety hole. 

c. Secure the aft end of the rod to the underside of the left torque arm at the retraction transmission 
with attaching pin, washer and cotter pin. 

d. Because of adjustment later, temporarily attach the front rod end to the left drag link clevis b) 
inserting the countersunk bolt through the clevis from the left allowing sufficient clearance 
between drag link clevis and fuselage. 

e. Adjust push-pull rod per paragraph 7-47. 

LANDING GEAR AND BRAKES 
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7-41. INSTALLATION OF MAIN LANDING GEAR PUSH-PULL CONTROL 
CABLE. (Refer to Figure 7-14.) Install the main landing gear push-pull control cables using 
the following procedure: 

a. Check cables for k d o m  of movement through houdng prior to installation. 
b. Remove the end bearing from the main gear end of the cable. 
c. Install castellated nut on main gear end of the cable and insert through the acces 

hole in the floor and through the cable support bracket (36). 
d. Install washm and c d e  nuts and attach the left gear cable ( 2 )  to the nght torque 

am (10) at the transmission with pin, washer and cotter pin. 
e. Install washm and castle nuts and place the nght par cable (1) over top the left 

gear cable and attach it to the left torque am (9) at the tnnmirsion with pin, washer and 
cotter pin. 

f. Adjust the cables at the bulkhead aft of the transmission so when the castle nut (3) 
is tight, three threads are exposed forward of the nut on the cable (1) from the right gear. 
One thread should show at the castellated nut (4) on the left gear cable (2). 

g. Place the adjuaing washer (35) and nut (34) on the cable at the drag link end and 
install jam nut and end bearing 

h. Attach the cables to the drw Linkr with bolts, washers and nuts. 
i Tighten adjusting nut at the support bracket. 
j. Clamp the cables to bottom of the fuselage and spar to prcvmt chafmg. 

NOTE 

Install conduit with minimum number of bends. Avoid bends 
with radius less than eight inches. 

k. Adjust the cables. (Refer to Paragraph 746.) 
1. Operate the landing gear to check for freedom of movement. 

NOTE 

When checking the landing gear for operation on jacks, 
disconnect the revaction transnision and nose gear down 
lock springs. Following adjustment to any of the three g e m  
in which the control tubalmd were disconnected with 
aircraft on jack. the transmission disconnected, asartain 
that all three gear drag links go over center and lock at the 
same time independently of each oher. 

m. When all checks and adjustments are completed, safety all the castellated nuts as 
shown in Figure 7-14 Sketch B, with MS20995C41 safety wire. 

n. Install floor panels and anach with screw. 
o. Position the carpet and secure with smws. 
p. Install fuel selector console. 
q. Install the seats. 

LANDING GEAR AND BRAKE SYSTEM 
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7-42. ADJUSTMENT OF LANDING GEAR RETRACTION SYSTEM. 
a .  After changing o r  adjust~ng any assembly of the gear o r  retraction system, 

a n  adjustment of i t s  following component should be made. 
Example: Replacing o r  adjusting drag link, recheck push-pull cable o r  

rod adjustment. 
Example: Shirnmingleft nose gear d rag  link clevis, recheck p h - p u l l  rod. 

NOTE 

When adjus thgthe  complete landing gear  system, fol- 
low the adjusting procedure, in sequence. as outlined 
In paragraphs 7-43 through 7-49. Always jack the 
airplane before attempting any adjustment. 

7-43. ADJUSTMENT OF LANDINGGEAR SAFETY SWITCH. 
a .  The landing gear safety switch louted on the left main gear.  is adjusted so  

the switch is actuated in the last 0.75 of an inch of gear a t e n s i o n .  
b .  The switch with the boot seal  and adjust@ rod (Refer to Figure 7-9, Sketch 

B) is adjusted by placingthe gear infull down poeidon and the smt fully extended. 
Screw the actuator a r m  (41) down until rbe switch clicks on, then screw down an 
additional 0.187 of an inch and secure with jam nut (40). 

c .  The round switch used on aircraft  without the adjusting rod and a r m  is ad- 
justed bv compressing the s t ru t  until 5.5 inches i s  obtained beween the top of 
the gear  fork (34) and b o m m  of the gear housing (15). then adjust the switch down 
until it contacts the s t r iker  plate. Secure the switch and safety. 

d .  Ascertain that either s w ~ t c h  will actuate in the l a s t  0.75 of an inch of olco 
e.xtension . 

7-44 .  ADJUSTMENT OF THE GEAR DOWN LIMIT SWITCH. 
a .  Before arrempcing any adjustment of the down limit switch, ascerrain bar 

I hc nose and main gear  drag Link assemblies a r e  properly adjusted. Reier to 
I'aragraphs 7-12 and 7-25. 

b .  Each main gear  down limit switch anached to the side brace drag link a s -  
semblv is  adjusted by moving the switch toward o r  away irom the s t r iker  plate. 
When the landing gear  is down and locked. the limit switch should have broken 
contact. 
i. The nose gear  down limit switch located a t  theleir drag link 1s adjusted bv 

moving it toward o r  away from the s t r iker  plate. When the gear  is down and 
locked, the switch should have broken contact. 

LANDING GEAR AND BRAKE SYSTEM 
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d. Check operation o f  the down l imi t  switches by the following procedure: 
I .  Open landing gcar retraction motor circuit breaker. 
2 .  Turn on the master sw~tch. 
3 .  D~sconnect the retraction transmission by pul l ing up on the release lever and manually 

retracting the landing gear using the emergency extension lever. 
4. At  the point where the green light goes out. apply rearward prcssure on the nose gear and 

inward prcssure on the main gear. The gear should not unlock. 

7-45. A D J U S T M E N T  O F  G E A R  R E T R A C T I O N  T R A N S M I S S I O N  ASSEMBLY.  (Refer to Figure 
7-14.) Adjust the retraction transmission by  using the following procedure: 

a. Release the retraction transmission by pulling up on the emergency release lever. 
b. Adjust the push-pull cables so the cable( I )  fromtheright gear hasthrec threadsexposed forward o f  

the castellated nut and the cable(2) fromthe left gcar has one thread exposed forward o f  the castellated nut. ( A  
spanner wrench may be fabricated to tighten the castellated nuts. see Figure 7-29.) 

NOTE 

The main gear push-pull cables cross each other aft o f  the retraction 
transmission. 

c .  Turn the transmission release tube (19) on actuator screw to maintain a distance of 10.875 inches 
between the center of the transmission mounting pin (12) and center o f  the thru bolt (1 3) connecting the louer 
portion o f  the torque arms. T h ~ s  adjustment should allow approxima~ely a (  minimum o f 0  125 inch) measured 
along the actuator screw (14) between the ro l l  pln stop (16) and the screw nut (151. 

d .  The cable rods (5 and 6) should be moved to approximatel! 1 ;  8 inch of be~ng full a f ~ .  
e .  Adjust the push-pull rod ends (7 and 8) toal lou their connecting pins( 17) to push Creel! through the 

torque arm clevises 19 and 101 and rod end bearings. 
C. Check that the threads of the push-pull rods extend past the check holes in the rod end fittings. 

Secure the rod end f ~ t t ~ n g  jam nuts and safer! a l l  pins. 
g. Salet! ulre al l  castle nuts as shown in  F~gure 7-14 Sketch A. 
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9. LEFl TORWE H M  R G U I  G W  
10 RIGUT TOROUE HM. En GUR 
11. N S H  NU MOD. NOSE G E M  
11. mmswssmn w w m N G  PIN 
1 3  TWRU BOLT. TORWE H M S  
14. ~USWSSION s a w  
16. m m s a s s m ~  s a w  ~ u r  
10. noun* no? 
17. MOD END mwrrcnffi PIN 
18 R E W E  L M R  
19. M E W  TUBE 
10. TmOUE TUBE 
11 D m l l W N  LEVER. EMERGENn 
21. R~SMISSION # n u n  SPRING 

PA-=. SERIAL NOS m . 2  w a - 8 1  TVPICAL SAFETY WIRE INSTALLATION 

13 TRL31SMlSSlON RElRACl SPRING 
PA-30. SERIAL NOS. - 4 3  bND UP 

24. B R M  ASSEMBLY 
15. M O T m  SUPPORT ROO 
16. TWJISMlSSION 
1 7  lUbNSMISS10N LUG 
18. TRbNSMISSION MOUNTING BMCKEl  
18 .TI)*11SUISSION MOTOR 
M EYTENION soc rn  ~ G H T  
31 UTENSION SOCKET LEFT 
32 ULIN S P U .  RIGHI 
33 N S H  PUU UBLE. RIGHl GE4n 
34 U S T U  NUT 
35 WbSHER 

Figure 7-14 .  Landing Gear Retraction Transmiss ion Insrailation 
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7-46. ADJUSTMENT OFMAIN GEAR KTSH-PULL CABLES. 
a .  Withthe transmission assembly adjusted (Refer to Paragraph 7-45) and che 

gear  down and locked, adjust the push-plll cable rod end so  the bearing hole 
aligns with the hole in the drag link. 

b .  Extend the rod end fitting one-half turn on an old u b l e  and one complete 
urn on a new u b l e .  This will provide the necessary preload ro absorb backlash 
o r  play in the cable. A l s o ,  it will produce a small amount of constant pressure, 
through the cable, against the gear  drag link when the gear  is  down and locked. 

c.  Be sure  the threads of the push-pull cable extend past the check hole in the 
rod end fitting. Tighten the jam nut against the rod end firnng and install ass is t  
spring.  

7-47. ADJUSTMENT OF NOSE GEAR RISH-PULL ROD. 
a .  Acrach the remaceion rod clevis ro the left nose gear  d rag  link. Shims a r e  

installed beweenthe clevis and drag link for correc t  retraction of the nose gear 
into the wheel well. Clevis shims. P/N 23115-00. are 0.032 of a n  inch only and 
a maximum of three may be installed. 

b. With the main and nose gear  down and locked. adjust the push-pull rod end 
fimng unal the hole inthe rod end bearing aligns with the bole inthe clevis. then 
turn the rod end in one complete turn. For proper clearance of the clevis, in- 
stall the clevis bolt with the countersunk poraon a t  the left or  outboard side. 

I NOTE 

With the gear in the full retracted position, check for 
interference at the push-pull rod and clevis. The locknut at 
the rod end bearing may bind with the clevis and cause 
failure at the threaded portion of the end bearing. The rod 
end threads should be ca~ful ly  examined for cracks. When 
checking the landing par for operation on jacks, disconnect 
the retraction transmission and nose gear down lock springr. 
Following adjustment to any of the three pars in which the 
control tukslrod w m  disconnected with aircraft on jacks, 
the transmission disconnected, ascertain that all three gear 
drag links go over center and lock at the same rime 
independently of each other. 

c . Check nose gear  door adjustment . (Refer to Paragraph 7-17. ) 

7-48. -4DJUSNEhT OF GEAR UP SWITCH. (Refer to Figure 7-13.) Adjust rhc 
gear up switch using the following procedure: 

a .  Retract che gear and check to insure that both main gear  assemblies enrcr 
rhe wheel well approximately the same distance and that the nose gear  enters far 
enough. 

b .  I i  the gear  does not r e u a c r  far enough, move the switch (3) up in its bracker 
2na run the check again. On the late model airplanes a set screw (2) IS located 
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Figure 7-15. Landing Gear  Up Limit Switch 

in the left torque arm (1) for fine adjusment purposes. 
c .  Lf the gear retracts too far before the motor shuts off, the switch must be 

moved down in its bracket. 
d .  To determine a proper fit of the main gear. reuacr  the land~ng gear .  The 

main gear should be pulled snugly against the rubber stop blocks located in the 
wheel well. and the nose gear should retract far enough. 

e. Should it be found necessary to adjust the nose gear, rrmuv? or add sh~rns  
a t  the drag link clevis, then readjust the push-pull rod. 

f . Check nose gear and main gear door adjusunent. (Refer to Paragaphs 
7-17 and 7-30.) 

7-49. CHECKING LANDING GEAR RETRACTION LOAD. (Rzfer w F~gure  
T- 16.) After the landing gear has been lubricated and properly adjusted a s  dr-  
scribed in rhe preceding paragraphs, check retraction load by using the following 
procedure: 

a .  Place the airplane on jacks. (Refer to Jacking, Section 11.) 
b. With the gear fully extended, disconnect the retraction transmishlnn a s -  

sembly by pulling up on the emergency release lever. 

L.3 \DING G E4R A X I  BRAKE SYSTEM 
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a c. Partiall! retract the gear until it hangs in the neutral position by using the emergency extension 
le\,er. 

d .  Install adpater tool (P . 'N  26347-00) in the left socket of the  retraction torque tube. 
e .  Ascertain that the shoulder of the adapte r  is completely seated on  the to rque  tube socket. 
f. Open the gear motor  circuit breaker t o  prevent motor  from running during gear check. 
g. Partially retract landing gear using adapter  and  install torque wrench on  adapter.  aligning the  

center line of the torque wrench with the center line of  the retraction to rque  tube. 
h. Tu rn  on  the master switch and slowly pull aft o n  the torque wrench completely retracting the  gear. 
i. Observe torque reading when the ambe r  gear up  indicator light initially comes on. The  to rque  

reading should not exceed l ~ m i t s  given in Table  VII-I. 

TABLE VII-I. T O R Q U E  F O R  EFFECTIVE W R E N C H  LENGTH 

EFFECTIVE WRENCH L E N G T H  M A X I M U M  T O R Q U E  
( INCHES)  ( F O O T  P O U N D S )  

18 I l l  
16 106 
14 100 
12 93 
10 84 

j I f  torque exceeds the l i m ~ t i  spec~fied.  check for the following: 

a I ,  lnsuff~cient lubr~cat ion.  possible binding. improper adjustment and damaged pans  of the 
retraction sxstem. 

2 .  Check the up  Ilmir switch for proper adjustmenr. I t  ma! not actuate soon enough causing the 
main gear t o  be pulled too hard against the rubber  stop blocks. exer t ingexcess~ve load on  thesystem The  main 
gear should f i t  snugl! agalnst the rubber s top  blocks in the wheel well. 
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Figure 7-16 ,  Torque Wrench and Adapter Insrallat~r,n 
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Figure 7-17. Land ing  G e a r  D o w n  Lock Installation 

7-50. 1 D J b S T 3 1 E S T  O F  L 4 S D I \ G  G E A R  D O W S  S A F E T ) '  L O C K .  T h e  purpose o l  the gear  d o ~ n  
saiety lock is t o  p r o \ ~ d e  a n  additional m e a n s  to retaln the  gear  retraction to rque  tube  assembl! In the  d n a n  
pos iuon  u i t h  the  gear transmission disengaged(emergenc!.estension condi t ion) .  Landing lorcesare  absorbed 
b! the  over center mechanism held in posit ion by springs at each gear a n d  nor intended to be transferred to the  
push-pull  rod and cablrs.  

a .  Ascertain that  the landing gear  is properly adjus ted .  
b.  Adjust t h t  gear d o u n  safe[! lock b! the lollowing procedure .  

I Place the a l rp lane  on jacks (Refer  t o  Jacking.  Section I l l  
2 .  Disconnect the re t racuon transmission by pulling up o n  the emergency release l e \ e r .  
Z .  The do t rn  safer! lock should  be adjusted as  close t o  the spacer  ( I )  o n  the torque a r m  thru  boll 

( 2 )  a s  possible. yet freely engage when t h e  gea r  is full! ex tended .  
4 T o  adjust  the  lock.  remove cot ter  pin 17). l oosen jam nut (6 )  a n d  tu rn  lock a r m ( 4 l  in the  desired 

d i rec t ion.  
5 .  I f  one-half t u rn  1s needed f o r  correct  adjus tment .  r e m o l e  bolt ( 1 0 )  a t taching lock f i t t ~ n g  ( 8 )  t o  

the  bulkhead bracket a n d  turn  fitting in the  desired direction.  
6 Install fitting a n d  spr ing (9)  in the  bulkhead bracket a n d  secure wirh bolt .  
5 .  Tlghten j am nut.  install co t t e r  pin a n d  safety wire a t tachment  bolt head.  

c .  Check the gear d o w n  safety lock by using the following procedure:  
I .  Install the emergency gear  extension lever in the  to rque  tube  socket.  making sure  11 1s properly 

seared a n d  lull! extended.  
2 .  Attach a n  accura te  spring scale (0  t o  100 pound  range)  t o  the  bo t tom of the  extension l e \ e r  

k n o b .  
3.  Pull out  o n  the  gear  moto r  circult breaker a n d  tu rn  o n  master switch 
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Figure 7-18. Landing Gear Warning Switch lnstallat~on 

4. Disengage the down safet! lock and measure force on the exension lever b! pulling hor~zo 
tall! aft on the spring scales unti l  the gear downlock light goes out. 

5. Engage the down safer! lock and make the same force measurement ~ i t h  the addition of .I 

pounds to the first measurement. 
6 .  The gear downlock light should remain "0s". 

0 
7 .  I f  the gear downlock light goes out. check adjustment of the landing gear retracllon s!stem. 

7-51. L A S D I V G  G E 4 R  W A R X I S G  SWITCH 

7-52 R E M O V A L  O F  L A S D I Z G  G E A R  U'ARNISG SWITCH.  
a. Remole the left s~de panel f rom the throttle quadrant by loosen~ng the snap fasteners or rerno\Ing 

attach~ng screus. 
b. Remove screws. nuts and washers attaching switch bracket to quadrant. 
c. Disconnect the ekctrical wlres from the switches and remove the switches and bracket. 

7-53. I S S T A L L A T I O S  O F  G E A R  W A R N I N G  SWITCHES. 
a. Connect the electrical leads to the micro switches. 
b. Place the switches in  their bracket and secure with assembly to the throttle quadrant wi th screws 

washer and nuts. 
c. Adjust warning switches per paragraph 7-54. 
d. Place the side panel on quadrant and snap into place or secure with screws. 

Issued: 12/29/72 LAl r iD lNG GEAR A N D  B R A K E  SYSTESI 
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7-54. A D J U S T M E S T  O F  G E A R  W A R N I N G  SWITCH.  The following i s  the procedure for adjusting the 
gear warning horn micro switches. 

a. Start and run up the engines with the propeller set for high R P M .  Retard the throttle unti l  I 2  inches 
o f  manifold pressure i s  indicated. 

b. Mark  the throttles i n  some manner so they can be returned to the proper setting indicated during the 
run-up after the engines have been shut down. 

c. Place the airplane on  jacks (Refer to Jacking. Section 11) and retract the landing gear. 
d. Position the throttle at the location which gave the proper manifold pressure indication. 
e. Wi th  the battery master switch ON. loosen the mounting screws ( I )  (Refer to Figure 7-18) on the 

micro switch mounting bracket and move the s ~ i t c h e s  up or down unt i l  the gear warning horn starts l o  
operate. 

f. Tighten the mounting screws to secure the switches. 
. W i th  the gear warning horn operating. lower the gear to insure that the horn ceases to operate when 

the gear i s  down and locked. 
h. Remove the airplane from the jacks. 
i. Flight test the airplane to insure proper operation o f the gear warning system with the gear up and 

power reduced belou 12 inches o f  manifold pressure. 
j. Reduce power on one engine and insure amber light flashes. 
k .  I f  horn fails to operate at the required setting. mark the throttles at the proper manifold pressure and 

repeat the adjusting procedure. 

7-55. WHEELS 

7-56. R E M O L ' A L  A S D  D I S A S S E M B L )  O F  XOSE W H E E L .  (Refer to F~pure i -19. )  
a. Place the airplane on jacks. (Refer to Jacking. Section 11.)  
b .  T o  remo\e the nose uheel. remo\e the axle t l e  rod nut. ue rod and axle plugs. Insert a 1.17' inch 

diameter tube into the fork and tap out the axle from the uheel assembl! 
c. Flex the fork enough t o  remoie the wheel spacers and to a l lou the wheelto clear the fork assembl! 
d .  The wheel ma! be disassembled by deflaung the tlre and removlngthescrews(8) securingthe grease 

seal retainers ( 5 1  
e. Remole the retainer and bear~ng cone, 14). 
f Remo\e the bolt> (12) securing the wheel halies and separate them. 
p. The bearing cups ( ? I  should be removed onl! for replacement and may be removed h! tapplnp 

e\enly from the ins~de of the uheel. 

Issued: 12/29/72 L A R D I N G  G E A R  A N D  B R A K E  SYSTEM 
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1. WHEEL HALF 7. WASHER 
1. WHEEL HALF 0. SCREW 
3. BEARING CUP 9. WASHER 
4. BEARING CONE 10. NUT 
5. G R W E  SEAL RnAINER 11. WASHER 
6. G R W E  SEAL. FELT 12. BOLT 

Figure 7-19. Nose Wheel Assembly 

7-57. INSPECTION OF NOSE WHEEL ASSEMBLY. 
a .  Visually check all pa r t s  for c racks ,  'distortion, defects and excess wear 
b.  Check tie bclts for looseness o r  fai lure.  
c .  Check internal diameter of iel t  grease  s e a l s .  Replace the felt grease  seal 

if surface is hard o r  gr i t ty .  
d . Check t i r e  for cuts, internal bruises and deterioration. 
e .  Check bearing cones and cups for wear and pitting and relubricate.  
i . Replace any wheel casting having visible c racks .  

7-56 .  .4SSEblBLY AND INSTALLATION OF NOSE WHEEL. 
a .  Ascerrain that the bearing cup (3) in each wheel half is properlv 1n>t3IIed 

Install the t i r e  and join the two wheel halves. Install the through bolts ( 1 2 )  ,.vtrh 

the nuts (10) to the wheel valve stem side, torque to the specification given on the 
wheel and inflate the t i re .  

b .  Lubricate and install bearing cones (4). 
c .  Install grease seals  (6) and reRine r s  (5) and secure  w ~ t h  screws ( S ) .  
d .  Flex the fork enough to allow for the installation of the wheel and spacer  

cubes. Inser t  the axle tube, fork caps and tie bolt. Adjust the tie bolt nut to 31- 

low the wheel to nun f ree  yet not fit loose on the ax le .  

L.4 NDlNG GEAR AXD BRAKE SYSTEhl 
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Figure 7:20. M a i n  Wheel Assembly. Serial No,. 30-2 to 30-845 lncl.  

7-59. REXIOVAL A S D  DISASSEMBLY OF M A l V  W H E E L .  
a .  Place the airplane on jacks. (Refer l o  Jack~ng. Section I 1  I 
h. Remo\e rhe four bolts j o i n ~ n g  brake c!linder and lining back plate assembly and remoxe thc brakc 

assembl! 
c. O n  airplanes u11h Serial Vos. 30-2 ro  30-845 ~nclusive. removeand d~sasiemble the \$ heelaz i o I I o \ \ ~  

IReier to F~gure 7-20): 
I. Remote the axle tie rod nut. t i e  rod and axle plugs. 
2 .  Insert a 1.875 inch diameter rube into the fork and tap out the axle i rom the \\heel amembl! 
7 In5ert a pr!Ing roo1 bet\ \eenrhesideoltheforkassembl!  and uheeland appl! enougil prr,,urr. 

on the fork to allo\r the wheel to clear the fork arsembl!. 
4. The wheel ma!. be disassembled b! using the iollon-ing procedurc: 

s 7  \crc\\ (a) Deflate the tire and remo\e the pease seal rerainer 1 5 )  b! remo\ing t h ~ ,  ; i ~ ! ~ i h ~ n ,  
(8). 

(b )  Remo\e the bear~ng cone5 ( 4 ) .  
(c)  Remove the bolts (12) securing the wheel haI\e\ together. 
(d) The bearing cups (3) should be rernoled only lo r  replacement and mil! he rCnlcned h!, 

tapping evenly from the inside. 

Revised: 1016177 I .AXDIXC;  (;EAR A N D  BH:\KE S I S T E l l  
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1 .  OUTER WHEEL HALF 
2. INNER WHEEL HALF 
3. BEARING CUP 
4. BEARING CONE 
5 .  GREASE SEAL RETAINER 
6 .  GREASE SEAL. FELT 
7. WASHER 
8. SCREW 
9. WASHER 

10. NUT 
11. WASHER 
12. BOLT 
13. BRAKE DISC 

30.23 

Figure 7-21, Main Wheel Assembly, Serial Nos. 30-846 to 30-2000 incl 

d .  On airplanes with Serial Nos. 3&846 to 30-2000 inclusive, remove and dis3ssembl: 
the wheel as follows (2efer t o  Figure 7-21): 

1 .  Remove the axle dust cover bv removing attaching screws. 
1. Remove the cotter pin and axle nut and slide the wheel off the axle. 
3. The wheel may be disassembled by deflating the tire and removing the snay rings 

( 10) securing the grease seals (6) and seal retainers (5).  
4 .  Remove the bearing cones (4) and remove the bolts (7) securing the wheel 

:lalves. 
5 .  The bearing cups (3) should be removed onlv for replacement and may be 

removed bv taoning evenly from the inside of the wheel. 

7-60: INSPECTION O F  WHEEL ASSEMBLY. 
3. Vimallv check all parts for cracks, distortion, defects and excess wear. 
b. Check tie bolts for looseness o r  failure. 
c. Check internal diameter of felt grease seals. Replace the felt pease seals if surfucs is 

hard o r  gritty. 
d. Check tire for cuts, internal bruises and deteriontion. 
e. Check bearing cones and cups for wear and pitting and relubricate. 
f. Replace any wheel casting having visible cracks. 

LANDING G E A R  AND BRAKE SYSTEM 
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a 7-61. ASSEMBI.) '  A X D  I X S T A L L A T I O N  O F  M A I N  W H E E L .  
a .  Ascertdln tha t  the  bear ing c u p  ( 3 )  in each wheel half is properl! installed. 
b ,  Install tire a n d  joln the  t w o  wheel halves. 
c.  Insert through bolts  ( 1  2 )  with bolt  heads  o n  the  b rake  disc side a n d  to rque  t o  specifications p e n  o n  

t h e  wheel a n d  inflate t lre.  
d .  Lubricate the bear ing cones  ( 4 )  a n d  install bearings. grease seals (6)  a n d  retainers ( 5 ) .  Secure  

retainers with screws o r  s n a p  rings. 
e .  O n  airplanes wi th  Ser ia l  Nos .  30-2 t o  30-845 inclusive. install t h e  wheel a s  follows: 

I .  The  wheel m a y  be  installed by flexing t h e  fork enough  to allow fo r  instal lat ion of wheel a n d  
spacer  tubes.  

2. Insert the  axle  tube .  fork c a p s  a n d  tie bolt. 
3.  Adjust t ie  bolt nut  t o  a l low the  wheel t o  tu rn  freely yet not  fit loose o n  t h e  axle .  

f. O n  a ~ r p l a n e s  wi th  Ser ia l  Nos .  30-846 t o  30-2000 inclusive. install the  wheel a s  follow>: 
I .  Slide the  wheel o n  the  axle .  
2 .  Tighten t h e  ax le  nut  t o  a l low the  wheel t o  turn  {reel! !et not  fit loose o n  the  axle .  
3 Safet! the  ax le  nut  a n d  install dus t  cover.  

g .  Install the b rake  assembly b! posit ioning t h e  b rake  lining back plates between t h e  wheel a n d  b rake  
disc  a n d  t h e  brake  cxlinder o n  t h e  t o r q u e  plate.  Insert the  spacer  block a n d  sh im between t h e  back plates a n d  
cydinder. a n d  install the  f o u r  bolts t o s e c u r e  theassembly.  I f t h e  b rake l ine  wasdisconnected.  reconnect the  line 
a n d  bleed the  brakes. ( R e f e r  t o  P a r a g r a p h  7 - 7 2 )  

7-62. B R A K E  S \ 'STEk1  

7-63, REMO\ :AL A S D  D I S A S S E M B L Y  O F  W H E E L  B R A K E  A S S E M B L ) ' .  (Refe r  t o  Figure 7 - 2 2 )  
a .  To remove the  b rake  assembly.  disconnect the  brake line f r o m  the  b rake  c y l ~ n d e r  a n d  cap  i t  t o  

a pre len t  contamination. 
b.  Remove the four  c a p  bolts  ( I )  tha t  join the  b rake  c \ l inde r  housing ( 3 )  a n d  lining back plate 

assemblies 112). Remove the  back plates f rom between the  brake  disc a n d  wheel. 
c .  Slide the brake  c y l ~ n d e r  housing f rom the  to rque  plate (131. 
d Slide !he pressure plate 171 a n d  lining 181 off the  anchor  bolts  114) of the  c!l~nder h o u s ~ n g  (31.  
e.  The  plstons ( 5 )  ma! be  removed by injecting Ion' air  pressure in t h e  cylinder n u ~ d  ~ n l e t  a n d  forclng 

them from i h ?  housings 
f .  The  lining 18 a n d  I I I can  be  removed b! p r \ i n p  i t  f rom the  pressure p l a t e ( 7 )  a n d  back plates 112). 

Issued: 12/29/72 
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1 
Figure 7-22. Wheel Brake Assembly 

7-64. CLEANING. IKSPECTION A N D  REPAIR OF WHEEL BRAKE ASSEMBLY. 
a. Clean the assembly with a suitable solvent and dry thoroughly. 
b. Check the walls of the cylinder housing and pistons for scratches. burrs. corrosion. etc.. that may 

damage "0" rings. 
c. Check the generalcondition of the brake bleeder screw and lines. 
d. Check the brake disc for wear. grooves. scratches, pits o r  coning. Coning beyond .015 in either 

direction would be cause lor  replacement. Wear of the disc should not be less than 0.345 o l  an  ~ n c h  at its 
thinnest point. A single groove or isolated grooves up t o  0.031 of an  inch deep would not necssitale 
replacement. but a grooving of the entire surface would reduce lining life and necessitate replacement of the 
lining. Should it become necessary t o  remove the wheel disc. refer to  paragraph 7-66. 

e. If a powdry rust appears on the disc. it can be cleared up  by one or  two taxi braking applications. 
Heavier rust may require removal of the disc so  that it may be wire brushed and then sanded with 220 grit 
sandpaper. 

f .  The old lining can be removed by prying it  from the back plate and pressure plate and a new lining 
snapped into place. 

NOTE 

Linings should be replaced when the thickness of any one segment is 
0.093 of a n  inch or  less. or the lining is worn uneven. 

LANDING GEAR A N D  BRAKE SYSTEM 
Revised: 4 ;  61 8 1 2c22 
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A112 

PRESS 

CYLINDER BODY 
ANCHORBOLT 

HOLDING FIXTURE 

STEP A 

CYLINDER BODY 

ANCHOR BOLT 

HOLDING 
HOLDING FIXTURE 
FIXTURE 

STEP B STEP C 

CYLINDER BODY 

HOLDING FIXTURE 

STEP D 

- 
F ~ p u r e  7-??a. Removal a n d  lnstal larion of Anchor  Bolts 
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7-55. ASSEMBLY AND INSTALLATION O F  WHEEL BRAKE ASSEMBLY. (Refer to 
Figure 7-22.) 

a. Lubricate the piston "0" rings ( 4 )  with fluid (MIL-H-5606) and install on pistons 
t 5,. 

b. Stide the pistons in cylinder housing (3)  until flush with surface of housing. 
c. Stide the lining pressure plate (7)  onto the anchor bolts (14) of the housing. 
d. Slide the cylinder housing assembly on the torque plate ( 13) of the landing gear. 
e. Position the lining back plates (13) between the wheel and brake disc. Insert the 

spacer block ( 9 )  and spacer shim (10) between the back plates and cylinder housing, and 
install the four bolts (1) to secure the assembly. T orque to 6 0  inch-pounds and safety. 

f. Connect the brake line t o  the brake cylinder housing. 
g Bleed the b n k e  system as described in paragraph 7-72. 

NOTE 

Replacement brake bingi should be conditioned. 
Perform three consecutive hard braking applications from 45 
to 50 mph. Do  not allow the brake discs to cool substantially 
between stops. This procedure will wear off high spots and 
generate sufficient heat to glaze the linings. 

7 - 6 6 .  REPLACEMENT O F  WHEEL 
BRAKE DISC. 

a Place wheel half assembly into 
boiling water for five minutes and remove 
disc from wheel casting by use of pry 
bus .  (Refer to Figure 7-23.) 

b. Clean casting thoroughly and 
apply l~?an .  coat of zinc chromate paint 
in bnke  disc recess. 

c. Plat wheel casting into boiling 
w r e r  for a few minutes; remove and 
lnsen new replacement brake disc into the 
expanded wheel. Ascertain that bolt holes 
are alipned and b n k e  disc is properly 
seated. 

F i g u r e  i - 2 3 .  Removal of 
Wheel Brake Disc 

LAi\lDIKG GEAR A L W  BRAKE SYSTE11 
Revised: 6 / 4 / 8 1  
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I 
Figure 7 - 2 4 .  Brake Systeni  Installation 

L A N D I N G  G E A R  AND BRAKE SYSTEhl 
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7-67. REMOVAL OF BRAKE CYLINDER. 
a .  Disconnect the upper and lower brake lines from the cylinder and cap  the 

lines to prevent leakage br drain the fluid from the reservoi r  and cyl inder .  
b. Removethe cyl inder f rom i t s  attachment fittings by removing the attaching 

cot ter  pins, nuts, washer  and c l w i s  bits. 
c . Remove parking brake cable from cylinder by removing attaching clamp a t  

the top of the cylinder and loosening h e  set screw and pulling the cable from the 
a r m .  

7-68. DISASSEMBLY O F  BRAKE CYLINDER. (Refer to Figure 7-25 .) 
a .  Loosen the gland packing nut (5)and sl ide the piston rod assembly (8) our of 

the cylinder assembly (15). 
b .  Remove the snap ring (14) at the bottom of the piston rod assembly and 

sl ide off bushing (13). spring (l2), pisron (10). washer  (9), packing nut (7) and 
spring (4). 

c . Remove the nut (24). washer  (23). spring (22). bushing (21) and "0" ring 
(20) attaching the parking brake arm (25) to the cylinder housing (15). 

d .  Remove the lower fluid line fitting (19) and pull out the spring (Is) ,  "0" 
rhg (17) and valve (16). 

7-69. CLEAMNG, IISPECTION AND REPAIR OF BRAKE CYLINDER. 
a .  Clean the cylinder parts  with a suitable solvent and d ry  thoroughly. 
b.  Inspect the inter ior  walls of the cylinder for  scra tches ,  bur rs ,  corrosion.  

a 
e tc .  

s . Inspect rhe general condition of the fitcing threads of the cylinder.  
d Check the piston and valve for scratches,  bu r r s ,  corrosion,  e t c .  
e Repairs  to the cylinder a r e  limited to polishing out small  scratches,  bu r r s .  

etc.  and replacing valve washer sea l  and "0" rings. 

7-70.  ASSELIBLY OF BRAKE CYLINDER. (Refer ro Figure 7-25 , )  

NOTE 

Use a small  amount of hydraulic fluid (MIL-H-5606) 
on the "0" ring and component par t s  to prevent damage 
and e a s e  or handling during reassembly.  

a .  Install the "0" ring (17)on the parlung valve (16) and inser t  i t  into the cyl-  
inder housing. 

LANDING GEAR Ah73 BRAKE SYSTEL.1 
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Figure 7-25 .  Brake \ las te r  Cylinder .\ssernbly 
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b. Install spring ( 18) and fluid line fitting ( 19). 
c. Slide the actuating arm (25) into the cylinder housing and install "0" ring (20).  

bushing (21 ), spring (22). washer (23) and secure with nut (24). 
d. Install "0" ring on inside (5) and outside (6) of gland packing nut (7). 
e. Slide spring, gland packing nut (7). washer (9), piston (10) with "0" ring I I I ), 

spring (1 3) and bushing (13) on  piston rod (8) and secure with map ring (14). 
f. lnsen the pinon rod assembly into the cylinder assembly and tighten gland nut. 

7-71. INSTALLATION OF BRAKE CYLINDER. (Refer to  Figure 7-26a.) 
a. Position the cylinder in its mounting bncket and insert the upper mounting bolts 

from the inboard side o f  each cylinda along with the appropriate hardware as shown ir 
Figure 7-26a. 

WARNING 

The c o m c t  upper mounting bolt must be installed as shown 
in Figure 7-26a for the particular serial numbered lirctaft 
being serviced. 

b. Insen the parking b n k e  cable through the bushing in the actuating arm and secure 
with set screw. 

c. Clamp the cable housing t o  the upper part of the cylinder asumbly. 
d. Connect the brake fluid Lines to the cvlinder fittinps. ~~ ~~~ 

e. Bleed the brake system per instructi0"s given in p k g r a p h  7-71. 

7-71. BLEEDING PROCEDURE. If the brake line has been disconnected for any reason. it 
will be necessary to bleed the brake and h e  as described below. 

3. Place a suitable containtr at the brake reservoir to collect fluid overflow. 
b. Remove r'lc rubber bleeder fitting cap located on the bottom of rile brake unit 

\rousing on the landing gear. 
c, Slide 3 hcse over the bleeder fitting, loosen the fitting one n!rn and pressure fill the 

bnke  system wit!] M1L-H-5606 fluid. 

NOTE 

B \  watclling the fluid pass through the plastic hose at the top 
o i  the hrake reservoir. it can be determined whether any air 
113s entered the system. If air bubbles are evident. filing of 
the system shall be continued until all of the air is out of the 
system and 3 steady flow of fluid is ohrsined. 

. Tighten bleeder fitting and remove the hose. Check bakes  for proper pedal presn:re 
e. Reneat this 9rocrdure on the other gear. 
f. Drain e.icess fluid from reservoir to  Fluid Level line with a syringe. 

I 
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Figure 7-26.  Bleeding Brakes 
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Figure 7-26a. Brake Cylinder Installation 
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TABLE VII-I1 . TROUBLESHOOTING CHART (LANDING GEAR SYSTE.M) 

LANDING GEAR AND BRAKE SYSTEM 

2D6 
Issued: 12/39/72 

Trouble 

Landing gea r  r e a a c -  
tion system fails to 
operate.  

Warmng horn fails to 
operate when throttles 
a r e  closed and landing 
g e a r  1s recracang.  

Tran.;rr.~ssiun assembly 
niotor ~ l o c j  not stop 
when landing gear  1s 
In the iu i lv  extended 
poslnon. 

.Amber GE.4R UP light 
out .  

Cause 

Gear motor circui t  
breaker open. 

Wire broken on 
safety switch. 

Transmission motor 
assembly h o p e r -  
ative. 

Transmission motor 
assembly burned out. 

Micro switches on 
thrortles out of 
adjustment.  

Nose gear down limit 
switch inoperative. 

W a r ~ n g  horn assembly.  

Landlng gea r  down limit 
switches out of 
adjustment.  

Lamp burned out. 

Remedy 

Reset circuit  b reake r .  

Check safety switch and 
repair  wire connection 

Repair wiring and 
replace motor ~f 
necessary.  

Replace oansmiss ion  
motor assembly. 

Adjust micro switch. 
(Refer to Paragraph 
7-54 .) 

Repair wires and 
replace l i rn~r sw~rch  
if necessary.  

Adjust o r  replace if  

necessary 

Adjust down l i m ~ r  
switches. 

Replace lamp. 
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TABLE VU-U . TROL!BLESHOOTING CHART (LANDING GEAR SYSTEM) (cont) 

L..?\DISG G E 4 R  A N C  BRAKE SYSTElI 
Issued: 1 1,29172 

Remedy 

Adjust l imit switch. 

Reset c u c u i t  breaker .  

Adjust micro  swltch. 
(Refer to Paragraph 
7-54.) 

Repair wires  and 
replace limit switch 
i f  necessary.  

Adjust l ~ r n l t  swltch at  
r e u a c u o n  torque tube 
a r m .  

Replace lamp 

Adjust i ~ m l t  switches. 

Reset circuit breaker 

Trouble 

Amber GEAR UP light 
out.  (cont) 

W a r q  horn fails ro 
stop when throttles 
a r e  closed and landing 
gear is extended. 

Transmlsslon motor 
assemblv does not shut 
oi i  when gea r  is i n  fully 
retracred position. 

Green GEAR D O W N  
light out.  

i 

Cause 

Landing gear  up limit 
switch out of adjust- 
ment .  

GEAR INDICATOR 
LIGHTS circui t  
breaker  open. 

Micro switches a t  
rhronle conuo l s  out 
of adjustment. 

Nose gear  down limit 
switch inoperative. 

Landmg gea r  up limit 
switch out of adjust- 
ment . 

Lamp burned out .  

Gear  down limit 
switches out of 
adjusrmenr. 

GEAR INDICATOR 
LIGHTS circui t  
breaker open. 
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TABLE VLI-11. TROUBLESHOOTING CHART (LANDING GEAR SYSTEM) (cont) a 

LANDING GEAR AhD BRAKE SYSTEkI 

2D8 Issued: 12!29!71: • 

Trouble 

Transmission screw 
operates  but re lease  
rube remains 
srauonary . 

Landing g e a r  will re- 
cract with oleo s u u t  
in a depressed con- 
dition. 

Cause 

Bearing retainer  sleeve 
hits pin. 

Bearing retainer  sleeve 
hits ocher restr ict ion.  

Safety switch out of 
adjustment.  

Remedy 

Rig landing gea r  systenl 
so  chat when mans - 
mission motor a s sem-  
bly stops, bearing 
re tamer  sleeve is 
1 /8 inch o r  more  
from the roll pin stop. 

Remove r e s n l c d o n .  

Adjust safery switch. 

I 

i 
i 
I 
I 

i 
1 
I 

I I 
I 
I 

I 



PIPER TWIN COMANCHE SERVICE MANUAL 

I I I 
FRONT I ' 

I /  
, I  I 



PIPER TWIN COMANCHE SERVICE MANUAL 

Figure 7 - 2 6 .  Fabricated Nose Wheel Alignment Jig 
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140 ITYP.I 

075 ITYP.1 
A205 

FULL RADIUS - 

1 

I 
1.'19 

I MATERIAL. STEEL 4130. ,125 X . 75  X 5 . W  

I I 

v 
U 

1 

'-MATERIAL: TUBE STEEL 41 30 
1 3 /16 0.3. X ,937 1.0. X 1.43 L 

NOTE: AFTER FABRICATION OF ASSEMBLY 
HEAT TREAT TO 160000 -'I80000 PSI. 

A104 

TVPICAL INCTALL4T13hi 

I 
Figure 7-29. Fabricated Spanner Wrench 

LASDIYG GE.-\R A X D  B R A K E  SYSTEM 
lssucd. 12 !Z9 /7?  
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DIAL INDICATOR - 

I I 
Figure 7-30. Inspection o f  Rod End Bearings 

LAKDISG GEAR AND BRAKE SYSTESt 
Added: 6/28/76 

2D12 
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7-73. INSPECTION OF THE LANDING GEAR W A L  RETRACTION SYSTEM. (Reference material 
from Section W of this Service Manual.) 

a. Place the airplane on jacks. (Refer to Paragraph 2-12.] 
b. Disconnect each g a r  from the actuator. (Refer to Pardpphs 7-37 and 7-38.) ALSO disconnect the 

past center locking sprins. 
c. Inspect all components for condition and wear. (Refer to Pangraph 7-39 and Tables M-m and 

W-IV for wear limits.) 
d. Inspect rod end beuings for wear by dinching the bearing betwem a bolt and nut amngement as 

shown in Figure 7-30, and udng a dial indicator measure the total free play ktween the ball and raa,  the 
maximum service limit is ,005 of an inch. 

e. Check the thru center travel of both the left and right drag links on the nose gear. (Refer to 
Paragraph 7-1 0 and Figure 7-2.) 

NOTE 

Insure that both nose g a r  drag links contact their stops 
simultaneously. (Refer to Paragnph 7-12. Step "h.") 

f. Check the thru center travel of each main gear side brace link. (Refer to Paragmph 7-23 and 
Figure 7-8a.) 

g. Install the downlock  spring^ on the nose gar.  If only one spring is used, obtain Piper Senice Kit 
COT additional spring installation. (Refer to Paragraph 7-1 1 for installation instructions.) 

h. Disconnect and inspect mdn g a r  push-pull cables prior to instahtion. (Refer to Pangraph 7-39.) 
i. Hookup both main gem and check manual retraction only. (.Transmission not connected.) (Refer 

to Paragraph 741.) Coordinate the overcenter locks. (Refer to Panmph 74.) 
j. Hookup the nose gear (refer to Pangraph 7 4 )  and rig to operate with the main gear. 

(Transmission not connected.) Cmrdinate the overcenter l o c k  (Refer to Paragraph 747.) 

NOTE 

At this point the landing gar is now in a downlocked serviceable 
condition, without the benefit of the tranrmision. 

k. Perform a landing p a r  retraction load test per Paragraph 749. 
1. Connect transmission md prform a =traction and extension cycle of the landing gear 

electrically. Make the necessary limit switch adjustments per information given in Paragraphs 7 4 2  rhru 
7-54. 

m. I m  that the landing gear is down and locked; then remove the airplane from jacks. Make the 
appropriate logbook entries. 

L&\DING GEAR AND BRAKE SYSTEM 
Added: 6/28/76 

2D13 
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F i w  7-3 1. hiain Gar Wear Limits 
Revised: 41618 I LANDING G E M  AND BRAKE SY ST 
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LANDING GEAR AND BRAKE SYSTEM 2D15 

TABLE w-m. MAIN GEAR WEAR LIMITS 

Revised: 4/26/78 

Index 
No. 

1 

2 

3 

4 
4 

4a 
4a 

5 
5 

6 
6 

7 

8 

9 

10 

1 1  
1 1  
I 1  
1 1  

I2 
12 

13 

14 

Item 

Bolt 

Bushing 

w g  

Stud 
Stud 

Stud 
Stud 

BuhvU 
Bushing 

Bushing 
Bushing 

Bolt 

Shoulder 
Bushing 

Bolt 

Bushing 

Link 
Link 
Link 
Link 

Bearing- 
Rod End 

Mam spring 

Bungee Cord 

Pan 
No. 

AN26 

14843-1 6 

14843-30 

20829 
225 12 

20829 
225 12 

207376 
20737-1 4 

20737-5 
20737-1 3 

AN4 

20737-8 

AN26 

1484340 

2491 1 
25046 
20768 
22577 

3 4 1 2  
22943 

8330240 

Mfg 
I.D. 

.375/.373 

.374/.376 

.4365/.4385 

.4365/.4385 

.49al.s00 
5611.563 

.498/.500 

.56 11.563 

.25 11.249 

,3731.375 

.4365/.4385 

.4365/.4385 

.4365/.4385 

Spring is 
extends the 
(measured at the inside of end loops.) 
Inspect for frayed protective covering, breaks. and 
soft areas. Replace cords exhibiting these conditions. 

Limits 
O.D. 

.373/.37 1 

,4351.433 

.497/.495 

.560/.558 

.249 +.OW 
-.003 

,3731.37 1 

,4351.433 

servicable when a 12 
spring to 7-7/16 2 118 

Service 
Min. 

.370 

,373 

.374 

.432 

,4365 
,4365 

.494 

.557 

.498 

.561 

,498 
.561 

,245 

,249 

,370 

,373 
,432 

,4365 
,4365 
.4365 

pound 
inch 

Limits 
Max. 

.373 

.376 

,377 
,435 

.4395 
,4395 

,497 
.560 

S O 1  
,564 

,501 
.564 

,249 

,252 

,373 

,376 
,435 

,4395 
.4395 
,4395 

tmson load 
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TABLE W-lV. NOSE GEAR WEAR LKMlTS 

U I D M G  GEAR AVD B U K E  SYSTEM 
Revised: 4/26/78 2D 17 

Index 
No. 

1 

2 

3 

4 

5 

6 

7 

7 

8 
8 

9 

10 

1 1  

1 1  

12 
12 

13 

Pan 
No. 

AN6 

14843-18 

14843-1 8 

2073 7 4  

22066 

14843-1 8 

AN6 

AN6 

14843-18 
14843-1 9 

20803 

AN178 

20777 

31766 

171644 
171644 

13095 
2 Reg. 

Item 

Bolt 

M i 3  

Bushing 

M i 3  

Bolt 

M i 3  

Bolt 

Bolt 

Bushing 
Bushing 

w g  

Bolt 

Bushing 

Bushing 

Bushing 
Bushing 

Nose Spring 

Mfg 
I.D. 

.3745/.3755 

.3745/.3755 

.374/.376 

.37451.3755 

.3745/.3755 

.3745/.3755 

,3741.376 

.SOlS/.SOOO 

.5015/.5000 

.4995/.5005 

.49951.5005 

Spring is 
extends the spring to 4 inches (measured at the inside 
of the end loops.) 

Service 
Min. 

.370 

.3745 

.3745 

.374 

.3727 

.3745 

.370 

.370 

.3745 

.3745 

,374 

.4976 

,5000 

,5000 

.4995 

.4995 

pound 

Lirmts 
O.D. 

.374 +.OW 
-.003 

.3742/.3737 

.374 +.OW 
-.003 

.374 +.Om 
-.003 

.4991/.4986 

servicable when a 45 +_ 5 

Limits 
Max. 

.374 

.3765 

,3765 

.377 

.374? 

.3765 

.374 

,374 

.3765 

.3765 

.376 

,4991 

,5025 

.SO25 

.SO15 
,5015 

tension load 
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SECTION VILI 

POWER P U N T  
(Normally Aspirated) 

8-1. MTRODUCIION. This section covers power plants used in rhe PA-30 and 
is  comprised of insrructions for the removal, minor repair, service and instal- 
lation of the e w e  cowling, propeller, propeller governor, enpne, e n p e  shock 
mounts, inhct ion system, fuel injector, fuel air bleed m u l e s ,  igmtion system 
and lubricanon system. 

8-2. DESCRIPTION. ?hePA-30 is powered by two Avco-Lycoming 10-320-BU, 
four cylinder, direct drive, wet sump, br izomally  opposed, fuel injected, a i r  
cooled engines with acompression ratio of 8.5:l rated a t  160 HP at 2700 RPM and 
designed to operate on 91/96minimum octane aviation grade fuel. 

Cowling completely encloses the engines and consists of two side access 
panels, an upper and lower secuon and a nose section. The cowl flap is an itue- 
gral  part of the lower cowl and is  operated manually b o u g h  mechanical linkage. 

Propellers a r e  Hartzell fu l l  feathering, constant speed, each conaolled by 
a pve rno r  mounted on the englne supplying oil through the propeller shaft at 
various pressures. Oil pressure from the governor moves the blades into low 
pitch (high RPM). The centrifugal misting moment of the blades also tends :o 
move the blades into low pitch. Opposing these two forces is a force produced 
by compressed a i r  bemeen the cylinder head and the piston. ~vtuch tendsto move 
the blades into high pitch in theabsence of governor oil pressure. Thus, feather - 
ing i s  accomplished by compressed air .  

The airplane's induction system consists of a dry rype air filter and an al-  
ternate air door. The fuel system of the LO-320-BM enpnes consists of a Bend~v 
RS.4-5ADl rype fuel injector and an AC fuel supply pump as an integral part oi 
the fuel injector system. These enpnes a r e  normally asp~rated w ~ t h  no res t r l i -  
tlons on maximum power output. 

Oendix Scintilla S4LN-21 series magnetos a r e  installed on both engines. 
Each system consists of nvo single contact polntmagnetos w ~ t h  ~ n ~ p u l s e  coupl~ngs 
on the magneto drlve shaits to obtain the retard spark necessary lor starring. 

In addition to the aforementionedcomponents; each engine IS equipped w ~ t h  
a generator, on the earlier models, o r  an alternator, on the later models: a 
geared starter and vacuum pump. Enpne mounts a r e  steel rubing construction 

POWER PLAST 
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attached at the fireuall and incorporate vibration absorbing mounts. 
The lubrication >!stem is  of the ful l  pressure wet sump type. The oi l  pump. which is located in  the 

accessory hous~ng. draus or1 through a drilled passage leading from the oilsuctionscreen located in thesump. 
The oi l  from the pump then enters a drilled passage in the accessory housing. which feeds theoi l  toathreaded 
connection on the rear face of the accessory housing. where a flexible line leads the oi l  to the external o i l  cooler. 
Pressure o i l  from the cooler returns to a second threaded connection on  the accessory housing from whrch 
point a drilled passage conducts o i l  to the oi l  pressure filter. I n  the event that cold o i l  or an obstruction should 
restrict the oi l  flow to the cooler. an oi l  cooler by-pass valve i s  provided to pass the oi l  directly from the oi l  
pump t o  the oi l  prcssure filter. 

The o i l  pressure filter screen or element. located on  the accessory housing. is  provided as a means to filter 
f rom the oi l  any solid panicles that may have passed through the suction screen in  the sump. After being 
filtered through the pressure filter. the oi l  i s  fed through a drilled passage to the oi l  prcssure relief valve. located 
i n  the upper rrght side o f  the crankcase forward of the accessory housing. 

This relief vaI\e regulates the englne oi l  pressure by allowingexcessive oi l  toreturn to thesump. while the 
balance of the pressure oi l  i s  fed to the main o i l  gallery i n  the right half o f  the crankcase. Residual oi l  i s  returned 
b! gra\ir? to the sump u here. afler passing through a screen. i t  i s  again circulated through the engine. 

8-2a. S T A Z D A R D  PRACTICES - EXGIXES.  The (allowing suggestions should be applied uherejer !he! 
are needed when worklng on the power plant. 

a. To insure proper reinstallation and or assembly. tag and mark al l  pans. clips. and brackets as to 
their location prior to t h e ~ r  remo\al and o r  disassembly. 

b. Dur ing removal of Larious tubes or engine parts. inspect them for indications of scoring. burning or 
other undesirable conditions. T o  lacilltare reinstallatron. observe the location o f  each p a n  during removal. 
Tag an! unserviceable part and or units for investigation and possible repair. 

c. Extreme care must be taken to prevent foreign matter f rom enterlng the engine. such as lockuire. 
uashers. nut,. dirt. dust. etc This precaution applies u heneler work i s  done on theengine. ellher on or offthe 
aircraft. Su~table protecti\e caps. plug>. and co\ers must be used to protect al l  openlngs as the! are exposed. 

S O T E  

Dust caps ubed ro protect open lines must always be installed O \ E R  
the ~uheendcand SOT I S  thetuheends. Flouthroughthel inec ma! 
be hlocked off i f  lines are inadvertentl! installed with dust caps in  the 
tube ends. 

d. Should an! items be dropped into the engine. the assembly process musl stop and the item removed. 
e\en though 1h13 ma! require considerable time and labor. Insure that all parts are thoroughl! clean before 
assembling. 

e .  Sever reuse an! lockuire. lockwashers. tablocks. tabwashers or cotter pins. A l l  lockwire and cotter 
pins must l i t  znugl! in holes drilled in  studs and bolts for locking purposes. Cotter pins should be installed so 
the head fits into the castellation of the nut. unless otherwise specified. bend one end o f  the pln back over the 
stud or bolt and the other end down flat against the nut. Use only corrosion reslsrant steel lochuir? and or 
cotter pins. Bushing plugs shall be lockwired to the assembly base or case. D o  not lockwire the plug t o  the 
bushing. 

I. A l l  gazkets. packings and rubber parts must be replaced wi th new items o f  the same type at 
reassembl!. Insure the neu nonmetallic parts be~ng  ~nstalled shou no sign of havingdeteriorated in storage. 

Revised: 10/28/82 POWER P L A N T  
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g N hen installing engine pans which required the use o f  a hammer to facilitate assembl? 
installation. use onl! a plastic or rawhide hammer. 

h. Anit-*size lubrication should be applied toa l l  loose-fit spline drives which are external to the engi 

paste or poudered form mixed with engine o i l  or grease may be used. 

8 
and haye no other mean, o f  lubrication. For certain assembl! procedures. molybdenum dlsulfide I n  either 

Ensure that anti-seize compounds are applied i n  th ln even coats. and 
that excess compound i s  completelx removed to avoid contamlna- 
t ion o f  adjacent parts. 

i. Temporary marking methods are those markings which wi l l  ensure identification during ordinar! 
handling. storage and f inal assembly of part>. 

8-3. TROUBLESHOOTIUG.  Troubles peculiar to the power plant are listed in Table VI I I - I1 in the back ol  
this section. along with their probable causes and suggested remedies. When troubleshooting engine>. ground 
the magneto primary circuit before performing any checks on the ignition system. 

8-4. E N G I S E  C O W L I N G  

8-5. R E M O V A L  O F  E T G I N E  COWLIXG.  The procedure for removing the cow l~ne  i s  the same lo r  both 
engines. 

a .  Release the fasteners and remove the two side access panels. 
b. Rsmoie the screws that secure the top cou l  and then remove coul. 
c D~sconnec~ the flap control rods by remoi ing cotter pin. masher and pln. 
d Support the bottom cou l  and remoie attaching screus. 

THIS S P A C E  ISTEhTIONALLY LEFT BLAKK 
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1 RIGHT SlDE COWL 
2. NOSE COWL HINGE PIN. 
3. ACCESS DOOR. ENGINE 
4. TOP COWL 
5 .  STUD 
6 NOSE COWL HINGE PIN. 

BOlTOM 
7. STUD FASTENER 
8 RIGHT NOSE COWL 

12. DRAIN FllTlNG 
13. LEFT SlDE COWL 

TOP 
OIL I 

1 \ 

ADJUST HOUSING TO ACT AS STOP LMD 

WHEN COWL FLAP IS OPEN 2 IN. AT HOU 

TRAILING EDGE OF COWL FLAP 

i CONTROL 

I COWL{~% ! AD LIST YNUGETO HAVE 00, - I WITH SKIN WHEN STOPLUG Cl 
I 1 I STOP BUSHING, 

TO 
COWL 
FLAP 

-- ~ 

Figure 8-1. Engine Cowling and Cowl Flap Rigging 
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e. Lower cowl a few inches and disconnect drain lines. 
f. The nose cowl may be removed by pulling ou t  the upper and lower hinge pins and 

splitting the cowl. 

8-6. CLEANING. INSPECTION AM) REPAIR OF ENGINE COWLl5C. 
a. The cowling should becleaned with a suitable solvent and then wiped with a dean 

cloth. 
b. Inspect the cowling for dents. cncks,  loose rivets. damaged or missing fasteners. acd 

damaged fibergIas areas. 
c. Repair all defects to  prevent funher damage. Fiberglas re?air procedures ma! be 

accomplished according t o  Fiberglss Repairs. Section IV. 

8-7. INSTALLATION OF ENGINE COWLING. The procedure for installing the coul is 
the same for both engines. 

a. Position the two nose cowl halves on the front of the enwne and secure wirh !~in$e 
pins. 

b. Position the bottom cowl and connect the drain lines. 
c. Attach the bottom cowl to the aft nacelle section and the nose cowl wirh screws. 
d. Position the top cowl and secure with anaching screws. 
e. Connect the cowl flap control rods to  cowl flap with attaching pin. washer ~ n d  

sorter pin. 
f. Position the side access panels and secure with fasteners. 

8-7a. COWL FLAP RIGGING (Refer to Figure 8-1.) 
a .  Adjust the cowl flap control cable housing to act as thc stop when the cowl flap is open 

2 inches at its trailing edge in relation to the bottom engine cowl. 
b. Adjust the cowl flap linkage to have the cowl flap flush with the bottom englne cos l  

when the stop lug contacts the stop bushing (closed position). 

8-8. PROPELLER. 

8-9. REMOVAL O F  PROPELLER. (Refer to  Figure 8-2.) This includes all propellers, 
standard and with spring backup kit installed, identified by a letter "S" in the dash number. 

NOTE 

When removing the propeller, it is unnecessary to  remove the 
spinner, feather the blades, or  remove the air charge. When 
the propeller is removed for x ~ c e  o r  overhaul, the propeller 
with the spring kit installed should be fa the red  on the 
aircraft (we following "CAUTION") and the spinner o n  
either prop must be removed according to section d of this 
paragraph. 
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WARNTNG 

Do not attempt to  disassemble the propeller assembly any 
further than stated in this manual. Only personnel at a 
certified repair shop are authorized for repair and overhaul of 
the propeller mechanism. 

CAUTION 

Under NO condition should blade paddles be used on either 
propeller. exccnt to  unfeather a propeller with the spring kit 
inst;llled (see x n g n p h  8-1 1 ). If  a propeller is t o  be feathered 
on tkc ground. it should be done wit11 the engne operating, 
by ilsc of the propeller control on the throttle quadrant. 

CAUTION 

Prior to  ?errormine any work on the propeller, ascertain that 
11:: m m s r  s w ~ t c i ~  and magneto switches are O F F  (grounded! 
and t!?e mlrtQre control is in the IDLE CUT-OFF positlor.. 

- 
1 SPINNER CAPA?TACHMENT SCREW 2 0 7  
2 SPINNER CAP 
3 AIR VALVE 
4 CHECK NUT 
5 LOW PITCH STOP 
6 O-RING 
7 SPINNER 
8 SPINNER ATTACHMENT SCREW 13- 
9. C H E C K  NUT 12-, 

10. H U B  BOLT \ 11 H U B  NUT 
I 1  BLADE 
13 AFT SPINNER BULKHEAD 
14 STUD 
15 O-RING 
16 SHIM 
17. THIMBLE 
10 SPRING 
19. SLEEVE 
20. STARTER RING GEAR 

f- 
\ .  ' 

INSTALL FLANGE STUDS 
I N  SHORT BUSHINGS 

1839 
& 

Figure 8-2. Standard Propeller Installation 
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a. Remove all hardware that attaches the nosf cowl t o  the top and bottom en@ne 
cowls. The top and side panels of the main cowl assembly may be removed for geater 
accessibility. Work the nose cowl as far forward ar possible, reach through the openine and 
split the cowl by pulling the upper and lower hinge pins. Plien may be needed t o  remove the 
pins. The two halves of the cowl may be pulled forward and to either side of the propeller. 
which should be in a vertical position for case in removing the cowl. 

NOTE 

In some appropriate manner. index the propeller and sr2rt:r 
ring t o  facilitate installation.lExample - paint s t r i ~ e ) .  DCI not 
scratch tlic surface. 

h. Plact a drip oan under t!~e 7ropeller to ca:sh oil spillage. 
i. Cut safety wire around the aropeller mounting studs and remove ths stilds (141 i rcm 

the :n@ne flange by wrenching the nuts. These nuts are "frozen" to the studs witl: loct~re 
and secured with roll pins. so the studs should turn with the nuts. Pull the ?ropell?r irnm 
tlie ~ n g i n e  shaft. 

d. In  the event that the spinner and spinncr bulkhead are to be removcd for cleaning. 
inspection. adjustment of pitch stop. etc., removc the spinner nose u p  attacl~ing scrcwh clnd 
cap ( I  and 1). Remove the spinner (7) by removing the safety wire and check nu1 141 from 
tlie propdler at the forwiird end of the forward spinncr bulkhead and the screw> (8) that 
secure the spinner t o  the aft bulkhead (13). The aft spinner bulkhead may be removed from 
the hub by removing the locknuts ( 1  1 ). 

8-10. CLEANING, INSPECTION AND REPAIR OF PROPELLER. 

CAUTION 

Prior t o  performing any work around propeller, discharge the 
dome pressure. 

a. Check for oil and grease leaks. 
b. Clem the spinner, propeller hub and blades with a non-corrosive solvent. 
c. Inspect the hub parts for cncks.  
d. Steel hub parts should not be permitted to rust. Use aluminum paint to touch up, if 

necessary. or replate during overhaul. 
e. Check all visible parts for wear and safety. 

Issued: 12i29171 
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f. Clieck the blades of the standard propeller to  determine whether they turn freely on 
the hub pivot tube. This can be done by rocking the b lada  back and forth through the 
slifit freedom allowed by the pitch change mechanism. Do this by hand being careful not to 
slam the internal mechanism against the stops. If blades appear tight and are property 
lubricated, tlie propeller may need internal repair. (See WARNING on page 8-4.) This 
cannot be done with the spring propeller due to  the p m u r e  exerted by the spring wen 
though the dome pressure is discharged. 

e Inspect blades for damage or  crack.  Nicks in leading e d g a  of blada should be filed 
otlt >nd d l  edges rounded, as cracks sometimes start from such places. Use fine emery cloth 
for finishing. Refer to Figure 8-3 for propeller blade are. 

h. Check condition of propeller mounting nuts and studs. 

NOTE 

It is recommended that for s c v m  damage, internal repain 
and replacement of parts, the propeller should be referred to 
the Hanzell Factory o r  Certified Repair Station. 

i. Each blade face should be sanded lightly with i i e  sandpaper and painted. when 
necessary. with a flat black paint to retard glare. A light application of oil or wax may be 
applied ro the surfaces to prevent corrosion. 

j. Grease the blade hub through the zerk fittings. Remove one of the two fittings for 
each propeller blade; alternate the next time. Appiy grease through the ze* fitting until 
fresh pease appears at  the fitting hole of the removed fitting Cam should be taken to avoid 
blowing out the hub gaskets. 

k. Check for air leaks by applying a soap solution around the air valve and stop 
adjustment nut. Internal leakage will show up  u air floors through the piston rod. 

a 
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EXAGGERATED VIEW OF EXAGGERATED Y < I I  Or 
SURFACE CI.CK W l C l  IN FACE OF aLADT 

C I l D l l  SCC1IO" 
.EVO"< aeP.,m - 

O I  WICKS l m T 0  LLADI-C 
LDGL I L I C m I L - I  W I I *  
S Y 0 0 1 . 4  CU.VLI 

NOTE lECOYYEUDEOUETM00 101 R E W V I N G  NICKS 
C R I C I S  ANDSCnITCMES ISBV U Y U G  I I F F L E  
F ~ L E  AND/OR C ~ O C L S  CLOTH 

- 
Figure 8-3. Typical Nicks and Removal Methods 

8-1 I .  INSTALLATION O F  PROPELLER. (Refer t o  Figure 8-2.) 

CAUTION 

Prior to performing any work around propeller, ascertain that 
the master switch and magncto switches are O F F  (grounded) 
and the mixture control is in the IDLE CUT-OFF position. 

. Clean the  nropeller flange, starter ring and crankshaft flange. 
b. Inst;~ll s~i inner  bulkhead (13) on  propeller hub and secure with locknuts. Torque 

boll, tn sjiccil'ications given in Table VIII-I. 
i.. Ascertain that the starter ring gear is properly on the crankshaft flange. The oversize 

:!olr. i l l  tl!c starter ring must go over the oversize bushing. 
d .  Position the prop flange and starter ring gear so the two short bushings are 

I ~ o r ~ / o n t d l .  (Refer t o  Figure 8-2.) 
c. Lubricate and install "0" ring ( I  5 )  in prob hub. 
f. Illstall sleeve (1 9), spring (18). thimble ( 1  7 )  and shim (16) in engine crankshaft on 

POWER PLANT 
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propeller installations NOT using the s p ~ g  back-up system in rhe hub. 
g. Place the propeller in a horizontal position and mount to the engine cnnkshaft. 

Check alignment of paint stripe (refer to NOTE under Panmaph 8-9). Screw each stud into 
~ t s  mating engine flange bushing a few threads at a tune until all are trght. T o q u e  the studs 
to the specifications given in Table V111-I. 

h. Safety studs with MS20995C41 wire. Safety wire is inserted thmugb the roll pins. 
i. lnrull spinner (7). T o q u e  spinner ocrewr (8) and check nut (4) pr Table VIII-I. 

Safety check nut with MS20995C41 wire. 

Issued: 1/31 :'74 POWER PLANT 
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- . -- - I 
NOTE 

Do no t  check pressure o r  charge cylinder with PROPELLER 
in the feathered position. 

CAUTION 

To obtain an accurate pressure reading when checking 
propeller dome air pressure or t o  insure complete release of 
all air pressure, place the propeller CONTROL in the feather 
detent before measuring o r  releasing propeller air pressure. 
This procedure will insure the Cree flow of all air within t he  
prop dome and prevent possible error in pressure readings o r  
injury t o  service personnel sliould the low pitch s top be 
removed. 

NOTE 

If the propeller is in feather on the ground, it is undesirable. 
t o  run it ou t  o f  feather through engine operation due  t o  
roughness which will occur possibly causing severe damage t o  
engine mount  and  exhaust system. Remove the air charge, 
unfeather the blades with equal pressure anplied bv means or 
blade paddles used on both blades as close t o  ths  hub as 
possible. Listen for  the quite distinctive "clicks" of the high 
pitch s t op  pins. then s top  and remove the paddles. 

J .  Charge the cylinder through air valve ( 3 )  with dry air or nitrogen gas t o  the 
prescr~bed pressure. Refer t o  Table VI11-I of this manual for an exact pressure ior tllc 
r i is t ing temperature. It is most important that an accurate charge be nialntalned. 

k. The amount  of air pressure per existing temperature. as shown b)  Txble VIII-I. I, 

very Important and should always be used. If excessive pressure is used in the propeller. 
tilere is a possibility of feathering taking place at idle speed when the e n g ~ n c  is warm and tlic 
oil viscosity is low. An accurate air pressure gauge should always be used. A pressure gauge 
dnd vake kit. number 756 771,  may be purchased through a Piper Dealer or Distributor. 

I .  When recharging the propeller. dry air o r  nitrogen gas should be uwd.  l r  is important 
1101 t o  allow motsture t o  enter  the air chamber as this could cause the piston ro ireerc 
during cold weather operation. 

m .  Tcst for leakage by using a soap solution o r  equivalent and applying i t  around tllr dlr 
valve stem and adjustment s top  nut .  

n. T o  reinstall engine cowling, first put the propeller in a vertical pos i t~on  then i l l  tllc 
Iwo halves of the nose cowl together behind the spinner bulklle3d and pin them togcther 
with the two  hinge pins through the top  and bot tom hinges. Slide the nose cowl ba~ .k  a l ~ d  
in to  proper location with the engine cowls. Locate h o k s  dnd install dl1 Ilxrdwxrr I I I J I  
a t taches the cowls together. Install top  and side engine cowl panels II' removed. ln\txll 
3pinner cap.  

POWER PLANT 
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TABLE VIII-I 

PROPELLER SPECIFIC.1TIONS (PA-30) 

Blade Angle Low Pitch (High R P W  12' i 0 . 0 1 5 ~  ' I )  I 
High Pitch (Low RPM) 78' ( 8 ,  

ill  it^^^.^ TA.II 17 3 0  I.E* S T A T , O ~ .  (Feathered) 

Propeller RPM Engine Static High RPM 2700 max 
S e n ~ n g  Engine Static Low RPM 1 8 5 0 i  50 min 

Propeller Torque Description Required Torque 
Limits (Dry) 

Spinner Bulkhead (Aft)  22  foot-pounds 
Propeller Mounting Bolts 50  foot-pounds 
Propeller Mounting Studs 40-42 foot-pounds 
Spinner Bulkhead Check 3 5 4 0  foot-pounds 

Nut 
Spinner Attachment Screws 4 0  inch-oounds 

CHAMBER PRESSURE REQUIREMENTS WITH TEMPERATURE 
HC-E2YL-2, HC-E2YL-2B or HC-E2YL-2BF 

Temp. O F  Press. (psi) Temp. ' F Press. (psi) I 

I Temp. O F  Press. (psi) 

100 53 
70 50 
4 0  4 5  
10 44  

-:o 4 1 

SOTE: Do not iheck pressure or charge w ~ t h  propeller in feather position. 

POWER PLANT 
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8-1 2. A D J U S M E h T  O F  LOW PITCH BLADE ANGLE A N D  STOI' 

NOTE 

Both types of propellers referred to. comc from tllc factor)/ 
with the low pitch stop adjusted for proper b h d r  ;~nglc. l i .  
however this adjustment has been disturbed. the procedure 
given below is used for obraining blade angle. but applies 
only t o  the propeller without the spring kit .4-2273 inbt3lled. 
There is no way to  check the low pitch blade angle 01 the 
propeller, with the spring kit installed, in the ficld. This is 
due to the internal spring producing a force near to  t h ~ t  OI 
the air charge in the standard p ro~e l l e r  which can and Iias to 
be released to  make this adjustment. T i e  spring rn?nlies 
constant pressure to the blades making it vem diffic~llt to 
rotate the blades to  a point where the low pitch stop 1s 
contacted. Therefore, if the blade angle on a snring propcllrr 
is suspected t o  be wmne it should be referred back to  thr 
Hanzell factow or Certified repair shop. 

a. Procedure for obtaining blade angle and adjusting low pitch stop. 
1. The blade angle (refer to Table VIII-I) is determined by p l ~ i i n g  a propeller 

protractor on the face side of the propeller at the 30 inch station as me~>ured from the hub 
centerline. The blade must be horizontal. 

2. The Low pitch stop is adjusted by rotating a screw in the n o x  of the propeller 
cylinder. Rotating the screw clockwise increases the low pitch angle and reduces the srarl; 
RP41 by about 100 RPM for each half turn, or  vice versa. 

CAUTION 

Before adjusting thu low pitch stop screw. the air pressure 
should be dropped to  zero. Unless this is done. it is possible 
t o  unscrew the low stop far enough to disengage the threads, 
allowing the air p r e w r e  to blow the stop screw out with 
great force. T o  insure the complete discharge of all air 
pressure within the dome, place the propeller CONTROL in 
the feather detent. T h e n  should be at least four threads of 
the stop screw engaged. 

POWER PL.\hT 
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b. After the low pitch stop has been adjusted for Froper bladc angle, torque the low 
pitch stop jam nut to 30 foot-pounds. The governor should then be adjusted to obtain 
maximum rated engine RPM during take-off and climb (2700 RPM.) 

8-1 3. BLADE TRACK. Blade track is the ability of one blade tip to follow the other, whilc 
rotating, in almost exactly the mme p h e .  Excessive difference in blade track - more than 
0.062 inch - may be an indication of bent blades o r  improper propeller installation. Check 
blade track as follows: 

a. With the engine shut down and blades vertical, secure t o  the aircraft a smooth board 
just under the tip of the lower blade. Move the tip fore and aft through its full 
"bladeshake" travel making s m d  mark with a pencil a t  each position. Then center the tip 
between these marks and scribe a line on the board for the full width of the tip. 

b. Carefully rotate propellei by hand t o  bring the opposite blade down. Center the tip 
and scribe a pencil line as before and check that lines are not separated more than 0.062 
inch. 

c. Propellen having excessive difference in blade track should be removed and 
inspected for bent blades, o r  for parts of sheared 0-nng, o r  foreign particles which have 
lodged between hub and c r a n k h f t  mounting faces. Bent blades will require repair and 
overhaul of assembly. Other conditions wil l  require installation in the prescribed manner. 
t Refer to paragraph 8-1 1 .) 

8-14. PROPELLER GOVERNOR. 

8-1 5 .  REMOVAL O F  PROPELLER GOVERNOR. 
3. Rsmove the left and right side panels of the engine cowl. 
b. Rsmove the too enpine cowl by removing attaching screws. 
i.. Disconnect governor control cable from control arm by removing nut and washer 

from ball joint. 
d. Ditconnect control cable from bracket by removing nuts. washers and screws from 

ilam? 
c .  Remove nut and washer from governor adapter mounting stud allowing the control 

s3ble bnckct tn be removed. 
i. R-move the governor mounting stud nuts. It will be necessary to move the governor 

i r m  its mol~~nting pad as the nttts are being removed before the nuts can be completelv 
removed. 

g. R:move tke mni~nting gasket. If the governor is t o  be removed for a considerable 
lengtl~ of time and anotller unit is not substituted, it is advisable to cover the mounting ?ad 
to prevent damage L X U K ~  by foreign matter. 

POWER PLANT 
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8-16. INSTALLATION O F  PROPEL- I :. m * u  .o,us~sa. sc,c- 1 

S - I - .  .IDJL'STXIEST OF PROPELLER GOVERSOR. (Kefer to Figure 6 - 4 .  I 

a .  Start the engine, park at 90 degrees to wind direction. and warm in the 
normal manner. 

5. To check high RPbl, low pitch setting, move the propelier control all  the 
way fonvard. .At this position, the governor speed control arn; (2) should De 
against the hlgh FPM fine adjustment screw (1). With the rhrortle full fonvard. 
o b s e n e  englne FPbI which should be 2700 RPM. with high RPb1 properlv adjusted. 

i. Should engine FPM not be a s  required, the high RPU sening should !x ad-  
justed a s  io l lo t~s :  

1. Shut down the enplne and remove the left side access panel. 
2. .idjust governor by means of the fine adjustment screw for 2700 RPll. 

Loosen the screw locknut (5) and rurn the screw in a clockwise direction ro a e -  
c r e a s e  engine speed o r  in a counterclockwise directionto increase engine speed.  

LER GOVERSOR. 
a .  Clean the mounting pad thoroughly 

rnalang very certain that there a r e  no 
foreign parncles  in the r ecess  around 
the drive shaft. 

b. Place the governor mounting gas - 
ket in posiuon with the raised portion 
of the screen facing away from the en-  
gine. 

c .  Install the control cable bracket 
on  the governor. 

d. Align the splines on thegovernor 
shafr with the engine drive and the cable 
bracket with the governor adapter 

POIVER PL.IZT 
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rnounnng stud and slide the governor Figure 8-4. Propeller Governor 
Into position. 

e. With the governor in position, r a i se  the governor enough to installwashers 
and stan mounting nuts. Secure bracket to adapter withwasher and nut, torque- 
ing nuts evenly. 

f . Connect the control cable end to the governor control a r m .  The ball stud 
i s  installed in the inner hole of the control a rm.  

g. Secure rhe control cable to bracket with clamp, screw, washer and nuts. 
h. -Adjust governor conuo l  per  paragraph 8- 17. 
i .  Install enplne cowl pe r  paragraph 6 - 7 .  
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NOTE 

One revolution of the fine adiustment screw will increase or 
decrease the engine speed a~proximately 20 RPM. 

3. After adjustment is made, secure adjusting screw with jam nut. 
4. With the high RPM adjustment complete, the control system should be adjusted 

so that the governor control arm will contact the high RPM stop when the cockpit lever is 
0.062 inch from its full foward stop which is located in the control quadrant. To  adjust the 
control lever tnvel, disconnect the control cable end from the control arm, loosen the cablc 
end jam nut and rotate the end t o  obtain the desired lever cleannce. Reconnect the cable 
end and tighten jam nut. 

5. Install side access panel and secure with studs. 
6. It is usually only necessary to adjust the high RPM setting of the governor 

control system, Y the action automatically takes care of the positive high pitch setting. 

8-1 8.  ENGINE. 

8-19. REMOVAL O F  ENGINE. (Refer to Figure 84.) The removal of either engine is 
basicallv the same procedure, though tlie routing of some wires, cables and lines do v a n  
between engines. Each line should be identified to facilitate reinstallation and covered. 
where disconnected, to prevent contamination. 

a. Turn off all cockpit switches and disconnect the battery ground wire at the batter).. 
b. Move the fuel valve control leven. located on the fuselage floor between the two 

front seats. to the OFF position. 
c. Remove the engme cowling per paragraph 8-5. 
d. Remove the access panels on the top of the nacelle aft of the firewall. 
. Drain the engne oil. if desired. and reinstall drain plug. 
f .  Remove the rroneller per pangrarh 8-7. 
p. Disconnect the starter cable at the starter. remove the cable clamps a: the left side of 

1k.e tnglne and tnmne mollnt. and draw the cable aft through the engme baffle to the 
rirewall. 

h .  Disconneit the generator or alternator leads at the unit and cylinder head 
remperature lead on No. 3 cylinder. remove the clamps sea r ing  the wires and d n w  t5em 
b ~ c k  to the tirewall. 

POWER P L A n  
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i . Disconnect the exhaust temperature lead, if installed. 
j . Disconnect the oil temperature electrical lead and tachometer cable a t  the 

accessory housing. 
k .  Disconnect the fuel pressure, fuel flow meter vent, oil pressure and man- 

ifold pressure lines a t  the firewall. 
1. Disconnect the engine breatherhose, vacuum hose. fuel Line and heater fue! 

supply hose (right engine only). 
m. Disconnect the magneto 'TP" leads from the magnetos. 
n. Disconnect the governor control, & o d e  and mixture conuol cables. 
o. Disconnect the alternate air &or conuol cable. 
p .  Disconnect the cowl flap return spring from the engine mount. 
q. Disconnect the exhaust stack hangers from the firewall. 
r .  Remove the a i r  filter box h m  the firewall by removing attachingnuts a d  

bolts. 
s. Acrach a one-half ton (minimum) hoist to thehoisting hooks and relieve the 

tension on the engine mourn. 
t . Remove che nuts and washers from the bolts that a m c h  the engine mount 

to the firewall. 
u. Remove the enpne mount mounting bolts and swing the engine a few inches 

from the firewall. Check the engine for any attachments remaning to obstruct 
its removal. 

v. Swing the engine clear and place on a suitable support. 

8-20. IXSTALUTION OF ENGINE. The iinstallarion of either engine is  basic- 
ally rhe same procedure, though the routing of some wires, cables, lines, etc. 
does vary between engines, Before smrtmg, ascertain that all components of the 
enpne, such a s  engine mount, exhaust stacks, e tc . ,  a r e  installed. 

a. Wirh a one-balf ton hoist (minimum)attached, swing the engine in position. 
b. .Uign the mounung holes in theengine mount with the mounnng holes in  the 

firewall. Install che mounting bolts through from the a h  side of the firewall. In-  
stall washers and nuts. and dry torque ro 200-240 inch pounds. 

c. Connect thrortle and mixrure control cables to the injector, install ciamps 
and r ig  per paragraph 8-34. 

d. Connect governor conuolcable to the governor, install bracket and clamps 
and rlg per paragraph 8- 17. 

e.  .itrach the a i r  filter box to rde firewall and connect the alternate a i r  door 
control cable to the air door conaol arm and adjust the cable end on the conuol 
arm so that when the conuol h o b  in the cockpit is fu l l  on, h e r e  will be approsl - 
mately one-eighth inch between the control arm roller and the fully closed door. 
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f .  Connect the fuel line f rom the fuel pump  to  the fitting on the lower center portion of the  firewall and  
the heater fuel supply line (rlght engtne only). 

g .  Connccr the hose from the vacuum pump to  the fitting on the firewall. 
h. Connect the engine breather hose t o  the breather tube on the f~rewall  and clamp.  
i .  Connect starter electrical cable t o  starter and  clamp to prevent chafing. 
j. Connect electrlcal leads t o  the generator or alternator exhaust temperature.  if installed. and cylinder 

head temperature .  Clamp the wires to prevent chafing. 
k. Connect " P  leads t o  magnetos a n d  safety. 
I .  Connect oil temp electrical lead t o  temperature bulb tachometer cable t o  accessory housing. 
m .  Connect manifold pressure and oil pressure lines t o  fittings o n  fireuall. 
n. Connect fuel pressure and  fuel flow vent line t o  fittings o n  firewall. 
a .  Attach exhaust stack hangers to firewall. 
p. Attach cowl flap return sprlng t o  flap linkage and engine mount .  
q. Ascertain that the magneto switches are  off and  install the propeller per paragraph S-I I .  
r. lnstall the proper grade and amount  of engine oil. 
s .  . Connect the batter! ground cable a t  the battery. 
I .  Turn on  the fuel valve. open the throttle full and turn on  the  electric fuel pump and check the fuel 

lines for leaks. 
u. Install the access panels on  the engine nacelle and the cowling per paragraph 8-7 
\ .  T o  prevent possible high speed bearing failuredue t o  lack of lubrication during the initla1 start .  refer 

t o  the latest revision of Lycomlng Service Instructions No. 1241. 
w .  Perform an engine operational check. 

8-21 EXGIXE SHOCK M O C 3 T S  

8 - 2 2 ,  R E P L A C E M E S T  O F  E Y G I 5 E  SHOCK h I O U 3 T S .  Refer to Figure 8-5 for the propcr arrangement 
of the engine shock. mount assemblies. The t op  shocks are assembled so  the gold colored shock ~ s a f t  the silver 
colored shock is forward. The louer  shock mount5 are tnstalled opposite of the t op  shock mounts. Torque  
shock mount  bolts to 450 to 500 in. lbs. and saiety. 

8 -22a  I S S T A L L A T I O \  O F  OIL  C O O L E R .  
a .  \\'hen lnstalllng i~ttin_cs in the oil coolers. care should be used t o  pre\ent e.;cessi\.e torque being 

applied ro the cooler. When a rectancular firtrnp boss 1s problded. backup wrench should be used. employing a 
scissor motion.  so that no  load I S  transmitted t o  the cooler. When the oil cooler has a round ftttlnp bors. care 
should be taken nor to perm11 excessl\e torque on the fittings. 

b. I f  a pipe thread fitting is used. it should be installed only fa r  enough t o  seal with sea l~ngcompound.  
c. Apply Lubon S o .  404 t o  all male pipe thread fittings: d o  not allow sealant to enter the system. 
d I f  fitttng cannot be positioned correctly using a torque of 10 to 15 foot-pounds. another fitring 

should be used 
e .  Vihen attaching lines t o  the cooler. a backup wrench should be used. 
f. After ~nstallatlon. Inspect the cooler for distorted end cups.  
g Run-up engine. After run-up. check for oil leaks. 
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8-23. INDUCTION AIR FILTER. 

8-24. REMOVAL OF INDUCTION AIR FILTER. 
a. Remove the right side access panel from the engine nacelle to q s e  the 

air filter box. 
b, Turn the three studs and remove the air filter box cover. 
c. Lift the air filter from the Wter box. 

8-25. SERVICE INSTRUCTIONS. m e  useable life of the filter should be re- 
stricted to one year or 500 hours, whichever comes first. 

a. To clean the filter, tap gently to remove dirt particles. Do not use com- 
pressed air or cleaning solvents. 

b.  Inspect filter. If paper element is torn or ruptured or gasket is damaged. 
the filter should be replaced. 

8-26. INSTALLATION OF AIR FLLTER. 
a. Place the air filter in the filter box. 
b. Position the cover on the box and secure with three stud fasteners. 
c. Position the side access panel on the engine nacelle and secure with fas- 

teners. 

8-27. ALTERNATE AIR DOOR. Tne altermte air door located in the induction 
system, on the back side of the air plenum, just before the injector unit is to 
provide a source of air should there be an air stoppage through thefilter system. 
The followmg should be checked during inspection: 

a. Door seals are right and hinges are secure. 
b. Actuate !he door m determine that it is not scicldng or biuding. 
c. Check cockpit control cable for bee  travel. 
d Check that when the control knob in the cockpit is full in, the cable is ad- 

justed to allow approximately one-eighth inch between the actuating arm roller 
and the door when fully closed. 
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1 BAFFLE. RIGHT FRONT 18 STARTER RING GEAR 
2. BAFFLE. FRONT 19. STARTER MOTOR 
3. SPARK PLUG LEAD 20. BAFFLE. LEFT FRONT 
4 INJECTOR NOZZLE FUEL LINE 21 EXHAUST STACK 
5.  BAFFLE, RIGHT REAR 22. BAFFLE. LEFT REAR 
6. SPARK PLUG 23. OIL COOLER 
7. LIFTING STRAP 24. EXHAUST STACK 
8 FUEL DISTRIBUTOR VALVE 25. EXHAUST STACK HANGER 
9. INTAKE AIR DUCT 26. HANGER MOUNTING BRACKET 

1 0  FUEL PRESSURE INDICATOR LINE 27 BOLT ASSEMBLY 
11. BAFFLE. REAR 28. NUT 
12. AIR FILTER BOX 

MOUNT. SILVER 
MOUNT. GOLD 
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Figure 8-5. Engine Installation 
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Figure 8 - 5 .  Engine Installation (cont.)  
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8-28. FUEL INJECTOR. 

8-29. FUEL INJECTOR MAINTEXAXCE. 
a. In general, Lide artention is required beween injector overhauls. How - 

ever, i t  is recommended that the following items be checked during periodc in- 
spection of the engine. 

1. Check tighmess and lockof all nuts and screws which fasten the injector 
to the ensue. 

2. Check all fuel lines for tighmess and evidence of leahge.  A slight stain 
adjacent to the a i r  bleed nozzles is mt cause for concern. 

3. Check throttle and mixture connol rods and levers for tighmess and 
lock. 

4. Remove and clean the injector fuel inlet smainer at the first 25 hour 
inspection and each 50 hour inspection thereafrer. Damaged strainer "0" rings 
should be replaced. 

b. Tests prove that gasoline which becomes srale due to prolonged storage 
absorbs oxygen rapidly. This stale oxidized gasoline acquires a very dstincnve 
odor similar to varnish and causes rapid deterioration of synthetic rubber parts, 
and also forms a gummy deposit on the internal metal pans. Tlus condtioq 
however, does not occur during normaloperation of the injector where fresh fuel 
is being constantly circulated. 

8-30. LUBklCATION OF FUEL INJECTOR. 
a. There is very Lttle need for lubncauon of the injector in the field benveen 

regular overhauls. However, the clevis pins used in connection 1~1th the rhrortle 
and manual m l m r e  conrrol levers should be checked for freedom of movement 
~ n d  lubricated, i f  necessary. 

b P l a ~ c  a drop of engme grade oil on the end of the rhrortle shaft in such a 
manner rhat ~t can work into the thronle shaft bustungs. 

8- 1 .  REJIOVAL OF N E L  INJECTOR. 
2. Fdrnove the cowling per paragraph 8-5.  
. Remove clamps securing throttle and m i m r e  conrrol cables to cable 

brat kets. 
c. Disconnect thrortle and mixture control cables from injector umt by re -  

movlnp nut and washer from ball joints. 
d. Remove thesaferywire andcap bolts artachingthe airplenum to theinjector 

urut. 
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e. Disconnect the fuel lines a t  the injector unit.. 
f .  Remove the pal locknuts and nuts securing the injector to the engine. 
g. Pull the a i r  plenum back to allow the injector unit to be removed. 

8-32. PREPARATION FOR STORAGE. Any unit taken out of service, o r  units 
being returned for overhaul, must be flushed with p re semng  oil (Specification 
MIL-0-6081, Grade 1010) using the following procedure: 

a. Remove plugs and drain all fuel from the injector. If available, appry 10 
to 15 psi a i r  pressure to the fuel inlet until all fuel is discharged from the in- 
jector. 

b. Replace plugs and apply flushing oil filtered through a 10-micron filter a t  
13- 15 psi to the injector fuel inlet until oil i s  discharged from the outlet. 

c. Replace fuel inlet shipping plug. 

CAUTION 

DJ m t  exceed the a b v e  a i r  pressures as internal dam- 
age to the injector may result. 

d. After filling with preservative oil, the injector should be protected from 
dust and dirt and given such protection against moisture a s  climatic conditions 
a t  the point of storage require. In most cases, storing the unit in adry  area will 
be sufficient. 

e. If the unit is  to be stored near o r  shipped over salt water, the following 
precautions should be observed: 

1. Spray the exterior of the injector with an approved preservative oil. 
2. Pack in a duscproof container, wrap the container with moiscure and 

vapor-proof material, and seal. Pack the wrapped unit in a suitable shipping 
case. Pack a one-half pound tag of silica gel crystals in the dustprwf container 
w ~ t h  injector. The tag must not touch the injector. 
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118 INCH 0 D STAINLESS 
STEEL LINE I 
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' I I - ----%SF= 
I 

NOZZLE 

I I 
[ONE PER CYLINDER1 

Figure 8-6. S c h e m a r ~ c  D ~ a g r a m  of RSA Fuel Injector System 
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CAUTION 

E.xtreme caution should be exercised when handling or 
working around the injector t o  prevent oil o r  fuel from 
entering the air sections of the injector. As explained 
previously, damage to the air diaphragm will result. Fluid a n  
easily enter the air section of the injector through the impact 
t u b a  or the annular groove around the venturi. For this 
reason, a protective plate should be installed on the scwo 
mounting flange when performing routine maintenance on 
the engine, such as washing down the engine and air x o o p ,  
servicing the air filter (surplus oil o n  the element), o r  when 
injecting preservative into the engine prior t o  storing or 
shipping. 

8-33. INSTALLATION O F  FUEL INJECTOR. 
a. Move the injector air inlet plenum aft enough to allow the injector with gasket t o  be 

installed. Install mixture control cable bracket on injector mounting studs and secure 
bracket and injector to engine with nuts and pal locknuts. 

b. Secure inlet air plenum t o  injector with cap bolts and safety. 
c. Connect the fuel lines t o  injector unit. 
d. Connect throttle and mixture control cables to injector unit. 
r. Clamp control cables to cable brackers and adjust per paragraph 8-34. 
i. A d j ~ ~ s t  idle speed and mixture per paragraph 8-35. 
g. Install cowling per paragraph 8-7, 

8-34. ADJUSTMENT OF THROlTLE AUD MIXTURE CONTROLS. The throttle and 
rnlrnlre controls are adjusted when the throttle arm on the injector is rotated against its iuU 
rhrottle stop and the mixture arm is rotated apainst its full rich stop. their resnective cockrir 
control levers should be 0.062 of an inch in from their full forward stops. which are located 
in the control pedestal. 

a. At the injector, disconnect the throttle and/or mixture control cable end irom irs 
control a m .  

b. Loosen the jam nut securing the cable end. 
c. Adjust the linkage by rotating the cable end t o  obtain the 0.062 of an inch 

springback of the cockpit control lever when the throttle or mixture control arm contacts 
its stop. I 

POWER PLANT 
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Figure 8-7. Fuel Injector Figure 8-8. Fuel Air Bleed Nozzle 

d. Reconriect the cable end to its control arm and secure jam nut. 
e. Pull the throttle and mixture control lever in the cockpit full aft to ascertain that 

the injector idle screw contacll its stop and the mixture control am contaas its lean 
position. 

8-35. ADJCSTVEST O F  IDLE SPEED AND M I X N R E .  
a. Start the engine and warm up in the usual manner until oil and cyhnder head 

temperature are normal. 
b. Check magnetos. If the "mag-drop" is normal, proceed with idle adjustment. 
c. Clo* the throttle to idle. If the RPM changes appreciably aitcr making thc ;dl? 

mixture Jdjllstment dunng the succeeding steps, readjust the idle speed ro the desired RP\I. 

NOTE 

The idle mixture m u n  be adjusted with the fuel boost pump ON, 

d. When the idling speed has been stabilized. move the soc~>pit  mlxrure conrrol lever 
w ~ r h  a smooth. steady pull toward the Idle CutOif  position and o b u n ?  rlic tachornetcr fcr 
any clianne during the "leaning" process. Caution must be exercised tc rcturn tile mixrurc 
control to the Full Rich position before the RPV a n  drop to 1 poinr where the eiigns :uti 
out. An increasc of more than 50 RPM while "leaning nut" indicates ail ?xsessivcly rlcii idle 
rnixrure. A n  immediate decrease in RPM (if not p r e ~ ~ d e d  by a rnonienran Incr tnj~i  
indicates the idle mixture is too lean. 

e. I f  the above indicates that the idle adjustment is too rich cr roc' iem. turn the idle 
mixture adjustment in the direction required for correction. and check tl:is new pos~ricn b! 
repeatme the above procedure. Make additional adjustments as n e c r m n .  Each tlrni. [!I< 

adjustment is changed. the engine should be run up to 2000 RPV to clear the tneinc ber't:r? 
proceeding with the RPM check. MAe final adjustment of the idle speed ~d j i~s tm?nr  to 
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obtain the desired idling RPM with closed throttle. The above method aims at a v t t ing that 
will obtain maximum RP\I with minimum manifold pressure. In case the setting does not 
remain stable. check the idle linkage: any looseness in this linkage would muse erratic idling. 
In all cases, allowance should be made for the effect of weathcr conditions and field altitude 
upon idling adjustment. 

8-36. FUEL AIR BLEED NOZZLES. 

8-37. REMOVAL O F  FUEL AIR-BLEED NOZZLES. The nozzles must be carefull? 
removed as they or the cylinden may be damaged. 

a. Remove the side access panels from the engine nacelle. 
b. Disconnect the fuel line from the nozzle. 
c. Carefully remove the nozzle using the cornct  size deep socket. 
d. Clean and inspect the nozzle as given in p m g m p h  8-38. 

8-38. CLEANING AKD INSPECTION O F  FUEL AIR BLEED NOZZLE. 
a. Clean the nozzle with acetone or equivalent and blow out all foreign particles with 

compressed air in the direction opposite that offuel flow. Do  not use wireor other hard O ~ J ~ C I S  

I to clean orifices. (Refer to the latest revision of Lycoming Service instruction No. 1175 ) 

b.  Inspect the nozzle and cylinder threads for nicks. stripping or cross-threading 
c. Inspect for battered or rounded hexagons. 
d .  A test procedure for alr bleed nozzles 1s described on the latest revis~on of thr I Lycoming Seriice Instruction S o  1271. a 

8-39, ISSTALLATION OF FUEL AIR BLEED NOZZLES. 
a. I t  is Important for the nozzles to be correctly positioned with the air bleed hole 

upward. 
b. I!istall the air bleed nozzles in the cylinder heads and torque 60 inch-pounds. 

Stan nozzles and linc couplings by hand to prevent the 
possibility of cross-tlircading. 

c. Connect fuel lines ro nozzles 
d. Inst311 sid? panels. 
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Figure 8-9. Magneto Breaker Points 

NORMAL POINT IS SMOOTH 
AN0 F L I T .  SURFACE HAS 
DULL GRAY "SANDBLASTED" 
APPEARANCE 

8 4 0 .  IGNITION SYSTEM MAINTENANCE. 

8 4  I .  MAGNETO. 

MINOR IRREGULARITIES - 
SMOOTH ROLLING HILLS 
AND DALES WITHOUT ANY 
DEEP PITS DR HIGH E A K S .  
THIS IS A NCRMAL CON- 
DITION OF POINT WEAR. 

Ascertain that the p r i m w  circuits of both magnetos are 
grounded before working on the engine. 

I 

WELL DEFINED MOUND 
EXTENDING NOTICEABLY 
ABOVE SURROUNOING 
SURFACE. 

8 4 3 .  INSPErnION O F  MAGNETOS. At time of engine inspection or when a magneto has 
been removed from the engine, the following checks may be performed: 

a. Inspect distributor block contact springs. Top of spring must not be more than 
0.422 of an inch below top of tower as shown in F i ~ e  8-10. If broken or corroded. they 
should be replaced. 

b. Inspect oil felt washer. I t  should be saturated with oil. If dry. check for worn 
bushing. If O.K., add Bendix PIN 1@391200 oil. 

NOTE 

Refer to the latest revisions of Bend~x Service Bulletin K O .  55 1 
or Lycoming Service Bulletin No. 343 for further information 
on new distributor block lubricant. 
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Figure 8-10. Contact Spring Inspecdon Figure 8- 11. Impulse Coupling 

i. Inspect distributor block for c racks  o r  burned a reas .  The wax coating on 
the block should not be removed. D3 not use solvents. 

d. Look for excess oil  in breaker compartment. Lf present,  i t  may mean a 
bad oil seal o r  oil seal bushing a t  drive end. Check magneto manufac turers  
overhaul procedure.  

e .  Examine the breaker points for excessive wear  o r  burning. 
shows how the average breaker polnt will look when surfaces a r e  separzted Figre - for • 
inspection. Desired contact surfaces have a dull gray, sand-blasted (almost 
rough) o r  frosted appearance over  the a r e a  where electrical contact is made. 
This means that points a r e  worn in and mated to each other,  thereby providng 
the k s t  possible electrical contact and highest efficiency of performanc:. 

i .  Minor ~ r r e g u l a r l t i e s o r  roughness o i  point surfaces a r e  not harmful (Refer 
to Figure 3-9 center).  Seither a r e  small pits o r  mounds, if not too pronounce.'. 
lf there 1s a possib~llryof p ~ t  becoming deep enough to peneuate  pad, Flgure 6 - 9  
right,  reject breaker assembly. 

NOTE 

No artempt should be made to stone o r  d r e s s  breaker 
points. Should breaker assembly have bad points o r  
show excessive wear, the complete breaker assembly 
shauld be replaced. 
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g. Look for frayed insulation o r  broken wire suands inleads in back of mag- 
neto. See chat terminals a r e  secure. Be sure  wires a r e  properly posinoned. 

h. Inspect capacitor visually. If possible, test for leakage, capacity and series 
resistance. Remember, an elecuical failure of an aircraft capacitor i s  rare.  

i . Adjusunent of hreakers must be correct for proper internal timing of mag- 
neto. (Refer to Paragraph 8-44. ) 

j . Checkif breaker camis cleanandsmooth, if cam screw is tight (25 in. lbs. ). 
Lf new points a r e  installed, blot a litcle oil on cam. 
k Inspect impulse coupling flyweights for excessive looseness on the axles. 

Design couplings having 0.927 of an inch thick body should be checked with 1/8 
inch drill. Couplings w.th 0. 974 of an inch thick body a r e  checked with a Yo. 18 
drill. If drill fits beween cam and flyweight, the fit is  too loose and coupling 
should be replaced. (Refer to Figure 8-11. ) 

1. Check impulse coupling for excess wear on the contact edges of body and 
flyweights. 

m. Check that the impulse coupling 5yweigfit axle rivers a r e  tight and there 
a r e  no cracks in body. 

n. Look at h e  lead conduits. A few broken strands won't hurc, h t  if the in- 
sulation looks nred you may be in for trouble. The special high temperature 
coating, used on light-weight harnesses, is  provided chiefly for vibration resist - 
ance and mechamcal protection. The integrity of the harness is not sacrificed if 
small areas of the braid show peeling or  flaking of this coaang. 

o. Check the springs for breaks, corrosion o r  deformation. If possible, check 
continuicy from block with t e s e r  o r  light. 

p. Check insulators for cracks, breaks, o r  evidence of "old age". Be sure 
they a re  clean. 

q. Timing and ventilator plugs. Ventilator has drilled holes and should be i n  
lowest hole in magneto to serve also a s  drain for excess water o r  oil. Solid plur 
is used in other hole o r  in locauon exposed to rain o r  water. 

NOTE 

The magneto service instructions in this manual a r e  
ro cover minor repairs and uming. For furrher re-  
pairs and adjusrrnents of the magnetos, it is  recom - 
mended that rhe magneto manufacturer's service in- 
suuctions be followed. 
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R E D  OR 
WHITE TOOTH 

TIMING MARK 

8-43. REMOVAL OF MAGNETO. 
a. Remove the side access panel 

fxom the engine nacelle. 
b. Disconnect the "0" lead from the 

magneto. 
c. Remove the harness outlet plate 

from the magneto by removing the four 
arcaching screws. 

d Remove the two nuts and. yashers 
securing the magneto to the engine ac - 
cessory housing. 

e. Pull the magneto from the engine. 

8-44. TIMNG PROCEDURE. ( ImER-  
Figure 8-12. Magneto Timing Mark NAL 'ZZMING. ) When installing new o r  

adjusring brealrer points and before tim- 
ing the magneto to the engine, it is importam that the internal timing of. the mag- 
neto be correct. 

a. To inrernally dme the magneto, it should be removed from the enpne to 
determine "EM gap. 

b. To determine "E" gap, find neuualpositionof tbe magnetodnve byroraung 
drive coupling in a left hand direction until the red o r  white chamfered tooth on 
the disaibutor gear appears through the timing inspecuon hole. At the same lo- 
c a r i o ~  the drive should feel to have fallen into a mtch o r  neuual posinon. 

c. Rotate coupling from neuual in a left hand direction 10 degrees. Appear - 
ing through timing hole, when the white o r  red tooth aligns with the white line of 
the dismbutor block the magneto i s  set  at  "E" gap. (Refer to F i p r e  8-12. ) 
.&gnrnent rnav not vary over k 4 degrees. 

d. Using the alignment of the chamfered tooth on the distributor gear and the 
white line on the distributor block a s  a reference, adjust the breaker points to 
open at rhls pomt. 

e. Turn the magneto drive unul  the cam follower is  on hi& point of the cam 
lobe. Measure contact clearance, it  must be 0. 018 of an inch 2 0. 006 with the 
point opening set a t  "E" gap. If breaker points do not come within tolerances, 
they should be replaced. 
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8-45. INSTALLATION AND TIMING 
PROCEDURE. (Timing Magneto u, En- 
gine. ) The magnetos can & insralIed 
and timed to the engine bythe following 
procedure : 

NOTE 

Ascertain that the breakers 
a r e  correct for proper in- 
ternal riming of rnagnems. 

a. Remove cowling per paragraph 
8-5. 

b. Remove the top spark plug from 
No. 1 cylinder. Place the thumb of one Figure 8-13. E ~ n e  Timing Marks 
hand over the spark plug b le  and ro - 
rate the crankshaft in direction of mrmal rotation until the compression stroke 
i s  reached. The compression saoke  is indicated by a posiuve pressure inside 
the cylinder tending to lift the thumb off the spark plug hole. In LLUS position. 
both valves of No. 1 cylinder a r e  closed. Tim the crankshaft opposite to its 
normal directionof rotation d it is  approximately 35 degrees BTCon che com- 
pression saoke  of No. 1 cylinder. Rotate the crankshaft in its normal drecuon 
of rotation until the 25 degrees mark on the back of the starter gear and rhe 
crankcase parung flange a r e  aligned, o r  the m a r k  on the front of the starter 
rmg gear and the drilled hole inthe starter housing align. Refer to Figure 8-13. 

c. Rotate the drive gear on the magneto until the chamfered tooth on the d15- 

trituror gear inside the magneto aligns wlth the white pointer as  seen through the 
inspection hole in the magneto housing. Refer to Figure 8-12. 

d. Without allowing the gear to u r n  from this position, install che magneto 
with gasket on the engine and secure with washers and nuts. 

e. Tighten nuts sufficiently to hold magneto in position and yet allow it to be 
rotated. 

f . Fasten the ground lead of the nming Light to an unpainted metallic pomon 
oi the magneto and one posirivelead to theterminal side of rhe points. Ascerrain 
chat rhe primary ground spring is not touching the magneto case. 

g. Turn on the uming Light switch. 
h. Rotate the magneto housing in direction of the magnet rotation a few de- 

grees until hghc comes on. Then slowly turn magneto in opposite direction until 
the timing light just goes out. Secure the magneto housing in chis posinon. 

POWER PLANT 
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NOTE 

Some timing lights operate the opposite of the one 
menrioned. 

i. Rotate the crankshaft opposite normal rotation until it is approximately 35 
degrees BTC on compression stroke No. 1 cylinder. 

NOTE 

The crankshaft should not be rotated more than 10 de- 
grees in direction opposite n o d  rotation from the 
25 degrees BTC a s  the pawl on the impulse coupling 
will engage with the stop pin and late fimiag will be 
indicated through rhe impulse coup- medamsm. If 
this should happen, rotate cranlcshaft in normal dtrec - 
tion until sharp click is beard; this wi l l  indicate that 
tbe impulse coupling has passed through firingposition 
Turn crankshafr in direction opposite normal rotation 
to approximately 35 degrees BTC and proceed with 
timing check. 

j .  Turn the crankshaft very slowly in direction of normal rotaaon until the 
riming mark on the front face of the ring gear aligns with the drilled hole in the 
starter,  a s  shown in Figure 8- 13, o r  the urning mark on the back of the ring gear 
ahgns wlth the crankcase parting surface. Ar this point, the light sbould go out. 

k. If the lighc does not go out at this point, align timingmarks androtate mag- 
neto on mounring flange in the desired direcnon and repeat the procedure until 
the l~gh t  goes out at 25 degrees before top dead center. 

1. Tighten the two mounting nuts and replace the inspecrion plug. 
m. After tightening magneto mounting nuts, check timing to make sure it is  

still correct. 
n. Install the other magnetoand time using theprecedinginstructions athru 1. 
o. With both magnetos timed to the enpne and secured, check that they fire 

together. Rotate the crankshai? opposite mrma l  rotation to approximately 35 de- 
grees BTC with No. 1 cylinder on the compression smoke. 

p. Lf the magnetos a r e  timed correctly, both timing lights will go out simul- 
taneously when the crankshaft is  turned in the normal direction aligning the 25 
degree mark with either the drilled hole in the starter housing or  the crankcase 
parting surfaces. 
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q. Disconnect timing light. Ascertain that the inspection plugs and hreakcr 
cover a r e  installed and secure. 

r. Install harness plate and secure with screws. 
s. Connect "P" leads and safety. 
t . Install cowling per  paragraph 8-7. 

8-46. HARNESS ASSEMBLY. 

8-47. INSPECTION OF HARNESS. 
a. Check lead assemblies for nicks. cuts, mutilated braiding, badly worn 

section or any other evidence of physical damage. Inspect spark plug sleeves 
for chafing or tears  and damaged o r  suipped threads on coupling nuts. Check 
compression spring to see if it is broken o r  distorted. Inspect grommet for 
tears. Check all mounmg brackets ard clamps to see that they a r e  secure and 
not cracked. 

b. Using an ohmmeter, buzzer, o r  other suitable low voltage device, check 
each lead for conanuity. If continuity &es not exist, wire is  broken and must be 
replaced. 

c. For elecnical  test of harnessassembly, use a high voltage, direct current 
tester such as  the TAKK Model 86 or  86A o r  an equivalent direct current high 
voltage tester capahle of delivering a test potennal of 10, 000 volts. Connect 
ground lead of high voltage tester to outer shielding braid of a single lead. Con- 
nect plug terminal. Turn tester ON and apply 10, 000 volts. ?he l ~ u l a t i o n  r e -  
slsrance should be 100 megohms minimum. Proceed to check other leads oi har-  
ness in the same manner. 

d. Minor repair of the harness assembly, such as  replacement oi contact 
springs, spring retainer assemblies, insulating sleeves or  of one lead assembly. 
can be accomphshed withthe harness assembly mounted onthe engine. thwever. 
should repair require replacement of more than one lead assembly or  of a cable 
outlet plate, the harness should be removed from theengne and sent to an over - 
haul shop. 

8-4s. REbIOVAL OF HARNESS. 
a. Disconnect the clamps that secure thewires to the engineand accessories. 
b. Loosen the coupling nuts a t  the spark plugs and remove the insulators from 

tne spark plug barrel well. Use caution when withdrawing the insulator not to 
damage the insulator spring. 

c. Place a guard over the harness insulators. 
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d. Remove the harness assembly 
terminal plate from the magneto. 

e. Remove tbe harness from the 
airplane. 

8-49. MAIEiTENANCE OF HARNESS. 
a. To replace conract springs, 

spring retainer assemblies o r  m u l a t -  
ing sleeves. proceed a s  follows: 

1. Using a Scintilla 11-7073 
Needle o r  a mechanical pencil with the 
leadreuacted, hook the end of the con- 
tact spriag + shown in Figure 8-14. 

2. Using the needle o r  pencil, 
Figure 8- 14. Removlng Spring unscrew the s p q .  

From Lead Assembly 3. Slide insulating sleeve and 
spring retainer assembly off end of 
lead usembly.  

4. Replace defective component and reassemble a s  follows: 
(a) Fabricate a tDol a s  shown inFigure 8-15 for installing the insulat- 

ing sleeves over cable terminals. 
(b) Push the tool thru insulating sleeve and spring retainer assembly 

a s  shown in Figure 8-16. Screw the cable terminal into the tool. 
(c) Work insulating sleeve and spring retainer assembly into posinon 

over the cahle and unscrew the tool. lnsrall contact spring on cable terminal. 

NOTE 

I t  may be necessary to lubricate the cahle and insulating 
sleevewith a thin film of MC200 (200,000 centi-stokes) 
o r  commercial grade alcohol to facilitate assembly. 

h. To replace one of the lead assemblies, proceed a s  follows: 
I. Remove clamps and brackets fromapplicablelead assembly. Cut cable 

rles from assembly and discard. 
2. Cur off condemned lead flush with outer surface of cable outlet plate. 
3. Grip eyelet of lead with a pair of pliers and pull shrt  length of conduc - 

tor our of grommet and cahle outlet plate. 
4. Using a 3 inch long, 0.270 of an inch diameter drift applied a t  outer 

surface of plate, drive out tapered ferruleand remaining piecesof insulation and 
shielding. 
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BRAZE DRILL NO. 47 i IN. DEEP 
TAP 3-48 

u r n  0.0. TO 1.0. 
POLISH 0.0. 

1 2 . a  IN. 

MAT: NO. 30 DRILL ROO OR EPUIVALENT 

Figure 8-15. Assembly Tool 

Figure 8-16. Using Assembly Tool 

L REOUIRED LENGTH 

Figure 8-17. Measuring Lead Assembly Length 

5 To determine what length the new lead assembly should be cut to p r o -  
ceed a s  iollows: 

( a )  Measure the length o i  the condemned leadassembly. Move coupllng 
nut back on lead assembly and measure from outer end of ferrule  a t  spark plug 
end (Refer to Figure 8-17. ) 

POWER PL.iS? 
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Figure 8-18. ClDting Metallic Figure 8-19. Unbraiding 
Braid from End of Lead Metallic Shielding 

(b) To the length determined in step (a), add 1-3/4 inches. 

NOTE 

Spare part  leads a r e  supplied in various lengrhs. Use 
a lead which is  longer thaq tut nearest to, the desired 
length. 

6. Cut lead assembly to the length determined in step 5. Mark ferrule on 
spark plug end of lead wlth a meml stamp, scribe o r  rubber stamp to correspond 
\ i , i t l i  correct cylinder number. 

5. Starting at  spark plug location, thread new cable thru grommers and 
ilamps a s  necessary for correct rourlng of cur end of cable to magneto location. 

S .  L's~ng elecaician's scissors, carefully remove 1. 250 inches of outer 
!)rud irom end of lead. Refer to Figure 8-18. 

CAUTION 

Use care not to nick o r  cut insulation when removing 
braid. 

9. Us~ng a scribe o r  similar pointed rool, unbraid 3/8 inch of braided 
shieldng. (Refer to Figure 8-19. ) Wrap a single thickness of electrical tape 
around unbraided strands to facilitate inseruon of lead end thru hole in cable 
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I U N B R A I D E D  SHIELDING . AWSITION OF 

RED COATING 
T 

-~ -- - ~ 

Figure 8-20. Forming Shielding .bound Ferrule 

outlet plare. 
10. Remove cahle outlet plate from magneto. Support plate securely and 

using suitable cuf ing  pliers,  splic and remove eyelets from leads adjacent .to lead 
being replaced. When splitting eyelet, make certain chat wlre strands a r e  not 
cut. Removal of eyelets on adjacent leads will allow grommet to be pulled awa;: 
f rom oudec plare rn facllitare insertion of new lead. 

11. Pass the taped end of new lead through hole in outlet piace. Remove 
e leculca l  tape from lead and install tapered end of ferrule under the bra~ded 
strands of shleiding. Form strands of shielding evenly around tapered ferrule 
a s  shown in Figure 8-20 and pull lead assemblv back through cable ourler p1a:e 
unnl ferrule blnds in the outlet well. Fbs~tion the Scintilla 11 - 707.1 Ferruie Scac - 
ing Tool (Figure 8-21) over the wire and firmly seat che ferrule @ rapping the 
searing tool with a hammer o r  by using an a rbor  press .  

12. Measure 1/2 inch from tapered ferrule and s t r??  r emamag  ms,datioz 
from wire. (Refer to Figure 8-23. ) 

1 .  lnserr Scinulla 11-7075 Needle (Figure 8-22) L+J small hole of g r o n -  

Figure 8-11. F e r r ~ l e  Seating Tool Figure 8-12. Seedle 
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1 1-7073 NEEDLE 

Figure 8-23. Measuring Wire Figure 8-24. Insralling Grommet 
From Top of Ferrule Over Lead Assemblies 

met and over stripped end of wire. (Refer to Figure 8-24.) SLde grommet down 
needle until it  seats aghrly against the tapered ferrule. 

14. Cut wire 3/8 inch from top of grommet outlet. (See Flgure 8-24. ) 
Double wlre over a s  shown in -4 of Flgure 8-26. Slide eyelet over doubled wlre 
unul it is firmly seated in recess of grommet outlet. 

Figure 8-25. Lead .Assembly Figure 8-26. Wire Doubled Over 
Installed in Grommet For Installation of Eyelet 
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1 Using the ".lB" groove of Scinulla 11-4152 Crimping Tool, o r  equiva- 
lent. crimp eyelet to wire. Approximately 1/32" of wire should extend from end 
of eyelet after crimping. See B of Figure 8-26. 

NOTE 

If the crimping tool is not available, a satisfactory 
connection can be made by solder~ng with Kester Flux 
709 or  equivalent and a non-corrosive solder. hfcer 
soldermg, clean solder joints using denaturedalcohol. 

16. Install clamps and cable ties, a s  necessary, to secure lead to the engine. 

8-50. INSTALLATION OF HARNESS. Before installing harness on magneto. 
check mating surfaces for cleanliness. Spray entire fareof grommet with a l~ght  
coat of Plastic Mold Spray, SM-0-0-TH Silicone Spray o r  equivalent. T h s  will 
prevent harness grommet from stidang to magneto distributor block. 

a. Place the harness terminal plare on themagnetoand tighten nuts around the 
plate alternately to seat cover squarely on magneto. Torque nuts to 18 to 21 inch 
pounds. 

b. Route ignition wires to their respective cylinders. 
c. Clamp the harness assemhly in p s i t ~ o n .  
d. Connect the leads to rhe spark plugs. 
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8-51. SPARK PLUGS. 

8-52. REMOVAL OF SPARK PLUGS. 
a. Loosen the coupling nut on the harness lead andremove the terminal msu- 

lator from the spark plug barrel well. 

When withdrawing the ignition cable lead connection 
from the plug, care must be taken to pull the lead 
straight out and in linewith the center line of the plug 
barrel; otherwise, a side load will be applied which 
frequently results in damage to the e r e 1  insulator 
and connector. If the lead cannot be removed easily 
in this manner, the resisting contact beweenthe neo- 
prene collar and the t a r r e l  insulator w i l l  be broken 
by a rotary twisring of the collar. Avoid undue dis- 
tortion of the collar and possihle side loading of the 
barrel insulator. 

b. Remove the spark plug from the engine. In the course of engine operatio& 
carbon and other comhsnon products will be deposited on the end of the spark 
plug and will peneuate the lower threads to some degree. A s  a result, greater 
torque is frequently required for removing a plug than for its installanon. Ac-  
cordingly, the torque Limitations given do not apply to plug removal and sufficient 
torque must be used to unscrew the plug. The higher torque in removal is  not as  
detrimental a s  in installation since it cannot stretch the threaded secaon. It does, 
however, impose a shearing load on this section and may, if sufficiently severe, 
produce a failure in this locaaon. 

NOTE 

Torque indicating handle should not be used for spark 
plug removal because of the greater torque require- 
ment. 

c.  Place spark plugs in a tray that will idenufy their position in the engine a s  
o o n  as thev a r e  removed. 

POWER PL.iNT 
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NOTE 

Spark plugs should not be 
used if they have beendrop- 
Ped. 

d. R e I n o ~ l  of seized spark plugs in 
the cylinder may be accomplished by 
application of liquid carbon dioxide by 
a Conical metal funnel adapter with a 
hole at the apex just large enough to 
accommodatethe funnel of a C% bottle. 
(Refer to Figure 8-27.) Wnen a seized 
spark plug cannot be removed by nor - 
ma1 means, the funnel adapter is  placed 

Figure 8-27. Removlng Frozen over and aroud the spark plug. Place 
Spark Plug the funnel of the C02 bottle inside the 

funnel adapter and release the carbon 
dioxide to chill and conaact the spark plug. Break the spark plug loose with a 
wrench. h warm cylinder head at the time the carbon dioxide is applied will aid 
in the removal of an excessively seized plug. 

e. Do not allow foreign objects to enter the spark plug bole. 

8-53. INSPECTION AND CLEANING OF SPARK PLUGS. 
a. Visually inspect each spark plug for the following non-repairable deiects: 

1. Severely damaged shellor shield threads nicked up, snipped, or  cross- 
threaded. 

2. Badly battered o r  rounded shell hexagons. 
3. a t -of-round o r  damaged shielding barrel. 
4. Chipped, cracked o r  broken ceramic insulator pomons. 
5. Badly eroded electrodes worn to approximately 50% of origmai s l z e .  

b. Clean the spark plug a s  require4 removing carbon and foreign depos~ts. 
c. Test the spark plug both elecnically and for resistance. 
d. Set the electrode gap at  0.018 to 0. 022 inches. 
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8-54, INSTALLATION OF SP.4RK PLUGS. Before installing spark  plugs, a s c e r -  
tain chat the rhreads within the cylinder a r e  clean and not damaged. 

a .  Apply anti-seize compound sparingly on the chreads and install gasket and 
spark  plugs. Torque 360 to 420 inch pounds. 

Make certain h e  deep socket is properly seated on the 
spark  plug hexagon a s  damage to the plug could result  
If h e  wrench is 'Eckked to one side when pressure  is 
applied. 

b .  Carefully insert the terminal insulator in the spark  plug and tighten the 
coupling nut. 

8-55. LUBRICATION SYSTEM. 

8-56. ADJUSTMENT'OF OIL PRESSURERELIEF VALVE. Engines a r e  furnished 
with either a non-adjustable o r  adjustable oil pressure  relief valve located to the 
r e a r  of No. 3 cylinder. A brief description and setting procedure for born rypes 
follows: 

a .  Oil Relief Valve (Noa-Adjustable): The function of the oil pressure  relief 
valve is  to maintain engine oil pressure  within specified limits (60 psi. min.  to 
90 psi, max.).  Ths  valve is not adjustable; however, the pressure  can be con- 
trolled by che addition of a maximum of three STD 425 washers under the cap to 
increase p ressure  o r  the use of a spacer  (Lyc. P/N 73629 o r  73630) under the 
cap to decrease  pressure .  Particles of metal o r  other foreign matter lodged 
between the ball and sea t  will resul t  in a drop in oil pressure .  It is adv~sable.  
therefore, to disassemble, inspect and clean the valve if excessive pressure 
fluctuarions a r e  noted. The oil pressure  relief valve i s  not to be mistaken for 
the oil cooler by-pass valve, whose function i s t o  permit  pressure  oil to by-pass 
t h c  011 cooler in case  of an obstruction in the oil cooler .  

h .  Oil Relief Valve (Adjustable): The adjustable oil relief valve enables the 
operator to maintain engine oil pressure  within the specified limits (60 psi, min. 
to 90 psi, max .). If the pressure under normal operating conditions should con- 
s~s ten t ly  exceed the maximum o r  minimum specified limits, adjust the valve a s  
follows: 
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With the engine warmed up and running a t  approximately 2000 R h l .  observe 
the reading on the oil pressure  gauge. If the pressure i s  above maximum o r  
below minimum specified limits,  stop englne and screw the adjusnng screw out 
to decrease pressure  and in to increase pressure .  Depending on ~nsta l ladon,  the 
adjusMg screw may have only a screwdriver slot and is turned with a screw-  
driver;  o r  may have the screwdriver slot plus a pinned 0.375-24  castellated nut 
and may be nrrned with either a screwdriver o r  a box wrench. 

8-57. OIL SCREENS AND FILTERS. Cleaning and mspecnon of oil screens and 
filters can be found in Section II. 

POWER PLAXT 
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TABLE VIII-I1 . TROUBLESHOOTING CHART (ENGINE) 

I 

Trouble 

Fai lure of engine to 
s t a r t .  

I 

Cause 

Lack of fuel. 

Water in fuel injector .  

Insufficient pr ime.  

Overpriming. 

Lack of sufficient 
fuel flow. 

Incorrect thrortle 
setting. 

Defective spark plugs. 

Defective igrucion wire .  

Remedy 

Check fuel iystem for 
leaks.  

Fill fuel rank. 
Clean dir ty lines. 

s c reens  o r  fuel valve,. 

Drain watcr from fuel 
sys tem.  

Increase prime.  

Open thrortle and engage 
s t a r t e r .  

Clean fuel s t ra iners  and 
sc reens .  Check fuel 
pump. 

Open throttle to one- 
tenth of i t s  range. 

Clean and adjust o r  r e -  
place spark plug o r  
plugs. Reier  to 
Table LI-I for spark 
plug gap adjustments.  I 

Check with e l e c t r ~ i  
rester and replace 
any deieccive wires i 

Improper operation sf 
magneto to breaker 
points . 

I 

I Check ~n te rna l  urning 
of magnetos j 

Clean and se t  points,  i 
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TABLE M I - I I .  TROUBLSHOOTING CHART (ENGINE) (cont .) 

POWER P U k T  
Issued: 12!29/72 

Remedy 

Check oil sump sc reen  
for metal part ic les .  
If found, complete 
overhaul of the e n g n e  
may be indicated. 

Demagnetize lrnpulse 
couplings. 

Replace spark  plugs o r  
dry out removed plugs. 

Check and replace o r  
repair. 

Refer  to paragraph Y-35 .  

Refer to paragraph 6-35. 

Tighten all connecrions 
in the induction sys  - 
tem . Replace any 
par t s  that a r e  defec- 
t ive. 

Check cylinder com- 
pression.  

Check ent ire  ignition 
sys t em.  

Regap spark plug 

Trouble 

Failure of e v e  to 
s ta r t .  (cont.) 

Failure of e n p e  to 
idle properly. 

Cause 

Internal failure.  

Magnetized impulse 
coupling. 

Frozen spprk  plug 
e l ecuodes  . 

Shorted ignition switch. 

Lncorrect idle 
adjustment.  

Idle mixcure. 

Leak in the induction 
sys tem.  

Uneven cylinder 
compression. 

Faulty ignition 
system . 

Improper spark plug 
gap s e m n g .  
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TABLE vIII-II. TRouBLEsHoonNG CHART (ENCINE) (cont.) • 

POWER PL.ShT 
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Remedy 

Remove and clean, 
paragraph 8-38 

Check and clean. 

Clean fuel s t rainer  and 
check fuel pump. 

Clean o r  replace drains 

Check injecmr . Adjust 
mixture conno l .  

Check fuel lines for d i r t  
o r  other restr ict ions.  
Check fuel supplv. 

Remove and clean. 
paragraph 8-38 

Tighten all connections 
Replace defecnve 
par ts .  

Remove screen and 
clean.  

Clean o r  replace spark 
plugs. 

Fill ran); with recnm- 
mended grade .  

Trouble 

Failure of engine to 
idle properly. (cont .) 

Low power and uneven 
running engine . 

Cause 

Clogged injector nozzle. 

Dirty a i r  f i l ter .  

Insufficient fuel 
p res su re .  

Induction drains open. 

Mixeure too rich: in- 
dicated by sluggish 
engine operation, 
r e d  exhaust flame 
and black smoke.  

Mixture too lean: in- 
dicated by overheat- 
ing or backfiring. 

Clogged injector 
nozzles. 

Leaks in inducrion 
sys tem.  

Dirt  in injector inlet 
screen .  

Defective spark plugs. 

Improper grade of 
fuel. 
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TABLE VIII-11. TROUBLESHOOTfNG CHART (ENGINE) (cont.) 
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I 
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Remedy 

Clean points. Check 
internal timing of 
magneto. 

Check wire with eleculc 
tes ter .  Replace de- 
fecnve wire. 

Replace connectors on 
spark plug wire. 

Check magnetos for 
riming and synchro- 
nization. 

Remove and clean. 
paragraph 8-36.  

Repair or  replace fuel 
injector. 

Remove and clean. 
paragraph 8-38 

Adjust rhrorrle lever. 

Trouble 

Low power and uneven 
running engine. 
(cont . ) 

Flow meter reads 
high. 

Failure of e n ~ n e  to 
develop fu l l  power. 

Tighten all connections. 

and replace defecuve 
par ts .  

Injector must be re-  
calibrated. 

Examine a i r  inlet and 
remove restricnon. 

Fill tank with recom- 
mended fuel. 

Cause 

Magneto breaker 
points not working 
properly. 

Defective ignition 
wire. 

Defecnve spark plug 
terminal connectors. 

Improper ip.uon 
timing. 

Clogged nozzle. 

Defective fuel injector. 

Clogged nozzle. 

Thronle lever out of 
adjusment 

I Leak in induction 
system. 

Mixmre too lean 
or  roo rich.  

Resulction in 
inducuon al r  . 

Improper fuel. 
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TABLE VIII-11. TROUBLESHOOTING CHART (ENGINE) (cont .) 
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Trouble 

Fai lure of engine to 
develop full power. 
(cont .) 

Rough runrung e n g n e .  

Low oil p re s su re .  

Cause 

Rope l l e r  g o v e r m r  put 
out of adjustment.  

Propeller our of 
adjusanent.  

Resa ic t ions  in inlet 
a i r  scoop and f i l t e r .  

Faulty igrucion. 

Cracked engine mounts.  

Unbalanced propeiler . 

Bent propeller blades. 

Defecnve mounrlng. 

Lead deposit on spark  
plug. 

~Ualfunccioning engine. 

Insufficient oi l .  

Dirty oil s c r e e n s .  

- 
Remedy 

Adjust governor 

Adjust propeller low 
pitch stop . 

Examine a i r  scoop and 
fil ter and remove 
restr ict ions.  

Tighten all  connections. 
Check ignition system . 
Check i p a o n  tlming . 

Repair o r  replace 
engine mount. 

Remove prope!ler and 
balance. 

Replace propeller 

Install new shock 
mounrs 

Clean o r  replace plugs. 

Check ent ire  englne 

Fill oil jump ro 
proper level 

Remsve and clean 011 

sc reens .  
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TABLE VIII-11. TROUBLESHOOTING CHART (ENGINE) (cont .) 
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Remedy 

Adjust  valve.  

Replace gauge .  

Remove and c lean oil 
p r e s s u r e  relief  valve.  

Check gasket  between 
a c c e s s o r y  housing and 
c r ankcase .  

S e e  "High Oil T e m p e r -  
a m r e "  in Trouble  
Column.  

Check line for obs t ruc-  
t ion.  Clean suction 
s c r e e n .  

Overhau l .  

Check a i r  inlet and 
outlet  deformation 
o r  obstruction . 

Fill  oil sump to proper  
l eve l .  

Remove and clean oil 
s c r e e n s .  

Remove  and c lean oi! 
coo l e r  

Trouble  

Low oil p r e s s u r e .  
(cont .) 

- -- ~~~ 

High oil t empe ra tu r e .  

Cause  

Relief valve out of 
a d j u s m e n t  . 

Defective p r e s s u r e  

gauge . 
Air  lock o r  d i r t  in 

re l ief  va lve .  

Leak  in suct ion line 
o r  p r e s s u r e  l ine .  

High oil  t empe ra tu r e  

Stoppage in  oil  pump 
intake pa s sage .  

Worn o r  s co red  
bear ings .  

Insufficient a i r  
cooling.  

Insufficient oil supply. 

Clogged oil l ines  o r  
s c r e e n s .  

C logged oil coo l e r .  
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TABLE VIII-11. TROUBLESHOOTING CHART (ENGINE) (cont.) 

POIVER PL.4 AT 
Issued. 12!29 '72 

Remedy 

Examine sump for 
metal particles and. 
if found, overhaul 
engine. 

Replace. 

Replace gauge. 

Usually caused by weak 
o r  stuck r ings .  Over- 
haul. 

Replace with oil con- 
forming to specifi- 
cations. 

Check ent ire  englne . 

Check sump for metal 
parnc les  and, if iound, 
overhaul of e n g n e  is 
indica ced . 

Install new r ings.  

Inscall new r ings.  

Check e w e  carefully 
for leaking gaskets,  
"0" rings o r  sand 
holes.  

Trouble 

H~gh oil temperamre .  
(cont .) 

Excessive oil con- 
sumption 

Cause 

Failing o r  failed 
b e a r i q  . 

Defective thermo- 
s t a t s .  

Defective temper-  
a tu re  gauge. 

Excessive blow-by . 

Low grade  of oi l .  

Improper e w n e  
operation. 

Failed o r  failing 
bearing. 

Worn o r  broken piston 
r ings .  

Incorrect installadon 
of piston r ings .  

External oil leakage. 
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TABLE VIII-U. TROUBLESHOOTING CHART (ENGINE) (cont.)  

POWER PL.4 hT 
Issued: 12129i72 

Remedy 

Use mineral base oi l .  
Cl imb to c ru i se  al t i -  
rude a t  full power and 
operate  a t  75% c ru i se  
power sening  until oil 
consumption stabilizes. 

Replace with oil con- 
forming to specifi- 
ca t ions .  

High and low pressure  
readings due to ex- 
tremely cold weather 
a r e  not necessarily a 
malfuncnon. Small 
and long oil lines will 
not uans fe r  pressure 
readings accurately 
unril e n g n e  is quite 
warm 

Trouble 

Excessive oil con- 
sumpnon. (cont.) 

Inaccurate p re s su re  
readings. 

Cause 

Fai lure of r ings  to sea t .  
(New nia ided  
cylinders .) 

Low grade  of oi l .  

Cold weather .  
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. 
Grid No . 
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8A.37 . Installation of Fuel Injector . . . . . . . . . . . . . . . . . . . . .  21-19 
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. . . . . . . . . . . . . . . . . . . . . . . .  8A.53 . Maintenana of Harness 2H19 

. . . . . . . . . . . . . . . . . . . . . . . .  8A.54 . installation of Hatnen 2H24 
8A.55 . Spark Plug . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  211 

8A.56 . Removal of Spark Rugs . . . . . . . . . . . . . . . . . . . . . . . .  211 
. . . . . . . . . . . . . . .  8A.57 . Inspection and Qeaning of Spark Rug 212 
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PIPER TWIS COSIAZCHE S E R \ I C E  1 1 ~ x 1  . \ I  

P O N  ER P L 4 \ T  
(PA-30) T U R B O C H A R G E D  

I I \ T R O D I C T I O \ .  Th15 sectioii cover.; [loner plants u5ed in the P.4-70Turho T u i n  Comanchcand I\ 
comprised o i  instructions lo r  the r e m o ~ a l .  minor repair. sertlce and installation of the engine coal ing. 
propeller. propeller go~ernor .  engine. engine shock mounts. induction >!stem. lut.1 injector. turhoch~rcer.  luel 
air hleed noz/.ls,. in(e~.rion \!stem and lubrication ,!stem. 

SA-2. DESCKIPTIO\ The P.4-!U Turbo Twin Comanche i, pouered h! 1 \ 4 0  r\ ico-L!com~rig 10-321)- 
I lour i!.lindcr. direct dr i \e.  \ re !  sump. hor~zonral opposed. fuel injccrcJ. air co~i lcd ciiglne. \\it11 a 
compre,sis~n r3iio 01 s .5 .  I .  rated a IhO H P  at 2700 R P M .  and designed to operate on 100 I l t r  i i n in imum) 
octane a\i3riL>n grade l u c l  The engine conralns components uhich make i t  ddaprahle to rurb~)i.harging 

ConI in~:  completel! encloses the engine and conrists of two side accrjs panrlr. an upper and Io\rer rect i~>n 
and a nobc heclior,. The co\r l  flap I, an inlesral par1 ol' the lower cowl and 11, operated manuall! ihrough 
mechan~c;~I IinLspe. 

Propeller, are H a r r x l l  lu l l  ieathering, con\tant speed. each controlled b! a go\ernor mounted on rhe 
engine ,~~pp ly tng  oi l  through rhe propeller >halt 21 iar ious presbures. 011 prersure i rom the go\cri ior mo\e\thr. 
blade, inri, lo\\ pitch I high R 51 P I .  The ~.snrr i iugal t \ r  isring moment ol'rhe bladc ~ I s o  rend, to ni<i\e t l i c  hladc, 
i n  l o  p i  Opposing thew t\ro 1orcc.h i b a  Iclrce produced b! compres>ed air het\reen thec!Iinder hcad diid 
th? ~I\I<III. t i  hlch lend5 t c 1  n i ~ ) ! ~ ~  th~ ,  blade. in in  hlsh pitch in the ahxncc oIgo\ernor o ~ l  prc,.lirc l l i u \ .  
IelltIier!ng i> ~cc~>mp l i \hed  hy conipres~cd air.  

Tlic dirplane'> induciion s!srem c~>n,lsts o l  a dry type alr l i l tcr and a l te rn ;~~? 3lr d o ~ ~ r  .I-I~L, engin? l'ucl 
.!>tc,nl con\lxrs ill 2 Reildi\ RSA.5-Al l1 r! pc lusl inlector and 2 1  l~car-Se~gler  IuL,~ %uppI! pump :I\ an ~n tsg r ;~ l  
park31 ihc luel iniecror !stem. A Rd~a! model RJOi25 turbocharger I\ mounted as Jn integral L.II ILI rhc. 
ci>g,nr, I i i u  2 ~ I L .  ( ~ ~ n i r u l  ol thd rurhocharger pro\ideh thr  pilot \ \ i rh coinplcre Ireedom L O !  choisc in 
turhnih.~rger u>;. -\ sepdr:ttc push-pull conrrol \r i th precise \enier adlustment i, installed on e:tch enflnr i n r  
a c t ~ ~ ~ i ~ i n  t)i t 1 7 . t  \ i a > r ?  g ~ r ? .  

Issued: 1 2 / 2 9 / 7 2  
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Bendix-Scintilla S4LN-21 series magnetos are tnstalled on  both engines. Each system consists of two 
slngle point magnetos with impulse couplings on the magneto driveshafts t o  obtain the retard spark necessary 
for starting. 

I n  addition to the aforementioned components. each engtne i s  equipped with a generator on the earlier 
models. or an alternator on the later models; a geared starter and kacuum pump. Engine mounts are s t e e l  
tubing construction attached at the firewall and incorporate vibration absorbtng mounts. Twoexhaust stacks 
are positioned one for number one and two cylinders and one for number three and four cylinders. From I he 
exhaust stacks. gases are directed to the turbocharger wastcgate. through or around the turbo turb~ne. as 
required. and overboard at the rear o f  the engine nacelle. 

The lubrication system is  o f  the ful l  pressure wet sump type. The o i l  pump, which i s  located in the 
accessory housing. draws o i l  through a drilled passage leading f rom the oi l  suction screen located in  the sump. 
The o i l  f rom the pump then enters a drilled passage in  the accessory houstng. which feeds the oi l  to a threaded 
connection on the rear face o f the  accessory housing. where a flexible line leads the oi l  t o  the external cooler. 
Pressure oi l  f rom the cooler returns to a second threaded connection on the accessory housing from whlch 
point a drtlled passage conducts the oi l  to the otl pressure filter. I n  the event that cold o i l  or an obstruction 
should restrict the oi l  now to the cooler. an oi l  cooler by-pass valve i s  provided to pass the o i l  directl! from the 
o i l  pump to the 011 pressure filter. 

The oi l  pressure ftlter screen or element. located on the accessory housing, i s  provided asa means to filter 
f rom the oi l  an! solid panicles that ma! ha\e passed through the suction screen in the sump. After being 
filtered through the pressure filter. the oi l  i s  fed through a drilled passage to the o i l  pressure reliefbal\r. located 
in  the upper right stde o f  the crankcase forward o f  the accessory housing. 

This relief valve regulates the engine o i l  pressure by allowing excessive o i l  10 return t o  the sump. u h ~ l e  the 
balance o f  thepressure o i l  i s  fed tothe main oilgallery i n  the right ha l fo f  thecrankcase. Residualoil 1s returned 
by gravit! to the sump where. after passtng through a screen. 11 i s  again circulated through the engine 

The turbocharger 1s lubricated by engine lubricant whtch i s  supplied t o  the turbo oi l  galler! b! a line 
connected to the engtne accessor! housing. Incorporated In the o i l  supply line i s  a pressure regulator poppet 
\alve. an oi l  filter and a pressure sw~tch. The pressure regulator poppet valte reduces englne oi l  pressure to i l l -  
50 pzi presure requ~red for the turbocharger. The turbo oi l  filter contains a bronze element which filter\ OLII 

f ~ n e  dirt  part~cles that ma! be harmful to the turbo bearings. The oi l  pressure switch activates a red ~ a r n i n f  
light in the e\ent turbocharger o i l  pressure i s  below 27 psi. O i l  i s  scavenged from the turbocharger sump and 
returned to the engine sump b! a scavenger pump ~nstalled between the fuel pump and the engine accesbor! 
housing. Before an! work i s  done refer to paragraph 8-2a. 

i 
POWER P L A S T  
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Rcviscd: 4,";Sl 

Figure  XA-I .  Enginc  Cowling and C o ~ r l  F lap  R lgg lng  
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8.1-3. TROCBLESHOOTISC;. Troub les  uecu l l a r  to  the w w e r  olant  are l l s t e d  in 
Tab le  \.IIL%-I1 in the back of th ls  sect lon,  a long wlth t h e ~ r  probable  c a u s e s  and  - 
suggested r e m e d e s .  When t roubleshooung engines ,  ground the  magneto p r l m a r t  
c l r c u l t  before performing any  checks  o n  the  l p t i o n  s y s t e m .  

8A--3. ENGINE COWLING. 

8A-5. REMOV.1L O F  ENGINE COWLISG. The  p r o c e d u r e  f o r  removing t h e  co\vI - 
lng  i s  the  s a m e  i o r  both engines .  

a. Re lease  the f a s t e n e r s  and  r e m o v e  the  nuo s i d e  a c c e s s  panels.  
b. Remove the  s c r e w s  that s e c u r e  the  top cowl a n d  then r e m o v e  cowl.  
c. Disconnect  the  cowl  f lap  con t ro l  rods by removlng  cot ter  pln. w d s h e r  and 

pin. 
d. Suppor t  the  bottom cowl and r e m o v e  ar tachlng s c r e w s .  
e. Lower  cowl a few Inches and  disconnect  d r a m  h n e s .  
i . T h e  n o s e  cowl m a y  be removed by pulling ou t  the upper and  lower hmge 

p tns  a n d  spl i t t ing  rhe c o w l .  

8A-6. CLEANING. INSPECTION AhD REPAIR OF ENGINE COWLING. 
a. The cowling should be cleaned with a suitable solvent and then wiped w ~ t h  a - I  

cloth. L e3n • - 
b. Inspect the cowling for dents. cracks. loose rivets. d m a g e d  or rnisslng fasteners ~ n d  

damaged fiberglas areas. 
c. Rc;lair 3U defects to prevent funher damage. Fiberglas repau procedures may be 

accomplished according to Fiberglas Repairs. Section IV. 

8.4-7. INSTALLATION O F  ENGINE COWLING. The procedure for installing the cowl 1s 
the u m e  for both engines. 

a. Position the two nose cowl halves on the front of the engine and secure with hinge 
pins. 

b. Position the bottom cowl and connect the drain lines. 
c. Attach the bottom cowl to  the aft nacelle section and the nose cowl with screws. 
d. Position the top cowl and secure with attaching screws. 
e. Connect the cowl flap control rods t o  cowl flap with attaching pin. washer and 

cotter pin. 
f. Position the side access panels and secure with fasteners. 
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-7a. COWL F L A P  RIGGING. (Refer t o  Figure 8A-I.) 
a .  Adjust the cowl flap control housing t o  act as  the stop when the cowl flap is open 2 in. 

its trailing edge in relation to the bottom engine cowl. 
b. Adjust the cowl flap linkage to have the cowl flap flush with the bottom engine cowl 

en the stop lug contacts the stop bushing (closed position). 

-8. PROPELLER. 

-9. REMOVAL O F  PROPELLER. (Refer t o  Figure 8A-2.) This includes a11 propellers. 
~ d a r d  and with spring backun kit installed. identified bv a letter "S" in thc dash number. 

NOTE 

Winen removing the propeller. i t  is unnecessary to remove rhe 
sninner. feat!ler the blades. o r  remove tlie air charge. When 
the p ro~e l l e r  is removed lor  service o r  overhaul. the propeller 
wit;? the snnng i t  installed should be feathered an the 
~ i r c ra f r  (see iol low~ng "CAUTlOh"') and the smnner on  
e ~ t h e r  prop must be removed ascord~np t o  section d of this 
?araga1-11. 

Do not attempt t o  disassemble the propeller assembi!. an!. 
iurrher than stated in ttus manual. Onlv personnel at 2 

cemfied repalr shop are authorized for r e p a r  and overhaul 0 1  
the propellsr mechanism. 

THIS  SPACE 
INTENTIONALLY LEFT BLANK 

Revised: 41618 1 POWER PLANT 
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1 SPINNER CAP ATTACHMENT SCREW 2 0 
2 SPINNER CAP 
3. AIR VALVE 
4 CHECK NUT 
5 LOW PITCH STOP NOT USE0 ON '5' PROP 
6 O.RING 
7 SPINNER 
8. SPINNER AnACHMENT SCREW 
9. CHECK NUT 1 2  

10. HUB BOLT 
11 HUB NUT 
12 BLADE 
13 AFT SPINNEZ BULKHEAD 
14 STUD 
1 5  O-RING 
16 SHIM 
17. THIMBLE 
18 SPRING 
19 SLEEVE 
1 0  START€" RING GEAR 

INSTALL FLANGE STUDS 
IN SHORT BUSHl l lGS 

1830 

Figure  SA-2. Propel ler  lnstnl lat lon 

CAUTION 

Under NO condition should blade paddles be uscd on si l i~er 
propeller. except to unfeather a proreller with r l ~ c  s1,rinr kit 
installed (sce paragraph 8A-11). It' a proneller i> : ,  be 
ie3tllered on the ground, i t  should be done w ~ t ! ~  tlir c?;l91e 

onenring. by use of the propeller control on tlic t l ~ ro t t l ~ ,  
quadr~nt. 

CAUTION 

Prior to performing any work on the jroneller. 3scerr:lln tllat 
111~. master switcli and magneto switches are OFF (grounded) 
and the mixturt. control i s  in tile IDLE CUT-OFF ~)ositlon. 

J. Rsmove a l l  hardware that attaches the nose cowl to the top 2nd bortom < r~~: l ;  
io\~l.;. T l ~ e  top and side panels of the main cowl assembly may be removed tor yr~ , - r : r  
~icessibility. Work the nose cowl as far forward as possible. reach throusl~ the o:enlng J I ~ L ~  

split the cowl by pillling the upper and lower hinge pins. Pliers may be needed rn I ~ I I I  r ! ~ c  
pins. The two halves o f  the cowl may be pulled forward and to either ride o l  the !>ropell~,r. 
wl1iL.h should be in a vertical position !'or ease in  removing [he cowl. 



PIPER TWIN COMANCHE SERVICE MANUAL 

NOTE 

In some appropriate manner, index the propeller and starter 
ring to facilitate installation. (Example - paint stripe.) Do not 
scratch the surface. 

b. Place a drip pan under the propelln t o  catch oil spillage. 
c. Cut safety wire around the propeller mounting studs and remove the studs (14) from 

the engine flange by wrenching the nuts. These nuts are "frozen" to the studs with loctite 
and secured with roll pins, so the studs should turn with the nuts. Pull the propeller from 
the engine shaft. 

d. In the event that the spinner and spinner bulkhead arc t o  be removed for cleaning, 
inspection. adjustment of pitch stop. etc., remove the spinner nose cap attaching screws and 
cap ( 1 and 2). Remove the spinner (7) by removing the safety wire ,and check nut (4) from 
the propeller at the forward end of the forward spinner bulkhead and the screws (8)  that 
secure the spinner to the aft bulkhead (13). The aft spinner bulkhead may be removed from 
the hub bv removing the locknuts ( 1  I ) .  

8A-10. CLEANING, INSPECTION AND REPAIR OF PROPELLER 

CAUTION 

Rior  to performing any work around propeller, discharge the 
dome pressure first. 

a. Chesh for oil and grease leaks. 
b. Clem the spinner. p ro~e l le r  hub and blades with a non-corrosive solvent. 
c. Inspect the hub pans for cracks. 
d. Steel hub pans should not be permitted to rust. Use aluminum paint to toi~ch up. ~i 

necessary. or replate during overhaul. 
s. Check all visible parts for wear and safety. 
i. Che~.k the blades of the standard propeller t o  determine whether they turn freel) on 

I l l ?  liub pivot tube. This can be done by rocking the blades back and forth through [lie 
slight freedom allowed by the pitch change mechanism. Do chis by hand be~ng caret'i~l not to 
slam the internal mechanism against the stops. If blades appear t ~ g h t  and are properl! 
lubricxed. the propeller may need internal repair. (See WARNIKG on page 8 A J . l  Tliic 
a n n o t  be done wirh the spring propeller due t o  the pressure exerted by the spnrlr o c n  
though the dome pressure is discharged. 

g. Inspect blades Tor damage or cracks. Nicks in leading edges of blades should be fi1i.J 
out and 211 d g e s  rounded. as cracks sometimes start from such places. Use line emery clotli 
ior finlsl~~n;.. Refer to Figure 8A-3 for propeller blade care. 

11. Cllcsl. condtion of propeller mounting nuts and swds. 

POWER PL.i\'T 
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C U G G E I * T E D V I E W ( W  E U G G E I a T E O  VIEWOF 
I U I * A a  CI IUZK NICK IN @ACE OF l U O E  

Wt0.I 

. R E .  -no.. .'.a,. - 
ma-m m n m  

0. " l C U  1m10 LE.0lP.G 
'DO' I L I O U C P "  -7- 
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NOTE IECQ.Y(NC-ED f O l  l l Y D V I * G  MlCtS  
C IACKS LNDSCIATC*ES !SOY WNG MIZFLE 
ClLE A N D l O l  C I D C S  CLOTH 

Figure 8A-3. Typical Nicks and  Removal  Method> a 
NOTE 

It is recommended that for severe damage. internal repairs 
and replacement of parts, the propeller should be referred to 
the Hanzell Factory or Certified Repair Station. 

i. Each blade face should be sanded lightly with fine sandpaper and painted. when 
necessary. with a flat black paint to  retard glare. A Light application of oil or  wax may be 
applied to  the surfaces to  prevent corrosion. 

8.4-1 I .  ISSTALLATION OF PROPELLER. (Refer to  Figure 8A-1.) 

CAUTION 

Prior to  perioming any work around propeller. ascertain that 
the master switch and magneto swirches an OFF (pounded) 
and the mixture control is in the IDLE CUT-OFF position. 

POIVER PLiST 
Revised: 113 1174 
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-- 

a. Clean the propeller flange, starter ring and crankshaft flange. 
b. Install spinner bulkhead (13) on propeller hub and secure with locknuts. Torque 

bolts to  specifications uven in Table VLIIA-I. 
c. Ascertain that the starter ring gear is properly on the crankshaft flange. The oversizs 

hole in the starter ring must go over the oversize bushing. 
d.  Position the prop flange and starter ring gear so the two short bushings are 

horizontal. (Refer to  F~gure 8A-2.) 
e. Lubricate and install O-ring ( 15) in prop hub. 
f. Install sleeve (19), spring (18). thimble (17), and shim (16) in engine crankshaft on 

propeller installations NOT using the spring back-up system in the hub. 
g. Place the propeller in a horizontal position and mount to  the engine crankshaft. 

Check alignment of paint stripe (refer to  NOTE under Paragraph 8A-9.) Screw each stud 
into its mating engme flange bushing a few threads at a time until all are tight. Torque the 
studs to  the specifications given in Table VIIIA-I. 

h. Safety studs with MS20995-C41 wire. Safety wire is inserted through the roll pins. 
i. Install spinner (7). Torque spinner screws (8 )  and check nut (4) per Table VIIIA-I. 

Safety check nut with MS2099SC41 wire. 
NOTE 

Do not check pressure or charge cylinder with PROPELLER 
in t l ~ r  feathered position. 

CAUTION 

T o  obtain an accurate pressure reading when checking 
propeller dome air pressure or to insure complete release of 
all ai~ pressure, place the propeller CONTROL in the feather 
detent before measuring or releasing propeller air pressure. 
This procedure will insure the tree flow of all air w i t h  the 
prop dome and prevent possible error in pressure readings or 
Injury to  service persunnel sl~ould the low p~ tch  stop be 
removed 

NOTE 

I f  the propeller is m feather on the ground, it is undesirable 
to  run it out of feathcr through engme operation due t o  
roughness which will occur po3sihly causing severe damage to 
engine mount and eal~aust  system. Remove the air charge. 
u~ i t ca t l~e r  th~.  blades w ~ t l ~  equal pressure applied by means of 
bladc pdddles used on both blades as close to the hub as 
poss~bl?. Listen for the quiet distinctive "clicks" of the high 
pitch stop pins, then stop and ren~ove the paddles. 

j. Charge the cylinder through air valve (3) with dry a u  or nitrogen gas to the 
prescribed pressure. Refer to  Table VIIIA-I of this manual for an exact pressure for the 
existing temperature. It is most unportant that an accurate charge be maintained. 

k. The amount of air pressure per existing temperature as shown by Table VIIIA-1 is 
very important and should always be used. I f  excessive pressure is used in the propeller. 
there is a possibility of feathering taking place at idle speed when the engine is warm and the 
oil viscosity is low. An accurate air pressure gauge should always be used. A pressure gauge 
and valve kit. pan  number 756 771. may be purchased through a Piper Dealer or  
D~stributor 
Revised: 1/31 174 POWER PLANT 
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TABLE WIIA-I 

PROPELLER SPECIFICATIONS (PA-30) 

I Blade Angle Low Pitch (High RPM I 12" i 0 . 0 1 5 ~  I 
High Pitch (Low RPM) 78" , I ,  

L I B  I~.SU.I 7.. t. a7 2 0  I.=,, ~ 1 . 7 ~ 0 1 .  lFcathurud I 

Propeller RPM Engine Static High RPM 2700 max 
Setting Engine Static Low RPM 1850 * SO min 

-- 

Propeller Torque 
I 

Description Rcquired Torque 
Limits ( D V I  

Spinner Bulkhead (Aft)  22 foot-pound, 
Propeller Mounting Bolts 50  foot-pounds 
Propeller Mounting Studs 40-42 foot-pounds 
Spinner Bulkhead Check 3 5 4 0  foot-pounds 

Nut 
Spinner Attachment Screws 4 0  inch-pounds 

I 
CHAMBER PRESSURE REQUIREMENTS WITH TEMPERATCRE 

HC-EZYL-2. HC-E2YL-ZB or HC-EZYL-ZBF 

I Temp. O F  Press. (psi) Temp. F 

Temp. O F  Press. (psi) 

100 53 
70 50 
4 0  47 ! 
10 44 

-20 411 
i 

NOTE: Do not check pressure or charge with propeller in feathsr poslrlon. 

POWER PL-IST 
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I .  When recharg~ng  the  propeller. d r y  a i r  o r  nitrogen gas should  be used. I t  is importanr  not  t o  allow 
mois ture  t o  en t r r  the a l r  chamber  a s  this could cause t h e  piston t o  freeze d u r ~ n g  cold weather opera t ion .  

m. Teht lor leakage by using a s o a p  s o l u t ~ o n  o r  equivalent a n d  applying i t  a round  the  air valve s tem and  
adjus tment  s top  nut 

n. T o  re~nsta l l  engine c o w l ~ n g .  first put the  propeller in a vertical position then fit t he  two  halves of the  
nose cowl together behind the  spinner bulkhead a n d  p ~ n t h e m  t o g e t h e r w i t h t h e t w o  hinge p i n s t h r o u g h t h e t o p  
a n d  bo t tom hinges. Slide [he  nose cowl back a n d  i n f o  proper  locarion with rheenginecowls .  Locare ho lesand  
install all hardware  that  a t taches  the cowls together.  Insrall t o p  and  s ide  enginecowl  panels i f r e m o ~ e d .  Install 
s p ~ n n e r  c a p .  

8A-12. A D J C S T h l E S T  O F  L O W  P I T C H  B L A D E  A K G L E  A N D  S T O P  

S O T E  

Both types of propellers referred to .  c o m e  f r o m  t h e  ractory with the  
low pitch s top  adjus ted for  proper  blade angle.  If. however this 
adjus tment  has been disturbed. the  procedure given below is used 
for obta ining blade angle. but applies only t o  the  propeller without 
the  spr ing k ~ t  A-227.7 installed. There  is n o  way to check the  l o u  
pitch blade angle of the  propeller. with thcspr ing  kit installed. in the  
field. This  is d u e  t o  the  internalspringproducinga force n e a r t o  that  
of the  a l r  charge in the  s tandard propeller which can a n d  has  t o  be 
released t o  make this adjus tment .  T h e  spr lng s u p p l ~ e s  constant  
pressure t o  the  blades making I I  ver! difficult t o  ro ta te  the  blades t o  
a point  where the  l o u  pitch s top is contacted.  Therefore .  i f the  blade 
angle  o n  a spring propeller is suspecred ro be wrong i t  should be 
referred back t o  the  Hanzel l  factor! or Certified repair  s h o p .  

a .  Procedure for o b t a i n ~ n g  blade angle  and  adjusting low pitch s t o p .  
I .  The  blade ang le (Re le r  t o  Tabie  \ 1114-1) isdetermlned by placinga propeller prot ractor  o n  the  

face side of the  propeller ar the 30 ~ n c h  statlon a s  measured f rom the  h u b  centerline. The  blade must be 
hor izonral .  

2 .  2 .  T h r  lo\\ p ~ t c h  s top  is adjusted b! r o t a t ~ n g a  screw in the  nose o f t h e  propellerc!l~ndsr.  Rota t ing 
the  screu clock\\ '~se ~ n c r e a s e s  the  lou pitch angle and  reduces the s t a t ~ c  R P M  b! abou t  100 R P M  ior  each half 
tu rn .  o r  \ i ce  versa. 

Issued: 12/29/72 POWER PLANT 
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CAUTION 

Before adjusting the low pitch stop screw, the air p m s u r r  
should be dropped to zero. Unless this is done. it is possible 
t o  unscrew the low stop far enough to d i s e n g g  the thndr. 
allowing the air pressure to blow the stop screw out with 
p a t  force. T o  insure the complete discharge of dl air 
prerarrr within the dome. place the propeller CONTROL in 
the feather detent. There should be a t  l e s t  four threads of 
the stop screw e-d. 

b. After the low pitch stop has been adjusted for proper blade angle, torque the low 
pitch stop jam nut t o  30 foot-pounds. The governor should then be adjusted to obtain 
maximum rated engine RPM during take-off and climb (2700 RPM.) 

8A-13. BLADE TRACK. Blade track is the abilitv of one blade tip ro follow the other, 
while rotating, in almost exactly the same plane. Excessive difference in blade track -more  
than 0.062 inch - mav be an indication of bent blades o r  improper propeller installation. 
Check blade track as follows: 

a. With the engine shut down and blades vertical, secure to the aircraft a smooth board 
just under the tip of the lower blade. Move the tip fore and aft through its fuU 
"bladeshake" tnvel making small marks with a pencil a t  each position. Then center the tip 
between these marks and scribe a line on the board for the full width of the t i@. 

b. Carefully rotate propeller bv hand to bring the opposite blade down. Center the tip 
and scribe a pencil line as before and check that lines are not separated more than 0.062 
inch 

c. Prooellers having excessive difference in blade track should be removed and 
insoected for bent blades. or for parts of sheared O-ring. or foreign part~cles wluch have 
lodged between hub and crankshaft mounting faces. Bent blades will require repair a n d  
overhaul of assembly. Other conditions will require installation in the prescnbed manner. 
(Refer to paragaph 8A-I I .) 

POWER PLXhT 
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8A-14. PROPELLER GOVERNOR 

8A- 15. REMOVAL O F  PROPELLER GOVERNOR. 
a. Remove the left and right side panels of the engine cowl. 
b. Remove the top engine cowl by removing attaching screws. 
c. Disconnect governor control cable from control arm by removing nut and washer 

from ball joint. 
d. Disconnect control cable from bracket by removing nuts. washen and screws from 

clamp. 
e. Remove nut and washer from governor adapter mounting stud allowing the control 

cable bracket to be removed. 
f. Remove the governor mounting stud nuts. It will be necessarq. to move the governor 

from its mounting pad as the nuts are being removed before the nuts can be completely 
rtmoved. 

g. Remove the mounting gasket. If the governor is t o  be removed for a considerable 
length of time and another unit is not substituted, it is advisable t o  cover [lie mounting pad 
to prevent damage caused by foreign matter. 

THIS SPACE INTESTIONALLY LEFT BLANK 
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Figure 8 A 4 .  Propeller Governor 

SA-16. INSTALLATION O F  PROPELLER GOVERNOR. 
a. Clean the mounting pad thoroughly making very certain t l l ~ t  t l~erc  are no loreicr. 

particles in the recess around the drive shaft.  
b. Place ttlc governor mounting gasket in position with the raised portion ol'rlie screcn 

facing awa!. from the enpne .  
c. Install the control cable bracket o n  the governor. 
d .  Align the splines on  the governor shaft with the engjne drive and rllr cdblc. bracket 

with the governor adapter  mountlng s tud,  and slide the governor into position. 
c. \Vith the governor in position, raise it enoug!~  to  install washers ; ~ n d  start m o c r i r i n ~  

nuts. Sccurc b n c k e t  to  adapter with washer and nut.  torquein? nuts everlv. 
f. Connect 1h.e control cable end to  the governor control arm. T:1e ball stud is i n s t ~ l l - ~ i  

in the inner hole of the control arm. 
g. Sec~lre the control cable to bracket with clxmp, screw, was!ier ~ n d  ni:rs. 
h. Adjust governor control per pa rag ran!^ 8A-17. 
i. Install engine cowl per paragrapti 8A-7. 

POIVER PL.\XT 
Issued. 12!29172 



PIPER TWIN COMANCHE SERVICE MANUAL 

8A -17. ADJUSTMENT OF PROPELLER GOVERNOR. (Refer to Figure 8A -4 .) 
a .  Start the engine, park a t  90 degrees to wind direction and warm in the nor - 

ma1 manner. 
b.  To check high RPM, low pitch setting, move the propeller control all  the 

way forward. A t  this position the governor speed control a r m  (2) should be 
against the high RPM fine adjustment screw (1). Wirh the throttle full forward, 
observe engine RPM which should be 2700 RF'M with high RPM .properly adjusted. 

c .  Should engine RF'M not be a s  required, the high RF'M semng should be ad- 
justed a s  follows: 

1 .  Shut down the e@e and remove the left s ide access panel. 
2 .  Adjust governor by means of the fine adjustment screw for 2700 RPM. 

Loosen the screw locknut (5) and olrn the screw in a clockwise direction to de- 
c rease  engine speed o r  in a counterclockwise direction to increase engine speed. 

NOTE 

One revolution of the fine adjustment screw will in- 
c rease  o r  decrease the engine speed approximately 
20 RPM. 

3. After adjustment is made, secure  adjusting screw with jam nut. 
4 .  With the high RPM adjustment complete. the conaol  system should be 

adjusted so that the governor conaol  a r m  will contact the high RPM stop when 
the cockpit lever i s  0.062 to 0.125 inch from its full forward stop which is located 
in the control quadrant. To adjust the conaol  l w e r  a a v e l ,  d i S ~ 0 ~ e c t  the con- 
rrol cable end from the conaol  a r m ,  loosen the cable end jam nut and rotate the 
end to obtain the desired lever clearance. Reconnect the cable end and tighten 
jam nut. 

5 .  Install side access panel and secure with s u d s .  
6 .  I t  is usually only necessaryto adjustthe high RPM semng of the gover- 

nor control system. a s  the acrion automatically cakes c a r e  of the posinve h ~ g h  
p ~ t c h  =srrmg. 

8.4 -18.  ESGINE. 

h.4 -19. REMOVAL OF ENGINE. (Refer to Figure 8A-5.) The removal of elther 
engine is basically the same procedure. thoughthe routing of some wires, cables 
and lines do vary berueen engines. Each line should be idenfified to facilitate 
rc;nstallation and covered. where disconnected, to prevent contarninauon. 

. Turn off all cockpit switches and disconnect the baaery ground wire at the 

POWER PLA VT 
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battery 
b. hove  the fuel valve control levers located on the fuselage floor between 

the nvo front seats to the OFF position. 
c . Remove the engine cowling per paragraph 8A -5.  
d .  Remove the access  panels on the top of the nacelle aft of the firewall. 
e .  Drain the e n g n e  oil, i f  desired, and reinsmll drain plug. 
f . Remove the propeller per paragraph 8A -7.  
g .  Disconnect the s t a r t e r  cable a t  the s tar ter ,  remove the cable clamps at  the 

left side of the engine and engine mount. and draw rhe cable aft through ~e engine 
baffle to the firewall. 

h .  Disconnect the generator o r  alternator leads a t  the unit, and cylinder head 
temperature lead on number 3 cylinder. Remove clamps securing wires and draw 
them back to the firewall. 

i . Disconnect the exhaust t e m p e r a a r e  lead, if installed. 
j . Disconnect the oil t e m p e r a m e  e l e c ~ i c a l  lead and tachometer cable a t  the 

accessory housing. 
k .  Disconnect the fuel pressure and fuel flow meter  vent lines a t  the firewall. 
I . Disconnect the manifold pressure  and oil pressure  lines a t  the firewall. 
m .  Disconnect the breather hose from the breather tube atrached to the fire- 

wall and disconnect the turbo oil line from the engine a t  the accessory housing. 
n. Disconnect the magneto " P  leads from the magnetos. 
o .  Disconnect the vacuum hose and fuel line a t  the firewall. 
p .  Disconnect the heater fuel line (right engine only) from the firewall. 
q .  Disconnect the turbo oil line from the bottom of the turbo filter located on 

the lower left corner of the firewall. 
r .  Disconnect the exhaust waste gate and alternate a i r  door control cables.  
s .  Disconnect control cables a t  the governor, throttle and mixture control 

a r m s  and remove cable clamps a t  cable brackets. 
t . Disconnect the cowl flap rerurn spring from the engine mount. 
u .  Remove che nub and induction a i r  filter box mounting brackets from the 

firewall by removing artaching nuts, washers and bolts. 
v .  Attach a one-belf ton (minimum) hoist to the boisdng hooks and relieve the 

tension on the engine mount. 
w .  Removethe nuts and washers from the bolts that attach the engine mount to 

rhe firewall. 
x .  Remove tbe engine mount mounting bolts and swing the engine a few inches 

from the firewall. Check the engine for any attachments remaining to obstruct 
i t s  removal. 

y . Swing the engine clear  and place on a suitable support. 

POWER PLA l'jT 
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8 A - 2 0 .  INSTALLATION OF ENGINE. The installacion of either e n p e  is bas- 
ically the same procedure, though the routing of some wires, cables, lines, etc. 
does vary benveen engines. Before starting, ascertain that all components of the 
engine such as engine mount, turbocharger unit, exhaust stacks , etc . . a r e  in- 
stalled. 

a .  With a one-half ton hoist (minimum) attached, swing ehe engine in position. 
b. Align me mounting bolts in the engine mount with the mounung holes in the 

firewall. Install the mounting bolts through horn the aft side of the firewall. 
I~stall washers and nuts, then dry torque to 2OG240 in. Ibs. 

c .  Attach the a i r  filter box and mrbo mounting brackets to the firewall usbg 
bolts, washer and nuts. 

d .  Connect the throttle and mixture control cables to the injector unit, install 
cable clamps and r ig  per paragraph 8A -38. 

e .  Connect the governor control cable to governor. Install cable clamps and 
r ig  per paragraph 8A - 17. 

f . Connect the exhaust waste gate control cable to the gate control lever.  
g .  C o ~ e c t  the alternate a i r  door control cable to the a i r  door control arm 

and adjust the cable end on the connol arm so when the control h o b  in the cockpit 
is  full in, there will be approximately one-eighth inch clearance between the 
control arm and the door hinge a rms .  

h .  Connect the turbo oil line to the firting at  the bonom of the turbo oil filter. 
i . Connect the fuel line and heater fuel line (right engine only) to the fitungs 

on the firewall. 
j . Connect the vacuum hose to firting on the firewall. 
k .  Connect the breather hose to the breather cube attached to the firewall and 

connect the mrbo oil line to the e w n e  accessory housing. 
1 . Connect the magneto "P" leads to magneco and safety. 
m . Connect the manifold pressure and oil pressure lines to fittings on the fire- 

wall. 
n .  Connect the fuel pressure and fuel flow meter vent lines to fittlngs on the 

firewall. 
o .  Connect the oil temperarure electrical lead to the oil temperarure bulb in 

the accessory housing and connect the tachometer cable to rhe accessory housing. 
p.  Connect the cowl flap return spring to the engine mount and flap connol a rm.  
q .  Connect electrical leads tothe generator or  alternator, cylinder head tem- 

perature bulb in Number 3 cylinder and exhaust temperarure probe, and secure 
cable with clamps to prevent chafing. 

r .  Connect elecnical cable to starrer and secure cable to engine with clamps 
co prevent chafing. 

S .  Ascerrain that the magneto switches a r e  OFF a n d  install propeller per 
paragraph 8.4 - 11 . 

POWER P U h T  
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1903 

13 I d  I S  1 18  2 C  2 1  232425  26 27 18 

1 BOLT ASSEMBLY 15. BOLT ASSEMBLY 
2. AIR FILTER BOX 16 EXHAUST STACK 
3. ENGINE MOUNT 17. ALTERNATE AIR DOOR 
4. TURBOCHARGER TOP MOUNT 18. TURBOCHARGER TURBINE SECTION 
5 ENGINE SHOCK MOUNT ISEE SKETCH A l  19. TURBINE INLET 
6. OIL FILLER 20. EXHAUST WASTE GATE ASSEMBLY 
7. FUEL DISTRIBUTOR VALVE 21 TURBOCHARGER COMPRESSOR SECTION 
8. INJECTOR NOZZLE FUEL LINE 22. COMPRESSOR AIR DUCT 
9. SPARK PLUG LEAD 23 COMPRESSOR DISCHARGE CHECK VALVE DOOR 

10. BAFFLE. FRONT 24 COMPRESSOR INLET DUCT 
11. STARTER RING GEAR 25 TURBOCHARGER OUTSIDE MOUNT 
12 PROPELLER ASSEMBLY 26. INDUCTION AIR SCOOP 
13. TURBOCHARGER OIL FILTER 27. SPARK PLUG 
14. TURBO OIL PRESSURE SENDER 28 ALTERNATOR ASSEMBLY 

Figure 8A - 5 .  Engine Installation 
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I .  Connec t  the bat ter )  g r o u n d  cable  a t  the  battery.  
u.  T u r n  ,>n the fuel valse. o p e n  the  t h r o ~ t l e  full. a n d  turn  o n  t h e  electric fuel p u m p  a n d  check t h e  fuel  

lines fo r  leaks 
\ .  Install access panels o n  the  engine  nacelle a n d  cowllng per Pa ragraph  8A-7. 
u. T o  prevent possible high speed bear ing failure d u e  t o  lack of lubrication dur ing  t h e  s t a n .  refer to the  

l a ~ e s t  revision of Lycoming S e n i c e  lns t ruct lons  S o .  1241 
x.  Per fo rm an  engine  operational check .  

8A-20a.  P R O T E C T I O K  O F  E X G I S E  M O U X T .  T h e  lower engine  m o u n t  tubes  which are  next t o  t h e  
tu rbocharge r s  have been pa in ted  with a special  heat resistant pa int .  S h o u l d  the  m o u n t  need repalntlng.  the  
following procedure must b e  followed t o  insure the  heat resistant qualit!: 

a .  S t r ip  all old paint  f r o m  t h e  lower englne  m o u n t  tubes.  
b. S a n d  the full length of the  tubes  a n d  remove all grease a n d  oil. 
c .  Appl! three brush coa t s  of ex t ra  high H-170 Heat Rem.  paint ,  o r  Krylon hlgh heat  a lumlnum palnt  

61402. o r  Rando lph  products  heat  resistant coat ing dK3760 o r  3761. 

V O T E  

The eng ine  moun t  rubes shou ld  be w a r m  d u r i n g  the pa in t  
appl ica t ion.  but not h o t .  

d 411o\r r u e h e  h o u r \  be tueen  brush coat r  

8A-21.  E S G I S E  S H O C K  M O U K T S  

8A-22. R E P L 4 C E X I E \ T  O F  E \ G I S E  S H O C K  M O U S T S .  Refer t o  Figure 6 -  for the p roper  
a r rangement  o f t h e  engine shock  moun t  ai ,emblies.  The  t o p s h o c k s a r e a s s e m b l e d  s o t h e g o l d  colored shock I S  

aft a n d  the  s ~ l i e r  colored shock  is fo r \ \ a rd .  T h e  l o u e r  shock m o u n t s  a re  installed oppos i t e  of the t o p  shock 
m o u n t s .  T o r q u e  shock m o u n t  bolts  lo  -150 t o  500 In lbs. a n d  safer!. 

8A-23.  E X G I X E  T L j R B O C H 4 R G E R .  T h e  turbocharger  system requlres little ar tent lon between t u r b o  
overhauls .  Ho\rever .  I I  I S  r ecommended  tha t  the Items outl lned in the  lnspection Repor t  of Section I l l  be 
checked d u r ~ n f  r e q u ~ r e d  lnspect ion intervals.  Should  t rouble  occur .  refer t o t h e  T r o u b l e s h o o t ~ n g  Table in this 
section a n d  seek out the posslble cau5e. D o  not  hreak the  c l amp seal jo ln ing the tu rb ine  a n d  compressor unlts .  

8A-?)a .  T U R B O C H A R G E R  X O M E S C L A T U R E .  Man! u n f a m i l ~ a r  terms ma! a p p e a r  on the fo l lou ing  
pages  of this manual .  A n  understanding of these will be helpful. I T  no t  necessary. In performing maintenance  
a n d  t roubleshoot ing.  The  following is a list of commonl! used t e rms  a n d  names a s  appl ied  t o  turbocharging 
a n d  a brief description. 

I T E R M  M E A S I S G  

I Supercha rge  T o  Increase I he a i r  pressure (densi ty)  a b o v e  o r  h i g h e r t h a n  ambient  conditions. 

I Supercha rge r  A device tha t  accomplishes the  increase in pressure 

I T u r b o - S u p e r i h a r g f r  More  commonl! referred t o  a s  a "Turbocharger."  this  d e u c e  is dr iven b! a 
turblne .  The  t u r b ~ n e  is spun  b! energy extracted f rom t h e  englne exhaus t  gas. 
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Compressor 

Waste Gate and Actuator 
(Exhaust Bypass1 

Density Controller 

Differential Pressure 
Controller 

Ground Boo\tsd or 
Ground Turbocharged 

The portion of a turbocharger that takes in ambient air and compresse 
before discharging i t  to the engine. 

The exhaust driven end o f  the turbocharger unit 

The waste gate i s  a butterfly type valve in  the exhaust by-pass which. through- 
out its travel f rom open t o  closed. allows varied amounts o f  exhaust gas to 
by-pass the turbine. controll ing its speed. hence the output of the compressor. 
The actuator i s  operated by a hydraulic piston operated by engine oi l  and 
cylinder with the piston linked to an arm on the butterfly \a l \e shaft. 

The density controller is designed t o  allow the engine t o  develop ful l  rated 
power no matter what ambient temperature and pressure condluons are. 
This controller regulates waste gate bleed oi l  only at full throttle positlon to 
maintain a constant air density at the injector inlet. The pressure and temp- 
erature sensing bellows o f  the controller react to pressure and temperature 
changes between the fuel injector inlet and the turbocharger compressor. The 
bellows. filled with dry nitrogen gas. ma~ntains a constant density by al louing 
the pressure to increase as temperature increases. Movement o f  the bellous 
re-positions the bleed valve. causing a change in  quantlt! o f  bleed oil. which 
changes o i l  pressure t o  the wastegate piston. 

N O T E  

The density controller i s  designed t o  keep the air denbit! constant at [he in-  
jector entrance. As ambient alr temperature Increases or dens~ty decrease\ d 
to change in altitude a higher manifold pressure is  required to maintain a c Q stant densit!. also resulting in a higher injector inlet temperature. T h ~ s  I. \rh. 
u ide open throtrle manifold pressure increases with either altitude or oul\ ids 
air temperature. In aful l throt t le c1imb.a gain of 310 4inches of manilold pres- 
sure between sea le\el and critical altitude %ill be seen. 

This controller uses a diaphragm rather than a bellous as i s  found in the den- 
sity controller. I t  is  used in  conjunction with the denslt! controller. I t s  iuncuon 
i s  to override the densi~y controller so that the compressor dlscharge pre3surr 
i s  not held at an unnecessarily high level when loner manifold pressure i s  being 
used. The differential controller wi l l  usually maintain a compressor dlschargc 
pressure (deck pressure) approximately 6.5" Hg above the selected man~ lo ld  
pressure. I n  thls system. the density controller 1s only effective at nide open 
englne throttle conditions. 

These phrases indicate that the engine depends on a certain amount of turbo- 
charging at sea level to produce the advertised horsepower. A n  engine that i s  
so designed wil l  usually include a lower compression ratio to aboid detonation. 
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Deck Pressure The pressure measured in  the area downstream o f  the turbo compressor d i l -  
charge and upstream o f  the engine throttle valve. This should not be confused 
with manifold pressure. 

Mani fo ld Pressure The pressure measured downstream of the engine throttle valve and is  almost 
directl! proport~oned t o  the engine power output. 

Normalizing 

Overshoot 

Bootstrapping 

I f  a turbocharger system i s  used only to regain power losses caused by de- 
creased air pressure o f  high altitude. i t  i s  considered that the engine has been 
"normal~zed" 

A n  oLerboost condition means that manifold pressure i s  exceeding the l i m ~ t s  
at which the engine was tested and F A A  certified and can be detrimental to the 
l ~ i e  and performance o f  the engine. Overboost can be caused b! mal- 
functlonlng controllers or improperly operating waste gate in the automatic 
system or b! pilot error in a manual controlled system. 

Overshoot 1s a condition o f  the automatic controls not havlng the abilit! to 
respond quickly enough to check the inertia of the turbocharger speed increase 
with rapid engine throttle advance. Overshoot differs f rom oterboost in that 
the high manifold pressure lasts only for a few seconds. T h ~ s  condition can 
usuall! be overcome by smooth throttle advance. A good method for ad- 
Lancing the throttle i s  as follows. After allowing the engine 011 to warm up to 
approxlmatel! 14OCF. adLance the throttle to 28" to 3 0  man~fo ld  pressure. 
hes~tate I t o  3 seconds and continue advancing to ful l  throttle slou and ea,! 
T h ~ s  uill e l ~ m ~ n a t e  an! overshoot due to turbocharger inertia 

Th15 ih  3 rerm used in conjunction u ~ t h  turbo machlner!. I f  !ou uere to tahc 
all the alr coming from a turbocharger compressor and duct i t  d~rectl! bacl. 
Inlo the turbine of the turbocharger. i t  would be called a bootrtrap system and 
II no losses wereencountered. i t  would theoretically run continuousl!. I t  would 
also be ver! unstable because i f  for some reason the turbo speed uou ld  change. 
the compressor would pump more air to drive the turbine faster. etc. A turbo- 
charged engine ahole cr~ t ica l  alutude (waste gate closed) i s  similar to the 
example mentioned abo\e. except now there 1s an englne placed betueen the 
compressor discharge and turbine inlet. Slight system changes caused the ex- 
haust gas t o  change slightl!. which causes the turbine speed to change sl~ghtl!. 
uhich causes the compressor air to the englne to change slightly. uhlch In turn 
agaln affects the exhaust gas. etc. 

Crit ical Altltude A turbocharged engine's waste gate wi l l  be in a partially open posi t~on at sea 
I e L e l .  As the a~rcraf t  1s f lown to higher a l t~tude (lower ambient pressures) the 
uaste gate closes gradually to maintain the preselected manifold pressure. At 
the polnt u here the uaste gate reaches i t s  ful l  closed position. the preselected 
manifold pressure uill start to drop and this i s  considered cr~uca l  altitude. 

8A-24. R E M O V A L  O F  T U R B O C H A R G E R .  
a. RemoLs engine c o u l ~ n g  per Paragraph 8.4-5. 
b.  Remove the turbocharger compressor and turbine assembly by the following procedure: 
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Figure 8A -6 .  Schematic Diagram of Turbocharged System 
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1. Disconnect the inlet and outlet oil lines at the turbocharger. 
2. Loosen clamps securing the turbo air intake flexible duct and the compressed air duct to the 

turbocharger unit and slide ducts from unit. 
3. Loosen the two "V" band clamps securing the exhaust inlet and outlet ducts to the 

turbocharger unit. 
4. Remove the bolt and nut anaching inside mount to the turbo unit. 
5. Remove the two engine sump bolts securing the outside turbo mount to the engine. 
6. Remove the turbocharger unit by removing the two bolts. washers and nuts attaching the 

turbo unit to the top mount. 

8A-25. INSTALLATION O F  TURBOCHARGER 

a. Position turbo unit with gaskets on exhaust inlet and outlet ducts and secure with "V" band 
couplings. Lockwire the "V" band couplings as shown in Figure 8A-6a. 

MS 20995-C41 WIRE 7 

1 L T-BOLT 

Figure 8A-6a. Lockwiring of V-band Couplings 

b. Slide the induction air and compressed air flexible ducts on the air inlet and outlet pons of ths 
turbo unit and secure with clamps. 

c. Align the turbo inside mounting lug with the mounting bracket attached to the lower left engine 
mount and secure with bolt, washer and nut. 

d.  Secure the top of the turbo unit to the mounting bracket attached to the top left engine mounl 
with two bolts, washers and nuts. 

e. Attach the outside bracket to the turbo unit with bolt, washer and nut and to the engine at the 
crankcase and sump paning surfaces with two bolts, washers and nuts. 

f. Connect the inlet and outlet oil lines to the turbo unit. 
g. Install cowling per Paragraph 8A-7. 

NOTE 

For all "V" band couplings on the exhaust system, be sure parts are 
concentric before tightening couplings. Coupling will not center parts 
automatically. 

8A-26. ADJUSTMENT OF TURBOCHARGER. It is recommended that adjustments of the turbocharger be 
conducted by an authorized overhaul facility. 

8A-27. INDUCTION SYSTEM AIR FILTER 

8A-28. REMOVAL OF AIR FILTER. 

a. Remove the right side access panel from the engine nacelle to gain access to the air filter box 
b. Remove the safety wire and the three wing nuts from the studs. 
c. Lift off cover and remove air filter. 
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8A-29. CLEANING INDUCTION AIR FILTER. The air filter should be cleaned at least 
every 100 hours; however, under dusty conditions it should be cleaned daily. 

a 
a. Clean filter thoroughly with a dry type cleaning solvent or kerosene. 
b. Allow filter t o  dry thoroughly then dip in SAE-I0 weight oil and allow to dram 

for four hours. 

8A-30. INSTALLATION O F  INDUCTION AIR FILTER. 
a. Wipe excess oil from air filter and install it in the filter box 
b. Place cover on filter box and secure with wing nuts. 
c. Safety nuts with MS2099-NC32 lockwire. 
d. Install side access panel and secure with fastenen. 

8A-31. ALTERNATE AIR DOOR. The alternate air door, located in the induction system 
on the left side of the air filter plenum between the air filter and the fuel injector inlet. is to 
provide a source of air should there be an air stoppage through the filter system. The 
following should be checked during inspection: 

a. AU door seals are tight and hinges secure. 
b. Actuate the door t o  determine that it is not sticking or binding. 
c. Check the cockpit control cable for free travel. 
d. Check that when the control knob in the cockpit is full in, the cable is adjusted to 

allow approximately one-eighth inch between the actuating arm and the door hinge arms 
when full closed. 

8A-32. FUEL INJECTOR. 

8A-33. FUEL INJECTOR MAINI-ENANCE. 
a. In general. little attention is required between injector overhauls. However, i t  1s 

recommended that the following items be checked during periodic inspection of the engine. 
I .  Check tighmen and lock of all nuts and screws which fasten the injector ro 

the engine. 
2. Check all fuel lines for tightness and evidence of leakage. A slight fuel staln 

adjacent to the air bleed nozzles is not cause for concern. 
3. Check throttle and mixture control rods and leven for tightness and lock. 
4. Remove and clean the injector fuel inlet strainer at the first '5 hour 

inspection and each SO hour inspection thereafter. Damaged strainer O-rings should be 
replaced. 

b. Tests prove that gasoline which becomes stale due to prolonged storage absorbs 
oxygen rapidly. This stale oxidized gasoline acquires a very distinctive odor similar to 
varnish and causes rapid deterioration of synthetic rubber parts. and also forms a gummy 
deposit on :he internal metal parts. This condition. however, does not occur dunne normal 
operation of the injector where fresh fuel is being constantly circulated. 

POWER PLANT 
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SA - 3 4 .  LUBRICATION OF FUEL INJECTOR. 
a .  There i s  very  little need fo r  lubrication of the injector in the field between 

regular  overhauls. However, the clevis pins used in connecuon with the throttle 
and manual mixture control levers  should be checked for freedom of movement 
and lubricated, if necessary.  

b. Place a drop of engine grade  oil on the end of the throttle shaft in such a 
manner that it can work into the rhrottle shaft bushmgs. 

SA - 35. REMOVAL OF FUEL INJECTOR. 
a .  Remove the cowling per  paragraph 8A-5.  
b .  Remove clamps securing throttle and m i x a r e  control cables to cable 

brackets.  
c .  Disconnect throtrle and mixture conool  cables from injector unit by r e -  

moving nut and washer  from t a l l  joints. 
d . Remove the safety wire  and cap bolts attachingthe air plenum to the injector 

unit. 
e .  Disconnect the fuel l ines a t  the injecror unit. 
f . Remove the pal-locknuts and nuts securing the injector to rhe engine. 
g .  Pull the a i r  plenum back to allow the injector unit to be removed.  

6A -36.  PREPARATION FOR STORAGE. Any unit taken out of service,  o r  units 
being rerurned for overhaul, must  be flushed with preserving oil (Specification 
.\IIL-0-6061. Grade 1010) using che following procedure: 

a .  Remove plugs and drain all  fuel from the injector.  If available. apply 10 
to 15 psi a i r  p res su re  to the fuel inlet. until all fuel i s  discharged from the in- 
jector .  

b .  Replace plugs and apply flushing oil filtered through a 10-micron filter a t  
13 to 15 psi to the injector fuel inlet unal oil i s  discharged from the outlet. 

c . Replace fuel inlet shipping plug. 

CAUTION 

Do not exceed the above a i r  p res su res  a s  Internal 
damage to the injector may resul t .  

d .  After filling with preservative oil, the injector should be protected from 
dust  and d i r t  and given such protecuon against moisrure a s  climatic conditions 
a t  the point of s torage requi re .  In most cases ,  storing rhe unit in a dry area  
wlll be sufficient. 
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FUEL ~ N L E T  

- - - - - . - . - - - - . . . , 

FLOW DIVIDER VALVE 

TO TURBO 

CONNECTED TO DECK PRESSURE 
THROTTLE LEVER 
LINKAGE 

CONSTANT HEAD/ 
IDLE SPRING 

CONSTANT EFFORT 

IMPACT TUBE 

Figure 8 A - 7 .  Schematic Diagram of RSA Fuel Injector System 
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e. I f  the unit is to be stored near or  shipped over salt water. the following precJutlons 
should be observed: 

I .  Spray the exterior of the injector with an approvcd preservative oil. 
2. Pack in a dustproof container, wrap the container with moisture and vapor-proof 

material. and seal. Pack the wrapped unit in a suitable shipping case. h c k  a one-half oound 
bae o i  silica gel crystals in the dustproof container with injector. The bag rnusr nor touch 
the injector. 

CAUTION 

Extreme caution should be exercised when handling o r  
working around the injector t o  prevent oil o r  fuel from 
entering the air sections of the injector. As explained 
previously. damage t o  the air diaphragm will result. Fluid can 
easily enter the air section of the injector through the impact 
tubes or the annular groove around the venturi. For  this 
reason. a protective plate should be installed on  the scoop 
mounting flange when performing routing maintenance on  
the en@ne, such as washing down the engine and air scoop. 
servicing the air filter (surplus oil on  the element), o r  when 
injecting preservative into the engine prior t o  s tonne or  
shipping. 

9 4-3-. INST.ALL.4TION O F  F L F L  IS'JECTOR. 
3 .  klovc the injector a i ~  plenum aft enough to allow the injec:or with gaskr.1 to bc 

irjt31Ifd Install mixture conrrol cable bracket on injector mounrlng studs and seL.::re 
b r ~ c k ? :  -?d injector to engine with nuts and pal locknuts. 

5 .  Sec!lre inlet air plenum to injector with cap bolts and safety. 
L.  Connect fusl lines to injector unit. 
d. Connect throttle and mixture conrrol cables to injector unit. 
. C l m p  control cables to c a b k  brackets and adjust per paraeraoh 8A-38. 
:'. Adjusr idle speed and mi.tture per paragraph 8A-39. 
. Install cowling per pangmph 8A-7. 
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8A-38. ADJUSTMENT O F  THROTTLE AND MIXTURE CONTROLS. The throttlc and 
mixture controls are adjusted when the throttle arm on the injector is rotatcd forward 
against its full throttle s top and the mixture arm is rotated forward   gain st its full rich s top .  
their respective cockpit control levers should be 0.062 of  an inch in from their full forward 
stops which are located in the control pedestal. 

a.  At the injector, disconnect the throttle ~ n d i o r  mixture control cabk end from its 
control arm. 

b. Loosen the jam nut  securing the cable end. 
c. Adjust the Linkage by rotating the cable end to obtain the 0.062 of  an inch 

springback of the cockpit control lever when the throttle or mixture control arm contacts 
its stop. 

d .  Reconnect the cable end t o  its control arm and secure jam nut .  
e.  Pull the throttle and mixture control lever in the cockpit full aft to  ~sce r t a in  that 

the injector idle screw contacts its s top  and the mixture control arm contacts its lean 
position. 

8A-39. ADJUSTMENT O F  IDLE SPEED AND MIXTURE. 
a. Start the engine and warm up in the usual manner until oil and cylinder head 

temperatures are normal. i 

b. Check magnetos. If the "magdrop" is normal, proceed with idle adjustment. 
c. Close the throttle t o  idle. If the RPM changes appreciably after making the idle 

mixture adjustment during the succeeding steps, readjust the idle speed t o  the desired RPM. 

NOTE 

The idle mixture must be adjusted with the fuel boost 
pump OK. 

d. When the idling speed has been stabilized, move the cockpit mixture control lever 
with a smooth.  steadv pull toward the Idle C u t a f f  position and observe the tachometer for 
any charging during the "leaning" process. Caution must be exercised t o  return the Full 
Rich position before the RPM can drop t o  a point where the engine cuts out .  An increase of 
more than 50 RPM while "leaning out" indicates an excessively rich idle mixture. An 
immediate decrease in RPM (if not preceded by a momentary increase) indicates the idle 
mixture is t o o  lean. 

e.  If the above indicates that the idle adjustment is too  rich or  too lean, turn the idle 
mixture adjustment in the direction required for correction, and check this new position by 
repeating the above procedure. Make additional adjustments, as necessary. Each time tlir 
adjustment is changed, the engine should be run u p  t o  2000 RPM t o  clear the engine before 
proceeding with the RPM check. Make final adjustment of  the idle speed adjustment to 
obtain the desired idling RPM with closed throttle. The above method aims a t  a setting that 
will obtain maximum RPM with minimum manifold pressure. In case the setting does not 
remain stable, check the idle linkage; any looseness in this linkage would cause erratic idling. 
In all cases, allowance should be made for  the effect of  weather conditions and field altitude 
upon idling adjustments. 
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F i g u r e  8A - 8 .  F u e l  I n j e c t o r  F i g u r e  8 A - 9 .  F u e l  A i r  Bleed Nozzle  

8A-40. FUEL AIR BLEED NOZZLES. 

8A-41. REMOVAL O F  FUEL AIR BLEED NOZZLES. The nozzles must be carefully 
removed as they o r  the cylinders may be damaged. 

a .  Remove the side access panels from the e n p n e  nacelle. 
b .  Disconnect the fuel line from the nozzle. 
c.  Remove the spring retamer and spring from the nozzle stem. 
d .  Disconnect the nozzle shroud from the vent hose and remove it from the nozzle. 
. Carefully remove the nozzle, usmg the correct size deep socket. 
I .  Clean ~ n d  inspect the nozzle as given ir paragraph 8A-42. 

8A-42. CLEANING A N D  IKSPECTION O F  FUEL AIR BLEED NOZZLE. 
a. Clean the nozzle with acetone or  equivalent and blow out all fore~gn particles w ~ t h  

compressed air in the direction opposite that of fuel flow. D o  not use wire o r  other hard objects 
1 to  clean orifices. (Refer t o  the latest revision of Lycoming Sen ice  Instruction No.  1275.1 

b. Inspect and replace nozzle "0" rings if found t o  be cracked brittle or  distorted. 
c.  A test procedure for air bleed nozzles is described in the latest revision of Lycoming I Service Instruction No. 1275. 

8A-43. INSTALLATION O F  FUEL AIR BLEED NOZZLE. 
a. It is important for the nozzles to  be correctly positioned with the air bleed hole 

upward. 
b. Install nozzle and torque 60 inch-pounds. 
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c. Ascertain "0" rings u r  properly installed on the nozzle stem and install nozzle 
shroud. (Refer to  F i p r e  8A-9.) 

d. Connect vent to  nozzle shroud. 
e. Install spring and spring retainer on nozzle stem. 
f. Connect fuel line to  nozzle. 
g. Install side panels. 

CAUTION 

Start nozzles and line couplings by hand to  prevent the 
possibility of cross-threading. 

8A44 .  IGNITION SYSTEM MAINTENANCE. 

8A45 .  MAGNETO. 

CAUTION 

Ascenain. that the primary circuits of both magnetos are 
grounded before working on the engine. 

8A46 .  INSPECTION OF MAGNETO. At the time of engine inspection or when a magneto 
h a  been removed from the engine, the following checks may be performed: 

a. Inspect distributor block contact springs. Top of spring must not be more than 
0.422 of an inch below top of tower as shown in Figure 8A-1 I .  If broken or corroded. they 
should be replaced. 

b. Inspect oil felt washer. It should be saturated with oil. If dry. check for worn 
bushing. If O.K., add Bendix PIN 1 Cb391200 oil. 

NOTE 

Refer to the latest revision of Bcndix Service Bulletin No. 551 
or Lycoming Service Bullet~n KO. 343 for further information 
on new dislributor block lubricant. 
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Figure 8A-10. Magneto Breaker Points 

c. Inspect distributor block for cracks or burned areas. The wax coating on the 
block should not be removed. Do not use solvents. 

d.  Look for excess oil in breaker compartment. If present, it may mean a bad oil seal 
or oil seal bushing at drive end. Check magneto manufacturer's overhaul procedure. 

e. Examine the breaker points for excessive we= or burning. Figure 8A-10 shows 
how the average breaker point will look when surfaces are separated for inspection. Desired 
contact surfaces have a dull pay ,  sand-blasted (almost rough) or frosted appearance. over 
the area where elecmcal conuct  is made. This means that points are worn in and mated to 
each other. thereby providing the best possible electrical conuct  and highest efficiency o i  
performance. 

f. htinor irregularities or roughness of point surfaces are not harmful (Refer to 
Figure 8A-10 center). Neither are small pits o r  mounts. if not too pronounced. If there is a 
possibility of pit becoming deep enough to penetrate pad, Figure 8A-10, right, reject 
breaker 3ssembly. 

WELL DEFINED MOUND 
EXTENDING NOT ICEABLY 
MOVE SURROUNDING 
SURFACE. 

NORMAL POINT IS SMOOTH 
AND FLAT. SURFACE HAS 
DULL GRAY "SANDBLASTED" 
APPEARANCE 

NOTE 

MINOR IRREGULARITIES - 
SMOOTH ROLLING HILLS 
AND DALES WITHOUT ANY 
DEEP PITS OR HIGH PEAKS. 
THIS IS A NORMAL COW- 
DlTlON Of POINT WEAR. 

No attempt should be made to  stone or dress breaker points. 
Should breaker assembly have bad points o r  show excessive 
wear. the complete breaker asernbly should be replaced. 

g. Look for frayed insulation or broken wire strands in leads in back of mave to .  
See that terminals are secure. Be sure wires a~ properly positioned. 

h. Inspect capacitor visually. If possible. test for leakage, capacity and series 
resistance. Remember. an electrical failure of an aircraft capacitor is rare. 

POWSR P U N T  
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Figure 8A - 11. Contact Spring Figure 8A -12. Impulse Coupllng 
Lnspecnon 

i . Adjustment of breakers mustbe  correc t  for proper internal timing of mag- 
neto. (See Paragraph 8A -48 .) 

j . Checkif breaker cam is clean and smooth, i f  cam screw i s  cight (25 m. lbs.) . 
If new points a r e  installed, blot a little oil on cam.  

k.  Inspect impulse coupling flyweights for excessive looseness on the axles .  
Desired couplings having 0.927 of a n  inch thick body should be checked with 1 /6 
inch dr i l l .  Couplings with 0.974 of an inchthick body a r e  checked with a Number 
18 dri l l .  Lf dri l l  f i t s  bemeen cam and flyweight, the fit is too loose and coupllng 
should be replaced. (Refer to Figure 8A-12.) 

1 . Check impulse coupling for excess wear on the contact edges of body and 
flyweights. 

m .  Check that the impulse coupling flyweight axle rivets a r e  tight and there 
a r e  no cracks  in body. 

n.  Look a t  the lead conduits. A few broken s u a n d s  won't hurt, but rf che in- 
sulation looks tired, you may be in for trouble. The special hlgh temperarure 
coanng used onlightweight harnesses is provided chiefly for vibration resistance 
and mechanical protection. The integrity of the harness is nor sacrificed if small 
a r e a s  of the braid show peeling o r  f l a w  of this coatlng. 

o .  Check the springs for breaks, corrosion, o r  deformanon. Lf possible. 
check continuity h o m  block with tester o r  light. 

p .  Check insulators for cracks,  breaks, o r  evidence of "old age". Be sure  
they a r e  clean. 

POWER PLANT 
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q .  Timing and ventilator plugs. Vendlator has dril led holes and should be in 
lowest hole in magneco to se rve  also a s  dra in  for excess  water  o r  oi l .  Solid plug 
is used in other hole - o r  in location exposed to rain o r  wa te r .  

NOTE 

The magneto sarv ice  insauct ions  in this manual a r e  
to cover minor repa i rs  and timing. For  further  r e -  
pa i rs  and adjustments of the magnetos. i t  i s  recom- 
mended that the magneto manufacturer 's serv ice  in- 
structions be followed. 

8A - 4 7 .  REMOVAL OF MAGNETO. 
a .  Remove the s ide access  panel from the engine nacelle.  
b.  Disconnect the "P" lead from the magneto. 
c .  Remove the harness outlet plate from the magneto by removing the four 

atrachmg sc rews .  
d . Remove the two nuts and washers  securing the magneto to the e n c n e  acces - 

so ry  housing. 
e .  Pull the magneto from the engine. 

POWER PL.4XT 
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SA - 4 6 .  TLbIISG PROCEDURE. (INTERNAL TLWNG .) When installing new o r  
adjusting breaker  points and before timing the magneto to Lhe engine, lt 15 lm-  
porrant rhat the lnternal Liming of the magneto be c o r r e c t .  

a .  To lnternallv time the magneto. 
ir should be removed from the engine 
to d e t e r x ~ n e  "E" gap. 

b. To determine "E" gap, find neu- 
u a l  poslnan oi the magneto drlve by 
roratlng drive coupling in a left hand 
direction unul tke red  o r  white cham- 
fered tooth on the d isu ibutor  gea r  ap- 
pears  through the timing inspection 
hole.  At the same location, the drive 
inould feel to have fallen into a notch 
o r  neuual  posiuon. 

c .  Rotate coupling from neuual ,  in 

a left hand direction 10 degrees .  Ap- 
pearlng through t i m ~ n g  hole, when the 

RED OR 
w n l ~  TOOTH 

TIMING MARK 

white o r  red tooth a l i p s  wlth the white Figure 8 A - 1 3 .  Magneto Timing Marks 
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line of the dismlbutor block, the magneto i s  set at  "E" gap. (Refer to Figure 
8A-13.) Alignment may not vary over _+ 4 degrees.  

d .  Using the alignment of the chamfered tooth on the disuibutor gear and the 

a 
white line on the dismiburor block a s  a reference, adjust the breaker points to 
open a t  t h i s  point. 

e. Turn  the magneto drive until the cam follower is on high point of the cam 
lobe. Measure conac t  clearance, it must be 0.018 _c 0.006 of a n  inch with the 
point opening set a t  "E" gap. If breaker paints do not come wirhin tolerances, 
they should be replaced. 

8A -49. INSTALLATION AND TIMING PROCEDURE. (Timing Magneto to Engine.) 
The magnetos can be installed and timed to the engine by the following procedure: 

NOTE 

Ascertain that the breakers a r e  correc t  for proper in- 
ternal timing of magnetos. 

a .  Remove cowling per paragraph 8A -5. 
b .  Remove the top spark plug from b b e r  one cylinder. Place the thumb of 

one hand over the spark plughole and rotate the crankshaft in direction of normal 
rotation until the compression smoke i s  reached. The compression smoke is  
indicated by a posidve pressure inside the cylinder tending to llft the thumb off 
the spark plug hole. In this position, both valves of Number one cylinder a r e  

a 
closed. Turn the crankshaft opposite to its normal direction of rotanon until it  
is  approximately 35 degrees BTC on the compression smoke of Number one cyl- 
inder. Rotate the crankshaft in its normal direction of rotadon until the 25 de- 
grees  mark on the back s tar ter  gear and the crankcase parting flange a r e  a l~gned.  
o r  the marks  on rhe front of the s tar ter  ring gear  and the drilled hole in the 
s tar ter  housing align. (Refer to Figure 8A-14 .) 

c .  Rocate the drive gear  on the magneto until the chamfered tooth on the dis- 
mibutor g e a r  inside the magneto aligns with the white pointer a s  seen throcgh 
the lnspecuon hole in the magneto housing. (Refer to Figure SA - 13 .) 

d.  Without allowing rhe gear m turn from this position, install the maper; ,  
with gasket on the engine and secure with washers and nuts. 

e .  Tighten nuts sufficiently to hold magneto in position and yet allow it to be 
rotated. 

f . Fasten the ground lead of the timing light m an unpainted metallic portion 
of the magneto and one positive lead to the terminal side of the points. Ascer- 
tain chat the primary ground spring is not touching the magneto case .  

POWER PLAhT 
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g. Turn  on the timing light switch. 
h .  Rorate the magneto houslng in 

direcuon of the magnet rotation a few 
degrees until light comes o n .  Then 
slowly mrn magneto in opposite d i rec-  
tion until the timing light just goes out.  
Secure the magneto housing in this po- 
sit ion. 

NOTE 

Some timing lights operate  
the opposite of the one men- 
tioned. 

Figure SA - 14.  E n p n e  Timing Marks i . Rotate the crankshaft opposite 
normal rotarionunnl i t  is approximately 

35 degrees BTC on compression smoke Number one cyl inder .  

NOTE 

The crankshaft should not be rorated m o r e  than 10 
degrees in direcuon opposite normal rotation from 
the 25 degree BTC a s  the pawl onthe impulse coupling 
will engage with the stop pin and late  t h i n g  will be 
indicated through the impulse coupling mechanism. 
If chis should happen, rocate crankshaft in normal di- 
rection until sharp  click i s  heard: this will indicate 
that the lmpulse coupling has passed through firing 
posiuon. Turn  crankshaft in direction opposite nor- 
mal rotation to approximately 35 degrees  BTC and 
proceed with timing check. 

j . Turn  the crankshafr very slowly in direcnon of normal rotation until the 
rlmlng mark on the front face of the ring gear  aligns with the drilled hole in the 
, ta r te r ,  a s  shown in Figure 8A-14, o r  the timing mark  on the back of the ring 
pear aligns with the crankcase parnng sur face .  At chis point the light should go - 
our. 

k .  11 r>e light does not go out a t th i s  point, align nming marks  and rotate  mag- 
neto on mounting flange in the desired direcuon and repeat  the procedure until the 
light goes out a t  25 degrees before top dead center .  

POWER PLA .\T 
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I . Tighten the two moundng nuts and replace the inspection plug. 
m .  Aiter t i g h t e m g  magneto mountlng nuts. check nmmg ro make s u r e  it i s  

s n l l  cor recr .  
n .  Install the other  magneto and time usingthe preceding lnsrructions a thru I. 
o .  With both magnetos timed to the engine and secured. check that they f i re  

together.  Rotate the crankshaft opposite normal rotation to approximately 35 
degrees  BTC with Number one cylinder on the compression smoke.  

p .  If the magnetos a r e  timed correct ly,  both timing lights will go out s imul-  
taneously when the crankshaft is fxrned in the normal  direction aligning the 25 
degree  mark  with either the drilled bole in rhe s a r t e r  housing o r  the crankcase 
parring sur faces .  

q .  Disconnect timing light. Ascertain that the inspection plugs and breaker 
cover is installed and secu re .  

r . Install harness  plate and secu re  with s c r e w s .  
s . Connect "P" leads and safety. 
t . Install cowling per paragraph 8A - 7 .  

8A-50. HARNESS ASSEMBLY. 

8A -51.  1;rGPECTION OF HARNESS. 
a .  Check lead assemblies  for nicks, cuts ,  mutilated braidmg, badlv worn 

secnon o r  any other  evidence of physical damage.  Inspect spark  plug sleeves 
for chafing o r  t ea r s  and damaged o r  stripped threads on couplmg nuts. Check 
compression spring to s e e  if i t  is broken o r  dis tor ted.  Inspect grommet for 
t e a r s .  Check a l l  mounting brackers and clamps to s e e  that thev a r e  secure  and 
not cracked.  

b .  L'sing an ohmmeter ,  buzzer,  o r  other suitable low voltage device, check 
each lead for con-uity. If continuity does not exist ,  wire  i s  broken and must 
be replaced. 

c .  For  elecrr ical  test  of harness  assembly, u s e  a high voltage, dlrect  current  
tes te r  such a s  the T A K K  Model 86 o r  86A o r  a n  equivalent direct  cur rent  high 
voltage tester  capable of delivering a test  potencia1 of 10,000 volts.  Connect 
ground lead of high voltage tes te r  to outer  shielding braid of a single lead. Con- 
nect plug terminal .  Turn  tes te r  ON and apply 10,000 vol ts .  The insulation r e -  
s ls tance should be 100 megohms minimum. Proceed to check other  leads of ha r -  
n e s s  in same  manner .  

d .  Minor r e p a i r  of the harness assembly, such a s  replacement o i  contact 
springs,  spring retainer  assemblies ,  insulating s leeves o r  of one lead assembly. 
can  be accomplished with the harness assembly mounted on the engine. However. 
should repa i r  requi re  replacement of more  than one lead assembly o r  of a cable 
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outlet plate, the harness should be r e -  
moved from the engine and sent  to an 
overhaul shop 

8A-52. REMOVAL OF HARNESS. 
a .  D i s w ~ e c t  the clamps chat se- 

c u r e  the wires  to the engine and acces-  
s o r i e s .  

b.  Loosen rhe coupling nuts a t  the 
spark  plugs and remove the insulators 
from the spa rk  plug ba r re l  well .  l jse  
caution when withdrawing the insulator 
not to damage rhe insulator spr ing .  

c.  Place a guard over  the harness 
Figure 8A - 15 .  Removing Spring insulators.  

From Lead Assembly d .  Remove the harness assembly 
terminal plate from the magneto. 

e . Remove the harness from the airplane.  

8 A - 5 3 .  MAIhTENAXCE OF HARNESS. 
a .  To replace contact springs,  spring retalner  assemblies  o r  insulating 

s leeves,  proceed a s  follows: 
1. Using a Scintilla 11 -7013 Keedle o r  a mechanical pencil with the lead 

rerracted, hooic the end of the conract spring a s  shown in Figure 8A - 15. 
2 .  Using the needle o r  pencil, unscrew the spr ing .  
3 .  Slide insulating s leeve and spring retainer  assembly off end of lead 

assembly.  
4 .  Replace defective component and reassemble a s  follows: 

(a) Fabricate  a tool a s  shown in Figure 8A-16 for insralling the insu- 
lating sleeves over  cable terminals. 

(b) Push the tool thru insulating sleeve and spring re ta iner  assembly 
a s  shown in Figure 8A - 17. Secure the cable t e r m d l  into the tool. 

(c) Work insularing sleeve and spring re ta iner  assembly into position 
over  the cable and unscrew the tool. Insrall contact spr ing  on cable terminal .  
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BRAZE DRILLNO. 47 f IN. DEEP 

TAP 3-48 

BLEND 0.0. TO 1.0. 
POLISH 0.0. I 

12.000 IN. 
4 

MAT: NO. 30 DRILL ROO OR EWlVAlENT 

Figure 8A-16. Assembly Tool 

Figure 6.4 - 17. Using Assemblv Tool 

NOTE 

It  may be necessary to lubricate the cable and insular- 
ing sleeve with a thin film of LIC 200 (200, 000 centi-  
swkes)  o r  commercial  grade alcohol to facilitate a s -  
sembly.  

b .  To replace one of the lead assemblies.  proceed a s  follows: 
1 .  Remove clamps and brackets from applicable lead assembly . Cur cable 

t ies  from assembly and discard.  
2 .  Cut off condemned lead flush wich outer  surface of cable outlet piate.  
3 .  Grip eyelet of lead with a pair of pl iers  and pull short  lengrh of con- 

ductor out of grommet  and cable outlet plate. 
4. Using a 3 inch long, 0.270 of an inch diameter d r ~ f t ,  applied a t  outer 

sur iace  of plate, dr ive out tapered fer ru le  and remaining pieces of insulation and 
s hlelding . 
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REOUIRED LENGTH 

Figure 8A - 18 .  Measuring Lead Assembly Length 

5 .  To determine what length the new lead assembly should be cut to, pro- 
ceed a s  follows: 

(a) Measure the length of the condemnedlead assembly.  .Move coupling 
nut back on lead assembly and measure  from outer end of ferrule  a t  spark plug 
end. (Refer to Figure 8A - 18 .) 

(b) To rhe length determined in s tep (a), add 1 -3/1 inches. 

NOTE 

Spare part  leads a r e  supplled in various lengths. Use 
a lead whichis longer than, but nearest  to, the desired 
len-gh. 

Figure 6.4- 19.  Cumng Metallic Figure 8A -20.  Unbraiding 
Braid From End of Lead Metallic Shielding 
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6 .  Cut lead assembly to the length determined in step 5 .  Mark ferrule on 
spark plug end of lead with a metal stamp, scribe o r  rubber stamp to correspond 
with correct cyllnder number. 

7 .  Starting a t  spark plug location, rhread new cable thru grommets and 
clamps, a s  necessary. for correct rounng of cut end of cable to magneto location. 

8. Using elecuician's scissors. carefully remove 1.250 inches of outer 
braid from end of lead. (Refer to Figure 8A-19 .) 

9 .  Using a scribe or  similar pointed mol, unbraid 3/8 inch of braided 
shielding. (Refer to Figure 8A-20.) Wrap a single thickness of elecnical tape 
around unbraided snands to facilitate inserdon of lead end thru hole in cable 
outlet plate. 

10. Remove cable outlet plate from magnero. Support plate securely and, 
using suitable curring pliers, split and remove eyelets from leads adjacent to lead 
being replaced. When splimng eyelet. make certain that wire suands a r e  not 
cut.  Removal of eyelets on adjacent leads will allow grommet to be pulled away 
from outlet plate to facilitate insertion of new lead. 

11. Pass the taped end of new lead through hole in outlet plate. Remove 
elecnical tape from lead and install tapered end of ferrule under the unbraided 
suands of shieldmg. Form snands of shielding evenly around rapered ferrule 
a s  shown in Figure 8A-21 and pull lead assembly back through cable outlet plate 
until ferrule binds in the outlet well. Position the Scintilla 11 -7074 Ferrule Seat- 
ing Tool (Refer to Figure 8A-22) over the wire and firmly seat the ferrule by 
tapping the seanng tool with a hammer o r  by using an arbor press.  

12 .  ,Measure 1/2 inch from tapered ferrule and strip remaining insulation 
from wire.  (Refer to Figure 8A-24.) 

UNBRAIDED SHIELDING W S I T I O N  OF 

RED COATING 
FERRULE UNDEQ 

\ (SHIELDING 

6 

F~gure  SA -21. Forming Shielding Around Ferrule 
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MATERIAL - BRASS 

Figure 8A -22. Ferrule Seating Tool Figure 8A -23. h'eeale 

13. Insert Scintilla 11-7073 Needle (Refer to Figure 8A -23) thru small hole 
of grommet and over suipped end of wire. (Refer to Figure 8A-25.) Slide grom- 
met down needle until it  seats tightly against the tapered ferrule. 

14. Cut wire 3/8 inch from top of grommet outlet (Refer to Figure SA -25 ) .  
Double wire over as  shown in A of Figure 8A-27. Slide eyelet over doubled wire 
unnl it is firmly seated in recess of grommet outlet. 

15. Using the "AB" groove of Scintilla 11-4152 Crimping Tool, or equiva- 
lent. crimp eyelet to wire.  Approximately 1/32 inch of wire should extend from 
end of eyelet after crimping. (Refer to B of Figure 8A -27.) 

Figure 8A -24. bleasuring Wire Figure 8A-25. Installing Grommet 
From Top of Ferrule Over Lead Assemblies 
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Figure 8A -26 .  Lead Assembly Figure 8A -27. Wire Doubled Over 
Installed in Grommet For  Installation of Eyelet 

NOTE 

If the crimping tool is not available, a satisfactory 
connection canbe made by soldering with Kester Flux 
7 0 9  o r  equivalent and a non-corrosive solder .  After 
soldering, clean solder joints usingdenacured alcohol. 

1 6 .  Inscall clamps and cable ties, a s  necessary, to secure lead to h e  engine. 

8 A - 5 4 .  INSTALLATION OF HARNESS. Before insralling harness on magneto, 
check macing surfaces for cleanliness. Spray enrire face of grommet with a light 
coat of Plastic Mold Spray, SM-0-0-TH Silicone Spray o r  equivalent. This will 
prevent harness grommet from sticking to magneto d ~ s u i b u t o r  block. 

a .  Place the harness terminal plate on the magnem and ughten nuts around 
the plate alternately to seat cover squarely on magneto. Torque nuts to 18 to 2 2  
inch pounds. 

b.  Route ignition wires  to their respecuve cylinders.  
c . Clamp the harness assembly in position. 
d .  Connect the leads to the spark plugs. 
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8A-55. SPARK PLUGS. 

SA -56.  REMOVAL OF SPARK PLUGS. 
a .  Loosen the coupling nut on the harness lead and remove the terminal insu- 

la tor  from the spark  plug bar re l  well .  

NOTE 

When withdrawing the ignition cable lead connection 
from the plug, c a r e  must  be taken to pull the lead 
s traight  out and in line withthe center  line of the plug 
ba r re l ;  othenvise, a s ide load will be applied which 
frequently resu l t s  in damage to the bar re l  insulator 
and connector.  If the lead cannot be removed easily 
in this manner, the resis t ing contact between the neo- - 
prene col lar  and the bar re l  insulator will be broken 
by a rotary twisting of the co l la r .  Avoid undue d is -  
tornon of the col lar  and possible s ide loading of the 
ba r re l  insulator.  

b .  Remove the spark plug from the engine. In the course  of engine operation. 
carbon and other  combusuon products will be deposited on the end of the spark 
plug and will penenate  the lower threads to some degree .  As a result. greater  
torque is frequently required for removing a plug than for i t s  inscallation. A c -  
cordingly, the torque limitauons given do not apply to plug removal arid suff ic~ent  
torque must be used to unscrew the plug. The  higher torque in removal is not a s  
detrimental a s  in installation s ince it cannot s n e t c h  the threaded section. It 
does, however, Impose a shearing load on Uus section and may, i i  suffic~ently 
,evere. produce a failure in this locanon. 

NOTE 

Torque indicanng handle should not be used for spark 
plug removal because of the g rea t e r  torque require-  
ment.  

c .  Place spa rk  plugs in a may that will idenafy their posiuon in the engine a s  
soon as  they a r e  removed. 
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I 
NOTE a 

Spark plugs should not be 
used if they have been drop- 
ped. 

d .  Removal of seized spark plugs in 
the cylinder may be accomplished by 
application of liquid carbon dioxide by 
a Conical metal funnel adapter with a 
hole a t  the apex just large enough to 
accommodate the funnel of a C02 bortle . 
(Refer to Figure 8A -28 . )  When a seized 
spark plug cannot be removed by nor- 
mal means. the funnel adapter is placed 
over and around the spark  plug. Place Figure 8A - 2 8 .  Removrng Frozen 
the funnel of the C 0 2  b o d e  inside the Spark Plug 
funnel adapter and re lease  the carbon 
dioxide to chdl  and contract the spark  plug. Break the spark plug loose with a 
wrench. A warm cylinder head a t  the t ime h e  carbon dioxide i s  applied will aid 
in the removal of an excessively seized plug. 

e .  Do not allow foreign objects ro enter  the spark  plug hole. a 
8A-57. 1.XSPECTION AND CLEAMNG OF SPARK PLUG. 

a .  Visually inspect each plug for  the following non-repairable defects: 
1 .  Severely damaged shell o r  shield threads nicked up, strlpped o r  c ross-  

threaded. 
2 .  Badly battered o r  rounded shell hexagons. 
3 .  Out-of-round o r  damaged sheld ing  ba r re l .  
4 .  Chlpped, cracked o r  broken ceramic insulator pornons 
5 Badly eroded electrodes worn to approximately 50% of o r i g n a l  s i z e .  

b .  Clean the spark  plug a s  required, removing carbon and foreign deposits.  
c .  T e s t  the spark  plug boch electrically and for resis tance.  
d . Set the electrode gap a t  0.15 to 0.21 of an inch. 
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8A-58. IMTALLATION OF SPARK PLUGS. Before installing spark plugs, a s -  
cer ta in  that the threads within the cylinder a r e  clean and not damaged. 

a .  Apply ant i-seize compound sparingly on rhe threads and install gasket and 
spa rk  plugs. Torque 360 to 420 inch pounds. 

CAUTION 

Make certain the deep socket is properly seated on the 
s p a r k  plug hexagon a s  damage to the plug could resu l t  
if the wrench i s  cocked to one s ide when p res su re  i s  
applied. 

b .  Carefully inserr the terminal insulator in the spark  plug and tighten the 
coupling nut. 

8A - 5 9 .  LUBRICATION SYSTEM. 

S.4-60. ADJUSTMENT OF OIL PRESSURE RELIEF VALVE. E n g n e s  a r e  fur- 
nlshed with ei ther  a non-adjusrable o r  adjustable oil p re s su re  relief valve located 
to the r e a r  of No. 3 cylinder.  A brief descripuon and serang procedure for both 
types follows: 

a .  Oil Relief Valve (Non-Adjustable): The function of the oil pressure relief 
valve is to maintain engine oil p re s su re  widun specified l imits  (60 psi. min.  to 
90 psi, max .). This valve is not adjustable; however, the p res su re  can be con- 
trolled by che additlon of a maximum o i  three STD 425 washers  under the cap to 
increase p res su re  o r  the use of a spacer  (Lyc. P/N 73629 o r  73630) under the 
cap  to decrease  p res su re .  Particles of metal o r  other foreign matter lodged 
benveen the ball and seat  will resu l t  in a drop in oil p re s su re .  It i s  advisable, 
rhereiore. to disassemble. inspect and clean the valve if excessive pressure  
f l u c ~ a t i o n s  a r e  noted. The oil p re s su re  relief valve i s  not to be mistaken for 
tne oil cooler by-pass valve, whose function is to permi t  p re s su re  oil to by-pass 
the oil cooler in case  of an obsauct ion  in the oil cooler .  

b .  Oil Relief Valve (Adjustable): The adjustable oil relief valve enables the 
operator  to maintain engine oil p re s su re  wid-iin the specified l imits  (60 psi, min .  
to 90 psi, max.).  If the p res su re  under normal operating condinons should con- 
sistently exceed rhe maximum o r  minimum specified limits,  adjust the valve a s  
follows: 

With the e n g n e  warmed up and runningat approximately 2000 RPM, observe 
the reading on the oil p re s su re  gauge. If the p r e s s u r e  is above maximum o r  

POWER P I A N T  
Issued: 12!29/71 
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below minimum specified limits,  stop engine and screw the adjusting screw out 
to decrease p res su re  and in to increase p r e s s u r e .  Depending on installation, the 
adjusdng screw may have only a screwdriver  slot and i s  turned with a screw-  
driver:  o r  may have the screwdr iver  s lot  plus a pinned 0.375-24 castellated nut 
and may be turned with ei ther  a screwdriver  o r  a box wrench. 

SA -61 . OIL SCREENS AND FILTERS. Cleaning and inspection of oil sc reens  
and f i l ters  can  be found in Section u. 

SA -62 .  TURBO OIL FLOW CHECK. (Refer to Figure 8A-29.)  Should an indi- 
cation of Low turbo oil p r e s s u r e  o r  flow occur,  the following system checks may 
be accomplished. 

a .  Inspect turbb oil fi l ter for r e sn ic t ion  due to d i r t  accumulation. (Refer to 
Turbo Oil F i l te r  Cleaning Procedure. Section II .) 

b.  To check oil p ressure ,  u s e  the following procedure: 
1 .  Install a pressure  gauge with a range of 0 to 80 psi  pressure  in the 

pressure line a f te r  the turbo oil f i l ter .  
2 .  Start  the engine and warm up in the usual manner until oil temperature 

1s normai. 
3 .  Idle engine a t  1000 RPhI and observe p res su re  gauge. It should~ndicate  

a minimum of 30 ps i .  
c .  To check turbo oil flow, use the following procedure: 

1 .  .4scertain that che engine oil sump i s  full a s  indicated on the dipstick. 
1. Start  tne e n g n e  and warm up in che usual manner until oil temperature 

is normal. 
3 Stop engine and disconnect inlet oil llne a t  the turbo oil scavenger pump. 
4 .  Install test  line, approximately four feet long, on inlet fitting of turbo 

u ~ i  scavenger pump. 
5. Set nvo clean one gallon capacity containers under the engine. 
a .  Allow the turbo 011 drain line and test line to hang in one container.  
i .  Star t  engine and idle a t  1000 RPM. 
8 .  When oil flows from the turbo oil drain line into the container, quickly 

direct  the oil flow into the empty container and immediately s t a r t  timing for one 
m inure. 

9 .  LVhen one minute has passed, direct  che oil flow into the scavenger 
contamer and stop engine. 

10. \ leasure  che oil in the test container.  It should be a minimum of 0 . 5  
qua r t .  

POWER PL4hT 
Issued: 121'9,'7: 
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TABLE VIIIA-11. TROUBLESHOOTING CHART 
(ENGINE-TURBOCHARGED) 

POLVE.9 PL.4 A T  
Issued: 1 2 ' 2 9 i 7 2  

Remedy 

Check fuel system for 
leaks.  

Fill fuel tanks. 
Clean dir ty lines, 
sc reens ,  o r  fuelvalves . 

Drain water  from fuel 
sys tem.  

Increase pr ime.  

Open throttle acd engage 
s t a r t e r .  

Clean fuel s t ra iners  
and sc reens .  Check 
fuel pump. 

Open throttle to one- 
tenrh of its range.  

Clean and adjust o r  
replace spark plug 
o r  plugs. Refer to 
Table 11-1 for spark 
plug gap ad jus rmen t~  

Check with electr ic  
tester  and replace 
anv deiecrive w i r e s .  

Check internal timing 
of magnetos. 

Clean and se t  pomts . 

Trouble 

Fai lure of engine to 
start. 

Cause 

Lack of fuel .  

Water in fuel injector .  

Insufficient p r ime .  ' 

Overprim ing . 

Lack of sufficient 
fuel flow. 

Incorrect  throttle 
setting. 

Defective spa rk  plugs. 

Defective igmtion wire .  

Improper operation of 
magneto to breaker  
points. 
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TABLE VIIM -LI. lXOUBLESHOOTING CHART (cont .) 
(ENGINE-TURBOCHARGED) 

POWER PL4hT 
Issued: 12/29/72 

Remedy 

Check oil sump sc reen  
for metal part ic les .  
If found, complete 
overhaul of the engine 
may be indicated. 

Demagnetize impulse 
couplings. 

Replace spark  plugs o r  
dry our removed plugs. 

Check and replace o r  
r epa i r .  

Refer to paragraph 
8A-39. 

Refer to paragraph 
8A-39. 
Tighten all  connections 

in the ~ n d u c t ~ o n  sys -  
tem. Replace any 
parts  that a re  defec- 
t ive. 

Check cylinder com - 
pression.  

Check ent ire  ign~t ian  
sys tem.  

Regap spark  plug. 

Trouble 

Failure of engine to 
scart .  (cont .) 

Failure of engine to 
idle properlv . 

Cause 

Internal failure.  

Magnetized impulse 
coupling. 

Frozen spark plug 
e l e c a o d e s  . 

Shorted ignition switch. 

Incorrect  idle 
adjusrment . 

Idle mixrure. 

Leak in the induction 
sys tem.  

Uneven cylinder 
compression.  

Faulry ignidon 
sys tem.  

Improper spark plug 
gap setting. 
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TABLE VLIIA-II. TROUBLESHOOTING CHART (cont.) 
(ENGINE-TURBOCHARGED) 

POWER PLAhT 
Issued: I ::'29!72 

Trouble 

Fai lure of engine to 
idle properly. (cont .) 

Low power and uneven 
running en@ne. 

Cause 

Clogged injector nozzle. 

Dirty a i r  f i l ter .  

Insufficient fuel 
p re s su re .  

Induction drains open 

hlixmre too rich: in- 
dicated by sluggish 
e n p n e  operation, 
red  exhaust flame 
and black smoke. 

,Mixture too lean: in- 
dicared by overheat- 
ing o r  backfiring. 

Clogged injector 
nozzles.  

Leaks in inducticn 
sys tem.  

Dir t  in injector inlet 
screen .  

Defective spark  plugs. 

Improper grade  of 
fuel.  

Remedy 

Remove and clean, 
paragraph 8A -42.  

Check and clean.  

Clean fuel s t ra iner  and 
check iuel p u r ~ p  

Clean o r  replace drams.  

Check injector.  Adjust 
mixture control.  

Check fuel lines for d i r t  
o r  orher r e s t r i c ~ o n s  . 
Check fuel supply. 

Remove and clean. 
paragraph 8A-42. 

Tighten ali connections 
Replace defective 
pa r t s .  

Remove screen  and 
clean. 

Clean o r  replace spa rk  
plugs. 

F ~ l l  tank with recom- 
mended grade .  
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TABLE VIIIA -11. TROUBLESHOOTIX CHART (cont.) 
(ENGINE-TURBOCHARGED) 

POWER P L A h T  
Issued: 1 2/29/72 

Remedy 

Check internal timing 
of magneto. 

Check wire with elecuic 
tester.  Replace de- 
fective wire. 

Replace connectors on 
spark plug wire. 

Check magnetos for 
timing and synchro- 
niza tion. 

Remove and clean. 
paragraph 8A - 4 2 .  

Repair or replace fue! 
injector. 

Adjust thrortle lever. 

Tighten all connections. 
and replace defective 
parts. 

Injector must be re- 
calibrated. 

Examine ai r  inlet and 
remove restriction. 

Fill rank wlth recom- 
mended fuel. 

Trouble 

Low power and uneven 
running engine. 
(cont . ) 

Flow meter reads high. 

Fal!ure of engine to 
develop full power. 

Cause 

Magneto breaker 
points not working 
properly. 

Defective ignition wire. 

Defective spark plug 
terminal connectors. 

Improper igninon 
timing. 

Clogged nozzle. 

Defecnve fuel injector. 

Throttle lever out of 
adjusunent. 

Leak in induction 
system. 

Mixcure roo lean 
o r  roo rich. 

Resaiction in 
inducaon a i r .  

Improper fuel. 
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TABLE VIILA -11. TROUBLESHOOTING CHART (cont .) 
(ENGINE -TURBOCHARGED) 

POWER PLAXT 
Issued: 1 2!29/71 

Remedy 

Adjust governor. 

Adjust propeller low 
pitch stop. 

Examine a i r  scoop and 
filter and remove 
resoict ions . 

Tighten all  connections. 
Check ignition system. 
Check ignition timing. 

Repair o r  replace 
engine msunt . 

Remove propeller and 
balance. 

Replace propeller.  

Insrall new snoc k 
mounts 

Clean o r  replace plugs. 

Check entire e n p n e  . 

Fill oil sump to proper 
level. 

Remove and clean oil 
screens .  

Trouble 

Failure of e n p e  to 
develop full power. 
(cont .) 

Rough running engine. 

Low oil pressure .  

Cause 

Propeller governor put 
out of adjustment. 

Ropel ler  out of 
adjusunent. 

Restrictions in inlet 
a i r  scoop and f i l ter .  

Faulty ignition. 

Cracked engine mounts. 

Unbalanced propeller. 

Bent propeller blades. 

Defective mounting. 

Lead deposit on spark 
plug. 

hlalfunctioning engine. 

Insufficient oi l .  , 

Dirty oil screens .  
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TABLE VIIM -11. TROUBLESHOOTING CHART (cont .) 
(ENGINE-TURBOCHARGED) 

POWER PL.4 hT 
Issued: 1 2329172 

211 1 

i 

Trouble 

Low oil p res su re .  
(cont.) 

High oil temperature. 

Cause 

Relief valve out of 
adjusunent . 

Defective pressure  

A i r  lock o r  d i r t  in 
relief valve. 

Leak in suction line 
o r  pressure  line. 

High oil temperature.  

Stoppage in oil pump 
intake passage.  

Worn o r  scored 
bearings . 

Insufficient a i r  
cooling. 

Insufficient oil supply. 

Clogged oil lines o r  
sc reens .  

Clogged oil cooler .  

Remedy 

Adjust valve. 

Replace gauge. 

Remove and clean oil 
p res su re  relief valve. 

Check gasket between 
accessory housing and 
crankcase.  

See "High Oil Temper-  
ature" in Trouble 
Column. 

Check line for o b s m c -  
tion. Clean suction 
sc reen .  

Overhaul. 

Check a i r  inlet and 
outlet deformanon 
o r  obsuuction.  

Fill oil sump to proper 
level.  

Remove and clean oil 
s c reens .  

Remove and clean oil 
cooler .  - 
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TABLE V U  -11. TROUBLESHOOTING CHART (cont .) 
(ENGINE -TUR BOCHA RG ED) 

POWER PLANT 
Issued: 1Zi29172 

Trouble 

High oil temperature. 
(cont .) 

Excessive oil con- 
sumption. 

Cause 

Failing o r  failed 
bearing. 

Defective thenno- 
StatS . 

Defective tern per-  
arure gauge. 

Excessive blow - by. 

Low grade of o i l .  

Improper engine 
operation. 

Failed o r  failing 
bearing. 

Worn o r  broken piston 
rings. 

Incorrect installation 
of piston r ings.  

Remedy 

Examine sump fo r  
metal particles and, 
if found. overhaul 
engine. 

Replace. 

Replace gauge. 

Usually caused by weak 
o r  stuck r ings.  Over-  
haul. 

Replace wirh oil con- 
forming to specifi- 
cadons  . 

Check entire  engine. 

Check sump for metal 
particles and, if found, 
overhaul of engine is 
indicated. 

Install new rings.  

Install new rings. 
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TABLE VZILA-LI. TROUBLESHOOTWG CHART (cont.) 
(ENGINE-TURBOCHARGED) 

WWER PL4NT 
Issued : 1 3 2 9  172 

Remedy 

Check engine carefully 
for leaking gaskets ,  
"0" r ings o r  sand 
holes .  

Use mineral base o i l .  
Climb to c ru i se  al t i -  
tude a t  full power and 
operate  a t  75% c r u s e  
power setting until oil 
consumption s tabi l izes .  

Replace wirh oil con- 
forming to speclfi- 
cat ions.  

- 

Trouble 

Excessive oil con- 
sumpcion. (cont .) 

I 

Cause 

External oil leakage. 

Fai lure of r ings to s e a t .  
(New nitrided 
cylinders .) 

Low grade of o i l .  
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TABLE VIIIA-11. TROUBLESHOOTING CHART (cont .) 
(ENGINE-TURBOCHARGED) 

POWER PLAhT 

Trouble 

Inaccurate pressure 
readings. 

Loss of, reduction of, 
o r  flucmation of 
manifold pressure 
while turbocharging . 

-~ ~ - 

Issued: 12!29!72 

Cause 

Cold weather. 

Malfunctioning mani- 
fold pressure gauge 
due to faulty gauge or  
possible oil in MAP 
reference line or  
gate. 

Turbocharger inlet 
duct blocked. 

Turbocompressor dis- 
charge duct ruptured 
or  disconnected. 

Severe rupture on ex- 
haust stacks causing 
waste-gate to be in- 
effective. 

Turbocharger rotor 
jammed. 

Remedy 

High and low pressure 
readings due to ex- 
Uemely cold weather 
a r e  not necessarily a 
malfunction. Small 
and long oil lines will 
not transfer pressure 
readings accurately un- 
til engine is quite warm. 

Repair or  replace 
gauge. NOTE: If the 
engine changes in 
power lwel  or the a i r -  
speed changes, then 
actual change in MAP 
has occurred due to 
one of rhe reasons 
listed below: 

Check ducnng and re- 
move obstruction. 

Connect or  replace 
ducting . 

Replace deiecave part. 

Replace Turbocharger, 
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TABLE VIIIA-11. TROUBLESHOOTINCI CHART (cont .) 
(ENGINE-TURBOCHA RG ED) 

POWER PLANT 
Issued: 12/29/72 

+ 
Remedy 

Repair leak.  

Replace control cable. 

Inspect. repai r  o r  
replace a s  needed 

Refuel. 

Turn on boost pumps 
and/or reduce power. 

Turn  on boost pumps 
and/or reduce power. 

Shut off fuel shut-off 
valve, full rich mixture 
until fuel forward of 
firewall is consumedby 
engine. Secure engine. 

Cause 

Ruptured manifold 
gauge line o r  fitting. 

Broken waste-gate 
conao l  . 

A i r  inlet check valve 
not fully sealing o r  
blocked partly open. 

Out of fuel. 

Partial fuel vapor lock 
a t  high altitude due to 
hot fuel and high power 
setrings. 

Malfunctioning fuel 
pressure  r e g u l a a g  
valve o r  fuel pump. 

Rupnrred fuel line o r  
leaking fitdng o r  
pump shaft seal. 

r 
Trouble 

Loss of, reduction of. 
o r  fluctuation of 
manifold pressure  
while rurbocharging. 
(cont .) 

. 
Loss of reduction of 

fuel pressure when 
turbocharging . 

- 
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TABLE VIIIA-LI. TROUBLESHOOTING CHART (cont .) 

(ENGINE-TURBOCHARGED) 

POWER PLAhT 
Issued: 1?!29i71 

Trouble 

Loss o r  reducdon of 
fuel pressure when 
.mbocharging. 
(cont .) 

Turbocharger oil 
pressure warning 
light on. 

Cause 

Ruptured boost pres-  
sure reference line 
to fuel pressure 
regulating valve. 

Low e w e  speed: 
i . e .  idle RPM. 

Low engine oil 
pressure .  

Clogged Turbocharger 
oil f i l ter .  

Shorted oil pressure 
warning switch. 

Rupolred Turbocharger 
oil supply line o r  leak- 
ing fimng. 

Remedy 

Continue operatlon until 
next landing if engine 
is smooth; otherwise, 
return engine ro MN- 
rally aspirated power. 
Ground check fuel 
system. 

This is m r m a l  . 

Take n e c e s s a q  meas- 
ures to res tore  engine 
oil pressure .  

Clean and replace 
Turbocharger oil filter 
(See illustration . )  
NOTE: Clogging can 
occur very rapidly if 
detergent and non- 
detergent oils a r e  mix- 
ed indiscriminately. 

Replace switch. 

Replace oil supply line. 
Tighten o r  replace 
faulty fitting. 
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TABLE VIIlA -11. TROUBLESHOOTING CHART (cont .) 
(ENGINE-TURBOCHA RG ED) 

POWER PLANT 
Issued: 11!1917'. 

Remedy 

Replace pressure  r e -  
duction valve. NOTE: 
T o  check valve. install 
a p res su re  gauge a t  
the Turbocharger inlet. 
Normal pressure  
should be 40 to 60 ps i .  
Discopnect turbo oil 
drain line and measure 
oil flow into a con- 
miner .  Flow a t  40 to 
60 psi inlet pressure  
should be 1 to 2 quarts  
per minute per turbo.  

Reduce power o r  open 
cowl flaps. 

Repair o r  replace a s  
required. 

Reduce power o r  open 
cowl flaps o r  increase 
Indicated A ir Speed. 

Reduce .MAP o r  RF'bl. 

Enrichen m ixrure . 

Check igmuon timlng. 
adjust a s  necessary.  

Trouble 

Turbocharger oil 
pressure warning 
light on. (cont .) 

Engine runs hot (50O0 
o r  more) when turbo- 
charging o r  naturally 
aspirated 

Cause 

Malfunctioning Turbo- 
charger  oil pressure  
reduction valve. 

May be due to e x a e m e  
hot weather.  

Cracked o r  loose cyl- 
inder cooling a i r  
baffles. 

During climb. 

Over-boost o r  RPM 
too high. 

Fuel mixture too lean 
durlng very hot 
weather .  

Mis-timed igrunon, 
eirher retarded o r  
pre-ignirion . 



PIPER TWIN COMANCHE SERVICE MAl'iTAL 

TABLE VIIIA -LI. TROUBLESHOOTING CHART (cont .) 
(ENGINE-TURBOCHARGED) 

- 

Issued: 1 ::9:72 

Trouble 

Engine runs hot (500' 
o r  more) when turbo- 
charging o r  naturally 
asp i ra ted .  (cont .) 

Airplane performance 
i s  reduced from 
normal .  

Cause 

Detonation due to too 
low octane fuel o r  
item above. 

Faulry cylinder head 
temperature gauge. 

Defective oi l  cooling 
sys tem.  

Combinations of above. 

May be due to hot 
weather .  

Tired engines, o r  out 
cf rune. 

Airplane may have 
additional d rag  due 
to radio antenna. 
sagging gear  o r  flaps. 
out of rig,  e tc .  

Remedy 

Fuel mixture s e t  too 
lean o r  fuel octane too 
low. Check mixture 
and fuel grade .  

Replace instrument.  

Inspect and repa i r  as  
required.  

Systematically el imi-  
nate by above s t eps .  

Speed for the Turbo 
Twin Comanche will be 
reduced 2 to 4 mph for 
lo0 F r i s e  in temper-  
arure above standard 
day .  This  i s  because 
Turbochargers,  like 
rurbines, a r e  heat 
sensitive a s  to per -  
formance. 

I 
Repair engines a s  r e -  I 

quired.  ! 

Inspect a i r f rame 3zd 
repa i r  a s  necessary .  
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TABLE VIIIA -II. TROUBLESHOOTING CHART (cont .) 
(ENGINE-TURBOCHARGED) 

POWER PL<XT 
Issued: 12,'29171 

Remedy 

Dwelop proper  leaning 
technique. 

Locate and r epa i r  leak.  

Reduce power and lean 
for fuel economy. 

Hot weather will natu- 
rally increase  fuel 
consumption 2 to 4 
GR1 depending on 
power, leaning and 
temperature of the a i r .  
This  i s  due to l e s s  
dense a i r  for the same  
MAP. Also i t  has been 
found from tests  chat 
slightly r i che r  mixture 
should be used for ex- 
a e m e l y  warm weather 
to maintain a lower 
head temperamre .  
This  will insure good 
engine life.  

Repair o r  replace sump 
o r  valve guide. 

Replace Turbocharger .  
NOTE: The  Turbo- 
charger  sea l  will have 
to be in very  poor con- 
dition to oermit  oil to 

Trouble 

Fuel consumption i s  
higher than normal .  

I 

I 
I 

Oil lealang out of 
engine inlet d ra in .  
XOTE: c a r e  should 
be taken to make s u r e  
oil is from inside 
engine inlet drain, not 
on the outside from 
some other point on 
engine. 

. 

Cause 

Mixture s e t  too r i ch .  

Leak in fuel sys tem.  

Prolonged high power 
a t  full r ich  mixture.  

Hot weather.  

Oil sump o r  intake 
valve guide leaking 
into induction 
sys tem.  

Failed Turbocharger 
bearings and compres-  
s o r  sea l .  
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TABLE VIIIA -11. TROUBLESHOOTING CHART (conr . )  
(ENGINE-TURBOCHA RGED) 

POWER P L A m  
Issued: 12129172 

Trouble 

Oil leaking out of engine 
inlet dra in .  NOTE: 
c a r e  should be caken to 
make s u r e  oil is from 
inside e n p e  inlet 
drain. not on the out- 
side from some ocher 
point on engine. (conr .) 

Noisy Turbocharger 
rotating assembly. 

Cause 

Failed Turbocharger 
bearrngs and comprcs- 
s o r  s e a l .  (cont.) 

Turbocharger drain 
line misrouted o r  
plugged. 

Damaged bearings. 

Rotating unit rubbing 
housing a s  a result 
of damaged bearings, 
distorted housings, 
d i r t  accumulation on 
impeller, carbon 
build-up on turbine 
o r  foreign object 
damage. 

Remedy 

pass rhe compressor 
impeller sea l .  

Reroute for c lear  flow 
o r  remove obstruction 
from line. 

Replace uni t .  

Replace unit. NOTE: 
Allowable shaft play IS  

.017 to .028 inch due 
to semi-floating bear-  
ings.  Allowable shaft 
axial play is  .004 to 
.009 inch. 
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SECTION IX 

FUEL SYSTEM 

9- 1 . IhTRODUCTION. The fuel system components covered in this section con- 
s i s t  of fuel ce l l s ,  fuel selector  valves. e lectr ic  auxiliary fuel pumps, tip tanks, 
tip tank solenoid valves and fuel selector electrical switches. 

This section provides i n s m c t i o n s  for uoubleshooting the system, and r e -  
moval, cleaning, repair ,  testing, installationand adjustmentof system components. 

9-27, DESCRIPTION. The fuel system i s  contained in two independent units chat 
allow each engine to have i t s  own fuel supply. The systems a r e  connected on!! 
by a crossfeed that will allow fuel to be drawn from one se t  of fuel cells to the 
engine of the opposite side. in the event of an emergency. 

The fuel ce l l s  a r e  of the bladder type installed in cavities in the wings, with 
each inboard (main) cell holding a capacity of 30 U.S. gallons and each outboard 
(auxiiiary) cell holding a capacity of 15 U.S.  gallons. Opuonai wing tip tank; 
hold a capacity of 15 U.S.  gallons each.  

For each engme, fuel is taken from each cell through a screen locatec in 
the cell outlet fitting and then on to a shut-off selector valve. From the selector 
valve, he !  i s  drawn b o u g h  an electrically operated auxiliary fuel pump and or, 
ro an englne driven pump where i t  i s  pumped to the injector unit .  Fuel from the 
tip tan& enters  the auxiliary fuel line a t  the solenoid valve located in che cabin 
at  the main s p a r .  

Drains and fuel screens  a r e  located in the iuel selector valves which 2 r e  
accessb le  through an access  panel located lust ahead of che main spar  benueen 
b e  pilot s ea t s  o r ,  for serv ice  purposes, in the bottom o i  the iuselage 

The fuel valves a r e  operated through conuols  located ir, a panel, just ahead 
of the main s p a r ,  between the pilot s e a t s .  Fuel gauges will indicate the quentiry 
of iuel in each cell from which the fuel i s  being selected 

9-3. TROCBLESHOOTIXG. Troubles peculiar to the fuel svstem a r e  listed in 
Table IX-1 a t  the back oi  this section, along with their probable causes and sun- 
gested remedies .  lithen noubleshoodng, check from che h e !  supply or  from che 
power supplv to the items affected. If  no trouble i s  found by this method, the 
rroubie probably exists inside individual pieces of equipment: thev mav then be 
removed from the airplane and overhauled, o r  identical unit o r  ilmts tested and 
known to be good installed ln their place. The e lecuica l  system diagram for  rhe 
5 ;~5ten  mav be focnd in Secuon XI, Elecuical  System. 

F U E L  SYSTElI 
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Figure 9-  1 . Fuel System Schematic (PA -30) 
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Figure 9-2. Fuel System Schematic (PA-30 Turbo) 
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9-4. FUEL CELLS. 

9-5. REMOVAL OF FUEL CELLS. (Refer to Figures 9-3 and 9-4 .) 
a .  Drain the fuel cell, then turn the fuel selector valve to the off position. 

(Refer to Draining Fuel System. Section II.) 
b. Lf the main fuel cell is to be removed, i t  will be necessary tn remove the 

nacelle cover aft of the engine firewall. 
c .  If removing the main cell, remove the wing h U  fairing from that wing. If 

removing the auxiliary cell, remove the access  plate horn the aft bottom of the 
wing. 

d .  Loosen the clamp and disconnect the fuel line from the cell outlet nipple. 
e .  Remove the oval cover plate (2) from the top of the wing by removing at- 

taching screws (1). 
f . Disconnect the electrical wires from the fuel sender unit (15). 
g .  Remove the cap bolts (6) and lockwashers from the sender unit plate (7). 
h.  Remove the nvo countersunk screws attaching the sender unit plate to the 

top wing skin. 
i . Push the plate down and pull forward. disconnecting it from the vent (18) and 

fuel drain hose (19). 
j . Remove the sender unit plate and gasket (9) from the fuel cell comparment  . 
k. If removing the auxiliary cell,  remove the cap bolts (14) from around the 

fil!er neck. Remove rhe circular  bolt plate (16) h o m  the top of the filler neck 
and the gasket (17) from between the fuel cell and filler neck. 

1 . Insert your arm between the fuel cell  and the top of the wing and release 
the expansion clips ( 5 ) .  These clips fit into compartment holes and can be re -  
leased bv exerting pressure downward manually. After releaslug all upper clips, 
release lower clips securing the bottom of the cell to comparunenr. 

m . Fold the fuel cell neatly within the wing and pull i t  gently through the oval 
opemng a t  the top of the wing. 

9-6 .  C L E A N X .  INSPECTION AND REF'AIR OF FUEL CELLS. 
a .  Fuel cells may be cleaned by the following procedure: 

1 .  New Cells: It shouldnotbe necessaryto clean new cells upon removing 
chem from their containers, if they a r e  installed in the airframe cavities promptly. 
If, for any reason. the cells a r e  noc installed immediately and become dirry, they 
should be cleaned wich soap and warm water to remove foreign material prior to 
installation in a clean cavity. 

2 .  Used Cells: Prior to removal, the cells a r e  m be drained of fuel, purged 
with fresh a i r  and swabbed out to remove all  t races of fuel. Following removal, 
the cells a r e  to be cleaned inside and out with soap and warm water. 

FUEL SYSTEM 
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Use a vapor-proof light for  inspecnon. 

b. Fuel ce l l s  may be inspected by the following procedure: 
1 .  New Cells: Inspect the cell  surface inside and outside for cuts,  abraded 

(scuffed) a reas ,  and accessory  damage. Also, inspect the fitting sea ls  for nicks. 
scratches and foreign mater ia l .  

2 .  Used Cells: Cel ls  removed h o m  the a i r f rame cavity for inspection and 
repa i r ,  o r  ce l l s  being returned to serv ice  from storage. should be inspected a s  
outlined above. 

c .  Due to the length of the fuel cell  r epa i r  procedures,  this  information will 
be found in paragraph 9- I I . 

9-7 .  FUEL CELL COMPARTMENT. 
a .  Cell comparunent mus t  be thoroughly cleaned of all filings, trimmings, 

loose washers,  bolts o r  nuts, e t c .  
b .  All sharp  edges of the cel l  comparrment should be rounded off. 
c .  Cell compartments should be inspected just pr ior  to the ~ns ta l ladon of the 

cel l .  
d .  Tape ove r  all sharp edges and rough r ive t s .  

9 - 8 .  MOLDED h7PPLE FITnXG.5.  The molded mpple finin3 1s a lighru.eighr 
fitting developed for ease  in installation in certain loca t~ons  in the airplane.  In 
order  to get the best serv ice  from this rype fitting, it i s  necessary to exercise 
cerrain precauuons a t  the time of installation. The specific precautions, othe: 
b a n  rhe general c a r e  in handling, a r e  a s  follo-xs: 

a .  Insert  the flow tube into the fitting until the end is flush w ~ t h  tne lnsice edge 
of the nipple. 

b .  The hose clamp must  be c lear  of the end of the ritting by on--quarcer ~ n c h  
wh?re possible. 

. Locate the hose clamp on the fabric reinforced hrea of the nipple. 
d .  Tighten hose clamp snug.  Do this once.  Do ~ o t  re-tighten unless h o ~  

c l a r p  i s  loosened completely and allowed to se t  ior  1 5  minutes b e f ~ r e  retightening. 
e .  Do not use  sealing paste o r  gasket compound. 
f . Apply a ti-m film of Simonize wax to metal flow tubes to f r c i l ~ t a t e  insta!!a- 

cian and removal .  
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Figure 9 - 3 .  Fuel Cell Installation (Mainpnboard) 
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1 COUNTERSUNK SCREW 
2 COVERPLATE 
3 GASKET COVER U T E  
4 GASKET SENDER UNlT PLATE 
5 CELL FASTENER - - - -  

8 U P  BOLT 
7 SENDER UNlT PLATE 
8 FUEL CELL 
9 GASKET FUEL CELL 

10 FUEL CELL COMPAATMENT 
11 FILLER ACCESS WOR 

12. GASKET. FILLER DOOR 
13. FILLER PLUG 
14 CAP BOLT 
IS. SENDER UNlT 
16 BOLT PLATE 
17. GASKET. WEL CELL 
18 HOSE. VENT TUBE 
19. HOSE. DRAIN TUBE 
20. VENT N E E  
21. DRAIN TUBE 

F~gure  9-4. Fuel Cell Installanon ( A w i l i a r v / O u r h a r d )  
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9-9. INSTALLATION OF FUEL CELL. (Refer to Figures 9-3 and 9-4 .) 
a .  Inspect the cell comparment a s  explained in paragraph 9-7. 
b. Should the cell be in its shipping container, do not remove until ready for 

installation. 
c . Check to be sure  rhat the cell is warm enough to flex. D3 not use sharp 

tools such a s  s c r c ~ r M v a s ,  files, eu . for installation purposes. 
d .  Place tape o r  another protective material over the edges of the elongated 

access opening to prevent damage to the cell.  
e .  Roll the cell inm the shape and size which can be inserted through cbe ac-  

cess  opening of the cell comparment. 
f . Unroll the cell and establish correct  reladonship of the cell to the com- 

parment  . 
g .  Secure the cell within the companrnent by pressing the fasteners (5) into 

their brackets until they snap lock into place. 
h. Insert the nipple fitting through the h l e  in the bum rib, slide fuel line into 

ni7ple and clamp. Secure the wing fairing with attaching screws. If an auxiliary 
cell i s  being insralled, insen the nipple through the hole in the cell compartment. 
Gain access to the nipple through the access hole in the bottom of the wing and 
inse;t the fuel line in the nipple and clamp. Reinstall access plate and secure 
with screws. 

i . If the auxiliary cell i s  being installed. secure the cell to the filler neck by 
rhe following procedure: 

1. Place a gasket (17) between rhe fuel cell (8) and the bottom of the filler 
neck. 

2 .  Place the circular bolt plate (16) on top of the filler neck. 
3 .  With cap bolts (14) and lockwashers, secure the fuel cell to rhe filler 

neck and torque bolts to 25 inch pounds. 
4 .  Install filler cap (13) and lock in place. 

J . Wipe the inside of rhe cell clean of all dir t  and foreign material with a clean 
soft lint-free cloth and inspect for cleanliness. 

k. If the old gasket (4) on top of the fuel sender plate (5) i s  damaged or  com- 
pressed beyond scalability, replace the gasket and cement a new one in place with 
So .  EC84i 3M cement or  its equivalent. 

I . Install gasket (9) and sender unit plate onfuel cell and attach with cap bolts 
(6) and lockwashers. 

m .  With gasket (4) cemented to the top of the sender unit plate, pull the plate 
wirh iuel cell up to the top wing skin, slide the fuel drain and vent tubes into their 
hoses (18 and 19) and artach sender plate to top wing skin with two countersunk 
screws. 

FUEL SYSTELI 
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n.  lnscall the remainder of the  cap bolts (6) and IocLwashers and torque bolts 
to 25 inch pounds. 

o . Connect electrical wires to sender unit. 
p . Place R e s s t i t e  rape 1/32 x 1/2, No. 590.5. around the oval opening in the 

wing s h n  to take up spaces that the cover plate gasket (3) may not sea l .  
q .  Cement gasket (3) to cover plate (2) and inscall over sender unit plate. 

Secure cover with countersunk screws (1) and install fil ler plug (13). 

9-10. HAhDLING AND STORAGE OF FUEL CELLS. 
a .  Cells should be removed from the shipping container only a t  time o i  instal- 

lation. 
b.  Inspection of the cell and shipping container, af ter  the cell has been r e -  

moved from the container, should be made for  any damage which may have oc- 
curred  due to crat ing o r  removal from c r a t e .  

c .  In transporting the cell from storage o r  inspection, i t  must not be picked 
up by the firtings. Under no circumstances should a cell be dragged, nor should 
cel ls  be sracked, except in their original shipping containers. 

d .  Do nor allow bladder type cells  to remain longer than absolutely necessary 
m any s u o n g  light. When working inside cell ,  donot allow hot light bulb to come 
in contact with l iner .  Fluorescent inspection lighrs a r e  recommended for use 
with fuel ce l l s .  

e .  When the gasoline is drained from the fuel cell ,  the plasticizing effect on 
the gasoline i s  lost and the inner liner of the cell begins to dry  out and subsequer.: 
cracking o r  checlang will occur .  This  cracking o r  chec!:ing mav penerr;:= 
rhrough the inner liner permitdng gasoline to diffuse through walls of *e cell 
a i te r  the cell has been re-fueled. To prevent this failure. a chm L0aur.g of 1ig.L.: 
en?ir?e oil should be applied to the inner liner of all serviceat?!e fael c e i ! ~ ,  iui-:rF. 
have contained gasoline, when i t  is  evident that the cells will r e r a i n  \virhc~;  n e l  
for more than ten days, whether installedin airplanes o r  in s w r a s e .  The cii u::il 
ac t  a s  a temporary plasticizer and will prevent the inner liner i r ~ m  drving ouc 
and c r a c h n g .  

i . Ceils shou!d be stored only a t  room temperamre and with no more t k . 2 ~  

normal humidry.  Cells should not be stored except in t h e n  origlnal sh~ppsig  
containers. 
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9- I I .  REPAIR OF FUEL CELLS. 

CAUTION 

Nu repai rs  a r e  a, be made on the radius of a cell o r  
m the fitting a r e a  of a ce l l .  Cel l s  with such damage 
a r e  to be rerurned to the factory for r epa i r s .  No da111 - 
aged areas ,  such a s  cuts  and t ea r s  la rger  than one 
inch, a r e  to be repaired in the field. 

9-12. REPAIRING CELL. 
a .  Outside of Cell .  

1 .  Use a piece of synthetic rubber coated fabric (U.S. Rubber 5200 out- 
s ide repair  material) large enough to cover damage a t  least  nwo inches from cut 
in any d i recuon.  Buff chis material lightly and thoroughly with garnet  paper and 
wash with Methylethylketone (U.S. Rubber Co. 3339 solution) to remove buffing 
dust .  

2 .  Cenient buffed side to patch with two coats of U .S. Rubber Co. 3230 
cement o r  hlinnesota blinirig Co. EC-678. Allow each coat to dry  10 to 15 min- 
u tes .  

. Buff cell a r e 3  to be patched lightly and thoroughly with garnet paper and 
'.\,ash witli 3:33Y solution to reniove buffing dust .  

4 .  Cement bufied a rea  with two coats of U . S .  Rubber 3230 o r  Minnesota 
h l ~ n m g  Co . EC-078 cement.  Allow each coat to dry 10 to 15 minutes. 

5 .  Freshen cemented a r e a  o i  patch and cemented a r e a  of cell w i r h  3339 
solution. 

0. While still tacky. apply edge of patch to edge of cemented area  on che 
<el l .  \ V i b  3 roller o r  blunt insuument,  roll  o r  p res s  the patch to the cemented 
J r r a  and roll o r  press  i t  down a half-inch a c r o s s  a t  a time so a s  not to t rap a l r  
L.enveen patch and ce l l .  Lay a 50 pound shot bagover patch which is protected by 
ptece oi Holland Cloth to prevent sticking. Weight should not be removed for six 
Ih~urs. 

T. S r 3 1 ~ o a t  edge u i  patch one-half inch with one coatof U.S. Rubber 3230 
UI- \linnesuta \lining Co. EC-678 cement and allow the cement to dry  thoroughly. 

b .  Inside of Cel l .  
I .  .After the damaged area  has been patched on the  outside of the cell  and 

repair allowed to stand a mininium of six hours, the cell is h e n  ready to have 
:lie patch applied on the inside of the cel l .  

2 .  Lightly and thoroughly buif a piece of cured U.S. Rubber 5200/51S; 
nylon sandurch material large enough to cover damage a t  least  two inches frolr: 
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cut in any direction. Wash buffing dust off patch with Methylethylketone solution 
(U .S . Rubber 3339). 

3 .  Cement buffed side of patch with two coats of black rubber cement, 
U S .  Rubber 3230 o r  Minnesoa Mining Co. EC-678, and allow each coat to dry 
10 to 15 minutes. ' 

4 .  BLff cell a rea  to he patched lightly and thoroughly with fine sandpaper 
Number 0 and then wash off buffuig dust with Methylethylketone solution (U.S. 
Rubber 3339). 

5. Coat buffed area  with two coats of black rubber cement. U .S. Rubber 
3230 o r  Minnesota Mining Co. EC-678, and allow each coat to dry 10 w 15 min- 
utes.  

6 .  Freshen cemented a rea  of patch and cemented a r e a  of cell  with Methyl- 
erhvlketone solution (U .S . Rubber 3339). 

7 .  While s d l l  tacky, apply edge of patch to edge of cemented area. cen- 
tering patch over cut in cell .  With a rol ler  o r  blunt insrrument. roll o r  press 
the patch u, the cemented area  on the ce l l .  Hold par t  of patch off the cemented 
a rea  and roll o r  p ress  it down a half-inch to an inch ac ross  a t  a time so a s  nor 
to map a i r  between patch and ce l l .  Apply a 50 pound shot bag to repaired area 
and do not disturb for six hours.  

8 .  Seal cca t  patch and one-half inch from edge of patch with two coats of 
U.S. Rubber 3230 o r  Minnesota Mining Co. EC-678 cement. Allow the first coat 
to d ry  one hour o r  more .  Wipe patch and cemented a r e i  lightly with Number 10 
oil, so  that when the cell is in i ts  original position the patch area  will not stick 
to ocher areas  of rhe ce l l .  

c . Scuffed Fabr ic .  
1 . Buff a rea  surroundmg scuffed fabric. 
2 .  Wash buffing dust from area with 3339 solunon. 
3. Apply two coats of U . S .  Rubber 3230 o r  Minnesota Mirung Co.  EC-675 

cement to the buffed area ,  allowing 10 mlnutes drying W e  berween coats 

9- 13. TESTING N E L  CELLS. Either of the following rest procedures may be 
used to detect leaks in the bladder cel ls .  

a .  Soap Suds T e s t .  
1 .  Attach test plates to al l  f inmgs.  
2 .  Inflate che cell with a i r  to a pressure of one-quarter psi maximum. 
3 .  Apply a soap and water solunon to all repaired a r e a s  and any a reas  

suspected of leakage. Bubbles will appear a t  any point where leakage occurs.  
4. After test, remove al l  plates and wipe soap resldue from the exterior 

of the cel l .  

FCEL SYSTEM 
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b.  Chemical Tes t .  
I , A nach test plates to all f i m g  openings except one. 
2 .  Pour ammonia on an absorbant cloth in the r a n o  of Rcc per cubic foot 

of cell capacity. Place the saturated cloth inside the cell  and ~ns ta l l  remaining 
test  plate. 

3. Make up.a phenolphthalein solution a s  follows: Add 15 g rams  phenol- 
phthalein crysrals in one-half gallon of alcohol, mix, then add one-half gallon of 
water .  

4 .  Inflate the cell with a i r  to a p res su re  of one-quarter psi maximum. 
5. Soak a large white cloth in the phenolphthalein solution, wring it out 

thoroughly, and spread it  smoothly on the outer surface of the cel l .  Press  the 
cloth down to insure detection of minute leaks .  

6. Check the cloth for red spots which will indicate a leak. Mark any leaks 
found and remove the cloth to a new location. Repeat this procedure unnl the 
e n n r e  exterior  surface of the cell  has been covered. If red spots appear on the 
cloth, they may be removed by resoaking the cloth in the solution. 

5 .  The solution and test cloth a r e  satisfactory only a s  long a s  they remain 
clean. Indicator solution that is not in immediate use should be stored in a closed 
container to prevent evaporation and deter ioradon.  

After the test, remove all plates and test equipment. Allow the cell to a i r  
our. In sonduccing the rest outlined above, the cell  need not be confined by a cage 
o r  jig, providing [he one-quarter psi p res su re  is not exceeded. 

NOTE 

The chemlcal rest i s  the more  sens inve  and preferred 
trcc 

9-  1 4 .  FLj EL QCANTITY INDICATIEU'G SYSTEM. 

u- 15.  CHECKING AND ADJCSTMENT OF FUEL QUANTITY IhDIC.4TISG SYS- 
TE\I. 

a .  General chechng of sys tem.  
I . Completely drain the maln and auxiliary fuel cells that relate to the 

gauge that is to be checked. (Refer to Draining Fuel Cells, Section 11.) 
2 .  L?vel rhe airplane longitudinally and laterally. (Reier to Leveling, 

Section II.) 
3.  .4scertain that the fuel crossfeed i s  closed. 

FCEL SYSTEbI 
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4 .  Connect a 14-volr power supply tu  the airplane cleculcal s y s t r ~ ~ ~  and 
observe the fuel quantity gauge. It shuuld read empry w~th  the respective iuel 
selector lever at both the main and a u ~ l i a r y  ON posiuuns. 

5 .  Add fuel to each cell in the amount of 3.75 U.S. gallons tu the auxll1ar-y 
cell and 7 .5  U .S.  gallons to the main cell, to bring each cell to one-quarter its 
full capacity. 

6 .  Again move the selector lever to both ON positions and observe the 
gauge. A t  either posiuon the quantity pointer should align with any part oi the 
one-quarter full gauge index. 

7 .  Continue to add fuel in increments of 3 . 7 5  and 7 . 5  U .S . gallons r o  [he  
auxiliary and main cells respectively for each quarter capacity of the ce l l 5  . i t  

each quarter increment. unnl full, check that &e quannry pointer aligns w l t h  any 
part of the corresponding index. with the selecror l w e r  at either ON posit~un. 

8 .  Should the gauge and the amount of fuel in the cell not correspond, the 
procedurein steps b thru d may be necessary to isolate the uouble in the sybtem . 

b. Sender Check: 
1 .  Remove the fuel sender to be checked. (Refer to Paragraph 9-  15 . )  
2 .  Secure the sender in the appropriate posinon on the fabricared j ~ g  a s  

stmwn m Figure 9 - 5 .  R h e  jig may be fabricated from dimensions given in  Fig- 
ure 9 - 1 5 . )  

3 .  With the float arm against the bottom stop, the float should be just 
touching rhe base of the jig. If the float arm is nor rouchlnp the base of the jig 
or  the bottom stop, adjust the float by bendingthe arm at  a posinon shown in Fig- 
ure 9 - 5 .  

A l l 1  

,UP.!., I I  VOLT5 

l U C L 7  14 "OLTI 

- T? C"Ea 
15 mm ~ E I ~ ~ T O S  CIUCES 

""IT i 
! 

Flgure 9 - 5 .  Checking Sender Umt Flgure 9 - 6 .  Checklng Fuel Gauge 
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4 .  Aiter the sender has been adjusted, check ior rhc  proper amounr oi 
resistance by the following procedure: 

(a) Conuect an ohmmeter to the sender unlt. 
(b) Positionthefloatarm against its bottom stop and ascer ta inhe  ohm- 

meter indicates 0.00 to 0 .SO ohms resistance. 
(c) Slowly move the float arm from the bottom stop to the top stop 

w a t c h g  the ohmmeter indicator. The ohmmeter needle should steadily move 
up, without fluctuation, a s  rhe float arm is moved. 

(d) With che float arm against its top stop. the ohmmeter should indi- 
cate 29.6 to 31.3 ohms resistance. 

If incorrect resistance o r  flucruation is found, the sender should be re-  
placed. 

c . Wiring Check. 
1 .  Check all ground connections throughout the indicating system for cor-  

rosion o r  loose connections chat may cause excessive resistance in the circuit. 
2 .  Check all splices and termiml connections for corrosion and security. 
3.  Check wiring between comecrions for excessive resistance due to frayed 

ur  broken suands . 
d .  Gauge Check. 

1 .  Sender Method: 
(a) Position and secure a calibrated sender to the fabricated chechng 

JlS. 
(b) Connect the sender directly rothe gauge being checked using Num- 

ber 16 or larger wire. (Refer to Figure 9-6.) 

CAUTION 

Make certain &e sender resistor is connected to the 
proper side of the gauge. 

! 

(c) Connect a 14-volt power supply tothe electrical system of h e  air- 

plane. 
(d) Operate the power supply and move the sender float arm through its 

nave l .  .\=certain that the empty and full positions of the sender and the gauge 
sorrespond. If not, the gauge should be replaced. 

2 .  Resistor .Method: 
(a) Connect a 15-ohm resistor to the sznder unit terminal of the gauge 

be~cg  checked. (Refer to Figure 9-6 .) 
(b) Connect a 14-volt power supply to the elecrrical system of the a i r -  

plane. 

FUEL SYSTEM 
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(c) Operate the power supply and ascertain the gauge indicates one-half 
full. 

(d) Repeat the procedure using a 30-ohm res ls tor  which should cause 
the gauge to d c a t e  full. 

(e) If the gauge does not indicate properly, it should be replaced. 

9- 16. REMOVAL OF FUEL SENDER. 
a .  Remove screws anachmg the oval cover plate to &e  top of the wlng. 
b.  Disconnect electrical leads korn the sender unit. 
c . Remove screws and washers arcachmgsender to mounnng plate and remove 

sender .  

9-17. ITSTALLATION OF N E L  SENDER. 
a .  Place the sender unit gasket on mounting plate and install sender.  
b .  Secure sender to mounting plate with washers and screws.  
c . Connecr e lecuical  leads to sender. 
d .  Install cover plate and secure  with screws.  

F L E i  SYSTELI 
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I. F U E L  D I S T R I B U T I O N  L I N E S  

2. F U E L  DISTRIBUTOR,  L E F T  
3. F U E L  F L O W  PRESSURE L I N E ,  L E F T  
4. F U E L  PUMP,  L E F T  
6. F U L L  INJECTOR U N I T ,  L E F T  
6. A U X I L I A R Y  F U E L  C E L L ,  L E F T  
7. ACCESS n o L e  
0. F I L L E R  
0. F I N 0 1 R  SCREEN 

10. F I L L t R  

PIPER TWIN COMANCHE SERVICE MANUAL 

ACCESS HOLE 

M A I N  F U E L  C E L L ,  L E F T  
F INQER SCREEN 

ENQINI! F U E L  S U P P L Y  L I N E ,  L E F T  
r u n  LINE MAIN CELL OUTLET,  LEFT 
r u n  LINE AUXILIARY CELL OUTLET, LEFT 
BELECTOR V A L V E  AND STRAINER.  R l Q H T  
SELECTOR VALVE  AN^ STRAINER, LEFT 
A U X I L I A R Y  F U E L  PUMP,  L E F T  
AUXIL IARY F U E L  P U M P ,  R l Q H T  

21. ENGINE F U E L  SUPPLY L I N E .  R l G H T  
22. F U E L  F L O W  GAUGE 
23. FINGER SCREEN 
24. F U E L  L l N E  M A I N  C E L L  O U T L E T ,  RIGHT 
25. F U E L  L l N E  A U X I L I A R Y  C E L L  OUTLET,  RIGHT 
28. F I L L E R  
27. ACCESS H O L E  
28. M A I N  F U E L  C E L L ,  RIGHT 
29. F U E L  F L O W  PRESSURE L I N E .  RIGHT 
SO. F U E L  D I S T R I B U T I O N  L I N E S  

F U E L  DISTRIBUTOR,  RIGHT 

F U E L  PUMP,  RIGHT 
F U E L  INJECTOR UNIT.  R l Q H T  
HEATER F U E L  SUPPLY L l N E  
F U E L  F L O W  GAUQE VENT L l N E  
F INGER SCREEN - 
ACCESS H O L E  
F I L L E R  
A U X I L I A R Y  F U E L  C E L L .  R lOHT 
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1. T I P  TANK, L E F T  10. F INGER SCREEN 19. F U E L  L I N E  A U X I L I A R Y  C E L L  OUTLET, L E F T  28. F U E L  L I N E  A U X I L I A R Y  C E L L  OUTLET, RIGHT 37. F U E L  D I S T R I B U T O R  VALVE,  RIGHT 

2. F U E L  F L O W  PRESSURE L INE,  L E F T  11. F U E L  L I N E  T I P  TANK OUTLET,  L E F T  20. SELECTOR V A L V E  A N 0  STRAINER,  L E F T  29. T I P  TANK SOLENOID VALVE, RIGHT 38. F U E L  INJECTOR UNIT, R l G H T  

3. F U E L  D I S T R I B U T I O N  L I N E S  12. F I L L E R  29 .  SELECTOR V A L V E  A N 0  STRAINER. RIGHT 30. ACCESS HOLE 39 .  F U E L  F L O W  GAUGE VENT L l N E  

4. F U E L  DISTRIBUTOR VALVE, L E F T  13. ACCESS H O L E  22. A U X I L I A R Y  F U E L  PUMP. L E F T  31. F I L L E R  40. H E A T E R  F U E L  SUPPLY L l N E  

5. FUEL PUMP. LEFT 14. MAIN FUEL CELL, LEFT 23. AUXILIARY FUEL PUMP. RIGHT 32. FUEL LINE TIP TANK OUTLET, RIGHT 41 .  A U X I L I A R Y  F U E L  CELL. R l G H T  

6. F U E L  INJECTOR UNIT,  L E F T  15. ENGINE F U E L  S U P P L Y  L INE.  L E F T  24 .  ENGINE F U E L  S U P P L Y  L INE,  RIGHT 33. M A I N  F U E L  CELL, RIGHT 42 .  T I P  TANK. R l G H T  

7. A U X I L I A R Y  F U E L  CELL,  L E F T  16. F INGER SCREEN 25. F U E L  F L O W  GAUGE 34. F U E L  PUMP, RIGHT 43. F INGER SCREEN 

8. ACCESS H O L E  17. F U E L  L I N E  M A I N  C E L L  OUTLET, L E F T  26 .  F INGER SCREEN 35. F U E L  F L O W  PRESSURE L I N E ,  RIGHT 44 .  ACCESS H O L E  
9. F I L L E R  18. T I P  TANK SOLENOIO VALVE,  L E F T  27 .  F U E L  L I N E  M A I N  C E L L  OUTLET,  RIGHT 36. F U E L  D I S T R I B U T I O N  L I N E S  45 .  F I L L E R  

Figure 9-9.  Fuel System Installation (Turbo) 
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9-1s. FUEL SELECTOR VALVES. 

9-19. REMOVAL OF FUEL SELECTOR VALVES. 
a .  Remove the access panel from the bottom of the fuselage forward o i  the 

main spar  by removing attaching screws.  
b. Open the selector valve access  door located on the cabin floor just aft of 

the fuel selector w n u o l  console. 
c .  If removmg only one fuel valve. turn the other valve to the off position and 

drain the fuel from the ranks of the one king removed. 
d .  If both selector valves a r e  to be removed. drain the fuel i rom both wlngi . 
e.  Remove the selector valve using the following procedure: 

1 .  Diswnnect the conaol  rod from the valve a r m  by removing nut, washer 
and bolt. 

2 .  Disconnect electrical leads a t  quick disconnect. 
3 .  Disconnect all fuel lines a t  the valve. 
4 .  Remove the three bolts attaching the valve mounting plate to the floor- 

board support channel and remove valve rhrough access  hole in the bonom of the 
fuselage. 

I 

Flgure 3-10. Fuel Sualner  AssemMv 
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9-20. CLE.ANING. INSPECTION AND REPAIR O F  FWL SELECTOR VALVF 
ASSEMBLY. (Refer to Figure 9-10.) 

3. Remove the screws securing the fuel bowl ( 5 )  and separate the bowl from the valve 
housing. 

b. Remove the filter disc assembly (2) from stem by compressing fdter retainer spring 
( 3 )  and removing retainer washer (4). 

c. Clean filter by plugging open ends of filter disc to  prevent dirt from entering. 
d. Wash the disc with acetone, carbon tehchloride,  trichloroethylene o r  Bendi: 

cleaner. Heaw dirt. lint or  dust deposits may be removed from disc with a soft bristle paint 
brush. 

e. Drain or blow off cleaning fluid and remove plugs. 
f. Inspect bowl gasket ( I  ) and disc fdter for damage and replace if necessary. 
g. Repair is limited to  replacement of only those parts offered in the PA-30 Parts 

Catalog. 

9-21. INSTALLATION O F  FUEL SELECTOR VALVE. (Refer to  Figure 9-1 1.) 
a. Install selector valve through access hole in the bottom of the fuselage and secure 

valve mounting bracket to  the floor support channel with bolts, washen and nuts. 
b. Connect file1 lines to  valve assembly. 
L. Connect electrical leads and install shielding over connecting terminals. 
d. Connect the control rod to  the valve arm and secure with bolt. washer and nut. 
. Install access panel on the bottom of the fuselage and secure with screws. 
f .  .Adjl~st f!~el selector valve. (Refer to  Paragraph 9-22.) 

NOTE 

Ascertain that valve handle roll pin lock (furnished in Kit 
-760 444) is in place before installing fuel selector valve. 
(Refer t o  Figure 9-1 2.) 

Q-12. .ADJL'STMEYT O F  FUEL SELECTOR VALVES. (Refer to Figure 9-1 2.1 
2 .  With the left fuel selector valve handle in the crossfeed position and the right handle 

in ~ l~x i l i a r ) .  position. adjust right hand l i n k a ~ e  so that the valve arm is positivelv in the 
drtent when the handle is moved t o  the main position. and just clears the crossfeed link. 

b. Adjust the left hand linkage in a similar manner with the right fuel selector valve 
handle in the crossfeed position and the left handle in the auxiliary position. 

. Adjust handle to  center in correct hole when valve arm is in mating detent. This 
s l ~ o ~ ~ l d  be adjusted as closely as pnssible. 

d. Turn on the electric fuel pumps and check selector valve for leaks and proper 
or.mtion. 

FUEL SYSTEM 
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L I 

Flgure 9 -11 .  Fuel Selector Installation 
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INDEX T E E I "  S O T M A T  F L I T  

O N  S M A L F T  iS l M  P 0 5 1 1 1 0 N  S H O W N  
W M E N  1 m Y  I S  P A R A L L E L  T O  

Y O Y N T l H G  F L A N G E .  

I 

Figure 9- 1 2 .  Fuel Selector Valve Conuol  Installanon 
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9 - 2 3 .  FUEL SELECTOR ELECTRICAL SWITCHES 

9-24.  REXIOVAL O F  FUEL SELECTOR SWITCHES. 
a .  Open 'le selector  valve access  door located on the cabin floor lust  a f t  of 

the fuel selector  control console.  
b.  Remove the a c c e s s  panel from the boctom of the fuselage forward of the 

main s p a r  by removing attaching sc rews .  
c .  Remove e l ecu ica l  switches from fuel selector  valve by removing screw 

and nut attaching switch bracket ro valve assembly.  
d .  Remove e l ecu ica l  leads from switch terminals .  

9-25 .  INSTALLATION O F  FUEL SELECTOR ELECTRICAL SWITCHES. 
a .  Install switches on mouncing bracket wi& attachrng screws and nuts .  
b .  Solder e l ecu ica l  leads to switch terminals .  
c .  Position switch plunger under actuator pin and secure  switch bracket to 

selector valve with screw and nut. 
d .  Check for proper operation. 
e .  Install access  panel on bottom of fuselage. 

9 - 2 6 .  ELECTRIC AUXILIARY FUEL PUMP. 

9-27 .  REMOVAL OF ELECTRIC FUEL PUMP. To remove the e l e c u i c  fuel 
pumps, located beneath the floor panel forward of the fuel selector valves, use 
the following procedure: 

a .  Remove the two front sea ts  and sear cracks. 
b .  Remove the s e a t  belts from their brackets on the floor.  
c .  Turn  the fuel selector  valves to rhe O F F  position. 
d .  Remove the selector  control handles from the conuol  console by loosening 

the se t  s c rews  and pulling each handle from i t s  shaft .  
e .  Remove the three screws and plate irom each selector valve control anc 

remove the cover by unhooking the crossfeed guard link spring. 
f . Roll the carpet  back from the spa r  to the Landing gear  r e u a c d o n  trsn:- 

mission comparunent .  
g .  Remove the center  access  panel located benveen the reuac t lon  u a n s m i s s ~ o n  

and main s p a r  by removing pal nuts and lockwashers from conuol  posts and pane! 
attaching sc rews .  

FCEL SYSTELZ 
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h .  Remove the access  panel on the botton: o i  the fuselage directly under the 
fuel selector valves.  

I . Disconnect the control rod  from the rlght connol  assembly by removing 
comer pin, washer  and pin. 

j . Remove right conuol  assembly, noting washer  on the control handle shaft. 
by removing attaching screws,  washers  and nuts .  

k.  Dsconnect  the fuel l ines from both fuel pumps and remove rhe finmgs from 
the left pump. 

I . Turn the fitting on the port marked OUT of rhe right fuel pump clockwise 
90 degrees to facilitate removal .  

m . Disconnect the pump motor ground leads from the floorboard support chan- 
ne l .  

n . Remove rhe access  panel to the right of the fuel pumps and disconnect the 
pump electrical leads. 

o . Remove rhe four bolts attaching the fuel pump mounting bracket to the floor- 
board support channels. Two bolts a r e  located in the fuel selector  comparmen t  
and two in the l a n b g  gea r  retract ion transmission comparunent .  

p .  Remove pumps and bracket assembly by pulling it up from between rhe 
support channels.  

q .  Remove pumps horn mounting bracket by cutting safety wl re  and removmg 
attaclung bolts.  

9 - 1 s .  DISASSEhIBLY, REPALR AhD ASSEMBLY OF FUEL FUMP. (Reier to Fig- 
ure  9 -13 , )  Overhaul of the fuel pump is not recommended because of special 
tools required. If overhaul is necessary,  the pump should be remrned to che 
\Veldon Tool Company. 3000 Woodhill Road, Cleveland, Otuo 44104. However. 
J m e  m i n ~ r  repa l rs  may be accompl~shed a s  follows: 

a .  Rsplacement of shaft s e a l .  
I .  Separate rhe pump end assembly from the motor by removing the four 

niachlne sc rews .  Kote the relatlonshlp of the pump to the mocor before separa-  
i1on. 

2 .  The shaft seal IS assembled with a light p re s s  fit Into the inser t .  It can 
be prled loose from the in se r t  without disassembly of the pump. 

3 .  Check the shaft for burrs .  scratches,  o r  any defects which may cause 
the seal to w e a r .  Any defect would be a cause for pump replacement.  

4 .  Positiun a new seal  on the s h a h  and p r e s s  into place. 
5 .  .Assemble the pump end assembly to the motor in the original posirion 

and secure with screws and saiery.  

FLTEL S YSTEL1 
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Figure 9- 13. Weldon Rotary Fuel Pump 

b. Repair of relief valve.  
1 .  Remove the adjusnngscrew from the pumpend assembly.  Donor change 

the position of the jam nut.  
2 .  Remove rhe valve plunger and spring.  
3 .  Inspect the valve seat. plunger and spring for con&non and wear .  If 

the valve s e a t  i s  damaged, the pump should be replaced.  
4 .  Reassemble the plunger, and spring, and adjusang screw on the pump. 
5 .  Adjust the pump p res su re  a s  described in paragraphs 9-30 and 9-31 ,  

9-29. INSTALLATION OF ELECTRIC FUEL PUMP. 
a .  lnsrall pumps on mounting bracket and secu re  each pump with four bolts 

and safety. 
b .  Install the 90 degree fining on the out port of the right pump and position 

i t  poinnng coward the port  marked in.  
c .  Inscall the pump assembly in the compartment benveen the fuel selector 

valves and the landing gear retraction t ransmission.  

FCEL SYSTEM 
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d .  Ascertain that grommets a r e  installed between the pump mount bracket and 
the two support channels a t  each bolt hole. 

e .  Secure the pimp assembly u, the support channels with bolts. 
f . ' Connect motor elecuical leads and install access  panel to the right of the 

fuel pumps. 
g. Secure the ground wi res  to the forward support channel with a screw, washer 

and nut. 
h .  Turn the 90 degree fircing so  i t  points down and install the remaining three 

fittings on the pumps and connect fuel l ines. 
i . Install the fuel selector valve conuol  assemblies  and secure  with screws,  

washers  and nuts.  (Refer to Figure 9-12.) 
J . Amch selector  conuol  rods  to controlarm with pin, washer and cotter pin. 
k. Place an  AN960-716 washer  on the r ight  control handle post only. 
I . Insa l l  the center  access  panel and secure  w1d1 screws.  
m .  Lnstall lockwashers and pal nuts on the control handle posts .  
n.  Roll back the carpet  and install conuol  cover .  
o .  Ascertain that the crossfeed guard link spring is hooked to the bracket on 

the access panel and secure  conuol  cover with places and six screws.  
p . Install handles on conuol  posts and secure with set screws.  
q .  Adjust fuel selector c o n u o l s .  (Refer ro Paragraph 9-22.)  
r .  Operate fuel pumps and selector valves to insure proper operation and rhat 

there a r e  no fuel leaks.  
s .  Install access  panel on the bortom of the fuselage and secure  with screws.  
t . Install sear  belts and secure  with bolts, washers  and nuts.  
u . Install s ea t  tracks and s e a t s .  

' 2 4 0 .  ADJCSTMENT OF ELECTRIC FUEL PUMP (BENCH TEST). 
a .  Ascertain that the pump is sufficiently lubricated to prevent damage if run 

drv  ior a period grea ter  than five minutes. 
b .  Connect the e l ecu ic  leads to a 14-volt DC power source .  
c..  Using a suitable container with the proper octane fuel, connect a fuel line 

irom a container to the inlet side of the plmp.  
d .  Connect another line from the outlet side of the pump to a pressure  gauge 

and by-pass valve and back m the container. 
e .  Run the pump wirh the by-pass valve open until a steady flow of fuel is ob- 

tained. Then, close the by-pass valve and check me pressu re  gauge for the proper 
reading of 26 psig maximum, no flow. Do not keep the by-pass valve closed for 
more than one minure during pump operation and adjusrment. 
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f . Loosen the lockuut and turn the adjusting screw unril there i s  a reading of 
26 psig maximum, no flow, on the gauge. Repeat s teps e and f until the proper 
p ressu re  is obtained. 

g. Disconnect the power source from be pump and lock the adjusmenr  screw 
with the locknut. Remove the fuel lines from the pump. 

I 

9-31. ADJUSTMENT OF ELECTRIC FUEL PLTMP QN AIRPLANE). 
a .  Wirh the access panel removed and the fuel selector in the OFF positior., 

remove the fuel line from the outlet end of the pump. 
b. Connect a test line with a by-pass valve and pressure  gauge to the outlet 

end of the p lmp.  
c .  Place a container below the pump m catch any fuel from the test line during 

the adjustment of the pump. 
d .  Turn the fuel selector  on, open the by-pass valve on the test line and start 

the pump. 
e .  When a steady flow of fuel i s  obrained, close the by-pass valve and check 

the reading on the p ressure  gauge. I t  should read 26 psig maximum, no flow. 
Do ME keep by-pass valve closed for more  than one minute during pump operation 
and adjustment. 

f .  Loosen locknut on adjusting screw and mrn screw to obtain the proper 
pressure  of 26 psig maximum. no flow. Repeat steps d and e unul adjusment  1s 

complete. Lock adjusung screw with locknut. 
g .  Turn off fuel pump and close fuel se lec tor .  Remove the test line &om the 

pump. 
h .  R ~ C O M ~ C ~  the original fuel line to the pump. Open fuel selector and run 

the pump to check for any fuel leaks.  
i . Shut off the pump, close the fuel selector and replace and secure the access  

panel . 

9-32. TIP TANKS. 1 

9-33. REMOVAL OF TIP TANKS. 
a .  Drain fuel from rank by removing drain plug located in  the bortorn of t a n k  
b. Loosen filler cap a, aid draining. 
c .  Remove screws arrachmg rank to wing tip. 
d . Pull tank away from wing enough to disconnect e lecnica l  wires and flexible 

fuel hose. 
e .  Insrall drain plug in rank. 

FL'EL SYSTJZM 
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9-34. INSTALLATION OF TIP TANKS. 
a .  Hold the tank up to the wing rip and connect e l ecn ica l  wires  to fuel sender 

gauge and navigation light. 
b.  Install c lamp on fuel hose and sl ide hose on tank outlet, righten clamp.  
c .  Slide the tank on wing  rip and align screw holes.  
d .  Secure tank to wing tip with countersunk sc rews .  

9-35. TIP TANK SOLENOID VALVE. 

9-36.  REMOVAL OF SOLENOID VALVE. 
a .  Place the fuel selector conuo l  to the auxiliary position and drain the aux- 

i l iary tank of the wing that the solenoid valve i s  to be removed. 
b .  Remove dra in  plug from the bortom of the tip rank and dra in  tank. 
c .  Slide the two pilots s e a t s  to the forward most  position. 
d . Lift the carpe t  up from the front of the main s p a r .  
e .  Remove the floor shield from infront of the main s p a r  by removing attach- 

ing screws.  
f . Disconnect the e l eca ica l  lead a t  the quick disconnect te rminal .  
g .  When the fuel tanks a r e  completely drained, disconnect fuel lines from the 

solenoid valve. 
h .  Remove valve by removing bolt. washer and nut attaching i t  to the s p a r .  
1 . Install the drain plug in the bottom of the a p  tank. 

9-37.  CLEANING. ISPECTION AND REPALR OF SOLENOID VALVE. 
a .  The valve may be flushed with Standard Oil Company stoddard solvent o r  

equ~valenr .  Do not exceed 3 psi during flushing operation. 
h .  After flushing, check valve for seal  c r  setclng using the followiug proce- 

dure: 
I .  -4ttach a line to the tip rank fuel line connection of the valve and apply 

atoddard solvent o r  equivalent a t  a p re s su re  of 3 psi  and check for leaks.  
2 .  .4ttach the line to the auxiliary line connection and attach the valve 

e l c ~ t r ~ c a l  leads to a 12-volt source .  
3 .  Apply solvent through the line under a p re s su re  of 3 psi  and check for 

lea kj . 
c .  Overhaul o i  the valve is not recommended. If werhau l  i s  necessary,  the 

valve should be returned to b e  Br imin  Indusuies .  I n c . ,  2700 Skypark Drive, 
Torrance. California 90505. 

FUEL SYSTEM 
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1. l i p  Tmnk 

1. F r l  L k t r  Val.. 

FVEL SYSTEM 
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Figure 9-14. Solenoid Valve 
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9-38,  IIGT.4 LLATION OF SOLENOID VALVE. 
a .  Position the valve on the maln s p a r  web and secu re  v 3 1 v e  2nd sround wlre  

with bolt. washer and nut. 
b .  Connect fuel lines to valve assembly.  
c . Connect electrical lead and insrall terminal shielding. 
d .  Fill the auxiliary and tip tanks with fuel and operate  system ro check for 

leaks and proper operation. 
e . Install floor shield and s e c u r e  wirh sc rews .  
f . Lav the carpet  over the s p a r .  

9-39.  CLEAhTNG FUEL SYSTEM. 
a .  To flush fuel tanks and selector  valve, disconnect fuel line a t  the fuel in- 

jector unit. 
b.  Select a fuel rank. N r n  on the e l e c u i c  fuel pump and flush fuel through the 

system until it i s  determined that there is no d i r t  and foreign marter in the fuel 
valve. lines o r  tank. During this operaaon,  agitation of the fuel within the tank 
will help pick up and remove any d i r t .  Repeat this  procedure for each tank. 
s. When all ranks a r e  flushed, cleanthe filter assembly and injector unit inlet 

s c reen .  

FUEL SYSTELI 
Issued: 12139!72 
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TABLE IX-I. TROCBLESHOOTISG CHART (FUEL SYSTEM) 

Trouble 

Fai lure of fuel to flow. 

Cause 

Blockage in fuel line . 

Failure of mechanical 
o r  e l eca ica l  fuel 
pump. 

Fai lure of fuel selector  
to be in proper posi- 
tion. 

Damage of fuel 
selector valve. 

Dirty fuel s t ra iners  
and s c r e e n s .  

Remedy 

Flush fuel system 

Check and replace if 
necessary .  

Check position of 
selector  and adjust 
if required.  

Replace fuel valve.  

Clean 

Fuel gauge falls to 
~ndicare  . 

Broken wlring 

Gauge nor operacing. 

Float parrially o r  
completely filled 
with fuel.  

Circuit  breaker out.  

Check and re?air  

Fuel gauge indicates 
iull when tasks a r e  
not iul l .  

I Replace. 

Incomplete ground 

Replace iloar. 

Reset and check 

Check ground connei. - 
dons a t  fuel t rans-  
m l n e r  in wings 

FCEL SYSTEh1 
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TABLE I X - I .  TROUBLESHOOTING CHART (FUEL SYSTE.M) (cunr) 

FUEL SYSTElI 
Issued: 12,'291?2 

Remedy 

Check va lve .  

Check fuel, f i l l .  

Check pump for  p r e s -  
s u r e  build up .  Check 
diaphragm and relief 
valves  in engine pump. 
Check for  obstruction 
in e l ec t r i c  pump.  
Check by-pass  valve 
A i r  leak in intake lines. 

Replace gauge .  

T r a c e  l ines  and 
remove  obstruct ion.  

Replace .  

Replace o r  rebuild 
pump.  

C l ean .  

Locate  and r e p a i r  o r  
agh t en .  

Replace valve.  

Trouble  

No fuel flow indication. 

Fuel flow low o r  
surglng . 

Cnidenu f~ed  leak .  

- 
Fuel valve l e a k s .  

Cause  

Fuel  valve s t uck .  

No fuel in t anks .  

Defective fuel pump. 

Defective gauge .  

O b s u u c u o n  in  inlet  
s ~ d e  of pump.  

Faulty by-pass  va lve .  

Faulry d iaphragm.  

Dirry fuel s t r a i n e r s  
and s c r e e n s .  

Fuel l ines  damaged 
o r  leaking fi t t ing.  

Worn "0" r i n g s .  
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SECTION X 

10-1. IhTRODUCTION. This  section contalns procedures for removal and in- 
srallation of the various in saumen t s  and system components installed in the 
P.4-30 Twin Comanche. Also conrained in t h ~ s  section i s  a description of each 
instrument along with minor adjustments, tes t s  and maintenance. Maintenance. 
other than described in this section, shall  be done by the instrument manufacturer 
o r  an authorized repair  s tat ion.  

10-2. DESCRIPTION. The  instrumentation of the PA -30 is designed to provide 
for most all con&tions of flight. The  insuumencs give a quick and actual indica- 
t u n  of attitude, performance and condition of the a ~ r p l a n e .  They a r e  divided into 
four groups: Vacuum Gyro. Pitot-Static. Electrical and Miscellaneous. Some 
of the lnsnuments  a r e  components of indicaung sys tems that i nhca te  conhtions 
a t  remote pa r t s  of the airplane.  A few of the instruments,  however, a r e  self-  
contained and merely have to be correct ly installed to give a n  indication. Warn- 
ing lights a r e  installed to indicate unsausfactoryor  dangerous conditions in some 
sys t ems .  Insuuments  requiring power from the e l eca ica l  system a r e  provided 
with circuit breakers  to isolate the individual systems LII the event of trouble 
For  nighr operation, each instrument i s  individually l~ghred by shielded posr 
lights o r  a light incorporated a s  par t  of the i n s m m e n t .  

The panel has been ar ranged to accommodate flight instrutrents onrhe leir 
side. in front of the pilot, electronic equipment and some engine instruments in 
the center ,  and the remaining engine and miscellaneous instruments to the r ~ g h t .  
All flight instruments have been shock mounted to minimize vibracon and shock. 

ISSTR Ck1EST5 
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1912 

1. CLOCK 4. ARTIFICIAL HORIZON 1 .  ADF RADIO 
2. AIRSPEED 5. AUTOPILOT (I. TACHOMETER 
3. DIRECTIONAL GYRO 6. ADF  INDICATOR 9. INSTRUMENT CLUSTER 

IS. OMNl INDICATOR 20. STALL WARNING INDICATOR 10. GLOVE BOX 
'16. VERTICALCLIMB 21. ALTIMETER 11. FUEL FLOW INDICATOR 
11. VACUUM GAUGE 22. MARKER BEACON INDICATOR 12. MANIFOLD PRESSURE 
18. GEAR CONTROL 23. FLAP POSITION INDICATOR 13. VHF  RADIO 
19. TURN A N 0  BANK 24. DISTANCE SPEED INDICATOR 14. AMMETER 

Figure 10- 1 . Instrument Panel 
Serial Nos. 30-1 to 30-852 incl . and 30-854 to 30-901 incl . 
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1. CLOCK 
2 .  AlRPSEED 
3.  DIRECTIONAL GYRO 

4. ARTIFICIAL HORIZON 7 ADF RADIO 
5. AUTOPILOT 8. TACHOMETER 
6 .  ADF INDICATOR 9. INSTRUMENT CLUSTER 

F~gure  10-2. Instrument Panel 
Ser~al Sos 30-853. 30-902 lo 30-1716 incl. and 30-1718 to 30-1744 incl 

- 
la11 

? 1 f s 1 I 9 

11 11 11 11 10 13 I1 11 IS I5 I4 I1 11 I1 10 

10. AMMETER 15. OMNl INDICATOR 2 0  STALL WARNING INDICATOR 
11.  FUEL FLOW INDICATOR 16 VERTICAL CLIMB 21 ALTIMETER 
1 2 .  MANIFOLD PRESSURE 17.  MIXTURE MONITOR 22. MARKER BEACON INDICATOR 
13 VHF RADIO 18. GEAR CONTROL 23.  FLAP POSITION INDICATOR 
14.  SUCTION GAUGE 19. TURN AND RANK 24. DISTANCE/SPEED INDICATOR 

- 
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1. RATE OF TURN INDICATOR 
2. AIRSPEED INDICATOR 
3. STALL WARNING LlGHT 
4. GYRO HORIZON 
5. G/S COUPLER LlGHT 
6. DIRECTIONAL GYRO 
7. ALTIMETER 
8. RATE OF CLIMB 
9. OMNl BEARING SELECTOR 

10. MARKER BEACON 
1 1. TRANSPONDER 
12. RADIO SELECTOR PANEL 
1 3. ADF RADIO 
14. COMM/NAV TRANSCEIVERS 
15. ALTlMATlC 111 B 
16. LEFT TACHOMETER 
17. MANIFOU) PRESSURE GAUGE 
18. RIGHT TACHOMETER 
i 9. FUEL FLOW INDICATOR 
20. FUEL AND ENGINE GAUGES 
21. DME 
22. MASTER SWITCH 
23. VOLT. REG. SEL. SWITCH 
24. NAV LIGHTS 
25. ROTATING BEACON 

26. PARKING BRAKE 
27. POST LIGHTS SWITCH 
28. LANDING LlGHT L 
29. LANDING LlGHT R 
30. GYRO SUCTION GAUGE 
31. PlTOT HEAT 
32. MAP LlGHT SWITCH 

34. NAV SELECTOR SWITCH 
3 5  IANDING GEAR SELECTOR 
36. AUTOFLITE 
37. ALTERNATOR TEST BUTTONS 
38. MIXTURE CONTROL INDICATOR 
39. FLAP INDICATOR 
40. NAV/APPROACH COUPLER 
41. FLAP ACTUATOR 
42. RUDDER TRIM 
43. ALTERNATE AIR L - R 
44. COWL FLAPS L - R 
45. ALTERNATOR SWITCHES 
46. OXYGEN CONTROL 
47. LIGHTER 
48. CIRCUIT BREAKER PANEL 
49. CABIN HEAT CONTROLS 
50. DEFROSTER CONTROL 

Figure 10-3. Instrument Panel 
Serial Nos. 30-1717. 30-1745 to 30-2000 incl, 

INSTRUMENTS 
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10-4. VACUUM GYRO IINSTRULMESTS. The d i r e c t i ~ n a l  gyro is a flight instru- 
ment in corpora tin.^ a n  a i r  driven gyro s t ab~ l i zed  in the vert ical  plane. The Lyro 
i s  rotated ar a hlpn r a re  of speed bv a i r  which enters  the instrument against chr  
gyro buckets. A!r from the in smmei l t  is roured through 1:nes ti, the vacuum 
pcmp located on the engine. Due to ggroscopis inertia, the spin axis  continue> 
to poinr in the s a m e  direction even rhough die airplane yaws to rnc right o r  t i - f r  
This  relative not ion  between the _pro  and the :nstrument L;sr :% i h ~ w n  (sn  rb..: 
inscumen: dial which has a 300 degree d i r e c t  reading. Tile dial, wlien =er :; 
agree  with rhe airpiane maqnecic cornpas>, provides a poslcivr i~uicar lon  :I=? 
iron1 sufll;g and turning e r r o r .  

The attitude gyro is essentially an a i r  driven gyroscope rotatlng in a h,;r- 
izonral plane and 1s operated bv the s z m e  p r inc~p le  a s  the directionai gy ro .  LC- 
cause of the pvroscopic inertia,  the spin axls ionclnues to point ln the vert;.ra: 
direction, providing a constant visual reference to t1-k animde of the airplant  
r e l aave  to pitch and roll  ax i s .  A b a r  a c r o s s  the face of the indicator represents  
the horizon. A miniature adjustable airplane i s  mounted tothe case,  and alignlnp 
the miniacure airplane to the horizon bar simulates the alginment ~f the alrplane 
to the acmal horizon. Any deviation simulates the deviation o i  the airplane rrom 
the u u e  horizon. 

The vacuum gauge indicates system vacuum a t  the attitude gyro . The gauge 
will a lso indicate a n  inoperative vacuum pump by a red  leit o r  right indicarsr 
bunon which becomes visible against the vacuum gauge g la s s  

10 -5 .  PITOT-STATIC IIGTRUMENTS. The  airspeedindicator provides a rear . .  
oi ~ndicarlng the speed of the airplane passing through & e  a i r .  The airspeed !I?- 
d ~ c a n o n  is che differenual p re s su re  readmg between p i r o t a ~ r  p res su re  and static 
a i r  p re s su re .  This  insuument  has the diaphragm vented to thepi tot  ( ~ r e s s u r e )  
a l r  source and the c a s e  i s  vented to the s tat ic  a i r  svs t em.  A s  the airplane in- 
c r e a s e s  speed. che pitot a i r  pressure  increases,  causing the diaphragm to move 
A mechanical l ~ n k a g e  picks up chis motion and moves the lnsuument  pointer rG 

the indicator speed .  The  insuumenc dial is calibrated in knots and miles Fer 
hour.  and also has the necessary operating range marlungs ior  safe operati3n 
speed of che airplane.  

The al t imeter  indicates pressure  altitude in feet above sea  !eve1 . The indl- 
ca tor  has three polncers and dial s ca l e .  The  long pointer is read in hundreds :: 
fee t .  The middle pointer is read in thousands of feet and the 5hor:er pointer in 
ten thousand ieet .  A field pressure  window is located on the right s ide of the in- 

ISSTRL3lELTS 
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dicator dial and is set by the knob located on the lower left comer of the instrument. The altimeter 
consists of a sealed diaphragm thatis connected to the pointers through a mechanical linkage. The 
instrument case is vented to the static air system, and as static air pressure decreases the diaphragm 
moves, causing the pointers to move through the mechanical linkage. 

The rate of climb indicator measures the rate of change in static pressure when the airplane is 
ascending or descending. By means of a pointer and dial, this instrument will indicate the rate of 
ascent or descent of the airplane in feet per minute. 

10-6. ELECTRICAL INSTRUMENT. The turn and bank indicator is an instrument operated electrically 
and is used for making correctly controlled turns. The turn ponion of the indicat0r.i~ an electrically 
driven gyroscope, while the bank ponion is a ball sealed in a curved glass tube filled with damping 
fluid. 

The ammeter will indicate the electrical output-input of the battery. In serial numbers 30-1717, 
30-1745 and up, the ammeter is also equipped with two selector switches which enables an 
independent output check of each alternator. 

1 The two fuel quantity gauges* are calibrated in fractional divisions of one-fourth, one-half. 
three-founhs and full. Dual sender units are installed in series in each fuel cell. This unit contains a 
resistance strip and a movable control arm. The position of this arm is controlled by a float i n  the fuel 
cell and this position is transmitted electrically to the indicator gauge to show the amount of fuel in 
the cell. The quantity gauges will indicate the amount of fuel in the cell to which the fuel control 
levers are positioned. When the fuel control levers are moved to the "OFF position, the quantit) 
gauges will indicate fuel level of the cell last selected. 

The dual exhaust temperature gauge indicates, in degrees Fahrenheit, the temperature of the exhaust 
gases as they pass through the exhaust stack of each engine. The sender unit for this instrument is a 
thermocouple-type probe installed in the exhaust stack. (See Figure 10-5) 

The oil pressure*, oil temperature* and cylinder head temperature* is a combination gauge, each d 

complete unit within itself. The oil pressure unit (non-electrical) is connected to the pressurized oil 
passage of its respective engine. The oil temperature and cylinder head temperature unlts utilize a 
ratiometer to control each, both of which are connected with the airplane electrical system. 

The wing flap indicator is a separate instrument with its respective rheostat type sender unlt. 

1 NOTE 
These airplanes were originally equipped with A.C. Sparkplug or Stewan 
Warner engine gauges (marked *,above) and sending unit systems which are 
no longer available. For replacement engine gauges and sending units, see 
the current Twin Comanche Pans Catalog (PR'J 753 646) or Piper Service 
Spares Lener No. 406. 

INSTRUMENTS Revised: 10/Y98 
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10-7. MISCELLANEOUS INSTRUMENTS. The  magnetic compass installed in the PA-30 is a 
self-contained instrument and is mounted above the instrument panel on the windshield centerstrip. 
This instrument has an individual light which is connected to the instrument lighting circuit. The 
compass correction card is located in the card holder mounted above the compass. 

The clock is a hand wound. &day timepiece. It incorporates a stem wind with the knob at the lower 
left hand side of the dial. This knob, when pulled and turned, also adjusts the hands. In addition, two 
dummy hands are controlled by a center knob and they function as elapsed time hands. 

The two tachometers provide an indication of crankshaft speed in revolutions per minute for each 
engine. The tachometers connect to each engine accessory section by flexible drive cables. The drive 
operates a magnetic drag mechanism that gives smooth operation, practically eliminating all pointer 
oscillation 

The dual manifold pressure gauge is a direct reading pressure instrument that indicates manifold 
pressure graduated in inches of mercury. As the pressure in the intake manifolds increases or 
decreases, the evacuated diaphragms contract or expand, moving the respective pointers through a 
mechanical linkage. 

The dual fuel flow instrument* is a differential pressure gauge comprised of diaphragm sensing units 
with sector and pinion movement to amplify diaphragm movement. The gauge indicates fuel pressure 
in pounds per square inch by measunng differential pressure between the injector inlet versus deck 

- pressure. 

NOTE 

These airplanes were originally equipped with A.C. Sparkplug or Stewan 
Warner engine gauges (marked *, above) and sending unit systems which are 
no longer available. For replacement engine gauges and send~ng units, see 
the currenr Twin Comanche Panc Catalog (P/K 753 646) or Piper Ser\.ice 
Spares Letter No. 406 

10-8. TROUBLESHOOTING. For troubleshooting of the vacuum system. refer to Table X-I: for variouc 
instruments. refer to Table X-I1 in this section 

10-9. REMOVAL OF INSTRUMENTS. All instruments are mounted i n  a similar manner and can be 
removed by the following procedure: 

a .  Remove the instrument access panel located on top of the instrument panel by removing 
attach~ng screws and lifting it from panel. 

b. If a Royalite cover panel is installed, remove anaching screws and pull i t  away from instrument 
panel. The post light electrical leads may be disconnected at Quick disconnect terminals, if 
necessary. 

c. Disconnect the plumbing andlor electrical leads from the back of the instrument. Where two or 
more lines connect to an instrument. identify each line to factilitate reinstallation. Attach a dust 
cap to the instrument and line fittings. 

d .  Remove the screws that secure the instrument to the panel. 
e .  Remove the instrument from the panel. 

Revised: 10/1/98 INSTRUMENTS 
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10- 10. INSTALLATION OF INSTRUMENT. 

NOTE 
These airplanes were originally equipped with A.C. Sparkplug or Stewart 
Warner engine gauges and sending unit systems which are no longer 
available. For replacement engine gauges and sending units, see the current 
Twin Comanche Pans Catalog ( P N  753 646) or Piper Service Spares Lener 
No. 406. 

a. Place instrument in its panel cutout and secure with screws. 
b. Connect the plumbing andlor electrical leads to the back of the instrument. 
c. If a Royalite cover panel is installed, connect post light electrical leads and secure cover to 

instrument panel with screws. 
d. Install the instrument access panel on top of the instrument panel and secure with screws. 

10- 1 1 .  GYRO SERVICE PROCEDURE 

10-12. GYRO INSTALLATION INSPECTION. The following inspections should be made before removing 
a suspected gyro instrument from the airplane: 

a. Visual Examination: 

I .  Has the instrument been modified? 
2. Has the instrument been damaged? 
3. Does the instrument show any signs of abuse? 

b. Insrallation Inspection: 

1 .  Are all pressure and static lines free from bends. restrictions or leaks? 
2. Has the central air filter been replaced? 
3. Is the instrument properly mounted in the panel? 
4. Does the instrument physically touch other instruments, tubing or airframe members when 

the engines are staned or stopped? 
5 .  Are unused pons correctly scaled against air leaks? 
6. Is the system pressure correct. and does the pressure gauge give an accurate reading? 
7. Is the pressure regulator adjusted correctly and functioning properly? 

10-13. GYRO HANDLING AND SHIPPING. The following information applies to all three inch directional 
gyros and attitude horizon instruments installed by the factory or a Piper field service facility. 

Gyro instruments being returned to the factory are to be placed in approved containers with all pons 
properly sealed immediately after removal from the aircraft instrument panel. The instrument must 
also be accompanied by factory copies of the warranty and credit claim forms. These forms and the 

I special containers should be available at any Piper Distributor. Should any gyro instrument be 
received by the factory in an unapproved container or if the pons are not sealed, the warranty will be 
immediately voided and the instrument returned to the sender. The instrument must be returned 
immediately after removal from the aircraft (not to exceed 15 days following discovery of defect). 

INSTRUMENTS Revised: 10/1/98 
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I .  GYRO VACUUM SYSTEM. 

1G15. PRINCWAL OF OPERATION. The PA-30 gyro vacuum system is comprised of two 
rotary vane. positive displacement vacuum pumps, two regulating valves, two check valves. a 
manifold assembly. a central air filter, a suction gauge and necessary tubing and fittings. 

Due to  suction from rhe vacuum pumps, air enten the central air filter, located on the 
fonuard cabin bulkhead. and passes over the instrument gyros causing them to turn. The a ~ r  
is then routed to  the vacuum manifold w h m  it enters two individual systems each having its 
own check valve, regulator and vacuum pump. 

The check valve in each system at  the vacuum manifold permits air to move in only 
one direction. from the instrument toward the pump. If one system pump fails. its check 
valve will close preventing the operative pump from drawing air through the inoperative 
system. 

Th,e system regulators located on the aft side of each fire wall allow air to enter the line 
to the pumps, preventing system vacuum from exceeding the operating Limits. 

The vacuum pumps located on each engine accessory housing draw air through the 
system, causing the gyro instruments to operate. 

The suction gauge indicates the amount of vacuum at the attitude gyro as cre3ted b!. 
the engine driven vacuum pump. AIso included in the gauge are a right and left ind~cator 
burton which become visible when the corresponding pump is inoperative. 

1 6  REMOVAL OF VACUUM PUhfP. 
a. Release fasteners and remove the two side access panels from the engine nacelle. 
b. Remove screws that secure the top cowl and remove top cowl. 
. Disconnect hoses from the vacuum pump by removing spring clamps. 
d. Cap vacuum hose to prevent contamination. 
e. Remove the vacuum pump mounting stud. nuts and washers. It -ill be necessap 

to pull the pump aft as the nuts are being removed before the nuts can be completely 
removed. 

10-1 7 .  INSTALLATIOX OF VACUUM PUMP. 
a. Clean the mounting pad thoroughly and install pump gasket. 
b. Align the splines on the pump shaft with the engine drive and slide the pump Into 

position. 
i With the vacuum pump in position. slide the pump aft enough to install washers 

and i t x t  mounting nu&. Torque nuts evenly. 
d.  Remove cap. if installed. from vacuum hose. 
e.  Connect hoses to  pump and secure with spring clamps. 
f ,  Install cowling securing the top cowl with screws and the side panels with quarter 

r u n  fasteners. 
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1G17a REPLACING PUMP FIlTINGS. 
a. The handling procedures for securing thc pump while installing or =moving fittine 

are as follows: 
1. Use two soft wood blocks in a vise to protect pump from vise jaws. 
2. The pump square mounting b n g e  must k held between the wood blocks at 

right angles to the vire jaws (Refer to Figure 10-3a.) 
3. Use only enough p r e m  to hold pump f i l y .  

CAUTION 

Do not apply vise p r e m  to outside diameter or overall 
length of the pump. 

b. Thread lubricant, if required, should be applied rpPrinply to the external threads of 
the fitting cmly. Use a powdered mdy sulfide or graphite in dry form or in an evaporating 
vehicle, or employ a sibcone spray. 

Do not w pipe tape, thnad dope, hydrocarbon oil or pease, 
as thcr can contaminate pump and c a w  malfunction. 

c Use the following steps for fitting installation: 
I .  Secure pump as noted above. 
2. Insert fittin@ in pump ports and hand tighten fmly. 
3. Using a wrench, tighten each fittmg from one-half to two additional m. a 

Figure 1 G3a. Securing Pump 

INSTRUMENTS 
Added: 1016177 • 
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Flgure 10-4 .  Vacuum System lnstallauon 

Issued: 12/29/72 INSTRLIMENTS 
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1018.. REMOVAL OF VACLlL'\l MAhTFOLD. 
. Reniuve top nose access  panel by loosening the quarter rttrn fasteners 
h .  Remove vacuuni manifold by removing he  s p r m g  clalnps and hoses.  
c . Plug o r  cap  the hoses to prevent contamination. 

10-1 9.. INTALLATION OF VACUUM VIMAMFOLD. 
a .  Position the manifold in place a t  the forward cabin bulkhead and connecr 

vacuum hoses securing them with spring c lamps .  
b .  Install top nose access  panel and secure  w ~ t h  quarter  turn fasteners .  

1020. REMOVAL O F  VACLJUM REGULATOR. 
a .  Remove the s ide access  panels from engine nacelle.  
b.  Remove the access  panel from top of engine nacelle just aft  of the firewall.  
c . Disconnect vacuum hoses from regulator by removing spring clamps.  One 

hose i s  located in front of the firewall and one aft  of the firewall.  
d .  Cap hoses to prevent contamination 
e .  Remove the four sc rews  and nuts anaching the regulator to firewall and 

remove regulator .  

10-11. ItSTALLATION OF VACL'UM REGULATOR. 
a .  Position regulator back of the firewalland inser t  tube fitting and adjustment 

screw through firewall. 
b .  Place placard plate and gasketover  tube fitting and adjusclng sc rew.  Secure 

assembly to firewall with sc rews  and nuts.  
c .  Connect vacuum hoses to regulator fittings and secure  with spring c lamps .  
d .  Install nacelle access  panel and side access  panels.  

10-22.. ADJUSTMEhT O F  VACUUM REGULATOR. 
a .  W ~ t h  a qualified pilot o r  other responsible person a t  the conuols ,  s t a r t  

englne on s a m e  side a s  regulator to be adjusted and allow time tor warm up 
h .  With the engine running a t  medium RPM, the vacuum gauge should ~ndica te  

becween 4 . 8  to 5 .  I inches of mercury .  If the vacuum reading fails to fall wi rhn  
this range, shut down the engine and adjust relief valve by loosening the jam nut 
from valve adjusting screw located on he  firewall.  Move the valve adjusting 
screw clockwise to increase the vacuum and c o u n t e r c l o ~ ~ w i s e  to decrease [he 
vacuum. 

c .  Star t  the engine and repeat  the check. 
d .  When regulator i s  adjusted properly, tighten jam nut and repeat  the check  
e .  Repeat the above procedure for the opposite engine. 

INSTRUMENTS 
Issued: I 2.'2917? 



1 P I P E R  T H ' I S  C O M A N C H E  S E R V I C E  M A N U A L  

10-23. V A C U U M  S Y S T E M  A I R  F I L T E R S .  

10-24. R E P L A C E M E \ - T  O F  C E V T R A L  A I R  F I L T E R .  After  each 100 hours o f o p e r a i ~ o n .  !he cent ra l  a i r  
filter. located just forward of t h e  forward cab in  bulkhead,  should  be replaced.  

a .  Remove  top  nose access panel by loosening q u a r t e r  tu rn  fasteners 
b.  Remove  vacuum hoses f r o m  filter by  removing spr ing c l amps .  
c. Remove  nut f rom s tud a t t ach ing  filter to moun t ing  bracket .  

10-25. R E P L A C E M E S T  O F  I X S T R U M E X T  A I R  F I L T E R S .  Remove  the  filter assembl! a n d  replace 
dur ing  the  500 hour  inspection of [he  a i rp lane .  

a Remove  sc rens  a t t ach ing  air  inlet plate t o  back of in s t rumen t .  
b. R e m o l e  snap  ring tha t  holds  the  filler in place a n d  r e m o t e  f~ l re r .  
c ,  Install new filter In a d a p t e r  a n d  secure with s n a p  ring. 
d .  Install air  inlet plate t o  back of ins t rument  a n d  secure with sc reus .  

10-26. R E P L A C E \ I E S T  O F  \ ' 4 C V U h l  R E G V L A T O R  F I L T E R S .  .After each 100 h o u r s o f  opera t ion.  the 
regulator filters located a f t  of the  fireirall in each engine  nacelle. shou ld  be replaced 

a .  R e m o \ e  l o p  access panel f rom each engine nacelle. 
b.  Remove filter f r o m  a r o u n d  t h e  regula tor  a n d  replace with new one .  
c .  Install t op  nacelle access panels a n d  secure with screws 

10-27. E X H A V S T  G A S  T E M P E R A T U R E  GALiGE ( R A D A I R )  

10-28. G E X E R A L .  This dua l  ins t rument .  u h i c h  is commonl! referred t o  a s  EGT.  is used t o  aid the p ~ l o t  In 
s e t r ~ n g  the most economical fuel-air mix tu re  fo r  cruising flight a t  a p o u e r  setting 75:; o r  lehs I t  is a sensing 
device t o  m o n ~ t o r  the t empera tu re  of exhaus t  gases l e a v ~ n g  the engine cylinders. I f  i t  is found  d e i e c t ~ \ e  a i ler  
checking with the  t roubleshoot ing cha r t .  i t  should  be replaced.  I f  the  leads t o  t h e  gauge a re  d e l e c t ~ \ e  in an! 
u a y .  the! must be replaced.  \ \ 'hen replacing leads. it is necessar! t o  use !he same  type a n d  length of u i r e .  
because the resistance of the  leads 15 critical l o r  the proper  opera t ion o f t h i s g a u g e .  \ \ h e n  t roublesnoot ing [ h ~ j  
ins t rument  be cerraln the  s!s!em being checked coincides u.irh !he s!srem on rhe ind ica !o r .  

10-29 C L E A S I S G  4 \ D  I S S P E C T I O S .  I f  mechanical  damages  o t h e r  than broken g I ~ > s .  bent o r  broken 
pointer  o r  broken ca je  a re  eviden!. the f o l l o w ~ n g c h e c k s  should  be performed beiore r e m a \  ing the ins t rumen t :  

. I .  T h e  ihsrmocouple  p robe  should  be r e m o \ e d  a n d  cleaned a t  each 100 hour  ln,pcctlon. This \ r~l l  
Insure good a n d  rapid response t o  t empera tu re  changes .  T h e  fo l lou ing  procedure shou ld  hi' used.  

I .  Detach the  the rmocoup le  leads f rom the  entenslon lead i f  necessar!. ( D o  not detach 11 rhe 
p robe  c;ln be  r emo\ed  a n d  cleaned u ~ t h  leads a t tached ) (Refer  t o  Figure 10-5.) 

Issued: 1 2 / 2 9 / 7 2  I S S T R  I S 1  E X T S  i 
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1. Unscrew tlre att:icliing damn.  and with leverage applied t o  the CLAXIP O5LY. 
l i f t  3i1t the t l i e r m o c o ~ ~ ~ l c  assemblv vcw carefullv from the manifold. (Do not attempt to 
pull the thermosouple bv jqucczing the spacer washers with vice--gin pliers.) 

3. Clean probe with solvent and check for broken weld at tip end or burned off 
end. 

4. Replace the assemblv carefully and retighten the clamp. If leads are 
disconnected. reconnect them using a new pair of Thomas and Betts "Sta-Kon" connectors. 
make certain connections are tight. 

b. Examine the extension lead wires for anv evidence of chafing on sharp edges. T!!is 
could cause erratic fluctuation of the EGT indicator. 

s. Ascertain that the connectors which mate the extension Icads to the thermoco!lplt. 
are ltrorerly seated. Poor contact may cause indicator fluctuation also. 

CAUTIONS 

I .  DO NOT cut off any access lead wire from the 
thermocouple to the indicator, at any time. This will 
wuse the svstem to be inaccurate. 

2. NEVER attempt t o  check indicator oneration or 
resistance with an ohmmeter. A special bridge is required 
which is accurate and will not damage the instmment. 

3. DO NOT attempt to adjust the indicator. The system was 
accurately calibnted at the factov.  

NOTE 

Local instrument shops can replace broken glass in the bezel 
and check operation and calibration of the indicator. I t  is 
recommended that the indicator be returned to Radair for 
re-calibration. 

. If trouble still exists after making the above checks, REMOVE the leads from the 
indicator and using an ohmmeter check the extension cables and themlocouple for t!!e 
following: 

PROBE RESISTANCE: I ohm 
EXT. LEAD RESISTANCE: 7 ohms 
TOTAL RESISTANCE: 8 ohms 
INDICATOR IMPEDAVCE: 8 ohms 

INSTRUMESTS 
Issued: 1 ?!29i72 
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TClERMOtOUPLE LOCPillON ON 
TURBO-CHARGED ENGINE 

I u u m n o N  A 

NUMBER 1 CYUNDER 
M W U S T  APE 
BOTH ENGINES 

SEE ILLUSTR*TION A W E  
TURBOCWGER IS INSTALLED 

P 

188 HOLE 
(IN M W U S T  STACK1 

NOTE 

ASSEMBLE SMALL AND URGE SPACERS ON THERMOCOUPLE 
PROBE so AS TO CENTER n P  OF PROBE IN DUCT CENTER OF 
EXHAUST STACK. 

Figure 10-5. ECT Thermocouple 
Installation 

Revised: 9 10 ' 79 
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TAGLE X-1. TROUULI~St100T1iY(~ C:I IAI<T (VI~CUULT SYSTEM) 

INSTRUbIENTS 
Issued: 17-!29172 

Trouhle 

No vacuum pressure 
gauge indication. 

No vacuum pressure 
gauge indication at 
instrument. 

No vacuum suction 
gauge indication at 
either instrument o r  
source. 

Low vacuum system 
pressure. 

Normal pressure in- 
dicauon, but slug- 
gish operation of 
Instruments. 

Cause 

Pumps inoperauve. Dis- 
connected, broken o r  
restricted lines. 

Hose from instrument 
to gauge leaking o r  
resrricted. 

Faulty gauge. Mal- 
functioning, regulator 
valve, o r  vacuum 
Pump. 

Vacuum regulator 
valves incorrectly 
adjusted. Leaking 
of the system lines 
o r  fitting. 

instruments a i r  fllter 
elements dirty. 

Remedy 

Repiace pumps. Losatc 
trouble and correct. 

Chcck all lines and 
conncctlons. 

Check operation of in- 
struments. If oper- 
ation is normal, re -  
place gauge. Lf in- 
struments are  inop- 
erative, check oper - 
ation of vacuum pump 
o r  rebmlator valve. 

Adjust regulator valve- 
in accordance with 
"Adjustments" of this 
sectlon. 

Check all lines and 
fittings. 

Remove and clean o r  
replace. 
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TABLE X-1. TROUBLESHOOTING CHART (\.':\(:I I.\{ SYS'fI-:.\I) (conr. ) 

WSTRUMESTS 
Issued: 11!29/72 

Rerncdy 

Adjust in accordance 
with "Adjustrncntb" oi  
this sectlon. 

Clean and check oper - 
ation of regulator 
valve. 

Trouble 

High system pressure. 

Cause 

Vacuum regulator 
valves incorrectly 
adjusted. 

Vacuum regularor - 

valves sucking 
or  dirty filters. 
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TABLE X-ll.  TROUBLESHOOTING C H A R T  (INSTRUMENTS) 

Insufficient vacuum. 

Bar fails t o  respond. 

Bar docs not settle. 

Check line and pump 
Adjust valve. 

Remedy Trouble 

I ( Defective instrument. 1 Replace 

G Y R O  HORIZON INDICATOR 

Cause 

insufficient vacuum. 

Excessive vibration. 

p~ 

Bar oscillates or  shimmies 
continuousl! 

Check pump and tubing. 

Check shock mounts. 
Replace if necessary. 

Excessive vibration. Check shock mounts 
Replace if  necessary. 

Vacuum too high. I Adjust valbe 

Defective mechanism. Replace instrument 

DIRECTIONAL GYRO INDICATOR 

Excess drift in e ~ t h e r  Excessive vibration 
direction. with amplitude more 

than 0.006 inch. 

Check shock mount5 

Issued: 12/29/72 
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TABLE X-11. TROUBLESHOOTING CH.+RT (ISSTRUMENTS) Iconr. J 

Trouhle 

I Defective instrument.  I Replace instrument. I 

DIRECTIONAL GYRO INDICATOR (cont. ) 

Deiective mechanis~n.  I Replace. 

Cause 

I I 

RATE OF CLIMB IADICATOR 1 

Rcmecly 

a .  Adjust. 

b. Recalibrate. 

c .  Repair o r  replace. 
d. Check and repair .  

Check lor  collapsed 
inner wall of hose. 

Excess drifr in el ther  
direction. (cont. ) 

Insufficient vacuum. 
If vacuum below 
required inches, check 
for  che following: . 
a .  Regulator valve im-  

properly ad jus ted  
b. Incorrect gauge 

r e a l n g .  
c.  Pump failure. 
d. Vacuum line kink- 

ed o r  leaking. 

resetting 

Pointer does not set 
on zc'ro. 

- - 

Po~n te r  i a ~ l s  to r e -  
-pond. 

Obstruction in s tat ic  
line. 

. + ~ n g  of d a p h r a g m .  

Disconnect a l l  insrr9 - 
ments connected to the 
static line. 

Check indvidual instru - 
menrs for obsrruition 
in lines. 

Reset pointer to zero by 
means o i  serring s c r e ~ v .  
Tap Instrument w h l t  

INSTRUMENTS 
Issued: 12/29/72 
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Remedy Trouble Causc 

RATE OF CLIMB INDICATOR (cont. ) 

Pointer oscillates.  Leaks in static lines. 

Defective mechanism. 

D~sconnuct a l l  instru - 
ments connected to rhc 
scatic line. Check in- 
dividual instrutncnts 
for leaks. Reconnect 
i n s t ru~ncn t s  to static 
line and rest installa- 
tion Tor leaks. 

Replace instrument. 

ALTIMETER 

Excessive scale e r r o r .  

Excessive pointer 
oscillation. 

H~gh r e a d n g .  

Setring knob i s  hard 
to turn. 

Inner reference marker  
fails to move when 
setting knob 1s rotated. 

Improper calibration 
adjustment. 

Defective mechanism. 

Improper venung. 

Wrong lubrication of 
lack of lubricauon. 

Out of engagement. 

Replace instrument. 

Replace instrument. 

Eliminate leak in s ta t l i  
p r e s s u r e  system and 
check alignment of  
a irspeed cube. 

Replace instrument. 

Replace instrument. 

- 
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T A B L E  X-11. T R O U B L E S H O O T I N G  C H A R T  ( I N S T R U M E N T S )  ( con t . )  

pi to[ rubes onl!.i 

Loohe connect ions  Check cont inu~t!  o i  
o r  broken wires. 

H e a t ~ n g  element burned o u t .  Replace pirot head 
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TABLE X-11. TROIiDLESHOOTlNC; CIIART ( INSTRUk, f I<XTj)  (cont. ) 
- 

INSTRUMENTS 
Issued: 12!29/72 

4 

Remedy Trouble Causc 

ALRSPEED TUBES AND INDICATOR (cont. ) 

Pointers of static in- 
svuments  do not 
indicate properly. 

Pointer of instrument 
rnent oscillates. 

Leakininstmment case  
o r  in pitot lines: 

Leak in instrument 
case. 

Check for leak and seal.  

Check for leak and seal. 

TURN AND BANK INDICATOR 

Replace instrument. 

Check for voltage at 
Instrument. 

Adjust by means of 
sensi t~vity spring 
screw. Lf this pulls 
the polnter from zero, 
replace instrument. 

Replace ~nsrrurnent. 

Replace instrument. 

Replace instrument. 

Pointer fails to 
respond. 

Incorrect sensitivity. 

Pointer does not se t  
on zero. 

& 

Foreign matter lodged 
in insaument.  

No electrical circuit. 

Misadjusment of 
sensitivity spring. 

Gimbal and rotor 
assembly out of 
balance. 

Pointer incorrectly 
s e t  on its staff. 

Sensitivity adjustment 
pulls pointer off zero. 
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T.-\BLE X-11. TROUBLESHOOTING CHART (ISSTRUMENTS) (cont. ) 

INSTRLYEhTS 
Issued: l'i29173 

Remedv 
I 

Trouble Cause 

TURN 

Vibrating pointer. 

In low temperarure 
pointer fails to 
respond o r  does so 
sluggishlv and with  
~nsufficient deflec - 
rion. 

Pointer s l u g g ~ s h  in r e -  
turrung to zero  and 
does not set  on zero 
when stauonar;.  

Sall in inclinometer 
does not center.  

AND BANK INDICATOR 

Gimbal and rotor  
assembly out of 
balance. 

Pined o r  worn pivots 
o r  bearings. 

Oil has become too 
thick. 

Insufficient bearing 
clearance. 

011 o r  i r t  between 
damping pistons 
and cy l~nder .  

Excessive clearance 
between rotor  and 
rotor  pivots. 

Instrument out of 
alignmem on panel. 

(cont. ) 

Replace instrument. 

Replace instrument. 

Replace instrument. 

Replace instrument. 

Replace ~ n s u u m e n t .  

Replace instrument. 

Correct  alignment. 
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TABLE X-11. TROL'IILESHOOTIXG CtC.\RT (ISSTI<UXII:NTS) (cont. ) 

INSTRUhfEYTS 
Issued: 12/29/72 

Trouble Cause 
- 

Remedy 

Excessive ca rd  e r r o r .  

Excessive c a r d  
oscillation. 

Card sluggish. 

Liquid leakage. 

Discolored luminous 
marlungs. 

MAGNETIC CObIPASS 

Compass not properly 
compensated. - 

External magnetic 
interference. 

Improper mounting on 
insaumen t  panel. 

Insufficient liquid. 

Weak card  magnet. 

Excessive pivot fr ic  - 
tion o r  broken jewel. 

Instrument too heavily 
compensated. 

Loose bevel s c rews .  

Broken cover g lass .  

Defective sealing 
gaskets.  

Age. 

Co~npcnsate  instrunlent. 

Locate magnetic inter-  
ference and eliminate 
i f  possible. 

Align instrument. 

Replace instrument. 

Replace ~ns t rument .  

Replace instrument. 

Remove excess com- 
pensation. 

Replace instrument. 

Replace instrument. 

Replace instrument. 

Replace instrument. 

> 
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T.IELE X-11. TROCBLESHOOTISC Cii.4RT (INSTRU\IESTS) (cont. ) 

Ih'STRUMENTS 
Issued: 12/29/72 

? 

Trouble I Cause Rctncdy 

UiCNETIC COMPASS (cont. ) 

Check lamp o r  continuity 
o i  wiring. 

Defective light. Burned out lamp o r  
broken circuit .  

EXGISE OIL PRESSCRE GAUGE 

Replace instrument.  

Replace instrun~enr.  

Disconnect line and 
dram.  Check Tor leaks. 
If trouble persist:. 
Clean and adjust rel le i  
valve. 

Check and clean. 

Er iess ive  e r r o r  at 
zero.  

Excessive scale  
' e r r o r .  

Excessive polnrer 
o sc:llation. 

i 
Slu,o,o~sh operation o i  

I pointer o r  p re s su re  
iails to h l l d  up. 

Pointer loose on shaft. 
Overpressure  o r  
seasoning of bourdon 
tube. 

Improper c a b  bration 
adjusunenr. 

Improper damping o r  
rough engme r e -  
l ie i  valve. 

E n g ~ n e  relief valve 
open. 

FUEL FLOW GAUGE 

So Fdel pressure  
indcarion. 

Fuel valve stuck. 

So fuel in tanks. 

Check valve. 

Check fuel, fill. 
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TABLE X-11. TROUIILESIIOOTlh'(; C11.4RT (1NSTRUXII:Kl'S) (cont. ) 

Trouble Cause I Remedy 

FUEL FLOW GAUGE (cont. ) 

No h e 1  pressure  
indication. (cont. ) 

Pressure low o r  p r e s  - 
s u r e  surges. 

Defective fuel pump. 

Defective gauge. 

Obstruction in inlet 
s ide of pump. 

Faulty bypass valve. 

Faulty diaphragm. 

C h x k  pump for p r e s -  
s u r c  h i l d  up. Check 
diaphragm and r e l ~ c f  
valves in engine pump. 
Check for  obstruction 
in electr ic  pump. 
Check bypass valve. 
Air leak inintake lines.  

Replace gauge. 

Trace  lines and locate 
obstruction. 

Replace. 

Replace o r  rebuild 
pump. 

MANIFOLD PRESSURE INDICATOR 

Excessive e r r o r  a t  
existing barometric 
pressure .  

Excessive e r r o r  when 
englne is running. 

Sluggish o r  jerky p i n t -  
e r  inovement. 

- - - 
Pointer shifted. 

Line leahng.  

Improper damping 
adjustment. 

- 
Replace ~nstrunlent .  

Tighten l ~ n e  coimection.; 

-4cljust daniping sc l . e~v  
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TABLE X-11. TROUBLESHOOTING CH-XRT (IhSTRU\IESTS) f;ont. ) 

WSTRUME\TS 
Issued- 11,'29:72 

Trouble Cause 
- 

I<emedy 

.MAXIFOLD PRESSURE INDICATOR (cont. ) 

Replace g lass  and r e -  
seat  case .  

Replace instrument. 

Disconnect l ~ n e s  and 
blow out. 

Rroken o r  loose cover 
glass.  

Dull o r  h sco lo red  
Iam~nous  marlungs. 

Incorrect reading. 

Vibration or  exces - 
sive pressure.  

Age. 

hloisrure o r  oil in 
line. 

TACHOLMETER 

So reading on indcaror  
e ~ t h e r  permanent o r  
interminent.  

Pointer o sc l l !~ te s  
exces-ive!?. 

I 
I 

Broken shaft. 

Springs weak. 

Rough spot on. o r  
sha rp  bend in shaft. 

Excess friction in 
instrument. 

Replace instrument. 

Replace instrument. 

Repair o r  rep la ie .  

Replace in s t r~me? . t .  

FUEL GAUGE 

Fgel gauge fails to 
indicate. 

Broken wiring. 

Gauge not operating. 

Float IS filled w ~ t h  
fuel. 

Check conrlnuiry and 
repa i r .  

Replace panel umr. 

Replace sender umt. 
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1:JSTRUMENTS 
Issued: 12129172 

TAULE X-11. TROURLESHOOTINC CI4ART (INSTRUMEhTS) (cont. ) 

Rcrnedy 

Chcck tor possible short 
circuit then reset 
breaker. 

Check switch installa - 
[ion, replace switch i f  
necessary. 

Check wiring, sender 
unit and gauge 
Repair o r  replace 

Normal. 

Check switch and 
wiring. 

- 
Trouble 

Fuel gauge fails to 
indicate. (cont. ) 

Fuel gauge indicates 
full.consrantly. 

Fuel gauge i d c a r e s  
zero. 

a 
Cause 

Circuit breaker out. 

Defective selector 
switch. 

Incomplete ground. 

Fuel selector i n  "OFF" 
position. 

Shorted connection 
at selector switch 
or  other wiring. 

OIL TEMPERATURE INDICATORS 

Check enpne u ~ t  and 
wiring to instrument. 

Replace. 

Check engine urut and 
w~ring.  

Replace ~nsrrumcnr. 

Instrument fails to 
show any xeading. 

Exccsslve scale 
error .  

Po~nrer fails to move a s  
engine is  warmed up. 

Dull or  discolored 
luminous marklny. 

Wiring open. 

Improper calibration. 

Wiring open. 

Age. 
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TABLE X-11. TROUBLESHOOTING C H A R T  IINSTRCMFUTS) ( c o n [ . \  

INSTRUhIEXTS 
Issued: 11.'19!-2 

Remed\  Trouble  C a u x  - 
GAUGE 

T u r n  s w i t c l ~  O N .  

Pllsll breaker IS. 

Clieck probe and lead 
wires fo r  chaiing. 
breaks o r  s h o r t ~ n g  
between wires a n d f o r  
metal  stnlctl lre.  

Reset potentiorn?t?r.  

Clean a n d  tighten 
connections. R c p a ~ r  
o r  replace def?crive 
leads. 

- 

EXHACST 

G ~ u p e  ~ n o p e n t i v e .  

F l ~ ~ c t : ~ a r ~ n g  r s a d ~ n g .  

I 

G A S  TEMPERATURE 

Master Switch OFF. 

Circuit  Breaker O L T .  

Defective gauge, probe 
o r  wiring. 

Adjusting potent io-  
m e t e r  turned off  scale. 

Loose. f n y e d  o r  broken 
electrical leads o r  
f a t ~ l r y  connections.  
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AEROFICHE REVISION STATUS 

Revisions to this service manual 753 645. originally published (on paper only) August 1. 1963 and 
reissued (on paper only) December 29, 1972 are as follows: 

Revisions krof iche  Card Effectivity 

ORIGINAL (Paper only) August 1.1963 None 
COMPLETE REISSUE (Paper only) June 25. 1969 None 
COMPLETE REISSUE (Paper only) December 29, 1972 None 
I st January 31, 1974 None 
2nd June 28. 1976 1 . 2 a n d 3  
3rd October 6, 1977 1 and 2 
4th April 26. 1978 1 , 2 a n d 3  
5th September 10. 1979 l a n d 2  
6th April 6, 1981 1 , 2 , 3 a n d 4  
7th October 28. 1982 1.2, 3 and 4 
8th* October 1. 1998 1.2.3. and 4 

* Revisions appear in all four cards. Accordingly, 
discard your existing card set and replace it with 
these cards dated October 1,1998. 

A. Consult the latest Piper Customer Service Information Catalog No. 1753-755 (Aerofiche) for 
current revision dates for this manual. 

B. The General Aviation Manufacturers Association (GAMA) has developed specifications for 
microfiche reproduction of aircraft publications. The information compiled in this Aerofiche 
Service Manual will be kept current by revisions distributed periodically. These revisions will 
supersede all previous revisions and will be complete Aerofiche card replacements and shall 
supersede Aerofiche cards of the same number in the set. 

C. Conversion of Aerofiche alphalnumeric grid code numbers: 

First number is the Aerofiche card number. 
Letter is the horizontal row reference per card 

Second number is the vertical column reference per card. 

Example: 2116 = Aerofiche card number two, row J, column 16. 

D. To aid in locating information, a complete Preface containing the Section Index Guide, List of 
Illustrations and List of Tables for all fiche in this set is provided at the beginning of Card 1. Each 
subsequent aerofiche card contains a panial Preface, displaying only those elements on that card. 

IDENTIFYING REVISED MATERIAL 

A revision to a page is defined as any change to the text or illustrations that existed previously. Such 
revisions, additions and deletions are identified by a vertical black line (change bar) along the left- 
hand margin of the page opposite only the text or illustration that was changed. 

\ Changes in capitalization, spelling, punctuation, indexing, the physical location of the material or 
complete page additions are not identified by revision lines. 

Example. 

Revised: 1011198 PREFACE 
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EFFECTIVITY 

This service manual is effective for all PA-30 and PA-39 airplanes as follows: 

Model Name M!xkmdm Serial N u m b  Model Years 

Twin Comanche PA-30 30-2 thm 30-901. less 30-853 1963 - 1965 

Thin Comanche B and PA-30 30-853 and 30-902 thm 30-1744, 1966 - 1968 
' b i n  Comanche Turbo B less 30- 17 17 

Twin Comanche C and PA-30 30-1717 and 30-1745 thm 30-2000 1968 - 1970 
%in Comanche Turbo C 

Twin Comanche U R  and PA-39 39-1 thm 39-155 1970 - 1972 
' b i n  Comanche Turbo C/R 

PARTS 

This manual generally does not contain hardware callouts for installation. Hardware callouts are only 
indicated where a special application is required. To confirm the correct hardware used. refer to the PA- 
30139 Twin Comanche Pans Catalog P/N 753 646. and FAR 43 for proper utilization. 

WARNINGS, CAUTIONS AND NOTES 

These are used to highlight or emphasize important information. 

- WARNING - 
OPERATING PROCEDURES, PRACTICES, ETC., WHICH MAY RESULT IN 
PERSONAL INJURY OR LOSS OF LIFE IF NOT CAREFULLY 
FOLLOWED. 

- CAUTION - 
OPERATING PROCEDURES, PRACTICES, ETC., WHICH IF NOT 
STRICTLY OBSERVED MAY RESULT IN DAMAGE TO EQUIPMENT. 

- Note - 

An operating procedure, condition, elc., which is essential to emphasize 

PREFACE Added: 10lV98 I 
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I SECTION INDEX GUIDE 

SECTION SUBJECT 

( PART 1 - Information Common to PA-30 and PA-39 

I INTRODUCTION 

I1 HANDLING AND SERVICING 

UI INSPECTION 

IV STRUCTURES 

V SURFACE CONTROLS 

VI NOT USED 

APPENDIX 1 CONTROL CABLE INSPECTION PROCEDURE 

vn LANDING GEAR AND BRAKE SYSTEM 

vm POWER PLANT (NORMALLY ASPIRATED) 

VIlIA POWER PLANT (TURBOCHARGED) 

FUEL SYSTEM 

INSTRUMENTS 

XI ELECTRICAL SYSTEM 

XI1 ELECTRONICS 

XI11 HEATING AND VENTILATING SYSTEM 

XIV ACCESSORIES AND UTILITIES 

PART 11 - Information Unique to PA-39 

I lNTRODUCTlON 

I1 HANDLING AND SERVICING 

1V STRUCTURES 

V SURFACE CONTROLS 

VIlI POWER PLANT (NORMALLY ASPIRATED) 

VIIIA POWER PLANT (TURBOCHARGED) 

X INSTRUMENTS 

XI ELECTRlCAL SYSTEM 

XI1 ELECTRONICS 
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Use of Rimer File to Clean Contact Points .................................................................... 
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Checking Voltage Setting Fixed Resistance Method ......................................................... 
Checking Voltage Setting Variable Resistance Method ...................................................... 

................................................................................... Adjusting Voltage Regulator Sening 
.................................................................... Cutout Relay Air Gap Check and Adjustment 
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SE(JTI0N X1 

ELECTRICAL SYSTEM 

11-1. INTRODUCTION. This section contains instructions for correcting difficulties which 
may arise in the electrical systems of the PA-30 and PA-39 airplanes. It includes a 
description and the function of each part of the system along with tests and adjustments. 
This does not include electronics installations such as Autopilot or radios. For information 
concerning electronic equipment refer to Section XII. Electronics. 

11-2. DESCRIF'TION. Electrical power is supplied by a 14-volt, direct current, single wire. 
negative ground electrical system. A 12-volt battery is incorporated in the system to fumish 
power for starting and as a reserve power source in c u e  of generator or alternator failure. 
An external power receptacle can be provided as optional equipment to permit the use of an 
external power source for cold weather starting. A SGampere generator or 7C-ampere 
alternator is supplied with the left engine as standard equipment. An additional generator or 
altemator of equal amperage may be supplied with the right engine as optional equipment. 

Electrical switches and rheostats are located at the left side of the cockpit under the 
instrument panel. The circuit breaken for the individual circuits are mounted on a panel 
under the floorboard directly aft of the nose wheel housing on early model airplanes and 
under the right side of the instrument panel on later model airplanes. The airplane is 
equipped with standard navigation lights, two landing Lights located in the wing tips and a 
rotating beacon as standard equipment. 

11-3. TROUBLESHOOTING. Troubles peculiar to the electrical system are listed in Table 
XI-I in the back of this section, along with their probable causes and suggested remedies. 

WARNING 

All checks and adjustments of the generator or alternator, 
and/or their components should be made with the engines 
sropped. Therefore, to complete some checks or adjustments, 
it will be necessary to remove these units from the airplane 
and be placed on a t a t  stand. 
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ANNETER 
SHUNT 

LEFT GENERATOR RIGHT GENERATOR 

Figure 11-1. Generztor Wiring System Schematic 
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11 - 4 .  GENERATOR SYSTEM. 

1 1-5. DESCRIPTION OF GENERATOR SYSTEM.  he generator is oi the two 
brush, shunt type and is  controlled by a regulator operating on the principal of 
inserting resistance into the generator field circuit to cause a reduction of gen- 
erator voltage and current output. With each generator i s  the regulator asscrn- 
bly, composed of a voltage regulatorand current regulator, to prevent overload- 
ing of the battery and electrical circuits. Also with the regulator is a reverse 
current cutout to prevent the generator from being motorized by the banery when 
the generator output drops below the batteryvoltage. Where dual generators are  
used, a paralleling relay i s  used to connect the two generators. The generator 
i s  located on the front lower right side of the engine and utilizes a belt drive from 
the engine crankshaft. The generator voltage regulator i s  located on the engine 
firewall. The best assurance of obtaining maximum service from the generator 
with minimum trouble i s  to follow a regular inspection and maintenance proce- 
du re. 

I1 -6. DESCRIPTION OF GENERATOR PARALLELING SYSTEM. Whendual gen- 
erators a r e  installed, the generators will be identical and the regulators involved 
a r e  standard three unit regulators with a "paralleling winding" on the voltage reg- 
ulator unit. These paralleling windings function in such a manner that each gen - 
erator tends to take an equal pomon of the electrical load. 

The cut-out relay, current regulator and voltage regulator unit of the reg- 
ulators function in the same manner a s  standard regulators. The paralleling coil, 
located on the voltage regulator unit of each regulator, i s  connected into the c i r -  
cuit so that it either aids oropposes thevoltage regulator shunt winding, depend- 
lng on the direction of current flow through the coil. 

When the operating voltage of one regulator tends to be at a different volt - 
age than that of the other regulator, current will flow through the parallelingcoils 
from the regulator with the higher setting. The paralleling coils a r e  connected 
so that tlus current flow lowers the voltage of the regulator with the hlghest set - 
ting. The amountof currentwhchflowsthrough theparallelingcoils is theamount 
required to cause the regulators to operate at the same voltage. 

The two-unit paralleling relay acts as  a switch to either join or separate 
the ends of the paralleling coils of the two regulators. Each set of contacts in 
the external nvo-unit paralleling relay (Refer to Figure 11-3.) close wnen the 
voltage of each respective generatorreaches the value for which the relay i s  ad- 
justed. These contacts close the circuit joining the ends of the paralleling wind- 
ings on the voltage regulator units. If one generator should fail, the contacts of 
the paralleling relay unit of that chareng system open, breaking the circuit be- 
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nveen the paralleling windings. If the other generator and regulacor a r e  not de-  
fective, they will operate as  a normal single generator charpng system. 

I 1-7. CHECKING GENERATOR SYSTEM. In analyzingcomplaints of generator - 
regulator operation, any of several basic condinons may be found. 

a .  Fully Charged Battery and Low Charging Rate: This indicatesnormal gen- 
erator -regulator operation. Regulator setting may be checked a s  outlined inpara- 
graph 11-24. 

b. Fully Charged Batteryand a High Charging Rate: This indicates that the volt - 
age regulator is  not reducing the generator output a s  it should. A high charging 
rate to a fullycharged battery willdamage the battery and the accompanying high 
voltage is  very injurious to all electrical units. 

This operating condition may result from: 
1. Improper voltage regulator setting. 
2. Defective voltage regulator unit. 
3. Grounded generator fieldcircuit (in either generator, regulaior or  wir-  

ing). 
4. Poor ground connection at  regulator. 
5 .  High temperature whichreduces the resistance of the battery to charge 

so  that it will accept a high charging rate even though the voltage regulator set - 
ting is  normal. 

If the trouble i s  not due to high temperature, determine the cause of trollble 
by disconnecting the lead from the regulator "F" terminal with thegenerator op- 
eratingat medium speed. If the output remains high, the generator field is  gmund- 
ed either in the generator o r  in the wiring harness. If the output drops off ,  the 
regulator is at fault, and it should be checked for a high voltage setting or  grounds. 

c .  Low Battery and High Charpng Rate: This is  normal generator-regulator 
action. Regulator settings may be checked as  outlined in paragraph 11 -24.  

d.  Low Baaery and Low o r  No Charging Rate: This condition could be due to: 
I .  Loose connections, frayed o r  damaged wires. 
2 .  Defective battery. 
3. High circuit resistance. 
4. Low regulacor setting. 
5 .  Oxldized regulator contact points. 
6.  Defects within the generator. 
If the condition is nor caused by loose connections, frayed or  damaged wires, 

proceed as follows to locate cause of trouble. 
To determine whether the generator o r  regulator is  at fault, momentarily 

ground the "F" terminal of the regulator and increase generator speed. If the 
output does not increase, thegenerator isprobablv at fault and it should be check- 
ed as outlined in paragraph 11-9. If the generator output increases, the trouble 
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is due to: 
1. A low voltage (or  current) regulator setting. 
2. Oxidized regulator contact pointswhich i n s e a  excessive resistance into 

the generator field circuit s o  that ourput remains low. 
3. Generator field circuit open within the regulator at the connections o r  

in the regulator wiring. 
e. Burned Resistances, Windings o r  Contacts: These result from open circuit 

operation o r  high resistance in the charging circuit.  Where burned resistances. 
windings o r  contacts a r e  found, always check wiring before installing a new reg- 
ulator. Cthenvise the new regulator may a lso  Fail in the same way. 

f . Burned Relay Conract Points: This is due to reversed generator polarity. 
Generator polarity must be corrected as explained in paragraph 11-22 af ter  any 
checks of the regulator o r  generator o r  after disconnecting and reconnecting leads. 

11-8. ADJUSTMENTS, TESTS AND LMAINTENANCE OF GENERATOR SYSTEII. 
The best assurance of obtaining maximum service from generators with 

minimum trouble is to follow a regular inspection and maintenance procedure. 
Periodic lubrication where required, inspection of the brushes and commutator 
and checking of the brush spring tension are essentials in the inspection proce- 
dure .  In addition, disassembly and thorough overhaulmg of the generator at pe- 
riodic intervals a r e  desirable a s  a safeguard against failures from accummula- 
tions of dust and grease and normal wear of parts.  This is particularly des i r -  
able on installations where maintenance of operating schedules is of special im-  
ponance.  In addition to  the generator itself, the external circuits between the 
generator, regulator and kaoery must be kept in good condition since defective 
wiring o r  loose o r  corroded connections will prevent normal generator and reg- 
ulator action. At times it may be found necessary to adjust the voltage regulator 
o r  if  dual generators a r e  installed, the voltage regulators and paralleling relay. 
More detailed instructions may be found in the paragraph to follow. 

1 1-9. TEST AND MAlMENANCE OF GENERATOR (DELCO-REMY). 

11 - 10. IYSPECTION OF GENERATOR. 
a .  At periodic intervals chegeneracor should be inspected to determineits con- 

dition. The frequency with which this should be done will be determined by the 
type of service in which it is used. High speed operation, excessive dust o r  dir t ,  
high temperatures and operating the generator at  o r  near full output rnosr of the 
time a r e  a l l  factors which increase bearing, commutator, and brush wear., Gen- 
erally speaking. the units should be inspectedat approximately 100 hour intervals. 
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COMMUTATO 

Figure  11 - 2 .  Sectional View of Genera tor  

T h e  inspection procedure  follows. 
b .  F i r s t  inspect the  t e rmina l s ,  external  connections and wir ing,  mounting, 

pulley and belt .  Then remove the cover  band s o  that  the commuta tor ,  b r u shes  
and internal connections can be inspected.  If the commuta tor  i s  d i r t y  i t  may  be  
cleaned with a s t r i p  of No. 00 sandpaper .  Never u s e  e m e r y  cloth to  clean the  
commuta tor .  

c .  The sandpaper may be used by holding it against  the commutatorwith  a wood 
s t i ck  while the genera to r  i s  rota ted,  moving i t  backand forth a c r o s s  t hecommu-  
t a t o r .  Gum and d i r t  wi l l  be sanded off in a few seconds.  All dust  should be  blown 
f rom the genera to r  af ter  the commutator  has  been c leaned.  A brush  seat ing s tone 
can  a l so  be used to  clean the  commutator .  

d .  If the commutator  i s  rough, out of round, o r  has  high mica ,  the genera to r  
mus t  be removed and d i sassembled  so tha t  the a r m a t u r e  c an  be  turned down in  a 
lathe and the  mica  undercut.  

e .  If the b rushes  a r e  worn down to  l e s s  than half t he i r  original  length, they 
should be replaced.  Compare  theold b rush  with a newone tode te rmine  how much 
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it i s  worn. New brushes should be seated tomakesure  that thev a r e  in good con- 
tact  with the commutator. Aconvenient tool for seating brushes i s  a brush sea t -  
ing o r  bedding stone. ?his is a soft abrasive material which, when held against 
a revolving commutator. disintegrates so  that particles a r e  carr ied under the 
brushesand wear  theircontacting faces to thecontour of rhecommutator in a few 
seconds. All dust should be b l m  from the generator af ter  the brushes a r e  seated. 

f . The brush spring tension must be correct  since excessive tension will cause 
rapid brush and commutator wear, while low tension causes arcing and burning 
of the brushes and commutator. Brush springtension can be checked with a spring 
gauge hooked on t h e b r u s h a r m o r  brush attaching screw. Correction can be made 
by bending the brush spring a s  required. If the brush spring shows evidence of 
overheating (blued o r  burned), do not attempt to readjust it ,  but install a new 
spring. Overheating will cause a spring to lose its temper. 

g. The belt should bechecked to make su re  t h t  it i s  in goodcondition and has 
correc t  tension. Low belt tensionwill permit belt slippagewith a resulting rapid 
belt wear and low o r  erratic generator output. Excessive belt tension will cause 
rapid belt and bearing wear. Check the tension of a new belt 25 hours af ter  in-  
stallation. Proper adjustment i s  given in paragraph 11-74. 

1 1 - 1 1. SHUNT GENERATOR OUTPUT. The maximum output of shunt generators 
is determined by thecurrent  serting of thecurrent  regulator with which the shunt 
generator is used. Checking of this setting isdiscussed in the applicable regula- 
t o r  bulletin. 

1 I - 12. CHECKING DEFECTIVE GENERATORS. If the generator -regulator sys  - 
tem does not perform according to  specifications (generator does not produce 
rated output o r  produces excessive output), and the trouble has been isolated in 
the generator itself by following the procedure outlined in paragraph 11-7, the 
generator may be checked further a s  follows todetermine the location of trouble 
in the generator .  

11-13. NO OUTPUT. 
a .  If the generator will not produce any output. remove the cover band and 

check the commutator, brushes and internal connections. Sticking brushes, a 
dirty o r  gummy commutator (Refer to Paragraph 11 -2 1. ) o r  poor connections may 
prevent the generator from producing any output. Thrown solder on the cover 
band indicates that the generator has beenoverloaded (allowed to produce exces- 
sive output) s o  it has overheated and melted the solder at the commutator riser 
bars. Solder thrown out often leads to an open circuit and burned commutator 
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F~gu re  11-3. W i r l n g  C i rcu i t ,  Dual Regulators 
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bars. If the brushes are satisfactorily seated and are making good contact with the commutator, and the caus 
of trouble is not apparent. use a set of test points and a test lamp as follows to locate the trouble (leads must be 
disconnected from generator terminals). 

a 
b. Raise the grounded brush from the commutator and insulate with a piece of cardboard. Check for 

grounds with test points from the generator main bush to the generator frame. If the lamp lights, i t  indicates 
that the generator is internally grounded. Location of the ground can be found by raising and insulating all 
brushes from the commutator and checking the brush holders, armature, commutator and field separately. 
Repair or  replace defective parts as required. (Refer to Paragraph 11-19.) 

NOTE 

If a grounded field is found. check the regulator contact points. since 
a grounded field may have permitted an excessive field current 
which will have burned the regulator contact points. Burned 
regulator points should be cleaned or replaced as required. 

c. If the generator is not grounded, check the field for an open circuit with a test lamp. The lamp should 
light when one test point is placed on the field terminal or grounded field lead and the other is placed on the 
brush holder to which the field is connected. If it does not light. the circuit isopen. I f  the open circuit isdue to a 
broken lead or bad connection. it can be repaired. but if the open circuit is inside one of the field coils, it must 
be replaced. 

d. If the field is not open, check for a short circuit in the field by connecting a battery of the specified 
voltage and an ammeter in series withthe field circuit. Proceed with care, since a shorted field may draw 
excessive current which might damage the ammeter. If the field is not within specification, new field coils will 
be required. (Refer to  Paragraph 11-19.) 

NOTE 

If a shorted field is found, check the regulator contact points. since a 
shorted field may have permitted excessive field current which 
would have caused the regulator contact points to burn. Clean or 
replace points as required. 

e. If the trouble has not yet been located, check the armature for open and short circuits. Open circuits 
in the armature as usually obvious, since the open circuited commutator bars will arc every time they pass 
under the generator brushes so that they will soon become burned. Ifthe bars are not too badly burned and the 
open circuit can be repaired. the armature can usually be saved. In addition to repairing the armature, 
generator output must be brought down to  specifications to prevent overloading by readjustment of the 
regulator. 
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f. Short circuiB in the armature are located by use of a growler. The armature re is placed in the growler 
and slowly rotated (while a thin strip of steel such has a hacksaw blade is held above the armature 
core). The steel strip will vibrate above the area of the armature core in which short circuited 
armature coil are located. If the short circuit is obvious, it can often be repaired so that the armature 
can be saved. 

11-14. UNSTEADY OR LOW OUTPUT. If the generator produces a low or unsteady output, the following 
factors should be considered: 

a. A loose drive belt will slip and cause a low or unsteady output. 
b. Brushes which stick in their holders. or low brush spring tension will prevent good contact between 

the brushes and commutator so that output will be low and unsteady. This will also cause arcing and 
burning of the brushes and commutator. 

c. If the commutator is dirty, out of round, or has high mica, generator output is apt to be low and 
unsteady. The remedy here is to turn the commutator down in a lathe and undercut the mica. Burned 
commutator bars may indicate an open circuit condition in the armature as already stated above. 
(Refer to Paragraph 1 1- 13.) 

11-15. EXCESSIVE OUTPUT. 
a. When a generator produces excessive output on an application, the procedure for determining 

whether the trouble is in the generator. regulator, or elsewhere is outlined in Paragraph 11-7. If the 
generator output remains high, even with the "F' terminal lead disconnected, then the trouble is in the 
generator itself, and it must be further analyzed to locate the source of trouble. 

b. In the system which has the generator field circuit grounded externally, accidental internal grounding 
of the field circuit would prevent normal regulation so that excessive output might be produced by the 
generator. On this type of unit, an internally grounded field which would cause excessive output may 
be located by use of test points connected between the "F' terminal and the generator frame. Leads 
should be disconnected from the "F' terminal and the brush to which the field lead is connected 
inside the generator should be raised from the commutator before this test is made. If the lamp lights. 
the field is internally grounded. If the field has become grounded because the insulation on a field 
lead has worn 
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away, repai r  can be made by reinsulating the lead. It is also possible to make 
repai r  where theground has occurred a t  the pole shoes by removing the fieldcolls 
and reinsulating and reinstalling them. A ground a t  the "F"termina1 stud can be 
repaired by installing new insulating washers o r  bushings. 

NOTE 

If battery temperature is  excessive, battery over-  
charge is apt to occur, even though regulator settings 
a r e  normal. Under ths condition, i t  is permissible 
to reduce the voltage regulator setting asexplained in 
the applicable bulletin pertaining to the regulator used 
on the application. 

11 -16. NOISY GENERATOR. Noise emanating from agenera tor  may be caused 
by a loose mounting, drive pulley. o r  pa r ,  worn o r  dirty bearings: o r  improp- 
e r l y  seated brushes.  Dirty bearings may sometimes be saved by cleaning and 
relubrication, but worn bearings should be replaced. Brushes can be seated a s  
explained in Paragraph 11 - 10. If the brush holder i s  bent. it may be difficult to 
reseat the brush s o  that i t  will function properly without excessive noise. Such 
a brush holder will require replacement. 

11 - 17. DISASSEMBLY, REPAIR AND REASSEMBLY. norm all!^, disassembly 
should proceed only so  far a s  i s  necessary to makc repair o r  replacement oi the 
defective p a n s .  For  example, thefield coils should becheckedfor opens, shorts ,  
o r  grounds before being removed from the field frame.  They should be removed 
only if they require repair o r  replacement. 

1 1  -18. FIELD COIL REMOVAL. Fieldcoilscanbe removed fromrhefieldframe 
most easilv by use of a pole shoe screw driver .  It i s  also advisable to use a pole 
shoe spreader ,  since this prevents distortion of the field i rame.  The pole shoe 
screw dr ive r  permits easy loosening and removal of the pole shoe screws so that 
the pole shoes and field coils can be taken out of the field frame.. The pole shoe 
screw dr ive r  and spreader should be used on reassembly of the field irarne . Care -  
ful reassembly i s  necessary toprevent shorting orgrounding of the field c o ~ l s  ds 
the pole shoes a r e  tightened into place. 
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L 1-19. INSPECTIOK AND REPAIR OF PARTS. The a rma tu re  o r  iield shoi~ld not 
be  cleaned in any degrrasing tank o r  hy use oi  degrcasing compounds, since L ~ S  
might damage insulation s o  that a short  o r  ground woulcl subsequently develop. 
Sealed ball bearings do not require cleaning o r  rc lubr ica t~on.  Orllcr generator  
pans should be cleaned and carefully inspected for w e a r  and other  damage. .4ny 
defective parts should be repaired o r  replaced. On reassembly all  soldered elec - 
t r ica l  connections s b u l d  be made with rosin flux. Acid flux must nevcr  be used 
on electrical connections. 

11-20. FIELD COIL SERVICE. 
a .  The field coi ls  should be checked for  grounds, opens o r  shor ts  a s  already 

explained in Paragraph 11-13. 
b. Grounded field coils may sometimes be repaired by removing them so they 

can be reinsularkd. Care  must  be used to avoid excessive bulkiness when a p  - 
plying new insulation, since this might cause the pole shoe to cut through and 
cause  another ground when the coils a r e  reinstalled. 

c .  Usually i f  a field coil i s  open o r  shorted internally i t  will require replace-  
ment, since it i s  difficult to  repa i r  such a defect. 

d .  To remove o r  replace field coils in the field f r ame ,  the usc  of a pole shoe 
spreader  and screw d r ive r  is recoinmended. 

11 -21. .\R.\;UTLTRE SERVICE. 
a .  The armature  should be checked for opens. shor ts  and grounds a s  esplained 

In followingparagraphs. If the a rmaturecommuta tor  IS worn, d i r ty ,  out of round, 
or  has high mlca ,  the a rmature  should be put in a la theso  thecommutator can be 
turned down and the mica undercut. The mica should be undercut .031 of an inch 
and the slots cleaned our carefully to  remove any t r ace  of dir t  o r  copper dust.  -4s 
a iinal step in this procedure, the commutator should be sanded lightly with S o .  
00 sandpaper to remove any slight b u r r s  that might be left a s  a result  oi  the un- 
dercutting procedure. 

b .  Open circuited a rma tu res  can often be saved when the open is obvious and 
repairable.  The most likely place an open will occur i s  a t  the commutator r i s e r  
b a r s .  This usually results i rom overloading of the genera tor  which causes  ove r -  
heating and melting of the solder .  Repair can beeffected by reso ldenng the leads 
In the riser ba r s  (usingrosin flux) and turning down the commutator in a lathe to 
remove the burned spot and then undercutting the mica a s  esplained in the p r e -  
vious paragraph. In some heavy-duty a rma tu res ,  the leads a r e  weldcd into the 
r l s e r  bars and these cannot be repaired by resoldering. 

c .  Short c ~ r c u i t s  in the a rmature  a r e  located by use of a growler .  \+'hen the 
J rma tu rc  I S  revolvcd in the growler ,  with a s tee l  s t r i p  such a s  a hacksaw blade 
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held above it, the blade will vibrateabove the a rea  of thcnnnarurecorc  1 1 1  which 
the short  i s  located. Copper o r  brush dust in the slots knvecn  thc collimutaciJr 
b a r s  sometimes causes shor ts  between ba r s  which can beeliniinated h y  cleaning 
out the slots .  Shorts a t  cross -overs of the coils at the core  end can often he ellni - 
inated by bending wires slightly and reinsulating the exposed l u r e  wire.  

d .  Grounds in the armature  a r e  detectedby use o i  a test lamp and test points. 
If the lamp lights when one test point is placed on the cummutator with thc other 
point on the core  o r  shaft, the armature i s  grounded. Grounds occur a s  a result 
of insulation fai lure,  which is  often brought on by overloading and consequent 
overheating of the generator .  Repairs can sometimes be made i f  grounds a r c  at 
c o r e  ends (where coils come out of slots) bv placing insulating s t r ips  benveen 
core and coil which has grounded. 

11 -22. POLARIZING GENERATOR. After a generator has been repalred and 
reinstalled o r  at any time after  a genexator has been rested, it must he repolar-  
ized to make s u r e  that it has the correc t  polarity with respect to the b a t t e q  i t  i s  
t o  charge. Failure to repolarize the generator may result in burned relav con- 
tact points, a run-down battery and possibly serious damage to t h e  generator i t -  
s e l f .  The procedure t o  follow in correcting generator  polarity depends upon the 
generator-regulatorwiringcircuits; that i s ,  whether thegenerator i ~ e l d  is in ter -  
nally grounded o r  i s  grounded through the regulator. 

1 1 - 2 3 .  G E N E R A T O R  S E R V I C E  T E S T  S P E C I F I C A T I O N S  
(DELCO-REMY). Specifications for 14-volt generators installed on PA-30 airplanes are as 
follows: 
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Gene rator  

(DELMREMY),  
Ref. Service Wllletin 

Brush S p n n g  Tension 

Field Current (80' F) 
Amps 
Volts 

Cold Output 
Amps 
Volts 
.\pprox. RPM 
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a C O L D  OL'TPUT: Cold output  data  applies to generators at 80degrees F, and with brushes well seated. 
Variations in temperature and  brush seating a s  well as thecondit ion of the generator may cause deviations 
of 100 R P V  or more from rated speed. 
H O T  OUTPL'T:  Hot output  is maximum output a s  controlled by current regulator. 

11-24. REGULATOR. 

11-25. DESCRIPTION O F  REGULATOR.  The regulator shown in Figure 11-4consists o facu tout  re1ay.a 
voltage regulator and a current regulator unit. Thecutout  relay closes thegenerator t o  battery c~rcui t  when the 
generator voltage is sufficient t o  charge the battery. and  it opens the circuit when thegenerator slows down o r  
stops. The voltage regulator unit is a voltage-limiting device that prevents thesystem voltage from exceedinga 
specified maximum and thus protects the battery and other voltage-sensitiveequipment. The current regulator 
unit is a current-limiting device that  limits the generator output so  as not to exceed its rated maximum. 

11-26. C U T O U T  RELAY. 
a .  The cutout relay (Refer t o  Figure 11-4) has two windings. a series winding of a few turns of heavy 

wire and  a shunt  winding of many turns of fine wire. The shunt winding is connected across the generator so  
that generator voltage is impressed upon it at  all times. The series winding is connected in series with the 
charging circuit so that all generator output passes through it. The relay core and windings a re  assembled into 
a frame. A flat steel armature is attached t o  the frame by a flexible hinge so  that it is centered just above the 
stationary contact points. When the generator is not operating. the armature contact points are held away 
from stationary points by the tension of a flat spring riveted on the side of the armature. 

b. When the generator voltage builds up a value great enough t o  charge the battery. the magnetism 
induced by the relay windings is sufficient t o  pull the armature toward thecoreso  that thecontact points close. 

a This completes the circuit between the generator and battery. The current which flows from the generator t o  

a the battery passes through the series winding in a direction t o  add t o the  magnetism holding the armature down 
and the contact points closed. 

I 
c. When the generator slows down o r  stops. current begins t o  flow from the battery t o  the generator. 
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1 d. This reverse flow of current through 

TEILMINAL TEU*INAL TERMINAL 

the series winding causes a reversal of the 
series winding magnetic field. The magnetic 
field of the shunt winding does not reverse. 
Therefore. instead of helping each other. the 
two windings now oppose so that the 
resultant magnetic field becomes insufficient 
to  hold the armature down. The flat spring 
pulls the armature away from the core so that 
the points separate; this opens the circuit 
between the generator and battery. - 

Figure I 14. Cumnt/Voltage Regulator 

11-27. VOLTAGE REGULATOR. 
a. The voltage regulator (Refer to Figure 1 1 4 )  has two windings assembled on a single 

core, a shunt winding consisting of many turns of fme wire which is shunted amoss the 
generator. and a series winding of a few tums of relatively heavy wire which is connected in 
series with the generator field circuit when the regulator contact points are closed. 

b. The windingi and core are assembled into a frame. A flat steel armature is attached 
to  the frame by a flexible hinge so that it is just above the end of the core. The armature 
contains a contact point which is just beneath a stationary contact point. When the voltage 
regulator is not operating, the tension of a spiral spring holds the armature away from the 
core so that the points are in contact and the generator field circuit is completed to ground 
through them. 

c. When the generator voltage reaches the value for which the voltage regulator is 
adjusted, the magnetic field produced by the two windings (shunt and series) overcomes the 
armature spring tension and pulls the armature down so that the contact points separate. 
This inserts resistance into the generator field circuit so that the generator field current and 
voltage are reduced. Reduction of the generator voltage reduces the magnetic field of the 
regulator shunt winding. Also, opening the regulator points opens the regulator series 
winding circuit so that its magnetic field collapses completely. The consequence is that the 
magnetic field is reduced sufficiently to allow the spiral spring to pull the armature away 
from the core so that the contact points again close. This directly grounds the generator so 
that generator voltage and output increase. The above cycle of action again takes place and 
the cycle continues at a rate of 50 to 200 times a second. regulating the voltage to a 
predetermined value. With the voltage thus limited, the generator supplies varying amounts 
of current to  meet the varying states of battery charge and electrical load. 

ELECTRICAL SYSTEM 
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I 1  - 2 3 .  CURRENT REGULATOR. 
a .  The current regulator (Refer to Figure 11 -4 .) has a series winding of a few 

turns of heavy wire which carr ies  all generator output. The winding core is  a s -  
sembled Into a frame. Aflar steelarmature is attached to the frame by aflexible 
hnge so that it i s  jus t  above thecore. The armature has a contact pointwhich i s  
just belowa stationarycontact point. When the current regulator i s n a  operating, 
tile tenslon of a spiral spring holds the armature away from the core so that the 
points a r e  in contact. In this position the generator field circuit is completed to 
ground through thecurrent regulator contact points in series with the voltage reg- 
- 

ulator contact points. 
b .  When the load demands a r e  heavy, as  for example, when electrical devices 

a r e  turned on and thebattery is  in adischargedcondition, thevoltage may not in- 
c cease to a value sufficient tocause the voltage regulator to operate. Consequen- 
tly, generator output wlll continue to increase until the generator reaches rated 
maximum current. This is the current value for which the current regulator is 
se t .  Therefore. when the generator reaches rated output, t k s  output, flowlng 
through the current regulator winding, creates sufficient magnetism to pull the 
current regulator annature down and open the contact points. With the polnts 
open, resistance is inserted into the generator fieldcircuit so that the generator 
output is reduced. 

c .  As soon a s  the generator output s a n s  to fall off. the magnetic field of the 
current regulator winding is  reduced, the spiral spring tension pulls the arma- 
tt;re up. the contact points close and direcrly connect the generator field toground. 
Output increases and the above cycle is repeated. The cycle continues to take 
place whlle the current regulator is in operation 50 to 200  rimes a second, pre- 
venting the generator from exceeding its rated maximum. When the electrical 
load is reduced (electrical devices turned off o r  baaerycomes up to charge), then 
the voltage increases so that the voltage regulator begins to operate and tapers 
the generator output down. fhis prevents the current regulator from operating. 
Either the voltage regulator o r  the current regulator operates at any one time - 
tile nvo do not operate at the same time. 

1 1-29,  RESISTANCES. The current andvoltage regulatorcircuits use acommon 
reslstor whlch is inserted in the field circuit when elther the current or  voltage 
regulator operates. A second resis:ora is  connected bemeen the regulator field 
terminal and thecutout relay frame, whch places it inparallel with thegenerator 
tield coils. The sudden reduction in iield current occurring when the current o r  
voltage regulator contact points open, is accompanied by a surge of induced volt- 
age in the iirld coils at the strength oi the magnetic field changes. These surges 
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a r e  partially dissipated bv the nco resistors, thus preventingc.sccssivearcing at  
the contact points. 
"(The second resistor is not present on all regulators. Many alrcrar'c regulators 
have ths resistor omitted.) 

11 -30. TEMPERATURE COMPEXSATION. Voltage regulators are  compensated 
for telnperature by means of a bimetal thermostatic hinge on the armature. This 
causes the regulator to regulate at a higher voltage when cold which partlv com- 
pensates for the fact that a higher voitage is  required to c h r g c  a cold battery. 
Many current regulators also have a bimetal thermostatic hingc on rhc armature. 
This permits a somewhat highergeneratoroutput when the unit IS  cold, but causes 
the output to  drop off a s  temperature increases. 

11 -3 1. REGULATOR POLARITY. Some regulators a r e  designed for use with 
negativegrounded systems, while other regulators a r e  designed for use with p- 
sitivegrounded systems. Usingthe wrong polarity regulator on an installation will 
cause ~ h c  regulator contact pointsto pit badlyand give short life. .4s a salcguard 
agaiiisr installation of t h e  wrong polarity regulator, all regulators of this type 
have the model number and the polarity clearlv stamped on the end of the regu- 
lator base. (Refer to Paragraph 1 1-33, step e . )  

11 - 3 3 .  kIA1NTEXAKCE INSTRUCTIONS. 
a .  Mechanical checks and adjustments (air gaps, pointopenlng) must be made 

with battery disconnected and regulator preferably olf the aircratt.  

The cutout relay contact points must never he closc.d 
l ~ v  hand with the batterv connected to the regulator. 
This would cause a high current to flow through the 
unlts wh~ch would seriously damage them. 

b. Electrical checks and adjustments may be made either on or  oil the a i r -  
plane. The regulator must always be operated with the tvpr generator ior \\,Iiich 
it 1s des~gned. 

c .  The regulator must be mounred in the operating position \\-hen electr~cai  
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SPOON OR RIF 

TO CLEAN CONTACT POINTS 

AIR GAP 
I C H M  WlH POMfS 

CONTACT 
MOUNTING SCREWS 
110011N TO YT AIR OU) 

L 

Figure  11-5. Use of Riffler Fi le  F igure  11 -6. Voltage Regulator 
to  Clean Contact Points A i r  Gap 

set t ings  a r e  checked and adjusted and it mus t  be  at operat ing tempera ture .  
d .  Specified genera to r  speeds  f o r  t es t ing  and adjusting.  

1. Voltage Regulator 
(a) Operat ing speed 

2 .  Curren t  Regulator 
(a) All genera to rs  mus t  be operated a t  a speed sufficient t o  produce 
c u r r e n t  in excess  of specified sett ing.  
(b) Voltage of the gene ra to r  must  be kept high enough t o  insure  suffi-  
cient c u r r e n t  output, but below theopera t ing  voltage of t he  voltage reg- 
u la to r  uni t .  

e. After a n y  t e s t s  o rad jus tments  t hegene ra to ron  thea i rp lane  mus t  be po la r -  
ized a f t e r  leads  are connected, but before the  engine i s  s t a r ted ,  a s  follows: 

After reconnecting leads ,  momentar i ly  connect a jumper  lead between the  
"GEN" and "BAT" te rmina l s  of the regulator .  This  allows a momentary su rge  
of cur ren t  to  flow through the genera to r  which co r r ec t l y  polar izes  i t .  Fa i lu re  t o  
do  th i s  may resu l t  in s e v e r e  damage  to  the equipment s ince  reversed  polari ty 
c a u s e s  vibration,  a r c ing  and burning of the re lay contact  points. 

11 - 3 4 .  CLEANNG CONTACT POINTS. The contact  points of a regulator will 
not operate indefinitely without some  attention.  It has  been found that a g r e a t  
major i ty  of a l l  regulator  t rouble  can be eliminated by a s imple  cleaning of the  
contact  points, plus some possible readjustment .  The flat  points should bec l ean -  
e d  with a spoon o r  r iff ler  f i le .  On negative grounded regulators  which have the  
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Figure 11 -7. Checking Voltage Figure 11-8. Checking Voltage 
Setting Fixed Resistance Method Setting Variable Resistance Method 

flat contact point on the regulator anna tu res ,  loosen the contact bracket mount - 
ing screws s o  that the bracket can be tilted to one side. A fIat file cannot be used 
successfully t o  clean the flat contact points since it will not touch rhe center  o i  
the flat point where point wear  i s  most a p  to occur. Never use emery cloth o r  
sandpaper to clean the contact points. Remove all the oxides from the contact 
points but note that i t  i s  not necessary t o  remove any cavity that may have devel- 
oped. 

11 -35. REGULATOR CHECKS AND ADJUSTMENTS. 

11 -36. VOLTAGE REGULATOR. Two checks and adjustments a r e  required on 
the voltage regulator: air gap and voltage setting. 

a .  Air Gap: To checkai r  gap. push armaturedown until thecontact points a r e  
just touchingand thenmeasure a i r  gap. (Refer to Figure 11 -6 .) .4djust by loosen- 
ing the contact mounting screws and raising o r  lowering contact bracket a s  re- 
quired.  Be su re  the points a r e  lined up and tighten screws after  adjustment. 

b. Voltage Setting There a r e  two ways to check thevoltage srttlng: the fixed 
resistance method and the variable resistance method. (Rei r r  to Figures 11-7 
and 11-8.) 

1. Fixed Resistance Method: 
(a)  Connect a fixed resistance betweenthe battery termlnal and ground 
a s  shown in Figure 11-7 af ter  disconnect~ng the b a t t e ~  lead from th? 
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battery terminal of the regu- 
lator. The resistance must 
be 1 -1/2 ohms for 14-volt 
units. It must be capable of 
carrying 10 amperes without 
any change of resistance with 
temperature changes. 
(b) Connect a voltmeter from 
regulator "BAT" terminal to 
ground. 
(c) Place the thermometer 
withn 1/4 inch of regulator 
c w e r  to measure regulator 
ambient temperature. 
(d) Operate generator a t  
specified speed for 15 minutes Figure I1 -9. Adjusting Voltage 
with regulator cover in place Regulator Setting 
to bring the voltage regulator 
to operating temperature. 
(e) Cycle the generator: 

Method 1: Move voltmeter lead from "BAT" to "GEN terminal of 
regulator. Retard generator speed until generator voltage is  re - 
duced to 4 volts. Move voltmeter lead back to 'TIAT" terminal of 
regulator. Bring generator back tospecified speed and note voltage 
setting. 
Method 2: Connect a variable resistance into the fieldcircuit a s  in 
Figure 11-8. Turn out all resistance. Operate generator at spec- 
ified speed. Slowly increase (turn in) resistance until generator 
voltage is reduced to 4 volts. Turn out all resistance again and 
note voltage sening (with voltmeter connected a s  in Figure 11-8). 
Regulator cover must be in place. 

( f )  Sote the thermometer reading and select the Normal Range of Volt - 
age for this temperature a s  limed in specifications paragraph 11-44. 
(g) Sote the voltmeter reading with regulator cover in place. 
(h) To adjust voltage setting, turn adjusting screw. (Refer to Figure 
11-9.) Turn clockwise toincrease setting andcounterclockwise to de- 

crease serting. 
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If adjuaing screw is turned down (clockwise) beyond 
range, spring support mav not return when scrcw is 
backed off. In such case, turn screw countrr~.lock - 
wise until there is  ample clearance between screw hcad 
and spring suppon . Then bend spring suppon up care - 
fully until it touches the screw head. Final setting oi 
the unit should always be made by increasing spring 
tension, never by reducing it.  If setting i s  too hlgh, 
adjust unit below required value and then raise to ex - 
act settingby increasingthe spring tension. After each 
adjustment and before taking reading, replace the reg- 
ulator cover and cycle the generator. 

2 .  Variable Resistance Methad: 
(a) Connect ammeter and 1/4 ohm variable resistor in s e n e s  w t h  the 
battery a s  shown in Figure 11-8. 

NOTE 

It is very important that the variable resistance he  
connected a t  the "EAT" terminal a s  shown in Figure 
11-8 rather than at the "GEN" terminal even though 
these terminals are  in the same circuit. .An examin- 
ation of the wiring diagram. Figure 11-3. will shorv 
that regulation begins at the point where the shunt 
windings a r e  connected to the series circuit. Any 
small resistance added to thecircuit between thegen- 
erator and this point will simply be offset by a rise in 
generator voltage without affecting the output shown at 
the ammeter. 

(b) Connect voltmeter bemeen "BAT" terminal and ground. 
(c) Place thermometer within 1/4 inch of regulator cover to measure 
regulator ambient temperature. 
(d) Operate generator at specified speed. .Adjust vanable reslstor un- 
til  current flow is 8 to 10 amperes. Ii less current than is requ~rcd 
above is flowing, it will be necessary to mrn on airplane lights to per- 
mit increased generator output. Variable resistance can [hen be used 
to decrease current flow to the required amount. 

Allow generator to operate at this speed and current i l w  ior 15 
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ADJUSTING SCREWS 
ILOOSDI 10 in UI oul 

Figure 11-10. Cutout Relay A i r  Gap Figure 11 - 11 . Cutout Relay Point 
Check and Adjustment Opening Check and Adjustment 

minutes with regulator cover in place in order  to  bring thevoltage reg-  
ulator t o  operating temperature.  
(e) Cycle the generator  hy ei ther  method listed in "Fixed Resistance 
Method" of "Voltage Setting" procedure. 
( f )  Note the the rmo~ne te r  reading and select the "Normal Range" of 
voltage for this  tempera tureas  listed in specifications paragraph 1 1-44. 
(g) Note the voltmeter reading with regulator cover in place. 
(h) Adjust voltage regulator a s  required a s  described in step (11) of "Fix - 
ed Resistance Method of "Voltage Setting Procedure." In using thevar i  - 
able resis tance method. it is necessary to readjust the variable r e s i s -  
tance af te r  each voltage adjustment to  a s su re  that 8 to 10 amperes  a r e  
flowing. Cycle generator  af ter  each adjustment hefore reading voltage 
regulator setting w ~ t h  cover in place. 

11 - 3 7 .  CUTOUT RELAY. The cutout relav requires three checks and adlust - 
ments: a i r  gap ,  point opening'and closing voltage. The a i r  gap and point open- 
ing adjust~iicnts must be made with the banel? d~sconnected.  

a .  Air Cap: Place fingers on a r rna tu rcd~  rectly above core  and movearmature 
down until polnts just close and then measurea1 rgap  hcnvern armatu re and center 
of c o r e .  ( R e f e r  to Figure 11 -10.)  On multiple contact polnt re lays ,  make s u r e  
that all  points close simultaneo~cslv. I f  they do not, bend spring finger s o  they 
do.  To adjust a i r  gap. loosen nvo screws at the hack of relav and raise o r  lower 
the a rmature  a s  required. Tighten screws af te r  adjustment. 
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ADJUSTING SCREW 
ITUIN TO rcuun 
noslllo VOLT 

- 
Flgure 11-12. Check~ng Cutout Relay Figure 11 - 1 3 .  Adjustment of 

C l o s ~ n g  Voltage Cutout Relay Closing Voltage 

b .  Point Opening: Check point opening and adjust by bending the upper a r m a -  
tu re  stop. (Refer to Figure 11-11 .) 

c .  Closing Voltage: Connect regulator to  proper  generator and battery. Con- 
nect voltmeter between the rrgulator"GENV terminal  and ground. (Refer to  Fig-  
u r e  11-12.) 

Method 1: Slowly increase generator speed and note relay closing voltage. 
Decrease generator speed and make s u r e  the cutout relay points open. 
Method 2: Make connections a s  in Step c ;  but, in addition, add a variable 
r e s i s to r  connected into the field circui t .  (Refer to Figure 11-12.) Use a 
25 ohm - 25 watt res i s tor .  Operate generator  at  medium speed with v a r i -  
able resistance turned all  in.  Slowly decrease (turn out) the resistance un- 
til cutout relay points close.  Note closing voltage. With cover i n  place. 
slowly Increase (turn in) resistance to  make s u r e  points open. 

d .  Adjust closingvoltage by turning adjusting screw.  (Refer  to Figure 11-13 .) 
Turn screw clockwise to increase setting and counterclockwise t o  decrease s e t -  
t ing. 

l 1-38, CURREXT REGULATOR. Two checks and adjustments a r c  required on 
the current  regulator: a i r  gap and current  setting. 

a .  Air Gap: Check and adjust in exactly the same manner a s  for the voltage 
regulato r . 

b .  Current  Setting Current regulator setting on current  regulators hav~ng  
temperature compensarlon should be checked by the following method: 

ELECTRICAL SYSTEM 
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JUMPER LEAD BRIDGING VOLTAGE 
REGULATOR CONTACT POINTS 

AMMETER GENERATOR 

Figure 11-14. Checking Current Figure 11-15. Checking Current 
Regula~or,  Load Method Regulator, Jumper Lead Method 

1 . Load Method: 
( a )  Connect ammeter  into charging circuit  a s  in Figure 11-14. 
(b) Turn on all  accessory load (lights, radio, e tc . )  and connect an a d -  
d i t~onal  load ac ross  the battery (such a s  a carbon pile o r  band of lights) 
so  a s  to drop the system voltage approximately one volt below thevolt - 
age regulator setting. 
(c) Operate generator  at specified speed for 15 minutes with cover in 
place. (This establishes operating temperature: see  s teps (c) and (d) 
in paragraph 11-33.) If current regulator is not temperature-compen- 
sated. disregard 15 minute warm-up period. 
(d) Cycle generator and note current  setting. 
(e) .idjust in same manner a s  described fo r  voltage regulator. (Reier 
to Figure 11-9.) 

2 .  Jumper Lead \'lethod: (Use only forcurrent  regulators without [emper-  
acure compensation. ) 
(a)  Connect ammeter  into charging circuit  a s  in Figure 11-15. 
(b) Connect jumper lead across  voltage regulator points a s  in Figure 
11-15. 
( 5 )  Turn on all  lights and dccessones  o r  load banery  a s  in (b) under 
Load Method: 
(d) Optrare generator at specified speed and note current  settlng. 
(u) .Idjust in same manner a s  described for  the voltage regulator. (Re - 
i e r  to Figure 11-9.) 
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11 -39. REPAIRS. 

11-40. REGULATOR SPRING REPLACEMEhT. If i t  becomes necessary to  r e -  
place the spiral  spring on either the current  o r  voltage regulator u n i t ,  the ncw 
spring should first be hooked on the lower spring suppon and then stretched up 
until it can be hooked at  the upper end. Stretch the spring only by means of a 
screw dr iver  blade inserted between t k  turns (o r  in a similar  manner). Do not 
pry  the spring into place a s  this i s  likely to  bend the spring supporr. After In- 
stalling a new spring, readjust the unit setting a s  already described. 

11 -41. RADIO BY-PASS CONDENSERS. The installation of radio by -pass con- 
d e n s e ~  on the field terminal of the regulator o r  generator will cause the regula - 
t o r  contact points to bum and oxidizeso that generator outpuc will be reduceaand 
a run doynbattery will result.  If a condenser i s  foundconnected toei ther  of these 
terminals. disconnect the condenser and clean the regulator contact points a s  pre-  
viously explained. 

11 -42. REGULATOR ARMATURE REPLACEMEhT. l h ' a r m a t u r e  may be re -  
placed by drillingout the two rivets attaching the armature  to the regulator frame. 
Support the frame to avoid bending. Center-punch the rivet heads and drill  out 
with a 3/32 inch dri l l .  Attach the new a rmamre  with screws,  lockwashers and 
nuts supplied with theservice armature. Assemble screws downso that they will 
not ground against cwer. 

11-43. HIGH POINTS ON REGULATOR PERFORMANCE AND CHECKS. 
a .  The voltage regulator unit limits the voltage of the circuit.  thus protecting 

the battery, the battery, lights, and other accessories from high voltage. 
b. The current  regulator unit provides protection to thegenerator, preventing 

it from exceeding its r n b m u m  rated output. 
c .  Never set the current regulator above the maximum specified output of the 

gene rato r . 
d .  Many of the regulators a r e  designed to be used with a positive grounded 

battery while others are designed to be used with a negative grounded battery 
only. Never attempt to use the wrong polarity regulator on an application. 

e .  The majority of reported regulator troubles a r i se  from dirty o r  oxidized 
contact points which cause a reduced generator output. Clean the contact points 
with a spoon o r  riffler file. Never use emery cloth orsandpaper to clean points. 

f . Always make sure  that the rubber gasket is in place benveen the cover and 
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base before replacing the cover .  The esket  prevents entranceof molsntre,  dust 
and 011 vapors which m ~ g h r  damage the regulator.  

g. The proper  testing equipment in the hands of a qual~t icd  mechanic i s  nec-  
e s s a r y  to  a s su re  properand accurate  regulator settings. Any anelnpt on the part 
of untrainedpersonnel t o  adjust regulators i s  apt to lead tosenous&mage t o  the 
e l e c t r ~ c a l  equipment and should therefore be discouraged. . . - 

h. Aher any generator  o r  regulator t e s t s  o r  a d j u s m ~ m t s ,  the generator  must  
be polarized a s  esplainrd In paragraph 11 -33. s t ep  e. In o r d e r  to  avoid damage 
to the equipment. 

i . It is recommended that follo\ving replacement o r  repa i r  of a generator  o r  
regulator they be adjusted on a t e s t  bench as a matched unit. 

1 1 - 4 4 .  R E G U L A T O R  S E R V I C E  T E S T  S P E C I F I C A T I O N S  
(DELCO-REMY). Specifications for 14volt regulators installed as standard equipment on 
model PA-30 airplanes are as follows: 

ELECTRICAL SYSTEM 

Regulator hfodt.1 

(DELCO-REMY). 
Rci. Srrvice Bulletin 

Cutout Relay  
Air Gap 
Point Opening 
Closing \'olrage 

Voltage Regu lator 
.Air Gap 
Current Sening 

Current Regulator 
.Air Gap 
Current Setting 

Issued: 11/29/72 

11 192.16 " '  

1R-l lbA 

,020 in. 
.020 in. 
11.8 - 1.3.5 volts 

.075 in. 
65.F - 14.2-15.7 volts 
8 j ° F  - 14.4-15.4 volts 

105OF - 14.2-15.0 volts 

.075 in. 
48 - 52 amps 

Paralleling: \Vith no load on battery terminal,  add 5 a m p  lcad a t  
P-terminal - voltage regulator to operate 2 to 3 volts 
lower. 
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UPPER A B M N R E  STOP 
I IE I ID  10 b u u n  m1m 

Figure 11-16. Checking and Figure 11-17. Check~ng and 
Adjusting Relay Air  Gap Adjusting Relay Point Openmy 

11-45. PARALLELING RELAY. 

11-46. REIAY CHECKS AND ADJUSThlENTj. The cutout relay requires three 
checks andadjustments: a i r  gap, point opening and closing voltage. The a l r  g ~ p  
and point opening adjustments must be made wi th  the battery disconnrctrd. (Re- 
f e r  to specifications given in paragraph 11-50.) 

11-47, AIR CAP. With thearmature  pushed down s o  the points a rec losed .  check 
the a l r  gap between the armature and core.  (Refer to F ~ g u r e  11-16.) To ddjust. 
loosen the nvo adjusting screwsand r a s e  o r  lower the armature as r e q u ~ r e d .  Be 
su re  the polnts align and t~gh ten  the screws af te r  adjustment. 

I 1  -48 .  POINT OPENXG. Check point opening and adjust by bending the u p p r  
armature  stop a s  illustrated in Figure 11 -17. 

11 -49. CLOSIXC VOLTAGE. To check the closing voltage o i  the ~ u t o u t  relay. 
connect a voltmeter irom the "GEN" terminal oi the relay to the relay base o r  
ground a s  shown in Figure 11 - 18. Slowly increase the generator speed until the 
conract points close and read the voltage on the meter .  To adjust the clcsing 
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Flyurn 11-18. Checking Relay Figurc 11- 19. Adjusting Relay 
Closing Voltage Closing Voltage 

voltage. shut down the engine and bend the a rmature  spring post (Refer to  Figure 
11-19.) up ro Increase the closlng voltage and bend down to  decrease  the closing 
voltaxe. Aiter each adjustment for  both armatures .  s top the generator  and then 
slu\\,ly inc rrasr i t s  speed and check the setting. 

I 1-50. RELAY SERVICE TEST SPEClFlCATIONS (DELCOREMY). Specillcations for 
I +volt relays installed as standard equipment on the model PA-30 airplanes are as follows: 

ELECTRlCAL SYSTEM 
Revised: 4/6/81 

3 817 

- 
Rclay \lode1 

(DELCO-REMY). Ref:, the latest revision of 
Service Bulletin lRlOO 

.Air (Ap a t  Core,  Points Closed 
Pu~nt  Opening 
Closlng Voltage (Range) 
Opcn~ng Voltage (Range) 

1116887 

.022 5 lwG in. 

.028 in. 
10.3 to  12.5 
8 minimum 
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11-51. ALTERNATOR SYSTEM. 

11-52. DESCRIPTION OF ALTERNATOR SYSTEM. For each alternator, the 
al ternator  output circuit  is connected in the following order:  to a n  inline filter,  
to reduce radio interference, to a n  inline shunt, to monitor alternator output, 
and fiaally to a 90 amp magnetic circuit  breaker on ihe airplane'= main d is t r i -  
bution bus. 

Two independent field control circuits  a r e  provided. One circuit  is  iden- 
tified as the main voltage regulator and the second a s  the auxiliary voltage reg- 
ulator .  T h e  main and auxiliary circuits  are controlled by a selector switch that 
enables the pilot to select  either system. In the event of a failure in the main 
circuit. the pilot may select the back-up or auxiliary system. 

Each field circuit  consists of a 10 amp thermal circuit breaker, solid s ta te  
voltage regulator. inline filter,  and an  over-voltage cutout relay. 

Eachfield circuit  for the alternator is routed throughthe airplane's master  
switch and through a ganged switch on tbe r e a r  of the 90 amp circuit  breaker so  
that when the respective alternator output is interrupted, the field circuit i s  also 
opened to prevent high voltage build up. 

The airplane's battery is connected to the bus through an  inline ammeter  
used to monitor battery condition. 

11 -53. CHECKING ALTERNATOR SYSTEM. The ammeter  i s  equipped with a 
selector  switch which enables an  independent output check of each alternator,  a s  
well a s  the electrical output-input of the battery. Should either alternator show 
no output on the ammeter ,  check the alternator output and field thermo circuit 
protectors,  and ammeter  line fuses. Lf a further check of the ammeter  shows 
no output from both alternators, switch to the auxiliary voltage regulator and 
over-voltage relay.  If switching to the auxiliary system indicates no electrical 
output. further check the alternator system. (Refer to Figure 11 -20 .) 

a .  Ascertain that the ammeter is operating properly. 
b .  Ascertain that all electrical units a r e  off and the battery i s  fully charged. 
c .  Disconnect the battery lead (+) a t  the al ternator .  
d .  Disconnect the field leads (F1 and F2) a t  the al ternator .  
e .  Turn the master  switch on. 
f . To check the alternator output circuit. connect a voltmeter o r  14-volt rest 

light to the battery lead and to ground. If a reading of approximately 14 -volts 
regis ters  on the voltmeter o r  the test light lights, the battery circuit is opera- 
tional. Should there be no indication of voltage, t race back through the output 
circuit  until voltage is indicated. (Refer to Figure 11-20 .) A component that 
allows no voltage to pass through i t  should be replaced. 

ELECT'RICA I .  SYSTEM 
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Figure 11 - 20. Alternator Wiring System Schematic 
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g. To check the field circuit. connect a voltmcter or1 4 -volt test light to e a ~ h  
field lead and to ground. and sepra te ly  chcck as  follows: 

1. A check of the F l circuit will give a variable voltage: I I  any voltage 1s 
indicated on the voltmeter o r  if any filament glow is indicated on the test light, 
the circuit is operational. 

2. l%e check of the F2 circuit should give a reading of approxi~nately 14 - 
volts on the voltmeter o r  the test lamp should glow normally ior an operational 
circuit. 

3. Both the main and auxiliary fieldcircuits may be checked in a hke man- 
ner. 

4. If indication shows a possible malfunction of the volmgc regulator and 
before installing a new regulator, refer to paragraph 11 -65.  For the overvoltage 
control, refer to paragraph 11 -71. 

h. If voltageis indicated at  both the battery lead and field lead. the alternator 
should be checked for possible malfunction. (Refer to paragraph 11-61.) 

1 1 .  ADJUS'MENTS. The only adjustments necessary to maintain the alter-  
nator system is the adjustment of the volrageconuol on the voltage regulator. h 
voltage of 14-volrs is maintained. All other control adjustments are made at nrne 
of installation and need not be reset. 

IMPORTANT 

Since the alternator and regulator a r e  designed ior use 
on onlyone polarity system, the following precautions 
must be observed when working on the charging unit. 
Failure to observe these precautions will result in 
serious damage to the electrical equipment. 

a .  When inscalling a battery, always make absolutely sure the ground polarity 
of the battery and the ground polarity of the alternator a r e  the same. 

! When corkecting a bos t e r  battery, make certain to connect the negauve 
battery terminals together and the positive tattery terminals together. 

c .  When connecting acharger to the battery, connect the cllargerpositive lead 
to the battery positive terminal and thecharger negative lead to the batterv neg- 
ative terminal. 

d. Never operate the alternator on open c i rcu~t .  Make absolutsly certain d l  
iomections in the c i rcu t  a r e  secure. 

c. Do not short across or  ground any of the terminals on the alternator or  reg- 
uldt,)r. 

i .  Do not attempt to polarize the alternator. 

ELECTRICAL SYSTEM 
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L I 

Figure 11-21. Exploded View of Alternator 

- . ~ 1 1-55. ALTERNATOR AND COMPONENTS. 

11-56. DESCRIPTION OF ALTERNATOR. (Refer to Figure 11-21.) The principal components of the 
alternator are the brush holder assembly (I),  the slip ring end head (2), the rectifiers (3), the stator (4), the 
rotor (5) and the drive end head (6). 

a. The brush and holder assembly contains two brushes, two brush springs, a brush holder and 
insulators. Each brush is connected to a separate terminal stud and is insulated from ground. The 
brush holder assembly can easily be removed for inspection or brush replacement purposes. 

b. The slip ring end head provides the mounting for the rectifiers and rectifier mounting plate, output 
and auxiliary terminal studs, and the brush and holder assembly. The slip ring end head contains a 
roller bearing and outer race assembly and a grease seal. 

c. The rectifiers used in these units are rated at 150 peak inverse voltage (PN) m~nimum for transient 
voltage protection. Three positive rectifiers are mounted in the rectifier mounting plate while the 
three negative rectifiers are mounted in 
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the slip ring end head. Each pair 01 rectifiers is connected to a stator lead with 
high temperarue solder. 'Ihe stator leads a r e  anchored to the rectrfier mount- 
ing plate with epoxy cement for vibration protecuon. 

d. The stator contains a special lead which is connected to the center of the 
three phase windings and is used to activate low voltage warning systems or  re-  
lays. The stator has been treated with a special epoxy varnish for high temper - 
ature resistance. 

e. The rotor conrains the slip ring end bearing inner race and spacer on the 
slip ringendof theshaft. The rororwinding andwinding leads have been specially 
neared witha high temperature epoxy cement to provide vibrationand temperature 
resistance characteristics. High temperature solder i s  used to secure the wind- 
ing leads to the slip rings. 

f . The drive end head supports a sealed, prelubricated ball bearing in w h c h  
the drive end of the rotor shaft rotates. 

11-57. OVERHAUL OF ALTERNATOR. When repairing the alternator, com- 
plete disassembly may not be required. In some cases it will only be necessary 
to perform those operations which arerequired to effect therepair. However, in 
this section, the complete overhaul is covered step-by-step to provide detailed 
information on each operation. In acrual service practice, these operadons may 
be used as  required. 

11-58. DISASSEMBLY OF ALTERNATOR. 
a. Remove the two Number 10-21 screws holding the brush holder assembly 

in the slip ring end head. Remove the brush and holder assembly from the ezd 
head. 

b. Remove the safetywire from therhroughbolts. Hold thepulley wirh a s u a p  
wrench and remove the pulley nut. The pulley must be removed with a puller. 
Remove the fan, woodruff key and spacer from the shaft, 

c. Remove the four through bolts and tap the drive end head lightly to separate 
the drive end head and rotor, as  a unit, from the stator and slip ring end head. 

d. Removethe nuts, lock washers, flat washers and insulators from theoutput 
and auxiliary terminal studs. Note carefully the correct assemblyof the insulator 
washers and bushings. Using the special tools shown in Figure 11-22. support 
the end head and press out the three negative rectifiers. i h e  end head can now 
be separated from the stator assembly. 

e. To remove the slip ring end bearing and grease seal, it will be necessary 
to have a hook type o r  impact type bearing puller as  shown in Figure 11 -23. Do 
not remove the bearing unless replacement is  necessary. 

ELECTRICAL SYSTEM 
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Figure 11-22. Removal of Rectifier Figure 11 - 23. Removal of Slip Ring 
End Eiearing 

NOTE 

The inner race of the slip ring end bearing is pressed 
onto the rotor shaft. When bearing replacement is  
necessary, always replace the complete bearing as -  
sembly, including the inner race. 

Figure 11 -24. Removal of Figure 1 1-25. Removal of 
Drive End Head End Head Bearing 

ELECTRICAL SYSTEM 
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Figure 11 -26. Testing Rotor Figure 11-27. Testing Rotor 
For Grounds For Shorts 

f .  To remove the drive end head from the rotor shaft, use a puller that grips 
on the bearing retainer plate as shown in Figure 11-24. Do not attempt to re -  
move by supponing the end head and pressing on the shaft, as this may result in 
distortion of the end head o r  stripping of the retainer plate screws. Remove the 
three rerainer plate screws and press the bearing out of the end head. (Refer to 
Figure 11 -25 .) 

11-59. INSPECTION AND TESTING OF COMPONENTS. Upon completion of the 
disassembly, all parts should be cleaned andvisually inspected for cracks, wear 
o r  distortion and any signs of overheating o r  mechanical interference. 

a. Rotor: The rotor should be tested for grounded o r  shorted windings. The 
ground test can bemade with testprobes, connected inseries with a 110-volt test 
lamp, an ohmmeter o r  any type of continuity tester. (Refer to Figure 11-26. ) 
There must not be any continuity between the slip rings and the rotor shaft o r  
poles. To test for shorted turns in the rotor winding, connect a voltmeter, am- 
meter and rheostat as shown in Figure 11-27, or  use an ohmmeter. Rotor cur- 
rent draw and resistance are  listed in the individual specification pages. Exces - 
sive current draw o r  a low ohmmeter reading indicates shorted windings. 80 
current draw or  an infinite ohmmeter reading would indicate an open winding. 

b. Rectifiers: A diode recufier tester will detect and pinpointopen or  shorted 
rectifiers without going through the operation of disconnecdng the stator leads. 
However, if a tester is  not available, test probes and a No. 57 bulb, connected 
in series with a 12-volt bartery, can be used in the following manner. Touchone 
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Figure 11-28. Installation of Bearing Figure 1 1-29. Installation of Rectifier 

test probe. to a rectifier heat sink and the other test probe to a lead from one of 
the rectifiers in that heat sink Then reverse the position of the leads. The test 
bulb should light in one direction and not light in the other directim. If the test 
bulb lights in both directions, one o r  more of the rectifiers in tbat heat sink is 
shorted. To pinpoint the defective rectifier, the stator leads must be discon- 
nected and the above test repeated on each rectifier. Open rectifiers can only 
be detected, when using the test tulb. by disconnecting the stator leads. ?he 
test bulb wi l l  fail to light in either direction if the rectifier is open. 

c. Stator: me stator can be tested for open o r  grounded windings with a 12- 
volt test bulb, described in the rectifier sectioq o r  an ohmmeter, in the follow - 
ing manner. Separate the stator from the slip ring end head jmt f a r  enough to 
insert a fold of rags or  blocks of wood. In other words, insulate the stator from 
the end head. To test for grounded windings, touch one test bulb or  ohmmeter 
probe to the stator frame. If the test hulb lights, o r  the ohmmeterindicates con- 
tinuiry, the stator is grounded. To test for open windings, connect one test probe 
to the auxiliary terminal or  the stator winding center connection and touch each 
of the three stator leads. The test bulb must light, or  the ohmmeter must show 
continuity. Due to the low resistance in the stator windings, shorted windings 
a r e  almost impossible to locate. However, shorted stator windings wi l l  usually 
cause the alternator to "growl" or be noisy during operationand will usually show 
some signs of overheating. If al l  other electrical checks a r e  normal and the a l -  
ternator fails to supply its rated output. the stator should be replaced to deter- 
mine whether o r  not it is the faulty component. 

d. Bearings and Seals: Whenever the alternator is overhauled, new bearings 
and oil or grease seals are  recommended, even though the bearings and seals 

ELECTRICAL SYSTEM 
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Figure 11 -30. Terminal Assembly Figure 11 -31. Slip Ring End Bear~ng 
Assembly 

appear to be i n ~ p d  condition A faulty seal can cause an alternator to failwith- 
in a very s h r t  period of time. 

11-60. ASSEbBLY OF ALTERNATOR. 
a. Press the ball bearing into the drive end head using a flat block approx- 

imately two inch square so that the pressure is  exerted on the outer race of the 
bearing. Install the retainer plate. With the snap ring and retainer cap in place 
on the rotor shaft, use a tool that fits over the shaft and against the inner bearing 
race, and press  until the inner bearing race is against the snap ring retainer cup. 
(Refer to Figure 11-28.) 

b. Carefully install the rectifiers inthe slip ringend head or  rectifier mounc- 
ing plate by supporting the unit and using the special tools illusnated in Fi-re 
11-29. 

CAUTION 

Use an arbor press, do not hammer. Reconnect the 
stator leads to the rectifiers. When soldering these 
connecuons, use pliers as  a heat dam on the lead be- 
tween the solder joint and the rectifier. Too much 
heat will damage the rectifiers. 

c. Reassemble the rectifier mounang plate studs and insulators, making sure 
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they are  in t l ~ c  correct order. I R r t r r  
to Figure I 1  -30.) 

d. After the s l ~ p  ring end liead 15 

con~pletely assembled. the stata~r UILI  
rectifier leads must lw secured to t l ~ c  
rectifier mounting plate \vi t l i  epoxy. 
Make sure the stator leads a r c  p o ~ i -  
tioned so that they do not interfere with 
the rotor. 

e. Install the s l ~ p  ring end kar lng  
and oil seal. b l a h  sure the llp of the 
oil seal is toward the bearing. Cor- 
rect assembly of bearing, seal, inner 
race and spacer is  shown in Figure 
11-31. 

Figure 11 - 3 2 .  Testing Alternator . f . Assemble the alternator dnd In- 
stall the through bolts. Spin the rotor 

to make sure there is no mechanical interference. Torque the through bolts to 
30 to 35 inch pounds. Safety wire should be installed after the m i t  has been bench 
tested for ourput. Install spacer, woodruff key, fan, pulley, lockwasher and nut. 
Torque the nut to 35 foot pounds, using a s u a p  wrench to hold the pullev. Do not 
~ns ta l l  the blast tube assembly until after the unit has keen bench cested. 

g. Install the brush and holder assembly and retaining screws. Spin therotor 
and check for interference between the brush holderand rotor. Check across the 
field terminals with an ohmmeter. The ohmmeter must indicate the alnount oi 
rotor resistance listed on the individual specifications page. 

11 -6  1. TESTING OF ALTERNATOR. 
a. Wiring connections for bench testing the alternator a r e  shown in Figure 

I 1  -32. Rerer to the individual specification pages for outpi~t test figures. hd- 
just the carbon pile, if necessary, to obtain the specified voltage. 

. .+frer bench testing the alternator, install the safety wire and blast tube 
~ n d  Install the alternator on the engine. 

NOTE 

.Always refer to the wiring diagram (Refer to Flgure 
1 1-10 when installing the alternator o r  testing the 
alternator. 
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11 -63. ALTERNATOR NOMENCLATURE. 
a. Bearings: These units have a sealed ball bearing at the drive end and a 

two-piece roller bearing a t  the slip ring end. The inner race IS pressed onto the 
rotor shaft and the res t  of the bearing is in the slip ring end head. When the unit 
is  assembled, the inner race aligns with the bearing. When the bearing is re -  
placed, the new inner race must be installed on the rotor shaft. 

b, Lubrication: ?he slip ring end bearing should be lubricated whenever the 
alrernaror is disassembled. The bearing should be thoroi~ghly ikaned and r r -  
packed with Shell -1lvania KO. 2 or  an equivalent bearing lui>rlca~~r. The caviry 
behnd the bearing should be packed one-thlrd toone-half full w ~ t h  the same luu- 
ricont. 

11-62. PRECACTIOXS. I l l ~  iollow~ng 
precautions a r e  to be observed when 
testing o r  servicing the electrical sys-  
tem. 

a. Disconnect the l~arrery briore 
connecungor disconnecting test insuu- 
ments (except volmeter)  o r  before re -  
moving o r  replacing any unit orwiring. 
Accidental grounding o r  shorting at the 
regulator, alternator, ammeter or  ac- 
cessories, will cause severe damage 
to the units and/or wirtng. 

b. The alternator must not be oper- 
atedonopen circuit with the rotor wind- 
ing energzed. 

ELECTRICAL SSSTEM 
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-- 

c. Do not attempt topolarize theal- Figure 11 -33 .  Brush Installation 
ternator. No polarization is required. 
.by attempt to do so may result in damage to the alternator, regulator o r  c i r -  
cuits. 

d. Groundingof the alternator ourput terminal may damage the alternator and/ 
o r  circuit and components. 

e. Reversed battery connections may damage the rectifiers, wiring o r  other 
components of the charging system. Battery polarity should be checked with a 
voltmeter before connecting the battery. Most aircraft a r e  negative ground. 

f . If a booster battery o r  fast charger is  used, its polarity must be connected 
correctly to prevent damage to the electrical system components. 
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I I 

ALTERNATOR 

r--  ------ 
-\ 

1 
Figure 11-34. Internal Wiring Diagram - 

c. Brushes: These units have a separate brush holder assembly that is installed after the alternator has 
been assembled. The brush holder has a small hole that intersects the brush cavities. Use a pin or a 
piece of wire as shown in Figure 11-33, to hold the brushes in the holder during assembly. Remove 
the pin after the brush holder retaining screws have been tightened. Make a continuity check to be 
sure the brushes are seated against the slip rings. 

d. Drive Pulley: Torque the drive pulley retaining nut to 35 foot pounds. 
e. Ventilation: The 8400 Series units use a slip ring end cover that has a hose type connection for air 

pressure ventilation. Remove lhis cover when bench testing the alternator. 
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1 - 6 4 .  A L T E R N A T O R  S E R V I C E  T E S T  S Y E C I F I C A T I O N ~  
(PRESTOLITE). Sprcitications for t l ~ c  14-volt alternator in\r;lllcd ;lh st;andard equipment 
on PA-30 and PA-39 airplanes are as follows: 

ELECTRIC-iL SYSTEM 
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Alternator Model 

Voltage 

Rated Cutput 

Ground Polarity 

Rotation 

Rotor: 
Current  Draw ( 7 7 O  F) 
Resistance ( 7 i 0  F) 

Ourput Test (77' F)  
Volts 
Amperes Output 
Field Amperes 
Alternator RPM 

or 
Engine RPM 

1 

-4LX8403 

14-volB 

70 amperes 

Negative 

Bi -Directional 

2. 9 to 3. 3 amps  @ 12. O-volts 
3. 7 to 4. 1 ohms 

13. 0 14. 2 
10. 0 71, 5 
2. 85 3. 15 
1780 min. 5000 m u .  

5 50 1540 
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11-64a. ALTERNATOR PARALLELING SYSTEM 

I l-bJb. DESCRIPTION OF ALTERNATOR PARALLELING SYSTEM. The positive 
o i~ tpu t  terminal of each alternator is connected to I aircraft e l c t r ~ c a l  bus through 
separate 9Gampere circuit breaker switches. Each alternator has a shunt installed between 
aircnft  electrical bus and its positive output terminal in order to monitor output current on 
an ammeter. 

The field circuit for each alternator is wired through a section of a Dual Master Switch 
(L or R as appropriate), an auxiliary switch whicli is ganged to  the circuit breaker switch. ~n 
overvoltage relay and a voltage regulator. Field voltage can be manually disconnected from 
either alternator by turning off the appropriate section ( 1  or R) of the Dual Master Switch. 
T u r i n g  both sections of the Master Switch off completely disconnects all electrical power 
from the aircnft Bus Bar. Field voltage will be automatically removed from an alternator 
whenever its overvoltage relay actuates or its circuit breaker switch trips. 

T l ~ e  system has one ammeter installed t o  measure system currents. The output current 
of either alternator may be checked by pressing the appropriate button "Left" or "Right" 
located below and to  either side of the ammeter. A shunt is installed between aircrait 
electrical bus and the positive terminal of the battery to  allow measuring of the battery 
charge and discharge current with the ammeter. 

.An alternator inoperative ("INOP"! warning light is provided for each alternator. The 
appropriate light will illuminate whenever its respective alternator fails t o  provide o u t p ~ ~ t  
voltage. 

The 90-ampere circuit brwker switches should not be turned off when their asociated 
alternator is operating normally. Turning "OFF" one of these switches while it is carrying 
current could cause a high voltage transient to  occur on the electrical bus with possible 
subsequent damage to the semiconductor equipment attached to  it. 

I I-64c. DESCRIPTION OF ALTERNATOR. For a complete description of the alternator. 
refer to  P~rn-mph 11-56. 

I 1 -6Jd. CHECKING ALTERNATOR PARALLELING SYSTEM. The alternator p~ralleling 
system incorporates an ammeter which provides for an independent check o i  t ~ c . 1 1  
alternator. as well as the chargeldischarge current of the battery. In the event either 
ALTERNATOR INOPERATIVE light begins to %ow or the ammeter check for either 
~l ternator  fails to indicate an output, check the appropriate alternator circult breaker 
switcll. also the voltage regulator circuit breaker. If the circuit breakers are in their normal 
operating position a further check of the alternator system should be accomplished. (Refer 
to  Figure 11-34a.) 

a. Verify that the ammeter is operating properly. 
b. Disconnect the output (+)lead at the alternator. 
c. Disconnect the field F-2 lead at the alternator. 
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Figure 1 1-34a. Alternator Paralleling System 
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CAUTION 

DO NOT ALLOW THE FIELD LEAD TO COME IN 
CONTACT WITH AIRFRAME GROUND WHEN THE 
MASTER SWITCH IS ON AS THE VOLTAGE 
REGULATOR WILL BE DAMAGED. 

d. Verify that all e l e c ~ c a l  units are off and the battery is fully charged. 
e. Turn ON the section of the master switch for the alternator k ing  tested. (L or R.) 
f. To check the alternator output circuit, connect a voltmeter or 14-volt test light to 

the previously disconnected output (+) lead. Check that the circuit breaker switch for the 
alternator under test is turned on. If a reading of approximately 14-volts is obtained on the 
voltmeter, or the t a t  light glows, the output circuit is operational. 

& Should there be no indication of voltage, trace back through the output circuit until 
voltage is indicated. (Refer to Figure 1.1-34a.) A component that d o a  not indicate voltage 
at both its input and output terminals should be replaced. 
h mesk the field cirtuit by connecting a voltmeta to previously disconnected field 

(F-2) lead If a reading of approximateiy 14 volts is obtained on the voltmeta, the field 
circuit is operative. 

i. If voltage is pment at both the output and field leads, the alternator should be 
checked for a possible malfunction. (Refer to Pamgraph 11-57.) 

1 1-65. REGULATOR. 

1 166. REGULATOR COMPONENTS (PRESTOLITE). Alternator output voltage can, 
within the limits of the design capability of the alternator, be controlled by properly varying 
the average level of cwrent flow in the rotor winding and the (PRESOLTTE) full electronic 
solid state regulator is weU suited for this purpose. The (PRESTOLITE) alternator, due to 
its design, ha3 self-limiting current characteristics and needs no current-limiting unit in the 
regulator. 

a. Transistor: The transistor is an electronic switch which can turn on and turn off the 
flow of current in an electric circuit. It has no mechanical or moving parts to wear out. 

b. Rectifier Diode: The rectifier diode will pass current in one direction only (forward 
direction): and in this respect, it may be compared to a oneway check valve. 

c. Zener Diode: The Zener diode, in addition to passing current in the forward 
direction, will pass current in the reverse direction only when a particular value of voltage is 
applied in the reverse direction. It is this Zener action which makes it adaptable for use as a 
voltage sensing device in the regulator. 

d. Resistor: The resistor is a device which is used to limit current flow. 

ELECTRICAL SYSTEM 
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I I-b6a. REGULATOR COMWNtNTS (LAMAR). Alternator output roltagu can. witllln 
limits of the design capability of tllc alternator. be controllcd hy propcrly varying the 
avenge level of current flow in the rotor winding. The LAMAR bolid state electronic 
reg~~lator  is well suited lor this purpose. T l ~ e  alternator. due to irs design. has self-limiting 
current chancteristics and therefore need, no current-limiting elcrnent in the regulator. 

a. Transistor: The transistor (Symbol "Q") is an electronic device which can control 
the flow of current in an electric circuit. It has no mechanical or moving parts to wedr out. 

b. Rectifier Diode: The rectifier diode (Symbol "D") will pass current in only onc 
direction (forward direction): and in this respect it may be compared to a check valve. 

c. Zener Diodc: The zener diode (Symbol "Z") in addition to pasing current in t l ~c  
forward direction. will also pass current in the revene direction when a particular valuc ol 
reverse voltage is applied. This property makes it rlseful as a voltage reference devicu in tllc 

regulator. 
d. Capacitor: The capacitor (Symbol "C") is a device which will htorr electrical mergy 

for short periods of time. This property makes it useful as a filter element to smooth 
variations of voltage. 

e. Resistor: The resistor (Symbol " R )  is a device which is used to limit current tlo\v. 

11-67. OPERATION OF REGULATOR (PRESTOLITE). (Refer to Figure 11-35.) 
a. When the alternator switch is turned on, battery voltage is applied to the "1" 

terminal of the regulator. 
b. The npn (negativepositivenegative) power transistor, T3, is turned on by current 

flow from the ignition terminal through R6 and the collector emitter junction of T2 
through D?- through the base emitter junction of T3 to ground. 

c. Whenever the power transistor. T3, is on (T?. is ;also on and TI is off), current will 
tlow from the ignition terminal through the field winding, through the collector - emitter of 
T3 to ground. 

d. With the ignition switch on, current will flow from the "1" terminal regulator 
ground through a voltage dividing network consisting of R I .  R2 and PI.  This network 
determines the system operating voltage relative to the Zener diode. Zl .  reverse conducting 
voltage. 

e. When the system voltage connected to "I" terminal reaches a value at which the 
Zener diode connected t o  the divider network conducts, current will flow from the "I" 
terminal through RI through Z1 and through the base emitter junction of TI to ground. 
This causes the collector emitter junction of TI to conduct which diverts the base current of 
T 1  flowing from "I" terminal through R4 to ground, turning off T2 which turns off T?. 
deenergizing the rotor winding: then, when the alternator output voltage ialls to 3 value 
which permits ZI to cease conduction. T I  will turn off which turns on TI  and T3. 
re-energizing the rotor winding. 

f. This sequence is performed so rapidly that the rotor current a\erage appears 3s a 
value usually lw than full rotor current depending on rotor RPM and system load 
connected. 
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g. Each time the power transistor, T3, is turned off. current flow in the rotor windin?! 
is reduced. This causes lie rotor magnetic field to collapse wliich would gencmte high 
\*oltage at  the power transistor. T3, if a path were not provided so t lut  the field currcnt can 
decay at a slower nte .  The field suppression diode. Dl ,  provides this p ~ t k ,  thus protecting 
the system and regulator from possible damage. 

h. Temperature compensation is flat which means the regulator will hold thc alternator 
output voltage constant with temperatllre increase o r  decrease after initial warm-up. 

i. The (PRESTOLEE) solid state regulator uses three NPN silicon transistors. 
j. Capacitor. C I ,  is used to tiiter rinple and alternator diode switching spike when 

operating batteryless. 
k. Neon lamp. LI. provides transient voltage protection acting as a surge suppressor. 
I. Control PI is used to provide a limited range of voltage adjustment. 

I I-67a. OPERATION OF REGULATOR (LAMAR). (Refer to  Figure 11-3Sa.) 
a. When the alternator is turned on. battery voltage is applied to the "BUS" terminal 

of the regulator and via Q4 through the "FIELD" terminal of the regulator to the alternator 
tield terminal F2. t h e  amount of voltage applied to the field of the alternator is controlled 
automatically by action of the regulator in response to  alternator output as described below. 

b. Current flow through R6 and 21  establishes a reference voltage across ZI. 
c. Resiston R1 and R2/R3 comprise a voltage divider which is adjustable by means of 

tlls variable portion R3. Voltage at  the junction of R1 and R2 and the reference voltage 
Across ZI are applied to comparison transistor QI .  R3 is adjusted so that these \oltages are 
balanced with the desired alternator output voltage present on  the "BUS" terminal of the 
regulator. 

d. Tllereaiter. whenever alternator output voltage (as applied to the "BUS" terminal) 
falls below the desired regulation value, the comparison transistor Q1 will supply increased 
cilrrent to driver transiston Q2/Q3, which in turn will drive power transistor Q4 to a higher 
value of tield current. This will result in alternator output voltage increasing to a value 
which will restore balance between the two voltages applied to QI. 

e. Conversely, if alternator output voltage (as applied to the "BUS" terminal) increases 
due to a peater engine speed or reduced loading of the electrical system, the comparison 
tr~nsistor Q1 will act to reduce current flow to the driver transiston Q2lQ3, and thus 
reduce the drive to power transistor Q4. This will result in a reduction of alternator field 
current and ~utomatically restore balance between the two voltages applied to comparison 
tr3nsistorQI. 

f. Capacitors CI and C2 function, together with their related transistors, in a way to 
smooth alternator output ripple and voltage spikes so that the alternator field current is 
iontrolled at a steady value. 

g. The LAMAR >olid state regulator controls alternator field current to a s t e~dy  value 
JS rcquired by the electrical load conditions and engine speed. It does not conti~ii~ously 
> w ~ t i l ~  field current between high and low values as do m e c h a ~ c a l  regulators ~ n d  the 
> w ~ t i h ~ n e  type of electronic regulaton. 

11. T l ~ e  dcsign of this unit is such as to provide an alternator output voltage that does 
not var )  with ambient temperature. 
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GNO 

Figure 1 I - 3 5 ~ .  Regglaro: Diagram (L.eMAR) 
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I I-67b. BALAVCING CIRCUIT OPERATION t LAMAR). (Considering two identical 
alternators and regulators having the "PAR" rerminals of the regulators connected.) 

2, Bdl~ncinp circuit opention is initiated within one regillator whcnever individual Hcld 
voltages delilered by the regulator units to  their related alternators are not equal. 

b. When a difference in individual field voltagas occurs, one-half the difference IS  

impressed across R12 within each regulator and is thus applied to  the input of QS. 
s.  In rliat regulator which is delivering the lower field voltage, the polarity o i  R I2 

voltage drop causes Q5 collector current flow. 
d. Q5 collector current tlow results in conduction occurring in the collesror circuit o i  

06. 
e. Q6 sollestor current flows from regulator divider RI/R2+R3 through limiting 

r~.sistor R 1 7 to  ground. 
f. Conduction tluough R17 effectively alten the n t i o  of the regulator ditider 

RI;'R?+R3 ill the direction to  increase Q1 collector current flow. 
g. As described above under REGULATING CIRCUIT OPERATION, increased (2 I 

c ~ ~ r r e i l t  results in increased output from the regnlator t o  the field of its related alternator. 
h. Feedback action results in Q6 collector current stabilizing at a value that results in 

nearly cqual field voltage being delivered by the two regulators t o  their respective alternator 
fields. 

i. The balancing circuit will thus autornatic;llly maintain, a t  a low value, the difference 
voltage applied to  the alternator fields. In a parallel system having identical alternators 
operating at the same RPM, the output currents of the alternaton will thus be maintained 
nearly equal. 

j. In whichever regulator of a pair is set to deliver the highest voltage. t l ~ c  balancing 
iircuits are inactive. Thus system voltage is determined by the regulator of a pair which is 
set to h i a e r  vokage. The lower set regulator will adjust itself automatically. as described 
above, to  deliver the same field voltage as the one which is set higher. within the limits of  its - 

design capability. 
ti. The balancing regulator system as described provide5 for automatic load balancing o i  

pral lr l  o!.erated alternarors having independent field excitation circuits. The pilot can. 
wl~ile In flight. remove cither alternator system completely from the aircrdft system and 
maintain operation of the other system. 

11-68. PREP.ARATlON FOR TESTING. (Regulators may be tested using the aircraft's 
alternator or an alternator ILW stand.) 

CAUTION 

Do not interchange regulator leads. % will destroy 
regulator and void warranty. 
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a. The aircraft technician or other electrical systems specialist, must disconnect the battery ground
cable at the battery before connecting or disconnecting a test ammeter or other test equipment or before
making wiring changes in the electrical system.

b. Voltmeters with test probes or clips are not recommended. Fully insulated bolted terminal
connections are best, and these should be attached when all power is removed as described above.

c. When installing a battery in an aircraft, be sure that the battery negative terminal is in a position so
that this terminal can be connected to the battery ground cable for negative ground systems.

d. The regulator under test to be mounted on a grounded metallic surface using three No. 8 screws
pulled up tight. For extended test periods the heat transfer from regulator to the mounting surface is
significant.

e. A ground wire between the regulator "GND" terminal and the aircraft or test stand structure is
essential for proper operation. The alternator frame must also be solidly bonded to the system ground.

f. The alternator does not need to be polarized; therefore, never connect ground, even momentarily. to
either the regulator field terminal or to the alternator field terminals. Do not interchange I and F leads to
regulator as this will destroy the regulator.

g. The LAMAR regulator is intended for use with alternator systems having one field terminal
grounded to the alternator. The other fie d terminal F2 of the alternator is connected to the "FIELD" terminal
of the regulator. NEVER UNDER ANY CIRCUMSTANCE PERMIT A GROUND TO CONTACTTHIS
CIRCUIT EVEN FOR AN INSTANT WHILE POWER IS APPLIED TO THE SYSTEM. Due to this
precaution, the mechanic should not use tools near these circuits while power is applied.

h. The alternator should be in good condition and capable of producing full output, and the alternator
drive belt must be adjusted tight enough to prevent slippage.

i. The battery must be in good condition and should be fully charged.
j. The voltmeter and ammeter should be of the best quality and should be accurate.
k. A carbon-pile connected across the battery may be used to load the charging circuit while testing

the regulator.

11-69. TESTING REGULATOR (PRESTOLITE).
a. The procedure for testing the regulator, whether on the airplane or on the test bench remains the

same. Connect test meters as shown in Figure 11-36.
b. All circuit connections should be clean and tight. This includes the test instrument connections

which must not come loose or open the charging circuit at any time while the system is operating.
c. The voltmeter will not indicate the true regulator setting until the regulator has been operating in the

charging system or on the test bench for at least one minute, at a charge rate of from 10 to 15-amperes.
d. Connect the voltmeter and the ammeter as shown in Figure 11-36. Start the engine and adjust the

speed to approximately 920 to 1250 RPM to obtain 3,000 to 4,000 alternator RPM. Turn on accessories as
needed to establish 10 to 15-ampere electrical load, or use a carbon-pile across the battery to obtain this charge
rate.
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I Figure 11-36. Testing Regulator (PRESTOLITE) 

.. . 

. 

e. After one minute operating time, check the regulator operating voltage as indicated by the 
voltmeter. Refer to Alternator Service Test Specifications. Paragraph 1 1-64 for thecorrect operating voltage. 

- The operating voltage i s  shown for the ambient temperature in which the regulator i s  operating. 
- - f. I f  the voltmeter reading indicates that the operating voltage is not within limits, l i f t  the plastic plug 

f rom top o f  regulator and adjust the voltage to the desired value. Replace the plug after adjustment. Before 
condemning the regulator, recheck thealternator and the battery; making sure that they are in  good condition. 
Recheck al l  circuit connections and al l  wiring for unwanted resistance (voltage drop test). Recheck the volt- 
meter for accuracy and repeat the engine operating test. 

I I-69a. TESTING REGULATOR ( L A M A R ) .  
a. The procedure for testing the regulator. whether on the airplane or on the test bench. remains the 

same. Connect the test meters and regulator wiring as shown in Figure I I-36a. 
b. A l l  c~rcu i t  connections should be clean and tight. This includes the test instrument connections 

which must not come loose or open the charging circuit at any time while the system i s  operating. 
c. The voltmeter wi l l  not indicate the true regulator setting unti l  the regulator has been operating in  the 

charging system or on the test bench for at least five minutes, at a charge rate of from 10 to 15 amperes. 
d. Wi th  !he connections made as shown in Figure I I-36a, start the engine and adjust its speed to 

approximately 920 to 1250 R P M  to obtain 3.000 to 4.000 alternator R P M .  Turn on accessories as needed to 
establish a 10 to I 5  ampere load value. Note that the batter? charge current i s  indicated by the ammeter. 
Therefore. the current valve may change downaard at the beginning o f  a test run. This wil l  beespecially true i f  
the battery was used for engine starting. 
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- - - 

CARBON 

+ - - - - 
PRESS - TO - TEST BATTERY 
NORMALLY OPEN 

Figure I I-36a. Testing Regulator (LAMAR) 

e. After five minutes operating time. check the regulator operating voltage as indicated 
by the voltmeter. Refer t o  Alternator Service Test Specifications as outlined in Paragmpli 
1 1-64 for correct operating voltage. The operating voltage is shown for ambient temperature 
in which the regulator is operating. 

f. If the voltmeter reading indicates that the operating voltage is not within limit,. 
carefully invn a small screwdriver (Phillips #O) in the voltage adjustment access l~ole  on 
top of the regulltor and adjust voltage adjustment slowly t o  obtain Jcs~rcd value. Bcforc 
condemning the regulator, recheck the alternator and the battery: making sure that they Are 
in good condition. Recheck all circuit connections and all winn: for unwanted resistance 
(voltage drop test). Recheck the voltmeter for accuracy and repeat the entire operating tcht. 

c. Balance circuit operation is confirmed by closing the press-to-test switcll 
momentarily and observing that the alternator output current increases abruptly to a higher 
level. Upon release of this switch, the alternator output will be restored to  its previous levcl. 
except that minor differences may be noted which are due t o  battery s l ~ a r y ~  conditions. 

1 1-70. ADJUSTING REGULATOR (PRESTOLITE). 
. Adjustment: These units have an external adjustment loutud LIIIJCI [he p l ~ s t ~ i  plug 

on rop of the regulator. The regulator has an adjustment spread ranging frunl 13.0-volts to 
15.C-volts. Output is increased by fuming the adjustment clockwise. 
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D. C. ws 

FIELD V I M  CIRWIT MUST NOT 
lwcn GROUND. - - - - 

NOTE: 
TWS DIAGRAM SHOWS OILY BASK. 
CUINELTTIOWS THE r U R K 6 E  OF 
E X P L A I Y I M  ADJUSTMENT PROCEDURE. 

Figure I I-36b. Adjusting Regulator (LAMAR) 

b. Operating Voltage: The regulator should be adjusted to  14.1-volts when controlling 
a load of I0 to 15-amps after one minute operation. These units are not affected by ambient 
temperatures. The voltmeter must be connected from the "I" or  switch terminal to  ground. 

c. Caution Notes: 
I .  Use only with insi~lated (ungrounded) field alternaton. 
2. Regulator b-se  must have a good ground connection. 
3. Do not connect ground power to  aircraft until voltage regulator "I" terminal h a  

been disconnected from electrical system. 
4. Do not leven momentarily) connect the two voltage regulator termlnuls 

together. 
5. Do not connect battery into system with polarity reversed. 
6. Do not force the voltage adjustment screw. 
7. Thls is 2 sealed unit and not repairable. Replace with a new unit. 
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11-70a ADJUSTING REGULATOR (LAMAR).  
a. These regulators are ~ronnally used in parallel alternator systems of n i r ~ l t i - e n ~ ~ i v  

aircraft. Their f i a l  adjustment should be made in actu;al operation in the aircraft bystom 
with test equipment comectcd as shown in Figure I I-36b. The balance adjustment is made 
while operating only one engine. either left or  right. The engine to be operated must hc 
selected so as to pennit the technician a completely safe access to both of the regulator,. i o  
that they may be adjusted while the engine is operating witliout danger. \Ve si~all desigmatc 
the engine selected t o  be opented as "LEFT" and the inoper~tivc engine as "RI!sIIT" for 
purposes of discusion. 

b. Lift the wire from thc "PAR" terminal of either regulator and inbulate the ircc cnd 
so  it will not contact other circuits or ground during the adjustment procedure. bredking 
this circuit disables the balancing circuits in both regulators. 

c. Turn off the " R I G H T  alternator field switch. All thc " L E F T  alternator su~itihes 
are to be on. 

d. Operate the "LEFT' engine and alternator system with a load of at least I 5-amperes 
and  the engine speed a t  920 t o  1250 RPM to obtain 3,000 to 4.000 alternator RPM for. at 
least one minute. If required. carefully set the "LEFT" regulator voltage adjustment to the 
c o m c t  voltage mlue as measured with the precision voltmeter connected t o  the regulator 
terminals. Replace the snap plug in the "LER" regulator adjustment access hole. 

DO NOT MAKE ANY FURTHER ADJUSTMENT OF THE 
"LEFT" REGULATOR. 

e. While continuing "LElT" engine operation with electrical load flle r m e  as befors. 
turn on the "RIGHT" alternator system switches (The "RIGHT" engine. Iiowever. ib  'lO T 
operating.) 

f. Now very slowly rotate the "RIGHT" regulator voltage adjustment while o b w r r ~ ~ i g  
the field circuit voltmeter. (Suggested range 0-5OV.) If a reverse (downscale) rcadlng IS 

obtained, turn tlie "RIGHT' regulator adjustment counterclockwise to bring the meter u!) 
scale. Then, very slowly turn the "RIGHT" regulator adjustment <lockwise :o make 1 1 1 ~  

field voltmeter read near zero. A stable reading should not be e.spected. A corre~r  
adjustment has been achieved when the meter will remain briefly in the vicinity o i  zero. 
swinying both upscale and downscale. The use of a low range on the voltm~.r'r i, 
recommended for the final adjustment. (0-5V is suggested.) 

g. Replace the snap plug in the " R I G H T  regulator adjustment holc. 
h. Shut down the engine and master switch, then replace tlie connection to the "P.AP~" 

terminal which was removed in step b. Remove all voltmeter lead5 ~ n d  te\t cil;lll1mcnt. 
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Figure  11 -37. Application of F i g u r e  11 -38. Testing Overvoltage 
Overvoltage C o n u o l  C o n u o l  

i I - i l  . OVERVOLTAGE CONTROL. 

1 1-72, PURPOSE AND OPERATION. 
. Thc overvoltage control is used to protect electrical circuits and r.le~tronic 

tq~lipmcllt from excessive voltage in the event of a charging c~rcuit  malt'unction. 
h.  The overvoltage control consists of a mechanical relay and a solid 5tate triggering 

devlcr. The solid st;lte trigering dcv~ce activates the mechanical relay. when the voltage 
re~cllcs 2 preset value. thereby opening the relay contacts and disconnecting the lield sircult 
01 rllr. alternator. 

i. Tlle relay con tx t s  will remain open until the alternator swltcll is turned oif. Figure 
11-37 illustrates the overvoltage control connected in a typical (PRESTOLITE) insulated 
rield alternator. 

11-72. TEST PROCEDURE. Connect the relay as shown in Figure 11-38. Use a 100-ohm 
potentlometer o i  IS-watt rating, or  more. to  adjust the voltage. The voltmeter i> used ro 
read the voltagr. until the relay opens. at which time the voltmeter reading will drop to rcro. 
See t a b u l ~ t ~ o n  tor voltage reading. Test figures are at 75 degees Fahrenheit. Relay LonlJits 
op~.n between I b.2 ~ n d  16.8-volts. Use 18-volts to test. 

NOTE 

These 111llts are not adjustable. Replace the overvoltage 
~ o n t r o l  if it does not tesr to  spec~fications. 
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11-73a. OVERVOLTAGE RELAY OPERATIONAL CHECK (NON-PARALLELING SYSTEM). Th' 
check should be made at each 500 hour inspection. per the following instructions: 

a. Pull out ( O F F )  all circuit breakers except the main and auxiliary voltage regulators (5-amp). 
b. Turn off the right and left alternator output circuit breaker switches (90-amp). 

e 
c. Set the voltage regulator selector switch to  MAIN. 
d. Obtain a variable D.C. voltage power supply and set it to zero output. 
e. Connect the power supply to theaircraft through theexternal power receptacle. On aircraft without 

an external power receptacle, disconnect the battery cables and connect the power supply to the cables. 
f. Obtain a volt;ohmmeter and set it to 60 volts D.C. Connect the meter VOM lead to  the output 

(REG.) terminal of the MAlFi overvoltage relay. Connect the meter COM lead to the airframe ground. 
g. Turn the aircraft master switch O h .  
h. Increase the output voltage of the variable D.C. power supply until the MAIN overvoltage relay 

trips out. (An audible click will be heard when therelay operatesand the VOM needle must drop to  zerovolts.) 
Record the power supply voltmeter reading which was indicated just previous to the overvoltage relay 
operating. Voltage limits are: Min. 15.5-volts - Max. 16.5-volts. 

i. Reduce the power supply voltage to zero. Open the masterswitch. Another click will be heard when 
the overvoltage relay resets itself for normal operation. 

j. Change the voltage regulator selector switch from MAIN to  AUX. Reconnect the volt: ohmmeter to  
the AUX. overvoltage relay and repeat steps g thru i.  

I I-73b. OVERVOLTAGE RELAY OPERATIONAL CHECK (PARALLELING SYSTEM). This check 
should be accomplished at each 500 hours inspection per the following instructions: 

a. Pull all circuit breakers to the out (OFF) position except the left and right voltage regulator (5-amp) 
circuit breakers. 

b. Obtain a variable D.C. voltage power supply and set it to zero output. 
c. Connect the power supply to the aircraft through the external power receptacle. 
d. Turn ON the left alternator section of the Dual Master Switch. 
e. Obtain a volt:ohmmeter and set it to 60 volts D.C. Connect the positive lead of the VOM to the 

output (LOAD) terminal of the LEFT overvoltage relay. Connect the negative lead of the VOM to airframe 
ground. 

C. Increase the output voltage ofthe variable D.C. powersupply until the LEFTovervoltagerelay trips 
out. (An audible click will be heard when the relay operates and the VOM needle must drop to zero volts.) 
Record the power supply voltmeter reading which was indicated just prior to  the overvoltage relay operating. 
Voltage limites are: Min 15.50-volts - Max. 16.50-volts. 

g. Reduce the power supply to  zero. Turn O F F  the left alternator section of the Dual Master Switch. 
Another click will be heard when the overvoltage relay resets itself for normal operation. 

h. Turn ON the right alternator section ofthe Dual Master Switch. Reconnect the volt;ohmmeter to 
the right overvollage relay and repeat steps f and g. 

Issued: 12/29/72 ELECTRICAL SYSTEM 



PIPER TWIN COMANCHE SERVICE MANUAL 

I 1-74. CHECKING GENERATOR OR ALTFHNA TOR BELT TENSION. Ii properly 
installed. tensioned and cl~ccLed periodiccllly. thc gelleral(>r or  alternator drive belt will Sve 
very satist~ctor?, service. Howevcr. an improperly tenhloncd belt will wear rapidly and may 
slip and reduct generator or  Aternator orltput. Consc<luc~~t ly .  J belt S I I O L I I ~  be checied lor 
proper tension at the time it is installed. again after 24 I~ours  ol o p e r ~ t i o n  and cach 100 
I~ours  thereafter. 

There are two satisfactory methods of checking generator or  alternator helt t e ~ ~ s i o n :  
!lowever. the first method described will be found p re fe r~b l r  by most maintenance 
personnel because it is technically simple and requires little time for accomplishrnel~t. 

a. Torque Method: This method of checking belt tension consisrs ot' measuring torque 
required to slip the belt a t  the small pulley and is accomplished as follows: 

1 .  Apply a torque indicating wrench t o  t l ~ e  nut that attaches the pullcy to tl!e 
generator and alternator and turn it in a clockwise direction. Observe the torque shown on 
the wrench at the instant the pulley slips. 

2. Check the torque indicated in step b with torque specified in the t'ollowing 
cilart. Adjust belt tension accordingly. 

NOTE 

Width of 
Belt . 

318 inch 
3!8 inch 
I i?  inch 
! / 2  inill 

The higher tension specified for a new belt is t o  compensate 
for the initial stretch that takes place as soon as it is 
opcn ted .  These higher tension values should not be applied 
to belts which prev~ously have been used. 

b. Deflection Method: Belt tension may be checked by measuring the amot~tit  of 
detlection sansed by a predetermined amount of tension. This is accomplished in the 
iollowing manner: 

I. Attach the hook of a small spring-scale to the belt a t  the approximate mid-point 
between the rear gear support and the generator or  alternator. 

1. Pull on  the scale until a reading o i  I 4  pounds is obtained. 110 pounds for used 
belts. I 

3. \leasure the distance the belt has moved with the I0 o r  14 pound load applied. 
T!ie distance I d e f l e ~ . t ~ o ~ ~ I  should be 5 /16  inch. If less than 5 /16  inch. the belt is too tight. 

Condition 

New 
Used 
New 
Used 
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Torque indicated a t  Generator 
o r  Alternator Pulley 

l l t o  13 it. Ibs. 
710 9 f t . Ib s .  

13 to 1 5  ft. Ibs. 
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11-75. STARTING MOTOR (DELCGREMY). 

11-76. OPERATION O F  STARTING MOTOR. When the starting motor switch 
i s  closed,  the armature begins to rotate.  The drive pinion, being a loosc- lit on 
the  drive sleeve lwated  on the armaturc  s h a h ,  docs not pick up speed 3s inst as 
the  a rma tu re .  Therefore, the drivc pinion, having ~nternal ly matc l i~d  .-ipl inus 
with respect to the splined drive slccve. moves endwise on the sha n n od Into me5 h 
with the flywheel. As the pinion hlts the pinion stop, it begills r t~mte  with the 
a rma tu re  and cranks the engine. 

When the engine starts, the flywheel begins to spin the pinion faster  than 
the  a r m a t u r e .  Again, becauseof the splined action of the p i ~ o n  and drivc slecve 
assembly ,  the pinion backs outof mesh with the flywheel ring gea r  protecting the 
a r m a t u r e  from excessive speeds. 

Some Bendix drives incorporateasmall  anti-drift spring benveen the d r ~ v e  
pinion and the pinion stop which prevents the pinion from drifting into mesh when 
the engine i s  running. Others use a small  anti-dnFt pin and spring inside the pln - 
ion which provides enough friction t o  keep the pinion from drifting into mesh. 

Xever operate the m a o r  for more than 30 seconds without pauslng for nvo 
minutes to allow it to  cool. 

11-77. CHECKING STARTING MOTOR. Several checks, boch visiral and elec-  
trical,  should be made in a defective starting circui t  to isolate trouble bcfore 
removing any unit. Many t imes a component i s  removed from [lie airplane nnl:: 
t o  find it IS not detective afrer  reliable t e s t s .  l l ie refore ,  before removing a unit 
i n  a defective starting system, the following checks should be made: 

a .  Determine the condition of the battery. 
b. Inspect the wiring for  frayed insulation orother  damage. Replace anywi r -  

ing chat i s  damaged. Inspect all connections to the starting motor, solenoicl 
switch, starring switch o r  any other control switch, and battery, including nil 
ground connections. Clean and tighren al l  connections and wirlng a s  required. 
The engine rnanufacrurer specifiesallowable voltage drop in the s t s m n g  circuit. 
For  thls information, re fer  to the manufacturer's shop manual. 

c .  Inspect starting and solenoid switches to determine their ~ondi t ion .  Con- 
nect a jumper lead around any switch o r  solenoid suspected of being de iec t~ve .  
If the system functions properlyusing t h s  method, repair  o r  replace the bypassed 
unit. 

d .  If specified battery voltage can be measured at the motor t e r n i ~ r a l  oi the 
s tar t lng motor, allowing for some voltage drop in the circuit and the engine 15 

known to be functioning properly, remove the motor and follv\r th? test p roc r -  
dures  outlined below. 
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VOLTMETER 

- 

11-78 TEST AND MAINTEN.4SCE O F  
ST.\RTING MOTORS. 

11-79. INSPECTION. With the start- 
ing motor removed fromtheengine, the 
pinion should be checked for  freedom 
oi  operation by turning it on the screw 
shaft. The a rma tu re  should be check - 
ed for  freedom of operation hy turning 
the pinion. Tight, dir ty,  o r  wdrn bear - 
ings, bent a rma tu re  shaft. o r  111use pole 
shoe screw will cause the a rmature  t o  
d rag  and i t  wlll not turn f ree ly .  I i r h r  
a rma tu re  d w s  not turn freely,  the m u -  

Figure 11-39. %-load Test  Hookup t o r  should be disassembled immedi - 
ately. However, i f  the a rma tu re  does 

operate ireely, the motor should be given electrical tes t s  before disassembly. 

11-80. NO LOAD TEST. (Refer to Figure 11 -39.)  Connect the surring motor 
in se r i e s  with a fully charged battery of the specified voltage, a n  ammet?l- c a -  
pable of r eadng  severa l  hundred amperes ,  and a variable resistance. Also con- 
nect a voltmeter a s  i l lustrated, f rom the motor terminal to  the motor frame.  An 
RP\I indicator i s  necessary to measure a rma tu re  speed. 9bta1n the specified 
voltage by varying the resistance unit. Then read the cur rent  draw and the a r -  
mature speed and compare these readings with the values listed In paragraph 
11-86. Interpret the tes t  resul ts  a s  follows: 

a. Rated current  draw and no-load speed indca te  normal conditionof the s ta r t  - 
ing motor. 

b. Low Iree speed and high cur rent  draw indicate: 
1 .  Too much friction - tight. dirty,  o r  worn bearings, bentarmature s k i t  

o r  loost pulc shoes allowing armature  to drag .  
1 .  Shorted armature .  This can be funherchecked on a gro\vler a i t e r  dis - 

aisenlbly . 
c .  Failure to operate wlth b g h  current  draw i ~ d i c a t e s :  

: . .\ direct ground in the terminal o r  fields. 
2 .  "Frozen" beanngs  ( t h ~ s  should havebeen determined by turnlng the a r -  

inature by hand). 
d .  F a ~ l u r r  ro operate wlth no current  draw indicates: 

I .  Open field circui t .  Thls can be checked a i t e r  disassembly bv inspec - 
ring internal connections and tracing circuit with a tes t  lamp. 
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Figure 11-40. Lock -Torque 
Test Hookup 

Figure'll-41. Resistance 
Test Hookup 

2 .  Open armarure coils. Inspect the commutator for badlv burned bar3 
after disassembly. 

3. Broken brush springs, worn bmshes, high insulation benveen the com- 
mutator bars orothercauses which would prevent good contact benveen the bnish- 
e s  and curnmutator.~ 

e .  Low no-load speed and l& current draw indicate high internal resistance 
due to poor conncctiuns, defective leads, dirty commutator and causes listed ilnde r 
step d. 

f . High free speed and high current draw indicate shorted iields. I: shorted 
fields a r e  suspected, replace the fieldcoil assembly and check for improved per- 
formance. 

11-91. LOCK-TORQUE TEST. (Refer to Figure 11-40.) The lwk-torquc test 
requlrcs the equipment illustrated. A variable resisrance with 2 hgh current 
capacity should be used. The starting motor should be securely mounted and a 
hrakc a rm hooked to the drive pinion. Use extreme caution during thls test L O  

make sure the end of the brake arm does not slip ofi the piniun when current 1s 
applled. When specified current is  applied, the torque can be co~xpi~ted irom the 
rtading on thc scale. A one foot brake a m  will directly indicate pound-ieet. 
Compare the pound-feet oi toque  as read on the scale with tha t  listed in para- 
graph 11-86. If the torque is  low, the motor must be d~s;issc.mblrd lor iurrhrr - 
tests and rcpair. 
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11-82. RESISTAXE TEST. (Refer to  Figure 11-11 .) This rest requlres equip- 
ment similar to the lock-torque test, with the exception that the pinlon 1s locked 
securely so it cannot rotate. When the specified voltage is  applied, thu current  
should fall in a range a s  indicated in paragraph 11-86. A high current  indicares 
grounded o r  shorredconductors, and a low current  indicates excessive rcslstancL.. 

11-83. DISASSEMBLY. If the motor does not perform in accordance \ r 8 ~ L l l  pub- 
lished specifications, it may need to be disassembled for further testing of the 
components. Xormally the starting motor should be disassembled only so  f a r  
a s  is necessary to  make repair  o r  replacementof the defective p a n s .  A s  a pre-  
cai!tion, i r  is suggested that safety glasses be worn when disassembling or  as - 
sembling the start ing motor. Following are general instrucuons for  disassem- 
bling a typical Bendix drive starting motor. 

a .  Re~nove the cover band. il' present. and detach the field coil leads irom the 
hmsh  holders. 

b .  l i  gear reduct~on,  remove the drive housing and reduction housing. 
c .  Rtrnove the bolts attaching the drive housing and commutator end frame to 

r h e  iield rrame assemhly. Discard the tang lock washers. 
d .  Separate the commutator end frame, armature assembly, field frame and 

d r ~ v e  housing. 
e .  Rc~nove and disassemble the drive from the a rmamre  shaft by first iden- 

riiying the t!Tr Dendix drive and then following one of the guides below: 
I .  Standard Bendix Drive: Remove the head spring screw and slip it off 

the armature shaft. 
2 .  Folo-Thru-Bendix Drive: Push in the outer anchor plate s o  the pilot 

screw o r  pin can be removed. 

Some Folo-Thm drives use a lubber cushion in place 
of a drive spring. To remove irom shaft, screw pin- 
ion out to drive position, then force pin from shaft 
through screw sleeve holes. 

Do not disassemble this drive, service is by complete 
replacement. 
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11-84. CObfPONENT INSPECTION AND REPAIR. 
a .  Brushcsand Brush Holders: Inspect thebrushes for  \\.car. If thev a r c  worn 

down to one-half their  o r i g n a l  length. when compared with a new brush. thcy 
should Iw replaced. Make s u r e  the brush holders a r e  clean and thc  brus hcs a r c  
not h~nding in the holders. The Cull brush surface should ride on thrcu~nmutatur  
t v i t l ~  proper spring tension (Refcr to Paragraph 11-86,) to give good, f i rm  con- 
tact .  Brush leads and screws should be tight and clean. 

b .  Xrlnature: The armature  should be checked for  short circuits ,  opens and 
grounds: 

I .  Shorr circuits a r e  located by rotating the armature in a growler with a 
s teel  s t r ip  such a s  a hacksaw blade held on the armature.  The steel s t r ip  will 
vibrate on the area of the short circuit .  Shorts between b a r s a r e  sometimes pro-  
duced by brush dust o r  copper between the bars .  Undercutting the insulation will 
eliminate these shorts.  

2 .  Opens: lnspect the points where the conductors a r e  joined to the com- 
mutator For loose connections. Poor connections cause arcing and burning of thc 
commutator. If the bars are not badly burned, resolder the leads in the riser 
ba r s  and turn the commutator down in a lathe. Then undcrcut the insulation be- 
tween the conirnutator ba r s  .031 of an  inch. 

3. Grounds in the armature  can be detected by the u& of a test lamp and 
prods. lf the lamp lights when onetest prod is placed on the commutator and the 
other test prod on the armature  core o r  shaft, the armature is grounded. I i  the 
commutator i s  worn, dir ty,  out of round, o r  has high insulation, the commutator 
should be turned down and undercut a s  previously described. 

c .  Field Coils: The field coils should be checked for groundsandopens using 
a test lamp. 

I .  Grounds: Disconnect field coil ground connections. Connect one tcst 
prod to the field frame and the other to the field connector. Lf the lamp !ights. 
the field coils  a r e  grounded and must be repaired o r  replaced. 

2. Opens: Connect test lamp prods to ends of field c o ~ l s .  If lamp does not 
light. the field coils a r e  open. 

If the field coils need to be removed for repair o r  replacement, a pole shoe 
spreader and pole shoe screw driver  should be used. Care  should beexercised 
in replacing the fieldcoils to prevent groundingor shorting them a s  they a r e  tight - 
e n d  into place. Where the pole shoe has a long lip on one side, ir should be a s  - 
sembled in the direction of armature rotation. 
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11-65. ASSEblBLY. To reassemble the motor follow the disassembly procedures 
in reverse. Install ne\v rang lock washers where removed, 

CAUTION 

If Folo-?hru drive is manually rotated tolocked posi- 
tion, do not acrempt to force it in a reverse  direction 
Proceed to install with pinion meshing with flywheel. 
When engine starts, the drive will return to the de- 
mesned position. 

1 1 - 8 6 .  S T A R T I N G  h1OTOR S E R V I C E  T E S T  S P E C I F I C A T I O N S  
(DELCO-REXIY). Specifications for 1 Cvolt starting motors installed as standard equipment 
on the PA-30 airplanes are as follows: 

ELECTRICAL SYSTEM 

I 

Revised: 4/6/81 

Motor Model 

(DELCO-REMY). Ref:, the latest revision of 
Service Bulletin IM- 1 1 0 ~  

> l i ~ m u m  Brush Tension 

No-Load Test 
Volts 
,Wn. Amps 
Max. Amps 
n .  RPM 
Max. RPM 

Lock Test 
AMPS 
Torque (ft. -1bs. ) 
Approx. Volts 

Resistance Test 
Volts 
Min. hmps 
Max.  Amps 

1109511 

24 oz. m i n  

10. 6 
- - - -  
60 
3000 
- - - -  

300 
16 min. 
7. 3 
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1 1-87. STARTING MOTORS (PRESTOLITE). 

11-88. DESCRIPTION. T h e  gear reduction s ta r t ing  motor  cons i s t s  of six ma jo r  
components: .  T h e  Commutator  End Head Assembly,  T h e  Arma tu re ,  The F r a m e  
and  F ie ldAssembly ,  t heGea r  Housing, T h e  Pinion Housing, and T h e  Bendix Dr ive  
Assembly .  Refe r  to F igu re  11-42. 

11-89. OPERATION. When the  s tar t ing c i rcu i t  is energized,  ba t te ry  cu r r en t  is 
applied to the  s ta r t ing  motor  t e rmina l .  Cu r r en t  flows through the field co i l s ,  
c rea t ing  a s t r ong  magnetic f ie ld .  At the s a m e  time, c u r r e n t  flows through the 
b rushes  to the commutator ,  through the a r m a t u r e  windings to ground.  'Ihe mag-  
netic f o r ce  c r ea t ed  in  the  a r m a t u r e  combined with that c r ea t ed  in  the field wind- 
ings  begins to turn the a r m a t u r e .  

C.E. HEAD U S I .  

RAYL L FIELD &SY. 
VSI HOUSING U S Y .  

INER PLATE 

EDLE BEARING 

DIX DRIVE SH 
ON HOUSING 
N Z E  BEARING 

C THRUST WASHER PKG. 

> 

Figu re  11  - 4 2 .  Exploded View of Gea r  Reduction Start ing Motor 
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The gear  cut on the drive end of the armature  shaft extends through thegear 
housing, where it is supported bya roller bearlng. The gear  mates with the teeth 
of the reduction gear  that drives the bendix shaft. The shaft is keyed to the re-  
duction gear.  ?he Bendix drive is held in position on the shaft by a "spirol" pin. 
The sha f t  is  supported in the gear  housing by a closed end rol ler  bearing and in 
the pinion housing by a graphitized bronze bearing. 

When thearmature turns the reduction gear,  the Bendix drive pinion meshes 
with the flywheel ring gear by inertia and action of the screw h e a d s  wirhin the 
Bendix sleeve. A detent pin engages in a notch in the screw threads which pre- 
vents demeshing if the engine fails to start when the starting circuit is  de-ener- 
gized . 

When the engine reaches a predetermined speed, cennifugal action forces 
the decent pin out of the notch in the screw shaft and allows the pinion to demesh 
from the flywheel. 

11-90. MAINTENANCE. The s t a r m g  circuit should be inspected a t  regular 
intervals, the frequency of which should be determined by the amount of service 
and the conditions under which the airplane i s  operated. It is recommended thar 
such inspection be made at  least twice a year and include the following: 

a .  The batrery should be checked with a hydrometer to be sure if is fully 
charged and filled to the proper level with approved water. A load test should 
be made to determine battery condition. If d i r t  and corrosion have accumulated 
on the battery, it should be cleaned with a solution of baking soda and water. Be 
sure  none of the solution enters the battery cel ls .  

b. The srarting circuit wiring should he inspected to be s u r e  that all connec- 
tions a r e  clean and tight and that the insulation is  sound. A voltage loss test 
should be made tolocate any high-resistanceconnections that would affect start- 
ing motor eificiency. llus test i s  madewith a low-reading voltmeter whilecrank- 
ing the engine o r  a t  approximately 100 amperes,  and the following limits should 
be used:  

1. Voltage loss from insulated battery post to starting motor terminal - 
0.3-volt maximum. 

2 .  Voltage loss from battery ground post to s tar ter  frame - 0. I-volt 
maximum. 

NOTE 

If voltage loss is  greater  than the above limits, add- 
itional tests should be made over each part of the c i r -  
cuit to locate the high-resistance connections. 
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c .  No lubrication is required on thestart ing motorexcept a t  the time of over-  
haul. Then lubricate the entire shaft under Bendix Drive, fill grooves in a r m a -  
tu re  shaft a t  drive end and pack gear  box with 1 .3  to 2 .0  ounces of Lithium Soap 
Base Grease  #1925 Molytex "0" o r  equivalent. 

d .  The star t ing motor should be operated for a few seconds with the ignition 
switch off to make su re  that the pinion engages properly and that it  turns freely 
without binding o r  excessive noise. Then the engine should be started two o r  three 
t imes to see that the pinion disengages properly when the engine is turned off.  

11-91. OVERHAUL. If during the above inspection any indication of s tarnng 
motor difficulty i s  noted. the starting motor should be removed from the engine 
for  cleaning and repair .  

11-92. REMOVAL. To remove the starting motor from the engine, f i rs t  dis- 
connect the ground cable from the battery post to prevent shortcircuicing. Dis- 
connect the lead from the starting motor terminal, then Qke out the mounting 
bolts. The  motor can then be lifted off and taken to the bench for overhaul. 

11-93. DISASSEMBLY. 
a .  Remove the frame screws from the commutator end head and pullend head 

and a rmatu re  from frame. Lift the brushes and lock in elevated position with 
brush spr ings .  Use a puller to remove the end head from the armature.  C s e  a 
special bearing puller to remove the sealed ball bearing from the armature shaft. 

b .  Remove the frame screws that secure the gear housing to the frame. Re- 
move bolts and nuts holding the gear  housing to the pinion housing and separate 
the nvo units.  Pull Be~idix shaft from pinion housing. Do not lose the steel spacer  
that is located on the pinion end of the shaft. Remove reduction gear, woodruii 
key and steel  spacer from shaft. 

c .  Turn the Bendix pinion until i t  locks in the extended position. Locate "spi- 
rol"  pin and use a punch to remove. Slide drive assembly off the shaft. Co not 
attempt to disassemble the drive and do not dip it  in cleaning solvent. 

d .  To remove the rol ler  bearings from the gear  housing, use a n  arbor p ress  
and the co r rec t  bearing a rbor .  !XI NOT HAMMER OUT. Each part  should be 
cleaned and inspected ior excessive wear o r  damage. Bearings should be checkzd 
for proper clearance andevidence ofroughness orgalling. Oil and d u t  should be 
removed from insulation and the condinon of the insulation check?d. 
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11-94. BRUSHES. Check the  brushes  to see that they s l ide  f reely  in their  hold- 
e r s a n d m a k e  full contact on t he  commutator .  If worn to half thei r  original length 
o r  less, they should be replaced.  

11-95. ARMATURE. 
a .  Check the  commutator  fo r  uneven wea r ,  excess ive  glazing o r  evidence of 

excess ive  a r c i n g .  If only sl ightly di r ty ,  g lazed o r  discolored,  the  commutator  
c an  be cleaned with 00  o r  000 sandpaper .  If the  commutator  is rough o r  worn, i t  
should be turned in a la the .  Refe r  to F igure  11-43. T h e  a r m a t u r e  shaft  should 
be  inspected f o r  rough bear ing surfaces  and  rough o r  damaged sp l ines .  

b .  T o  tes t  the  a rma tu re .  f o r  grounds,  a s e t  of t es t  p robes  connected in series 
with a 110-volt l ight should be  used.  Touch one  probe to a commuta tor  segment  
and  the other  to the a r m a t u r e  c o r e .  If the  t es t  l amp  lights,  the a r m a t u r e  i s  
grounded and should be rep laced .  

c .  T o  t e s t  f o r  shor ted a r m a t u r e  coi ls ,  a g rowler  is used .  (Refer  to F igure  
11-44.) The  a r m a t u r e  is placed on the g rowle r  and slowly rota ted by hand while 
a s tee l ' s t r ip  i s  he ldover  the c o r e  so  that i t  p a s s e s  ove r  each a r m a t u r e c o r e s l o t .  
If a coil  i s  shor ted ,  the s t e e l  s t r i p  will v ib ra te .  

d .  A quick check for  opens can  be made  by inspecting the t ra i l ing edge (in di-  
rect ion of rotation)of thecommutator  segments  for  excess ived isco lora t ion .  Th is  
condition Indicates a n  open c i rcu i t .  

F ~ g u r e  11 -43.  Turning Start ing Figure  1 1-44. Test ing Motor 
Motor  Commutator  Arma tu re  fo r  Shor t s  

ELECTRICAL SYSTEXI 
Issued: 12/29/72 



PIPER TWIN COMANCHE SERVICE MANUAL 

11-97. BRUSH HOLDERS. 
a .  To test  brush holders. touch one 

test probe to the brush plate and ~ ! e  Figure 11 -45. T e s q  Motor 
other  to each brush holder. Fields for Grounds 

b. The t e s t  lamp should light when 
the grounded brush holders are touched and should not light when the insulated 
brush holders a r e  touched. 

11 -96. FIELD COILS. 
a .  Check the field colls for grounds 

(Refer to F ~ g u r e  11-45) by placing one 
t e s t  probe on the frame and the other 
o n  the s t a r t e r  terminal.  Be su re  the 
brushes a r e  not accidentally touching 
che f r ame .  If the lamp lights, the fields 
are grounded. Repair o r  replace.  

b .  Inspect all  'connections to make 
s u r e  they a r e  clean and tight and In- 
spec t  lnsulanon for deterioration. 

11 -98. GEAR AND PINION HOUSING. Inspect housings for c racks  and bearings 
f o r  excessive wear .  Remove rust,  paint o r  g rease  from moundng surfaces. 

11-99. BENDIX DRIVE. The BendixDrive should be wiped clean witha dry cloth. 
T h e  pinion should turn smoothly in one direction and should lock in the other di- 
r ecnon .  Replace drive i f  i t  fails to check a s  above o r  if the pinion teeth a r e  ex- 
cessively worn o r  damaged. 

I 

11 - 100. ASSEMBLY. 
a .  When assembling the starting motor, always use an a rbor  press  and the 

proper bearing arbor  for installing graphitized bronze and rol ler  bearings. The 
Bendix shafc should have a thin film of Lubriplate a777 o r  equivalent on the Bendiv 
portion of the shaft. End play should be ,005 to ,050 of an inch. 

b.  New brushes should be properly seated when installing by wrapplng a s u i p  
of 00 sandpaper around the commutator (with the sanding s ide our) 1 -1/4 ro 1 -1/2 
t imes maximum. Drop brushes on sandpaper iovered Commutator and turn the 
a rma tu re  slowly in the direction of roratlon. Dust should be blown out of the 
motor af ter  sanding. 

ELECTRICAL SYSTEM 
Issued: 12/29!:: 



F'IPER W I N  COMANCHE SERVICE MAhUAL 

Figure 11-46. No-Load 
Test H o o h p  

Figure 11 -47. Smll-Torque 
H o o h p  

NOTE 

The  spring tension is 32 to 40 ounces with new brushes.  
This  tension i s  measured with the scale hooked under 
the brush spring near the brush andthe reading is taken 
a t  right angles to the line of force exerted by the brush 
spring.  

c .  Check the position of the pinionm be su re  the unit will mesh properly wi th  
the flywheel r ing gea r .  See specifications for unit for co r rec t  dimensions. Re- 
fer  to Paragraph 11-103. 

1 1 - 101 . BENCH TESTS. 
a .  After the starting motor is reassembled, it should be tested to s e e  that [he 

no-load surrenr  a t a  certain voltageis within specifications a s  giveninparagraph 
11 -103. To make this test. connect a s  shown in Figure 11-46. If current  is too 
high, check the bearing alignment and end play to make s u r e  there i s  no binding 
o r  interference. Two o r  b e e  sharp raps  on the frame with a rawhide hammer 
w i l l  often help to align the bearings and f ree  h e  a rma tu re .  

b . If no difficulty IS indicated in the above test, a stall  torque test may be made 
to see  if the starting motor i s  producing its rated cranlang power. Make test 
connections a s  shown in Figure 11 - 4 7 .  
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c .  If torque and current a r e  not within specifications, check t h e  seating of the 
brushes and internal connections for high resistance. If these chccks a r e  made 
and found to be in good order,  replace frame and field assembly and retest s tar rer  . 

11 - 102. STARTING MOTOR CONTROL CIRCUIT. 
a .  Inspect the control circuit wiring between the battery, solenoid and manual 

starting switches for breaks, poor connections and faulty insulation. Tighten all 
connections and make sure solenoid is firmly mounted and makes a good ground 
connection. 

b. Check the voltage loss across  the switch contacts during normal starring. 
If loss is in excess of 0.2  volts per 100 amperes, the solenoid should be replaced. 

c . If solenoid fails to operate when the manual is turned on o r  if it fails to re- 
lease when the manual switch is released, it should be removed and tested to 
specifications. If either opening o r  closing voltages a r e  not specified, replace 
the solenoid. 
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1 1 - 1 0 3 .  S T A R T I N G  M O T O R  S E R V I C E  T E S T  S P E C I F I C A T I O N S  
(PRESTOLITE). Specifications for 14-volt cmnkng motors installed as standard equipment 
on the PA-30 and PA-39 are as follows: 

ELECTRICAL SYSTEM 
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Motor  model 

Min.  Brush Tension 
Max.  Brush Tension 

No-Load Test (77O F) 
Volt 
Max. A m p s  
Min. R.P.M. 

Stall T o r q u e  
- A m p s  
Min. Toruqe.  F t .  l b s .  
Approx. volts  

Pinion Position* 
Dr ive  at rest 
Dr ive  extended 

MZ-4206 

32 02. 

40 02. 

10 
75 
2000 

560 
38.0 
4 .O 

1.748" - 1.855" 
2.388" - 2.495" 

*This d imension is m e a s u r e d  f rom the  cen te r l ine  of 
the  mounting hole  n e a r e s t  the  d r i v e  end head  to rhe 
edge of the pinion. 
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11-104. BATTERY. 

11-105. SERVICING BATTERY. The battery is located just aft of the baggdge 
compartment in airplanes with Serial Nos. 30-2 to 30-852 inclusive and 30-854 to 30-901 
inclusive. and in the nose section in airplanes with Serial Nos. 30-853. 30-902 and up. and in 
PA-39 airplanes Serial Nos. 39-1 and up. It is enclosed in a stainless steel box with a vent 
system and a drain. The vents allow fresh air to enter the box and draw off fumes that may 
accumulate due to  the charging process of the battery. The drain is clamped off from the 
bottom of the fuselage and should be opened occasionally to drain any accumulation of 
liquid o r  during cleaning of the box. The battery should be checked for fluid level. but must 
not be filled above the baffle plates. A hydrometer check should be performed to determine 
the percent o f  charge in the battery. AU connections must be clean and tight. If the battery 
is not up to nonnal charge, recharge starting with a charging rate of four-amperes and 
finishing with two. A fast charge is not recommended. 

HYDROMETER READING AND BATTERY CHARGE PER CENi 

Hydrometer  Reading Pe r  cent  of Charge  

1280 I00 
I250 - - 

I 3  

1220 50 
I190 25 
1160 Very  l i n l e  useful capacity 

1130 o r  below Discharged 

11-106. REMOVAL O F  BATTERY. Access to the battery is through a panel located at the 
aft side of the baggage compartment of airplanes with Serial Nos. 30-2 to 30-852 inclusive 
and 30.854 to  30-901 inclusive, or by removing the nose section access panel of airplanes 
with Serial Nos. 30-853,30-902 and up.and in PA-39 airplanes Serial Nos. 39-1 and up. 

a. Cut the safety wire and remove the wing nuts that secure the battery box cover. 
b. Disconnect the battery cables. 

ELECTRICAL SYSTEM 
Issued: 12/29/72 
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NOTE 

Alwavs remove the ground cable first ; ~nd  install last to 
prevent accidental short circuiting or arcing. 

c. Lift the battery from the box. 

1 1-107. INSTALLATION OF BATERY.  
a. Ascertain that the battery and battery box have been cleaned and are free of acid 
b. Install battery in box located just aft of the baggage compartment of airplanes w ~ t h  

Serial Nos. 30-2 to  30-852 inclusive and 30-854 to  30-901 inclusive, and in the nose sect~on 
of airplanes with Serial Nos. 30-853.30-902 and up. and in PA-39 airplanes with Serial Nos. 
39-1 and up. 

c. Connect the positive lead to  the positive battery terminal and secure. 
d. Connect the ground cable to the negative battery terminal and secure. 
e Install the battery box cover and secure with wing nuts. 
f. Safety wing nuts to  box. 
g. Install access panel on rear wall of the baggage compartment of airplanes with Serial 

Nos. 30-2 to 30-852 inclusive and 30-854 to  30-901 inclusive, and install nose access panel 
on airplanes with Serial Nos. 30-853. 30-902 to  2000 inclusive, and in PA-39 airplanes with 
Serial Nos. 39-1 and up. 

11-108. CHARGING BATTERY. If the banery is not up t o  normal charge. remove the 
battery and recharge starting with a charging rate of 4 amps and fhshing with 2 amp% A 
fast charge is not recommended. 

CAUTION 

External power should not be connected to  or removed from 
aircraft with master switch ON. 

1 1-109. BATTERY BOX CORROSION PREVENTION. The battery should be checked for 
spilled electrolyte or corrosion at each 50  hour inspection or at least every 30 days. 
whicllrver comes fust. Should this be found in the box, on the terminals or around the 
hittsn.. the battery should be removed and both the box and battery cleaned by the 
t'nllowing procedure: 

a. Open the clamp on the battery box drain tube and drain off any electrolyte that 
mav Iuve overflowed into the box. 

h.  Clean the battery and the box. Corrosion effects may be neutralized by applying a 
sol11tio11 of baking soda and water mixed to a consistency of thin cream. The application of 
r h~s  mixture should be applied until aU bubbling action has ceased. 

ELECTRICAL SYSTEM 
Issued: 12/29/72 
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CAUTION 

Do not allow soda solution to en t e r  bat tery .  

c. Rinse the battery and box with clean water and dry. 
d. As necessary. paint the batter! box witli an a~.id resistant paint. l l o w  paint to dry 

thoroughly. 
e. Close battery box drain tube clamp. 
f. Reinstall the battery. 

1 1.1 10. NAVIGATION LIGHTS. 

11-1 11. REMOVAL OF WlNG NAVIGATION LIGHT. 
a. To remove bulb. remove the screws securing the plexiglas window. 
b. Remove xrews securing the lens retainer. 
c. Remove lens and bulb. 

NOTE 

T o  remove the complete lamp assembly. the wing tip must be 
removed. 

1 1-1  13. INSTALLATION OF WlNG NAVIGATION LIGHT. ~ ~- 

. Install bulb. lens and lens retainer and secure with appropriate screws. 
b. Place plexiglas window in position on  wing tip and secure with appropriate wrews. 

1 1-1 13. REMOVAL O F  TAIL NAVIGATION LIGHT. 
a. To remove bulb, remove the screws securing the light assembly to the n~dds r  rip i~nd 

remove the lens. 
b. Remove the bulb. 

NOTE 

T o  remove the complete light assembly, unsolder the 
electrical lead from the base of the light assembly and 
disconnect the remaining electrical lead at the connector. 

I I - 1 14. INSTALLATION OF TAIL NAVIGATION LIGHT. 
a. Install b l~ lb  and lens in light assembly. 
b. Place light assembly in position on rudder tip and sealre with appropriate screw5 

ELECTRICAL SYSTEM 
Issued: 12/29/72 
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1 1 - 1  15. REMOVAL O F  LA%IP IN AXTI-COLLISION WING TIP STROBE LIGHT. Tlle 
ltgllts arc located in both wtng tips next to the navigational l ig l~o .  

3. Remove the screws securing the plexiglas window t o  the wing tip and remove 
window. 

b. Remove the screw securing the navigational light cover and  remove cover. 
s. Remove the three screws securing navigational light bncke t  usscnihly 3nd remove 

light assembly. 
d. Remove the strobe lamp by cutting the wires o n  the lamp beneath the mounting 

bncket .  
e. Remove the defective lamp. 
f. Remove and discard the plug with the cu t  wires from the electrical wxket .  

1 1 - 1  16. INSTALLATION O F  LAMP IN ANTI-COLLISION WlNG TIP STROBE LIGHT. 
a. Route the  wires from the new lamp down through the hole in the navigational light 

bncket .  
b. Insert t he  wire terminals in the plastic plug supplied with the new lamp. Wire 

according to the schematic diagram located in the electronics section. 
c. Position strobe lamp on navigational light bncket .  
d. Secure navigational light assembly and bncke t  with appropriate screws. 
e. Install navigational light cover and secure with appropriate screws. 
f. Install plexigIas window on wing tips and secure with appropriate screws. 

1 1 - 1  17. REMOVAL O F  LAMP IN ANTlCOLLISION LIGHT. The light is located on the 
upper section of  the vertical fin. 

a. Loosen the screw in tlir d a m n  secxring the light cover. 
b. Remove the light cover. 
c. Remove the defective lamp from the socket. 

1 1 - 1  18. TROUBLESHOOTIU(; PROCEDURE FOR AIWICOLLISION AND WlNG TIP 
STROBE LIGHT SYSTESIS. The strobe light assembly f i~nctions as 3 ;ondenser discharge 
s! stem. A condenser in the nnwer sltpply is charged to approximately 450 volts D.C.. t l~en  
d i s c h d ~ e d  across the Xenon flash tube at intervals approximately 45 flashes per milliite. 
The sondenser is parallel across tllr Xenon flash tube which is d a i p e d  to hold off the -110 
\nits D.C. applied until the f l ;~sl~ tube is triggered bv an external pulse. This p ~ ~ r s e  is 
gencnted bv a solid state timing sircuit in tlie power c ~ ~ p p l y .  

When trol~bleshooting the strnbe light svstem. it must f i n t  be drtennined i f  the troi:ble 
is it1 t l ~ c  fl:lsli t t ~ b e  o r  the pnwer s ~ ~ y p l v .  Replacement of  the flash ttibe will confirm i f  the 
111he is defective. .A normal o!>er;lting Fower system will emit a11 audible tone of I to  1.5 
K C .  I f  tlicre 1s no  sound emitted i l ~ e c k  the system according t o  the following instn~cttons. ,, a ,. .a frn~:bledrnnting the svstem utilize tlie appropriate schematic in the manual. 

.~.. 4 % ~  :rtnin tile in:l~t voltage 3t the power S U P P I V  is 14 volts. 

ELECTRICAL S'iSTE\I 
Issued: 13;19/72 
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CAUTION 

When disconnecting and connecting the power supply input 
connections d o  not get the connection reversed. Reversed polarity of 
the input voltage for just a n  instant wil permanently damage the 
power supply. The reversed polarity destroys a protective diode in 
the power supply. causing self-destruction from overheating of the 
power supply. This damage is sometimes not immediately apparent, 
but will cause failure of the system in time. 

b. Check for malfunction in interconnecting cables. 
I. Ascenain pins I and 3 of interconnecting cable are not reversed. 
2. Using an ohmmeter check continuity between pin I and  3 of interconnecting cable. I f  you 

obtain a reading on the meter the cable is shorted andshould  be replaced. 

NOTE 

A short of the type described in steps I and 2 will not cause 
permanent damage to the power supply but the system will be 
inoperative if such a short exists. Avoid any connection between 
pins I and 3 of the interconnecting cable as  this will discharge the 
condenser in the power supply and destroy the trigger circuit. 

CAUTION 

When disconnecting the power supply allow five minutes of bleed 
down time prior to handling the unit. 

c. Check interconnecting cables for shorts. 
I .  Disconnect the output cables from the power supply outlets. 
2. The following continuity checks can be made with a n  ohmmeter. 
3. Check for continuity between the connectors of each interconnecting cable by checking from 

pin I t o  pin I .  pin 2 t o  pin 2, and 3 to pin 3. When making thesechecks if  no  continuity existsthecable isshorted 
and should be replaced. 

4. Check continuity between pins I and 2. I and 3, and 2 and 3 of the interconnecting cable. If 
continuity exists between any of these connections the cable is shorted and should be replaced. 

5 .  Check for continuity from pins I .  2 and 3 t o  airplane ground. I f  continuity exists the cable is 
shorted and should be replaced. 

d. Check the tube socket assembly for shorts. 
I .  Disconnect the tube socket assembly of the anti-collision light from the interconnectingcable. 
2. The following continuity checks can be made with a n  ohmmeter. 

Issued: 121 29/72 ELECTRICAL SYSTEM 
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a 3. Check fo r  continuity between pin I of A M P  connector t o  pin I of t u b e  socket,  pin 2 of A M P  
connector t o  pins 6 and 7 of tube socket a n d  pin 3 of A M P  connector t o  pin 4 of t u b e  socket.  When making 
these tests if no  continuity exists the  tube socket assembly is shorted a n d  should be replaced. 

1 1 - 1  19. I N S T A L L A T I O N  O F  ANTI-COLLISION LIGHT 
a.  Plug in new l a m p  using correct number.  
b .  Replace light cover.  
c .  Tighten screw in c lamp t o  secure light cover. 

11-120. R E M O V A L  A N D  I N S T A L L A T I O N  O F  L A N D I N G  LIGHT.  (Refer t o  Pages 4-3 and 4-4.) 

Issued: 12/29/72 E L E C T R I C A L  S Y S T E M  



Figure 1 148 .  Electric~l System Components 
PA-30. Serial Xos. 30-1 to 30-852 incl. and 30-851 to 30-901 i ~ i c l ,  

ELECTRICAL SYSTEM 
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r ~ g u r c  1 1-19 Electrical System Components. PA-30 Serial Nos. 30-853, 
30-902 to 30-2000. PA-39 Serial Nos. 39-1 and up 

ELECTRICAL SYSTEJI 
Issued: 1 1 ! ! 9 i 7 2  



INTENTIONALLY LEFT BLANK 



3 023 
INTENTIONALLY LEFT BLANK 



3 024 
INTENTIONALLY LEFT BLANK 



3 E l  
INTENTIONALLY LEFT BLANK 
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TABLE XI-]. 

- 
I rouble 

Generator operating 
within rated speed 
range but voltage output low. 

ELECTRICAL SYSTEM 

TROUBLESHOOTING C H A R T  

Cause 

GENERATOR 

I f  the voltage is low. the 
generator is operating 
o n  residual magnetism. 

Loose or high-resistance 
electrical connections. 

Brushes excessively worn. 

(ELECTRICAL SYSTEM) 

Remedy 

Check for loose or high 
resistance connections; 
clean and tighten. 

Clean and tighten all 
electrical connections. 

When brush wears down to  
I ,:2 inch, replace with a new one. 
The new brush must beseated to  
at least 75% of the contact 
surface by running the 
generator without load (with 
the line switch open) for 
at least 15 minutes during 
the engine warm up  period. 

CAUTION 

D o  not use abrasives of any 
description to  assist in 
seating the brushes. 
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TABLE XI-I. TROUBLESHUOTING CHART (ELECTRICAL SYSTEhl) (cont . )  

ELECTRICA L SYSTELI 

Troul>le 

Generator  operat ing 
within ra ted speed 
range but voltage 
output low . (cont .) 

Issued: 1 2!29!71 

Cause  

Brushes binding in the 
brush boxes.  

Brushes  not proper ly  
sea red .  

Low b rush  spr ing  
tension.  

Dir ty  commuta tor .  

Scored  o r  pitted com-  
m u t a a ~ r .  

Shorred o r  open a r m a -  
rure  co i l s .  

Improper   perat at ions of 
the voltage regu la to r .  

Remedy 

T h e  brushes  should be a 
f r e e  fit w ihou r  exces  - 
s i v e  s i de  play i n  l l ~ u  

b rush  boxes .  R I  nding 
brushes  and the hrush 
boxes should be wiped 
c lean  with a cloth 
mois tened in Varsol 01- 

undoped gaso l ine .  

Replace h e  brushes  a s  
outlined above.  

Resea t  b ru shes  a s  out- 
lined above.  

Brush sp r i ng  should 
hear  sen t ra l ly  dn the 
top of  the brushes .  
insur ing full brush 
contact  wirh the face uf 
the cummura tor .  

Clean the commufatnr  
with a cloth moistened 
in Varsol u r  undoped 
gaso l ine .  

Remove and turn corn - 
mutator  down a ~ n  2 
l a the .  

Replace arn!arure.  

Adjust r e p l a r ~ l r  
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TABLE XI-I.  TROUBLESHOOTING CHAIUI' (ELECTlt lCA I .  SYS.I'E1.I) ( C O I I ~ . )  

ELECTRICAL SYSTEb1 
Issued: 11/29/72 

I<c!~redv 

Clein  and tlghtrn thc 

t c r ~ n ~ n a l s  

See airplane wiring 
diagram 

Replace entire yoke 
assembly. 

Remove the generaror 
and replace with one 
known to be in good 
condition. 

Replace voltage regula- 
tor .  Use remedy under 
"Generator operating 
within rated speed 
range but voltage O U I -  

put low. " above. 

- 

Trouble 

Generator operating 
within rated speed 
range but voltmeter 
indicates ze ro .  

Generator operating 
within rat@ speed 
range, hut voltage 
output is er ra t ic .  

Cau3e 

Loose o r  high reslstclncc 
field coil assembly 
terminals.  

Wiring not properly 
connected. 

Grounded field coil 
assembly. 

Open field coil 
assembly. 

Unstable operauon o f  
volmge regulator.  Same 
a s  "Generator operacing 
within rated speed range 
but voltage oucput low. " 
above. 
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ELECTRICA L SYSTEM 

Trouble 

Generator operating 
within rated speed 
range, with line 
switch closed, but 
systeni ammete r  
indicates low o r  no 
output. 

G~nc-rator  tnperating 
\r ~ t h ~ n  rated speed 
range but system am-  
nictcr reads off scale  
~n tIic I V L . < J ~ ~  direction. 

Issued: 12,'29172 

Flash the generator  field by rurning the generator  and 
battery swlrch to the "ON" position and momentarily 
connect the "Bat" and "Gen" terminals of the regulator .  

Cause 

None. 

Improper operation of 
the reverse-current  
r e l ay .  

Generator field de- 
magnetized. 

Burnedqut ammeter .  

Generator  field magne- 
tized in the wrong 
direction. 

NOTE 

Henicdy 

Sincu rlie v n ~ l ~ a ~ e  I F X I I  

lalor liolds the ge11c1- 
aled v ~ ~ l t a g e  a t  311  dl  - 
niost constant value. 
the cur rent  ~ ~ u r p u t  ilc- 
pend:; entirely l l l a l i  !lie 
conditiun I I ~  rlic hattrrv 
and the amount IJI '  ex- 
ternal Illad. Tliereforc. 
when the battery is 
fully charged and thc r t  
i s  no loadon  the sys -  
tem, the difference in 
voltage hetween the 
generator and the 
battery is so small that 
l in le  o r  no current  will 
flow between them. 

Readjust the relay.  

Flash field. 

Replace ammete r .  

Flash field a s  explained 
abuve and check t13 bee 
that reverse-current  
relay is operating 
properly. 
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TABLE X1-I. TROUBLESHOOTING CHART (ELECTRICAL SYSTEM) (cont.) 

ELECTRICAL SYSTEM 
Issued: 12/19/72 

Remedy 

Install a peneraaJr oi 
larger  capacity. 

Inscall a baa r ry  of 
sufficient capacity. 

Check the system for  
abnormal loads. 

Readjust to operate 
properly. 

Replace with a fully 
charged battery. 

Replace all defective 
wiring. 

Trouble 

System ammeter  shows 
full charge but battery 
i s  discharged. 

- 
System ammeter  fluc- 
mates excessively 
when indicating full 
rated load. 

Burned-uut system 
ammeter  or line fuse. 

Causc 

Generator of improper 
capacity installed in 
the sys tem.  

Battery too small  for 
load requirements. 

Generaring system is  
overloaded. 

Improper operation of 
generator reverse-  
current  relay.  

Discharged battery. 

Defective wiring. 

ALTERNATOR 

Check alternator r~utput 
and field circuits .  
(Refer tu Paragraph 
11-53.) 

Check alternator.  
(Refer ru Paragraph 
11-53.) 

Check alternator.  
(Refer to Paragraph 
11-53.) 

No output from al ter-  
nator . 

Reduced output from 
al ternator .  

Malfunction of al ter-  
nator output circuit  
o r  field circuit .  

open diode. 
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T.4BLE XI-[. TROUBLESHOOTING CHART (ELECTRICAL SYSTEM) (cont .) 

ELECTRICAL SYSTEXI 
Issued: 13129171 

Remedy Trouble Cause 

Check and recharge if 
necessary.  

Refer to wiring diagram 
and check al l  wiring. 

Replace faulty unit. 

Brushes should be a free 
fit in the brush boxes 
without excessive side 
play. Binding hmshes 
and brush boxes should 
be wiped clean with a 
gasoline (undoped) 
moistened clorh . A 
new brush should be 
run in until a t  least 
50% seated; however. 
if fac~l i t ies  a r e  not 
available for running in 
brushes, then the brush 
should be properly seat- 
ed by inserting a s n i p  
of No. 0000 sandpaper 
between the brush and 
commutator with the 
sanded side next ro the 
brush.  Pull sandpaper 
in direcdon of rotation. 
being careful to keep i t  
in t h e  same contour a s  
the commutator. 

. 

Starter  fails to operate. 

STARTER 

Low bactery charge. 

Defective o r  improper 
wiring o r  loose 
connections. 

Defective s tar ter  sole- 
noid o r  control switch. 

Binding, worn o r  im- 
properly seated brush, 
o r  brushes with 
excessive play. 



PIPER TWIN COMANCHE SERVICE W N U A  L - 

TABLE XI-I. TROUBLES1100TING CHART (ELECTRICAL. SYSTEhq) (cont.) 

ELECTRICAL SYSTEM 
Issued: 12/29/72 

Hen~ctly 

CAI!TION 

DII ntlt use coarse  sand 
paper o r  cmery cloth. 

Afrer scaring. clean 
thoroughly ro :-eni(tve 
all sand and metal 
p a r r ~ c l e s  ro prevent 
excessive wear .  K?ep 
motor bearing free 
from sand o r  metal 
particles.  

If conlrnutator is rough 
o r  dirty, smooth and 
polish with No. 0000 
sandpaper. If too 
rough and pined, re- 
move and u r n  down. 
Blow out all part icles .  

Remove and replace 
with an armature  known 
to be in good condition. 

T e s t  and rhen replacv 
new pa r t .  

Renltrve Bendix drive 
assembly. Clean and 
check. replace. 

Disassemble. clean. ~ n -  
spect and relubricare, 
replacing ball b e a r ~ n g s .  
if worn. 

- 
Trouble 

Star te r  fai ls  to operate.  
(cont .) 

Srarrer operates a t  
proper speed but fai ls  
ro crank engine. 

Low starter cranking 
speed. 

Cause 

Binding. worn, o r  im- 
properly seated brush, 
o r  brushes with ex- 
cessive play. (cont.) 

Dirty commutators.  

Shorted, grounded, o r  
open armature .  

Grounded o r  open field 
circuit .  

Faulty Bendix drive.  

Worn, rough. o r  lm- 
proper1 y lubricated 
motor o r  s t a r t e r  
gearing.  
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TABLE XI-I. TROUBLESHOOTING CHART (ELECTH 1C.A 1. SYSTEM) (cunt.) 

ELECTRICAL SYSTEM 
Issued: 12/29/72 

Trouble 

Low s tar te r  cranking 
speed. (cont .) 

Excessive arcing o r  
s t a r t e r  brushes 

Excessive wear  and 
arcing of s t a r t e r  
brushes. 

Battery will not hold 
charge. 

Cause 

Same electrical causes  
a s  listed under "Motor 
fails to uperate." 

Binding. worn o r  im- 
properly seated brush 
o r  brushes, with ex- 
cessive s ide play. 

Dirty commutator, 
rough. pitted o r  
scored.  

Grounded o r  open field 
c i rcui t .  

Rough o r  scored 
commutator.  

Armature assembly 
not concenmic . 

BATTERY 12V 

Banery worn out. 

C h a r ~ n g  ra t e  not set 
r ight .  

Discharge too great  
to replace. 

Remedy 

Same remedies listed 
for these crouhlrs. 

See information a b v e  
dealing with this 
trouble. 

Clean a s  already out- 
lined above. 

Tes t  and replace de- 
fective pa r t s .  

Remove and turn corn - 
rnutator down on a 
Lathe . 

Reface commutator. 

Replace battery. 

Reset .  

Reduce use of s ta r te r  on 
the ground: use external 
power wherever 
possible. 
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TABLE XI-1. T R o u B L E s H o o n N c  cHA K T  (ELECTRICAL SYSTEM) (conc .) ~ 

ELECTRICAL SYSTEM 
Issued: 12/19/72 

Remedy 

Remove and recharge 
battery if left in 
unused airplane one 
week o r  rnore. 

Remove and recharge.  
(Refer to paragrapn 
11-108.) 

Replace. 

Check wiring. 

Replace. 

Maintain electrolyte 
level. 

Replace. 

Replace. 

Replace battery. 

Replace bartery and 
tighten. 

Replace. 

Trouble 

Battery will not hold 
charge.  (cont .) 

Battery life is short .  

Cracked ce l l .  

Cause 

Standing coo long. 

Equipment Left " O N  
accidentally. 

Impurities in electro- 
lyte . 

Short circuit (ground) 
in wiring. 

Broken cell  partitions. 

Overcharge due to level 
of elecaolyte being 
below tops of plates. 

Heavy discharge. 

Sulfation due to disuse. 

Impurities in electro- 
lyte . 

Hold down loose. 

Frozen battery. 
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TABLE XI- I .  TROUBLESHOOTING CHART (ELECTR ICA I. SSSTEtvI) (cont . )  

ELECTRICAL SYSTEhI 
Issued: 12/29/71 

Trouble 

Compound on top of 
battery melts. 

Elecuolyte runs out 
of vent plugs. 

Excessive corrosion 
inside container. 

Battery freezes.  

I 

3 Ell 

Cause 

Charging rate too high. 

Too much water added 
to battery. 

Spillage irum over- 
fillings. 

Vent lines lealcing o r  
clogged. 

Discharged battery. 

Water added and 
hattery not charged 
immediately. 

Lc3 king jar. 

Ctrnnected backwards 
on airplane or 
charger. 

Chargng rate too high 
(if in all cells). 

Cracked jar (one cell 
onlv). 

I 

R~medy 

Reduce. 

Drain and keep 3t 

proper level. 

Use care In adding 
water. 

Repair or  clean. 

Replace. 

Always recharge bat- 
tery a t  least 1/2 h u u r  
when adding watcr in 
freezing weather. 

Replace. 

Battery should be slowly 
discharged conipletely 
and then charged 
correctly and tested. 

Correct charg~ng rate 

Replace battery. 

03 I tcry iiolar~ty 
reversed 

Battery ron=umrs 
~ X C C . % I V ~ .  water. 



PIPER TWIN COMANCHE SERVICE ,MA NUA L 

TABLE XI -11. LAMP REPLACEMENT GUIDE 

Locarion Piper Part No.  Lamp NJ. 
- 

Tail Navigation Light 75.3 431 107.3 
Wing Navigation Light 7 1  381 151'2 
Rotating Beacon 751 448 WRM-44 
Landing Light 472 661 4509 
Instrument Post Lights 472 037 330 
Gear Indicator Lights 472 054 G.E.330 
Stall Warning Light 472 054 330 
Map Light 472 040 1816 
Circuit Breaker Compartment 472 050 1815 
Fuel Control Consol 753 472 1488 
Dome Lights 472 036 89 
Reading Lights 472 026 90 
Insrrument Panel Light 93 

ELECTRICAL SYSTEM 
Issued: 12/19!72 
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TABLE XI-111. ELECTRICAL SYSTEM SCHk%lATIC INDEX 

Alternator System 
Anti-Collision 
Anti-Collision (Strobe) 
Cigu Lighter 
Cylinder Head Temperature 
Dome Lights 
Exhaust Gas Ttmpcraturc 
External Power 
Flap Motor 
Flap Motor 
Flap Solenoid 
Flap Solenoid 
Fuel R ~ m p s  
Fuel Quantity Indicators 
Landing G e ~ r  Motor 
hnd ing  Gear Solenoid 
Landing Gear Warning 
Gener~tor  System 
Heater 
Hour Meter 
lnstrumenr Lights 
Landing Lights 
\!aweto Switches 
Map Lights 
Oil Ressure Wilrning (Turbocharger) 
Oil Tsmpenturt 
Pirot Heat 
Pos~tion Ligllts 
Su11 Warning 
S n n e r  System 
Tip Tanks 
Turn and Bank Indicator 
\findshield Heat 

Acrofiche 
Grid No. 

ELECTRICAL SYSTEXI 
Issued: 12/29/72  
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TABLE XI-IV. CIRCUIT LOAD CHART 

ELECTRIC.\L SYSTEM 
Issued: 12i29172 

G U R I A N  CQLT L l G H R  
U U  LIGHT. CONTROL WHEEL 
TRIM l N D l U l U R  ILLUMINATING LIGHT 
OMNl COUPLER LIGHTS 

FUEL GAGE 

ANTICOL.. RE0 

bNTICOL. .WHITE 
HEATER. LIGHTER 

5 

10 

10 
10 

L a  R OIL TEMP. GAGES 
L a  R FUEL GAGES 
GEAR WARNING HORN WIFLbSHER UNIT 
ROTATING BEACON. RED 
STROBE LIGHT. RE0 WlPOWER W W L V  
TIP STROBE LIGHTS WlPOWZR SUPPLY IWHlTEl 
CIGAR LIGHTER 
CABIN HEATER SV!TCM COMPLETE - GROUND 

WERATION 
HEATER IGNITION h VENT BLOWER 
COMBUSTION O L M R  

2 
1 
1 
1 
1 
I 
I 

MAX. 
1 
1 

0 0 6  
0.09 
0.70 
I.03 
1 4 0  

380 
6.60 

11.66 

6.76 
4.90 

0.07 
0 11 
0 80 
1 8 0  
1.45 
1 4 5  - 
7 90 

1380 
8.W 
5 8 0  
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TABLE XI- IV. CIRCUIT LOAD CHART (cant.) 

I INDICATO* 
I INDICATOR 

ELECTRICAL SYSTEM 
Issued: 12,'39/72 
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TABLE XI-V. ELECTRICAL WIRE CODING 

ELECTRICAL SYSTEM 
Issued: 12/29/72 

CIRCUIT F U N m O N  LElTER 

IRE NUVBER 

FUEL AND OIL 

RG 

R P 

RZ 

RADIO GROUND 

RADIO POWER 

RADIO AUDIO AND INTERPHONE 
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TABLE XI-VI. ELECTRICAL SYMBOLS 

CIRCUIT BREAKERS 

C % C <  
FUSE PUSH PUSH - PULL SWITCH 
TYPE TY PE TYPE TY PE 

BUS BAR 

F 
CONNECTORS BATTERY 

4 -  $lllllk 
4th 

5 
CONDUCTORS GROUND 

4=k 1 - - 
CONDUCTORS - cmssiags and iunctions 
of conductors. Tho dot at tho inhrsoction 
indicoms a ioiniwg of conductors. 

/El - 
SWITCH 

* - 
RESISTOR DIODE FUSE 

SHIELDED CONDUCTOR TERMINAL BLOCK INSULATED CONNECTOR 

T % 

ALTERNATOR GENERATOR 

ELECTRICAL SYSTEM 
Issued: 12/29/72 
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Figure 11-50. Anti-Collision Light 

RE0 
M I - C o L U S I O I I  

I O A W  C I P  

RED 
ANTI-COLUSION 

- 
RED mn- 1 

I 
COLLIYOM I 
SWITCH 1 

-I - 
a 
a 
a * 

Figure I I-5Oa. hti-Collision Light 

ELECTRICAL SYSTEM 
Issued: 1 2/29/72 3 El8 
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Figure 1 1-5 1 . Dome Light 
Serial Nos. 30-2 to 30-1 71 6 inclusive and 30-1 71 8 to 30-1 744 inclusive 

F i e  I I - .  Dome Light. Senal Nos. 30-1717. 30-1745 to 30-2000 incl. 

ELECTRICAL SYSTEbl 
Issued: 12/29/72 
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Figure I 1-51 b. Dome Light 

CITEI".L 4 L I  EITCRMAL CPR 
~ECIRICU unnwrn 

..Inn 
C M T A C T O I  

T O W  U* .m 
s l l n n n  CIWIT 

* - 
n = 
"7 "7 

M 

2 - .. .a . .. 
Figu re  1 1-52, External Power Supply 

Ser ia l  Nos. 30-2 to 30- I7!6 inclusive and 30-171 8 to 30- 1744 ;ncluslve 

ELECTRICAL SYSTEM 
Issued: 1 2/19/72 
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Figure 11-53 .  External Power Supply, Serial Nos. 30-1 7 17.3G1745 to 30-2000 incl. 

Figure 11-53. Fuel Pumps 
Serial Nus. 30-2 to 30-1716 inclusive and 30-lil8 to 30-1744 inclui~ve 

ELECTRIC.41 SYSTEM 
Issued: 12i29172 
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+ . " . 1 - 1 - .. 
w LLPI CIEL -1.r VBC*I FJE- RJ-P I 

Fivre  1 I-S3=. Fuel Purnm. Senal Nos. 30-1717. 30-1745 to 30-2000 I I I L I  

I FULL PUMP (LEFT1 

10 AMP U P  

- FULL P U W I A W I  

? ? I O A W  U P  

LEFT FUEL 

PUMP SWITCH 

FUEL PUMP 

LEFT 
FUEL PUMP 

0 - 
n - 
.s 
a 

- 
N 

Figure 11-53b. Fuel Pumps 

ELECTRIC.4 L SYSTEXI 
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8 
Q 

QICIIT .*C 
IR.U.L UDCI 

UR U*D*C 

U*)I*C UGll? 
S.IIC,e, 

? 
.? . * .- v 

Figure 1 1-54. Landing Lights 
Serial N o s .  30-2 to 30-1716 inclusive and 30-1718 to 30-1744 inclusive 

Fie.lre I I-j4a. Landing Lights. Serial Nos. 30-1 71 7. 50-1 745 to 50-2000 incl 

ELECTRICAL SY-STElI 
Issued: 12:39i71 
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Figure 11-55. Oil Ressure Warning (Turbocharger) 

,* fp 

$TT RIOT L.mu *AT ,. .- nn.l*AL LLR ("1 kJ .M lLDCK Cx ,. L ,. Fm - 

me~m m m  

Figure 11-56. Pitot Heat 

ELECTRICAL SYSTEM 
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Figure 11-57. Turn and Bank Indicamr 

ELECTRICAL SYSTEM 
Issued: 12/29/72 

Figure 11-58. Windshield Heat 
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*' ' 
P 
q9 

I D 5 

- 

- OL. "Ew C * C l r r  on  - nap. umn E ~ P .  wn - 
IffiIICOK CYL. "Em 
nw.mm w. uwn a w n  lmc 

LCCI 1m 

0 . . m ,. 
Figure 11-59. Cylinder Head Temperature and Oil Tempera'ture 

Serial Nos. 30-2 m 30-1716 inclusive and 30-1718 m 30-1744 inclusive 

ELECTRICAL SYSTEM 
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Figure 11-59a. Cylinder Head Temperatun and Oil Temperature 
Serial Nos. 30-1 71 7.30-1745 to 3CL2000 incl. 

ELECTRICAL SYSTEM 
hued: 12/29/72 
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Figure 11-60, Flap Motor and Flap Solenoid 

ELECTRICAL SYSTEM 
Issued: 12/29/72 
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? 
0 . - 0 ,. I 

Figure 1161.  Generator System 

ELECTRICAL SYSTEM 
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Figure 11-62. Heater (Southwind) and Cigar Lighter 
Serial Nos .  30-2 to 30-401 inclusive 

ELECTRICAL SYSTEM 
Issued: 12/29/72 
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Figure 1 l d k  Heater (Janitrol) and Cigar Lighter 
Serial Nos. 30-402 to 30-2000 incl. 

ELECTRICAL SYSTEM 
Issued: 12/29/72 
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Figure 11-63. Instrument and Map Lights 
Seria l  Nos. 30-2 ro 30- 1102 inclusive 

ELECTRICAL SYSTEM 
Issued: 12/29/72 
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Figure 1 1 - 6 3 ~  Insmment and Map Lights 
Serial Nos. 30-1102 to 30-1716 inclusive and 30-1718 to 30-1744 inclusive 

ELECTRICAL SYSTEM 
Issued: 12/29/72 
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INSTRUMEM LIGHTS 

T 

C U I  BAN 
umn 

- - - -  
G L U  B U I  
u r n  - - - 

I I  Figure 11-63b. Instrument and Map Lights, Serial Nos. 30-1717, 30-1794 to 30-2000 incl. 
I 

ELECTRICAL SYSTEM Revised: lOIy98 



Figure 1 1-64. Position Lighrs 
Serial Nos .  30-2 to 30-1716 inclusive and 30-1718 to 30-1744 inclusive 

ELECTRICAL SYSTEM 
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- 

8. 
8- &=" 

TAIL Pmnm LGMT 

lull KE,T1(11 LG"1 
wn* 

Rlla114.L B L P I  

LLn .I% 
R I B W A L  S L K K  

d 

* 
.? - 
0 N 

Figure 1 1-64a. Position Lights, Serial Nos. 30.1 7 17. 30-1 745 to 30.2000 incl. 

ELECmICA L SYSTEM 
Issued: 12/29/72 



PIPER TWIN COMANCHE SERVICE MANUAL 

Y 
4 *p 

5 P 5 

un ."G 
TLI.II.L SLDCI 

, - - . . - . - . . . - - . - 

11: m 

!?- 
STALL ..l*IY. LIPIT L: 

? > 
* * 
rn r. 

Figure 11-65. Stall Warning 
Serial  N o s .  30-2 :o 30- 1716 inclusive and 30-1718 to 30-1744 :;lc!usive 

ELECTRIC.4 L SYSTEM 
Issued: 1 ': '19 172 
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Figure 11-65% Stall Warning, Serial Nos. 30-1717,3@1745 to 30-2000 incl. 

ELECTRICAL SYSTEM 
Issued: 12/29/72 
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Figure 11-66. Starter System and Magneto Switches 
Serial Nos .  30-2 to 30-1716 inclusive and 30-1718 to 30-1744 inclusive 

ELECTRICAL SYSTEM 
Issued: 12/29/72 
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> 
* ., . N 

Figure 1 l 46a .  Starter System and Magneto Switches 
Serial Nos. 3CL1717, 30-174s to 3CL2000 incl. 

ELECTRICAL SYSTEM 
Issued: 12/29/72 
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2 7 0 1 0 - I  
- 

TIP TIYK, 
I ..P 

<+ 

LEFT TIP T I N <  
FUEL OULNTITI T l A l l I a l T T C l  

- IELECTW1 UICIIO SWITCH 

LEFT TIP TANK 
Y u c T a  S-ITCH 

"ICMT TIP 111°K 

Figure 11-67. T ip  Tanks 

Issued: 12/29/72 ELECTRICAL SYSTEM 
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AMMETER 

- - 
MAIN VOLT REG. AUX. VOLT REG. 

10 AMP U P  10 AMP W P  

ELECTRICAL SYSTEM 
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Figure 1 1-68. Alternator System (Nonparalleling) 
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LEFT ALT RIGHT ALT. 
RIGHT AMMETER SW. AMMETER SW 

Figure 1 1-68a. Alternator System (Nonparalleling) 

ELECTRICAL SYSTEM 
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- . 
LATER AIRPLANES 

Figure 1 1-68b. Alternator System (Paralleling) 

ELECTRICAL SYSTEM Revised: 10/1/98 
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TO STALL WARNING CIRCUIT 

TO INSTRUMENT 
LIGHT RHEOSTAT 

GEAR WARNING 
MORN 

LIMIT SWITCH 

LIGHT LIGHT 

' CIRCUIT 

Figure 11-70. Landing Gear Motor, Landing Gear Solenoid, Landing Gear Warning, Serial Nos. 30-2 to 30-1716 inclusive and 30-1718 to 30-1744 inclusive 

ELECTRICAL SYSTEM 
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8 
4' 9s 

b",Db 

TO PANEL LIGHT 

THROTTLE SWITCH 

LIMIT SWITCH 

? GEAR OWN GEAR UP 
w LIGHT LIGHT 
Y) 
a 
a N 

CIRCUIT 

Figure 1 1-70a. Landing Gear Motor, Landing Gear Solenoid,   and in^ Gear Warning, Serial Nos. 30- 1717, 30-1745 to 30-2000 incl. and 39-1 and up. 

ELECTRICAL SYSTEM 
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Figure 11-71. Anti-Collision (Strobe) 

Figure 11-71a. Anti-Collision (Strobe) 

ELECTRICAL SYSTEM 
Issued: 12/29/72 
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un 
ISM ROY 

9 . nm - U C I  mOY . . ." 
I C l l A L  NOS. 10-1 T O  20-1100 I I ICL .  It' 1s-I TO 1s- 0 1  IUCL.  . 

2 
r, 

Figure1 1-72. Exhaust Gas Temperature 

F i w  1 1-73. Hour Meter 
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Figure 11-74. Flap Motor and Solenoid 

ELECTRICAL SYSTEM 
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SECTION XI1 
ELECTRONICS 

Paragraph Aerofiche 
Grid No. 

12-1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3Glh  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12-2. Piper Automatic Locator Transmitter 3G 16 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12-3. Testing Locator Transmitter ?G 17 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12-4. Battery Removal and Installation (ha rco )  3G 19 

12-5. Autoflight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3G2I 
12-6. General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3G2I 

. . . . . . . . . . . . . . . . . . . . . . . .  12-7. Kon-Piper A.F.C.S. Equipment Manufactures 3G2I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12-8. Piper A.F.C.S. Equipment 3G2I 

CAUTlON 

It is very important to never use asubstitute trim system component 
part. for  an  original design p a n ,  because the fail-safe characteristics 
of the system might be compromised. Refer t o  the POH for ground 
check of electric Pitch Trim System before the first flight after 
servicing. A trim system runningthe wrongdirection is thesame a s a  
run-away. It is possible to  experience excessive pilot yoke force in 
only 3-4 seconds under such conditions. 

Revised: 10/28/82 
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12-1. INTRODUCTION. This section of the manual is divided into two parts. The fmt  part 
consists of the information necessary to perfonn an operational check of the Piper 
Automatic Locator Transmitter along with the appropriate removal and installation 
instructions to facilitate battery replacement. The second part consists of wiring diagrams of 
the various configurations of avionics equipment installations. 

12-2. PIPER AUTOMATIC LOCATOR TRANSMITER. 
The automatic locator transmitter when installed is located under the access panel on 

the dorsal fm. ?his unit operates on its own selfcontained battery. This battery has a senice 
life of four years. However, to comply with FAA regulations it must be replaced after two 
years. If the transmitter is activated during this two year period or it has more than one 
hour of periodical test activations performed, the battery pack should be replaced at that 
time. To replace the battery pack in the transmitter it is necessary to remove the unit from 
the airplane. The following instmctions should be used: 

a. Remove the acces panel located on the dorsal fm. 
b. Remove the switch guard and set the ONiARMIOFF switch to the OFF position. 
c. Disconnect the whip antenna cable at the transmitter. 
d. Remove the rear mounting bracket and remove the transmitter from the airplane. 
e. Remove and keep the four screws securing the transmitter's plain end cap. Carefully 

remove the end cap, trying not to damage the sealant. 
f. Carefully withdraw the battery pack from the transmitter until the connector is 

exposed. Disconnect the battery from the connector and discard the battery. 
g. Before installing the new battery pack, check the replacement date. Transfer the 

self-sticking date placard on the battery to the placard on the transmitter case. 
h. Connect the new battery pack to the connector and carefully install it into the 

transmitter - connector end fmt. It may be necessary to rotate the battery slightly to get it 
seated properly in the transmitter case. 

i. Check the sealant on the end cap before putting it on the transmitter. If  the sealant 
is damaged, replace it with fresh silicone sealant, such as the type supplied by General 
Elecrric Co. Secure the end cap to the transmitter with the four screws previously removed. 

j. Install the assembled unit into the airplane and secure with aft mounting bracket. 
Connect the whip antenna and set the ON/ARM/OFF switch to ARM. 

NOTE 

Inspect the external whip antenna for any damage. Avoid 
bending the whip. Any sharply bent or kinked whip should 
be replaced. Antenna damage may cause structural failure of 
whip inflight. 

ELECTRONICS 
Issued: 12/29/72 
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NOTE 

It may be advisable to test the unit operation before 
installing the access covm on the dorsal fm. Refer to 
paragraph 12-3 for test procedures. 

k. Install the access cover and make an entry in the aircraft log book. 

12-3. TESTING LOCATOR TRANSMITER. 
Before performing any operational test of the transmitter, the following precautions 

should be observed. 

CAUTION 

The transmitter operates on the emergency frequencies of 
121.5 and 243 MHz, both these frequencies are monitored by 
the various FAA innallations. With this in mind it is advisable 
to notify your local control tower, etc., of your intentions to 
test the locator transmitter before doing so, and to keep your 
test transmission to a minimal duration. 

. a. Remove the access panel or cover to gain access to the transmitter. 
b. Tune the aircraft communications receiver to 121.5 MHz and switch the receiver 

ON, deactivate squelch, and turn the receiver volume up until a slight background noise is 
heard. 

NOTE 

If the aircraft is not fitted with a communications receiver, 
request the tower to Listen for your test. 

c. Remove the ON/ARM/OFF switch guard from the switch and set the 
ON/ARM/OFF switch to ON. Keep the switch ON for a few seconds only. then set the 
switch to OFF. 

ELECTRONICS 
Issued: 12/:9/7.' 



PIPER TWIN COMANCHE SERVICE MANUAL 

NOTE 

The t a t  tnnsnission should have been picked up by the 
aircnft communications receiver andlor control tower. 
During cold weather t h m  may be a slight delay before 
transmission occurs. 

d. A transnitter which is functioning properly should emit a characteristic downward 
swept tone. 

e. When the test is completed reposition the ON/ARM/OFF switch from the OFF 
position to the ARM position and reinstall the switch guard, and any access panel or cover 
removed. 

WARNING 

Whenever the unit is checked by moving- the selector switch 
from the "ARM" to "ON" position, it must then be moved 
to the "OFF" position before reverting to the "ARM" 
position again. 

ELECTRONICS 
Issued: 12/29/72 
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12-4. BATTERY A X D  R E M O V A L  A N D  INSTALLATION (NARCO) .  (Refer to Figures 12-1 and 12-2)  
a .  Set thc O K / O F F / A R M  switch on  the transmitter t o  O F F .  
b. Disconnect antenna coaxial cable f rom ELT. 
c. Remoke ELT from its mounting bracket by releasing the latch on  the s t rap and sliding ELT off the 

bracket. 
d .  Extend the portable antenna. 
e. Unscrew the four screws that hold the control head t o  the battery casing and slide aparr.  
f. Disconnect the battery by unsnapping the snap-off battery pigtail terminals f rom the bottom of the 

transmitter printed circuit board.  
g. Discard old battery pack. ( D O  N O T  EXPOSE T O  FLAME. )  

CAUTION 

The battery pack is shipped with a sealant on  the inside lip so that a 
water tight seal will be retained. D O  NOT REMOVE T H I S  
SEALANT.  

h .  Connect new battery pack terminals to the bot tom of the circuit board. 
i. Reinsert the control head section into the battery pack being careful not to pinch any wires. and  

replace the four screws. If the  four  holes d o  not line up, rotate the battery pack 180' and reinsert. 
j. Slide the portable antenna back into the stowed position. 
k.  Place transmitter into its mounting bracket and fasten the  s t rap  latch. 
I. Connect.the antenna coaxial cable t o  the ELT and ensure that the contact separator is inserted 

between the antenna contact finger and the portable antenna.  (Refer t o  Figure 12-1.) 
rn. Press RESET button a n d  set O N / O F F / A R M  switch t o  A R M .  
n. Make  an entry in the aircraft logbook. including the new battery expiration date .  
o. A unit operational check may now be performed on the ELT.  (Refer toTest ing Emergency Locator 

Transmitter.)  

NOTE 

Inspect the external whip antenna for any damage.  Avoid bending 
the whip. Any sharply bent o r  kinked whip should be replaced. 
Antenna damage may cause structural failure of whip in flight. 

Added: 4 / 6 / 8 1  ELECTRONICS 
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9965 
CONTACT PORTABLE ANTENNA BL 
SEPARATOR 

F I X E D  ANTENNA'S 
CABLE CONNECTOR AND 
CONTACT SEPARATOR 

TO REMOTE SWITCH - 

8965 
PORTABLE 

r. 
NOTCH PIN 

ANTENNA 

A N  I E N N A  BLADE 
OPERATIVE 
BUT STORED ANTENNA 

PORTABLE 
FINGER CONTACT 

TAB 

ON OFF-ARM 

Added: 4 /6 /81  

ANTENNA 
EXTENSION 

ANTENNA 

Figure 12-2. ELT Using Fixed Aircraft Antenna (Narco) 
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Figure 12-1. ELT Portable Folding Antenna (Narco) 
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12-5. AUTOFLIGHT. - 
12-6. GENERAL. Due to the wide varity of A.F.C.S. (Automated Flight Control System) options, it is 
mandatory to follow the service literature published by the individual manufacturer of the A.F.C.S. 
equipment installed in any particular airplane. This includesmechanical servicesuch as;adjusting bridlecable 
tension, servo removal & installation. servo clutch adjustments, etc. 

12-7. NON-PIPER A.F.C.S. EQUIPMENT CONTACTS. Refer to the following list of Autopilot/Flight 
Director manufacturers to obtain service direction, parts support, and service literature. 

Bendix Avionics Division 
2100 X.W. 62nd Street 
Fort Lauderdale. Fla. 333 10 
(305) 776-4100iTWX 5109559884 

Collins General Aviation Division 
Rockwell International 
Cedar Rapids. Iowa. 52406 
(3 19) 395-3625 Telex: 464-42 1 

Edo Corporation - Avionlcs Dlvlslon 
Box 610 

L7 Munic~pal Airport 
Mineral Wells, Texas, 76067 
(8 17) 325-25 17 Telex: 76067 

King ~a;: Corporation 
400 North Rodgers Road 
Olathe. Kansas. 66061 
(913) 782-0400 Telex: 4-2299-Kingrad 

Sperry Flight Systems1 Avionics Div. 
8500 Balboa Blvrd. 
P.O. Box 9028 
VanNuys. CA. 91409 
(21 3) 894-81 1 1  Telex: 65- 1367 

Global Navigation 
2144 Michelson Drive 
Irvine. CA. 92715 
(714) 851-01 19 

12-8. PIPER A.F.C.S. EQUIPMENT. I n  the case of early models. Piper Autopilot equipment bears the 
P~per  name. and the appropriate Piper Autopilot/ Flight Director Service Manual shall be used. 

NOTE 

I f  a Roll Axis-only Autopilot is installed. or if  no Autopilot is 
installed. consult the Piper Pitch Trim Service Manual - 753 77 1 for 
manual electric pitch trlm service information. 
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The following is a complete listing of Piper A.F.C.S. equipment service literature. It is imperative to  correct1 
identify the Autopilot system by 'Yaceplate" model name, in order to consult the appropriate service manual. 

Aerofiche published monthly by Piper. Consult the aircrafts pans catalog for replacement parts. 

e 
Each manual identifies the revision level and revision status as called out on the Master Parts Price List - 

NAME PIPER PARTNO 

AutoControl 1/11 & AltiMatic 1i11 
AutoControl 111 and AltiMatic Ill and l l lB 
AutoControl l l lB and AltiMatic IIIB-l 
AltiMatic II1C 
AltiMatic V and V-l 
AltiMatic V F i D  and V F;D-I 
AltiMatic X F.D.1A.P. & X.A.P. 
AutoFlite 
AutoFlite I I  
Piper Pitch Trim (Manual-Electric) 
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AEROFICHE REVISION STATUS 

Revisions to this service manual 753 645, originally published (on paper only) August 1. 1963 and 
reissued (on paper only) December 29. 1972 are as follows: 

Revisions 

ORIGINAL (Paper only) 
COMPLETE REISSUE (Paper only) 
COMPLETE REISSUE (Paper only) 
1st 
2nd 
3rd 
4th 
5th 
6th 
7th 
8th. 

Publication Date 

August 1. 1963 
June 25. 1969 

December 29, 1972 
January 31, 1974 

June 28. 1976 
October 6, 1977 
April 26, 1978 

September 10. 1979 
April 6, 1981 

October 28. 1982 
October 1, 1998 

Aerofiche Card Effectivity 

None 
None 
None 
None 

1 .2and3  
l a n d 2  

1 .2and3  
1 and2  

1 , 2 , 3 a n d 4  
1.2.3 and4 
1.2.3, and 4 

* Revisions appear in all four cards. Accordingly, 
discard your existing card set and replace it with 
these cards dated October 1, 1998. 

A. Consult the latest Piper Customer Service Information Catalog No. 1753-755 (Aerofiche) for 
current revision dates for this manual. 

B. The General Aviation Manufacturers Association (GAMA) has developed specifications for 
microfiche reproduction of aircraft publications. The information compiled in this Aerofiche 
Service Manual will be kept current by revisions distributed periodically. These revisions will 
supersede all previous revisions and will be complete Aerofiche card replacements and shall 
supersede Aerofiche cards of the same number in the set. 

C. Conversion of Aerofiche alphalnumeric grid code numbers: 

First number is the Aerofiche card number. 
Lener is the horizontal row reference per card 

Second number is the venical column reference per card. 

Example: 2716 = Aerofiche card number two. row J, column 16. 

D. To aid in locating information, a complete Preface containing the Section Index Guide, List of 
illustrations and List of Tables for all fiche in this set is provided at the beginning of Card 1. Each 
subsequent aerofiche card contains a partial Preface, displaying only those elements on that card. 

IDENTIFYING REVISED MATERIAL 

A revision to a page is defined as any change to the text or illustrations that existed previously. Such 
revisions, additions and deletions are identified by a venical black line (change bar) along the left- 
hand margin of the page opposite only the text or illustration that was changed. 

\ Changes in capitalization, spelling, punctuation, indexing, the physical location of the material or 
complete page additions are not identified by revision lines. 

Example 
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EFFECTIVITY 

This service manual is effective for all PA-30 and PA-39 airplanes as follows: 

Model Numbe Model Name r - 
Twin Comanche PA-30 30-2 thm 30-901. less 30-853 1963 - 1965 

Twin Comanche B and PA-30 30-853 and 30-902 thru 30-1744, 1966 - 1968 
Twin Comanche Turbo B less 30-1717 

' b i n  Comanche C and PA-30 30-1717 and 30-1745 thm 30-2000 1968 - 1970 
' b i n  Comanche Turbo C 

Twin Comanche CIR and PA-39 39-1 thm 39-155 1970- 1972 
Twin Comanche Turbo CIR 

PARTS 

This manual generally does not contain hardware callouts for installation. Hardware callouts are only 
indicated where a special application is requued. To confirm the correct hardware used, refer to the PA- 
30139 ' b i n  Comanche Parts Catalog P/N 753 646. and FAR 43 for proper utilization. 

WARNINGS, CAUTIONS AND NOTES 

These are used to highlight or emphasize important information. 

- WARNING - 
OPERATING PROCEDURES, PRACTICES, ETC., WHICH MAY RESULT IN 
PERSONAL INJURY O R  LOSS OF LIFE IF NOT CAREFULLY 
FOLLOWED. 

- CAUTION - 
OPERATING PROCEDURES, PRACTICES, ETC., WHICH IF NOT 
STRICTLY OBSERVED MAY RESULT IN DAMAGE TO EQUIPMENT. 

PREFACE 

- Note - 

An operating procedure, condition, etc.. which is essential to emphasize 

Added: 101Y98 
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1 INTRODUCTION 
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SECTION XI11 

HEATING AND VENTILATING SYSTEM 

13-1. INTRODUCTION. This section contains instructions for operation, maintenance, 
overhaul and adjustments of the difcrent heating and ventilating systems found in the 
PA-30 Twin Comanche. In addition, instructions for the inspection and semce of the 
components that contribute to the operation of the heating and ventilating system may be 
found in this section. Inspection time intervals for these systems may be found in Section 
I n  of this manual. 

132. DESCRIPTION. The flow of air for heating and defrosting the Twin Comanche is 
taken through an inlet located in the n o r  and regulated by controls located in the lower 
right side of the instrument panel. 

Heated air for the cabin and windshield defrosting is provided by a South Wind (Serial 
Nos. 30-1 to 30.401 inclusive) or Janitrol (Serial Nos. 30402 and up) heater installed in the 
right side of the nope section and is accessible by removing the nose access cowl. 

The heater uses gasoline from the fuel injector on the right engine. Therefore, anytime 
the right fuel selector is off the heater is inoperative. In cape of right engine failure, the 
heater can be operated by leaving the fuel selector on and operating the auxiliary pump. The 
mixture control must be dosed. Before the heater is operated under these conditions, it 
must be determined that no fuel leaks are present between the tank and engine. 

Ventilating air for the a b i n  interior is obtained from two individual sources. The two 
ventilators located at each side of the instrument panel obtain air from the inlet in the 
fuselage nose. Air for the two overhead vent outlets is obtained from a scoop mounted on 
the doaal fm. Each individual vent is adjustable for the desired airflow. Located in the aft 
section of the cabin is an exhaurt vent to improve the circulation of air in the cabin interior. 

13-2a. TROUBLESHOOTING. Troubles peculiar to the South Wind heater are Listed in 
Table XIU-I, along with their probable causes and suggested remedies. Troubles peculiar to 
the Janitrol heater are Listed in Table XIII-I1 at the back of this section. 

HEATING A N D  VENTILATING 
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cj C A M N  F R m H  A I R  
I) C A B I N  H E A T E R  A I R  
I, C A B I N  E X H A U S T  A I R  

Figure 13-1. Heat ing  and Vent i la t ing  System 
Senal  Nos. 30-1 to 30-401 incl. 
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C A B I N  F R S H  A I R  
C A M N  HEATER A I R  

W U M N  EXHAUST A I R  
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Figure 13-2. Heating and Ventilating System 
Serial Nos. 30-402 to 30-852, 30-854 to 30-901 incl 
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Figure 13-3. Heating and Ventilating System 

Serial Nos. 30-853. 30-902 and up 
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13-3. HEATER OPERATION(S0UTH WIND). Operationof theSouth Wind heater 
is controlled by an Off-Prime-Low-High heat switch whichis located on the lower 
riglu instrument panel. The ventilating fan motor operates and provides a i r  flow 
through the hearer system whenever the heater switch is in the low o r  high heat 
position. In flight, additional air is supplied by ram air pressure through the 
nose inlet. This arrangement assures an adequate flow of air through the heater 
at a l l  t imes.  

To turn the heater on, first ascertain that the heater  fuel valve (located on 
heater control panel) is full on, then move the heater switch to "High o r  "Low" 
heat. If the heater  does not s tar t  promptly, return the heater switch to "Prime" 
position f o r  15 seconds topr ime the heater, thenupon moving the switch to "high" 
heat the heater should start and continue to  operate after  1 to 1-1/2 minutes of 
warm -up. 

Use of the high heat position on theground may result in excessive exhaust 
smoke from the heater; therefore, high hear should only be used in flight and the 
low heat position be used for  heating the cabin during ground operation. 

To heat the cabin - (1) turn the heater switch to high o r  low heat asdes i red ,  
(2) adjust the air flow control as required t o  heat the rear seat,  (3) control the 
heat to  the front seats With the adjustable air outlet located below the righr and 
left corners  of the instrument panel. There i s  a dump valve arrangement in the 
heater  bonnet to exhaust excessive heat; thereby, making it possible to operate 
the heater with a l l  controls in the closed position. 

After the heater switch is rurned to  the "OFF'' position combustion in the 
heater stops, both the combustion fan and thecirculating air fan continues to op- 
e ra te  for about two minutes, while the heater cools slowly and purges itself of 
hot a i r  and fumes. To obtain best service life from the South Wind heater com- 
ponents, it i s  recommended that the heater switch be turned off about nuo minutes 
before stopping the engines and shutting off the master  switch. This should nor-  
mally be done during taxiing, af ter  landing. 

13-4. HEATER OPERATION (JANITROL). Operation of the Janitrol heater is  
controlled by a three position switch, labeled " F A N ,  "OFF'' and "HEAT". The 
"FAN" position will operate the vent blower only and may be used for cabin ven- 
tilation on the ground o r  windshield defogging when heat i s  not desired. 

F o r  heat, the manual heater fuel valve must be on and the three position 
switch turned to  "HEAT". This will s tar t  fuel flow and ignite the burner simul- 
taneously. With instant startingand no need for priming, heat should be felt with- 
in a few seconds. 

Regulation of heat, airflow and defroster operation i s  controlled by levers 
on the heater control console. The top lever is connected to an adjustable ther-  
mostat which makes it possible to select a temperature of heated a i r  through a 

HEATING A N D  VENTILATING 
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widr-. Since the air t e m p e m r e  is contmfiable, it is unnecessary to have an overboard 
dump for excess hot air. 

Cabin temperature and air circulation can be maintained by using various 
combinations of lever settings, to suit individual desires To minimize the feeling of drafts, a 
low air flow-high heat combination may be used 

Windshield deffosting may be regulated by various settings of the defroster lwer and 
in severe windshield fogging or icing conditions, it may be desirable to restrict the heater air, 
since this will drive more air through the defrosters. 

It is desirable when the heater has been operating with the airplane on the ground, 
to turn the switch to " F A N  for several minutes to cool the heater and then turn it to the 
"OFF" position. 

13-5. HEATER SAFITY LJMIT SWITCH. Located in the South Wind and Janitrol heaters 
is a heat limit switch, which acts as a safety device to render the heater system inoperative if 
a malfunction should occur causing excessively high temperatures. This control is located in 
the downstream end of the vent jacket, with the reset button on the heater shroud. It is 
reached only through the nose xction to insure that the malfunction causing the overheat 
condition is corrected prior to future heater operation. 

13-6. INSPECTION OF HEATER AND HEATER COMPONENTS. 
a. Inspect all fuel lines and fittings for fuel stains indicating leakage. Replace lines or 

tighten fittings as necesary. 
b. Check heater for cracks, loose bolts, screws and wking. 
c. Inspect all electrical connections for corrosion; if corrosion is Nident, clean affected 

components and wipe clean with a slightly oily cloth. 

13-7. SOUTH WIND HEATER. 

13-8. REMOVAL OF HEATER. (Refer to Figure 134.) 
a. Turn the heater control switches off. 
b. Remove the nose access panel from the airplane. 
c. As desired, remove the distribution box (8) from the aft end of the heater by 

removing the box attachment screws and sliding the box off the heater or removing the 
cabin heat hoses ( 6 )  & (7). defroster hose (I I) and hot air dump hose (12) from the air 
distribution box by releasing the hose clamps 

d. If the air distribution box was not removed from the heater, disconnect the heat 
control cable (10) from the left side of the air box. 

e. Note the hook-up of the electrical wires to facilitate reinstallation and disconnect 
the leads from the terminal block (23). 

f. Disconnect the fuel line (2) by removing the cover of the fuel control valve (3) to 
gain access to the fuel fitting. 

g. Disconnect the ventilating air inlet hose (18) from the forward end of the heater by 
releasing the attachment clamp. 

h. Slide the fuel valve drain tube ( 1  5) up from bottom panel of the nose section. 
i. Disconnect the cabin air control cable (10) where it is supported at the combustion 

air blower. 
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Figure 13-4. Heater Installation (South Wind) 
Serial Nos.  30-1 to 30-401 incl. 
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j. Disconnect the combustion air inlet hose from the combustion air blower air inlet 
(17) by removing nut, washer and screw at  the upper end of the tube. 

k. Loosen the clamps from around the heater. 
I. Lift the heater and remove it from the airplane. 

13-9. INSTALLATION OF HEATER. (Refer to Figure 13-4.) 
a. Position the heater on its mounting brackets. Extend the exhaust tube (16) through 

and the lower end of the shroud, over the fitting that is attached to the bottom panel of the 
nose section. 

b. Connect the combustion air inlet hose to the combustion air blower ( 17) and secure 
with screw, washer and nut. 

c. Attach the cabin air control cable to  the combustion air blower. 
d. Insert the fuel valve drain hose through the hole in the bottom panel of the nose 

section. Ascertain that the tube is protected at the panel by a grommet. 
e. Connect the ventilating air inlet hose (18) to the forward end of the heater and 

secure with clamp. 
f. Connect the fuel line (2) to the fuel control valve (3) and then replace valve cover. 
g. If the air distribution box (8) was not installed during heater build-up before 

installation, install the box and secure with screw. 
h. If the air heat control cable (10) was disconnected from the air distribution box (8). 

connect the cable at the valve arm and on the box. Position the cable wire and shroud to  
allow the valve full travel in the box. Ascertain that the wire attachment assembly rotates 
freely on the valve ann. 

i. Also if disconnected, connect the cabin heat hoses (6) & (7). defroster cable (I  I )  
and hot air dump hose (12) on the air distribution box and secure with clamps. 

j. Connect the electrical leads to  the terminal block of the heater as shown in Figure 
13-4. 

k. Check operation of the heater. 
I. Install the nose section access panel. 

13-10. PRINCIPLES OF OPERATION. The South Wind Heater produces heat by burning 
a mixture of gasoline and air in a sealed, all-welded, stainless steel heat exchanger. (Refer to 
Figure 13-5.) Air for combustion is obtained from a blower on the side of the heater 
housing and is introduced into the heat exchanger throu* two metal elbows. Gasoline is 
obtained from the airplane's fuel system and is supplied to the heater through a safety valve 
and fdter which may be mounted at any convenient point near the heater. 

Fuel is metered at the heater by the fuel control valve (Refer to Figure 13-6.) which 
is cnclosed in a metal case on top of the heater. The metal case is equipped with fittings for 
a drain tube at the bottom. and a vent tube at  the top. These tubes prevent the possibility of 
a fire hazard, or release of fumes, in the event that a fuel leak should develop in the valve o r  
fuel line connection. 

After being metered by the fuel control valve, the fuel passes through a shorl 
steel tube and enters a vertical standpipe. (Refer to Figure 13-5.) The fuel drips down the 
standpipe and saturates the stainless steel wick in the combustion chamber. The standpipe is 
surrounded by an electric heating element which is energized during the starting period and 
serves to preheat the fuel, thus insuring quick starts even at lowest temperatures. 
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L VENTILAT I NG 
AIR BLOWER 

n 
FRESH A I R  

THERMAL FUSE 

COMBUSTION 
COMBUSTION A I R  I N L E T  

\ \ FLAME DETECTOR 
BLOWER , SWITCH 

COMBUSTION A I R F U E L  

Figure 13-5. Flow System (South Wind Heater) 
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Figure 13-6. Fuel Comrol Valve (Cutaway View) 

The fuel is ignited within the heat exchanger by a glow-plug igniter, and the resulting 
hot gases pass through the wraps of the heat exchanger and out the exhaust tube. 

After combustion starts, the igniter and fuel preheater are turned off by the flame 
detector switch (Refer to Fire 13-7.) which also turns on the ventilating air blower at this 
time. Since the standpipe is not heated by combustion :u! the heat exchanger, preheating is 
no longer required and the preheater is also turned off. 
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HEATER l S S Y .  I __.__.___.___________-________.________-___-_-, 

NOTE: F I ~ .  Detector  s ~ l t c n  ShWn 
~n C o l a  o r  "STbRT" P o s l t l o n  

Figure 13-7. Wiring Diagram for South Wind Heater ,  Model 940-Dc12 
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F U E L  OUTLET 

FUEL INLET 

Figure 13-8. Fuel Safety Valve (Cutaway View) 

13-11. SAFETY VALVE. The safetyvalve(Refer to Figure 13-8.) which is  sup- 
plied with the heater consists of a shut-off solenoid and a casting which houses 
a large diaphragm and spring. The safety valve provides the initial flow of fuel 
for  ignition. Additional fuel to sustaincombustion is permitted to flow only after  
the shut -off solenoid of the safety valve i s  energizedduring a starring cycle. Fxel 
flows from the fuel source through the filter to the inlet side of the safety dia-  
phragm. Pressure of fuel against the diaphragm forces gasoline, contained in 
the opposite side of the chamber, through the ourlet port into the heater. 

When the flame detector switch transfers  af ter  combusion s tar t s ,  the shut - 
off solenoid i s  energized and opens a bypass through which fuel then flowsto the 
heater.  Gasoline will continue to flow through this system until the heater is 
turnedoff.  The chamber behind thediaphragm will refill during heater operation. 
a s  the spring returns the diaphragm to i t s  normal position. This prepares the 
safety valve for  another s tar t .  The safety valve may be manually recharged ar 
any time by turning the heater switch to Fan o r  Prime position for  about 30 sec - 
onds . 

The safety valve also acts  a s  a second safety fuel shut-off valve, since it 
is energizedthrough the hearer relay. In theevent of anoverheat condition, which 
causes the thermal fuse o r  lockout overheat switch to open, the relay will be de - 
energized and the safety valve solenoid will close at the same time the heater fuel 
control valve shut -off solenoid closes.  
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13-12. LOCKOUT OVERHEAT SWITCH. Federal Regulations for light aircraft  
require heaters  to be equipped with a lockout-type overheat switch which will 
shut off ignition and shut off fuel a t  two points, in the event of an  overheat condi- 
tion. The hea te r i s  equipped with a snap-action typeoverheat switch with a man- 
ual reset  button. This switch i s  connected in s e r i e s  with the thermal fuse so  that 
functioning of ei ther  devicewill causea complete shutdown of the heater. In this 
event, the fuel control valve solenoidand the safety valve solenoid will bothclose 
a t  the same  t ime.  Both of these devices also shut off the igniter. 

13-13. THERMAL FUSE. The thermal fuseconsists of a specialcombustionair 
inlet elbow which contains a fusible metal link with electr ic  terminals.  The f u s -  
ible link i s  connected in s e r i e s  with the hot lead from the heater switch. 

An  additional requirement of Federal Regulations is that aircrafr heaters bc 
equipped with a device which will prevent operation at any time that combustion 
a i r  flow i s  insufficient for safe operation. This means that the heater must shut 
down if combustion a i r  flow i s  revcrsed, since the heaterwill operate safely under 
any other combustion air flow condition. 

The special purpose of the thermal fuse i s  t o  shut off the heater i f  the d i -  
rection of combustion a i r  flow should be reversed.  In such a condition, combus- 
tion a i r  would enter  through the heater exhaust and flow out through the combus- 
tion a i r  inlet. It has been demonstrated that this  flow can sustain combustion a t  
a temperature below the overheat switch setting. For  this  reason, the thermal 
fuse has been provided at the combustion a i r  inlet. In the event of reverse burn- 
ing, the hot gases will quickly melt the fusible link and the heater will be com- 
pletely shut down. The heater cannot be restarted until the fusible link has been 
replaced af ter  such an  occurrence. 

NOTE 

The reverse  burning described above, can only occur 
under unusual conditions caused by improper instal- 
lation, o r  by multiple failure of heater components. 
The thermal fuse has no effect on the heater during 
normal operation. 

13-14. CYCLING SWITCH. The cycling temperaturelimit switchis se ta t  a low - 
er temperature.  I ts  purpose is  to prevent unnecessary operation of the lockout 
overheat switch by limiting heater outlet temperature. 
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13-15. SYSTEMS. The model 940 heater consists of four systems: The Fuel 
System. The combustion AirSystem. The Ventilating AirSystem, and The Elec - 
t r ica l  System. These systems a r e  more fully described below. 

13-16. FUEL SYSTEM. The fuel system consistsof the safetyvalve(which was 
described under Safety Features), the heater  fuel control valve, and the stand- 
pipe. The heater is designed t o  operate with a fuel pressure  between 20 and 35 
psi .  Less than 20 pounds may not be sufficient to operate the safety valve dia-  
phragm, and more  than 35 pounds may damage the pressure regulator in the heater 
fuel control valve. 

13-17. FUEL CONTROL VALVE. The fuelcontrolvalve(Refer to Figure 13-6.) 
provides the proper  amount of fuel for high o r  low heat operation, depending upon 
position of the thermostat contacts. The complete valve consists  of two solenoid 
valves and a pressure  regulator which maintains constant fuel pressure for heat - 
e r  operation, regardless of fluctuations of pressure  in the h ~ e l  supply. The flow 
of fuel is regulated by an orifice plate which contains holes of the proper size to 
me te r  fuel flow for  high and low heat. 

When the shut -off solenoid is closed o r  unenergized, no fuel can enter  the 
standpipe, and the heater i s  completely shut off. When the shut -off solenoid is 
energized, h e 1  flows through the low heat metering orifice and the heater bums 
on low heat. When both the restrictionand shut-off solenoids a r e  energized. fuel 
flows through both the low heat orifice and the restriction orifice, thereby pro-  
viding sufficient fuel for high heat operation. After leaving the fuel controlvalve, 
the fuel drips down the standpipe where it saturates  the stainless steel wick ex-  
tending into the combustion chamber. (Refer to Figure 13-5.) 

13-18. COMBUSTION AIR SYSTEM. The combustionair blower blows airthrough 
the metal elbows into the heat exchanger. Inside the heat exchangerthe a i r  passes 
through another duct (Refer t o  Figure 13-5.) and i s  blown into the burner cone, 
where it mixes with the gasoline vapor and the mixture i s  ignited by the igniter. 

The burning gases then swirl around the heat exchanger and exhaust through 
the outlet tube. 

13- 19. VENnLATING AIR SYSTEM. The ventilating a i r  blower i s  mounted on 
the end of the heater  by means of bayonet slots.  The blower is a mixed-flow type 
which discharges axially, due t o  the design of the housing. It picks up clean a i r  
f rom outside the heater housingand blows it through the s lots  of the heat exchanger 

HEATING AND VEWILATING 
Issued: 12/29/72 



PIPER TWIN COMANCHE SERVICE MANUAL 

and around the sides, where it absorbs 
heat which is transmitted through the 
walls of the heat exchanger by the hot 
products of combustion. The heated a i r  
is then conducted to the space which is 
being heated. 

13-20. ELECTRICAL SYSTEM. The 
heater electrical systemconsists of the 
combustion and ventilating a i r  blower 
motors, the flame detector switch, the 
fuel valve solenoids, the fuel preheater 
and the electric safety devices. 

13-21. FLAME DETECTOR SWITCH. 
The purpose of the flame detector switch Figure 13-9. Flame Detector Switch 
is to shut off the ignlter and fuel pre - (Cutaway View) 
heater a s  soon a s  combustion has been 
established within the heater, and to provide a "purge" cycle after the heater is 
shut off. This switch consists of a hollw probe upon which is mounted a bracket 
and micro switch mechanism. The hollow probe contains a quarcz rod which has 
a low rate of expansion when heated. (Refer to Figure 13-9.) The end of the 
quartz rod actuates the plunger of the micro switch. A leaf spring between the 
rod and plunger is provided to maintain a pressure through the rod against the 
end of the tube. 

When installed on the heater, the hollow probe extends into the interior of 
the heat exchanger where it is  subject to the heat of combustion. After combus- 
tion starts. the heating effect of the flamecauses themetal tube to expand. Since 
the quartz rod doesnot expand. the lengthening tube relieves the pressure on the 
micro switch plunger and the switch contacts transfer. The switch will then r e -  
main in this position a s  long as  the tube remains hot, bm will automatically r e -  
turn to the starting position when the heat exchanger cools. This purge cycle. 
after the heater switch is shut off, holds the blowers on until the residual fuel in 
the burner bas been consumed, and the heater is cooled off. 

13-22. IGNITER. The igniter is  an electric "glow plugWtype of heating element 
which glows red hot when energized. (Refer to Figure 13-5.) To prolong the iife 
of the igniter, it is shut off by the flame detector switch a s  soon as  combustion 
starts .  
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13-23. CYCLE OF OPERATION. When the heater  switch i s  turned on, several  
things occur simultaneously. (Refer t o  Figure 13-7.) 

a .  The shut -off solenoid i s  energized through terminal  No. 4 of the terminal  
s tr ip,  the overheat switch, and through the thermal  fuse. This permits fuel to  
dr ip  into the standpipe and saturate  the stainless s teel  wick. 

b. The igniter is energized through the flame detector switch which obtains i t s  
energyfrom terminalNo. 4 of the terminals t r ip(or  terminalNo. 4.4 of the relay). 

c .  The fuel preheater heats up, since it i s  connected in s e r i e s  in the igniter 
circui t .  

d.  The combustion a i r  motor i s  energized through the centerconnectionof the 
flame detector switch, and the blower s t a r t s .  

With heated fuel dripping down the standpipe, the igniter glowing red hot, 
and the combustion a i r  blower in operation, al l  requirements for  combustion a r e  
present and burning soon starts in the heater.  

The heat of combustion causes the tube of the flame detector switch assem - 
bly to expandand permits the switchcornacts to t ransfer ,  a s  previously described. 

13-24. R L W I N G  CYCLE. When the flame detector switch transfers ,  the foi- 
lowing events take place: 

a .  The ventilating a i r  blower motor i s  energizedthrough terminal No. 2 of the 
terminal s t r ip  (or  2A of the relay) and the flame detector switch and the blower 
starc. The combustion a i r  blower continues to run, since it obtains its energy 
from the center  terminal of the flame detector switch. Electric energy for both 
blowers i s  now beingsupplied from the No. 3 terminalwhich i s  connected directly 
to the battery, and the blowers willcontinue to run until the flamedetector switch 
cools and returns to i ts  starting position. 

b.  The igniter and fuel preheater a r e  shut off when the flame detector switch 
t ransfers .  Since combustion i s  self-sustaining, they a r e  no longer required. 

The heater is nowin fulloperationand will continue to burnas  long a s  fuel. 
a i r ,  and electric current  a r e  supplied. The temperature of the a i r  may be regu- 
lated by opening and closing the restriction solenoid of the fuel control valve by 
meacs ofa thermostat o r  HI-LO switchmounted in a suitable position in the cabin. 

13-25. PURGING CYCLE. When the heater  switch is turned OFF,  the followng 
sequence of events takes place: 

a .  The shut -off solenoid of the fuel controlvalve i s  de-energized, and fuel xlow 
stops immediately. Burning soon stops due to lack of fuel. 

b. The combustion a i r  and ventilating a i r  blowers continue to run since the 
flame detector switch i s  sti l l  hot and i s  in its m i n g  position. The flow of ven- 
rilating and combustion a i rcools  the heat exchanger and purges it of allilnburnea 
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gas fumes which might remain after burning stops. 
c .  When the heat exchanger cools, the tube of the flame detector switch con- 

tracts and forces the quartz rod up against the micro switchplunger. The switch 
then transfers to itscold position and the blowers stop. The fuel safetyvalve so- 
lenoid is also de-energizedand will not openagain until the flame detector switch 
becomes heated on ancther starting cycle. 
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TECHNICAL DATA 

Electrical Requiremems 

Current Consumption 
Staning 
Running 

Fuel Pressure 

Heat Output 
High Heat 
Low Heat 

Overheat Switch Operating Temperature 

Cycling Switch Operating Temperature 

12-volts DC 

12-amp 
Famp 

20 to 35 psi 

27,500 BTU/HR 
15,000 BTU/HR 

350' F 

220" F 
- 
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13-26. SERVICE. 

13-27. GENERAL. The model 940 heater is specifically designed to simplify 
servicing procedures. All controls are  easily accessible and the ventilating a i r  
blower is  attached by means of bayonet slots to facilitate removal and replace- 
ment. 

All repairs in the field should be confined to replacement of major subas - 
sembliesof the heater. It is  not recommended that anyattempt be made to repair 
these assemblies without shop facilities. Attempts to repair the ventilating a i r  
blower, fuel control valve, safety valve, o r  overheat switches, without complete 
tools and test equipment, a r e  likely to result in equipment failure o r  inadequate 
operation. The following major subassemblies are  specially designed to permit 
unit replacement, and thls type of maintenance is  recommended for field service 
personnel: 

a .  Ventilating a i r  blower. 
b. Flame detector switch. 
c . Fuel control valve. 
d. Igniter. 
e . Preheater resistor. 
f . Overheat switch. 
g .  Cycling switch. 
h. Combustion air blower motor. 

Lnstructions for disassembly, repair and reassembly begin with Paragraph 
13-43. The assemblies need not be removed in the order shown since each unit 
is  designed for separate replacement. 

13-28. PERIODIC SERVICE. 
a .  A complete overhaul of the heater is  recommended at 1,000 hours of hearer 

operating time and thereafter a t  500-hour intervals. 
b. The fuel filter must be cleaned at regular intervals to prevent the canden - 

sarion of moisture and formation of ice during cold weather. 
c .  When the fuel filter is cleaned, all fuel connections should be checked for 

leaks with fuel pressure applied, and all wiring connections for f imness  oi con- 
nections and condition of insulation. 

HE\TING A N D  VE>TILATISG 
Issued: 12/29/72 



PIPER TWIN COMANCHE SERVICE .MANUAL I 

I 

13-29. ADJUSnNG FLAME DETECTOR SWITCH. To adjust the flame detector 
switch, proceed asfollows: 

a .  Loosen the two locking nuts so that the switch is  held firmly but is  not lock- 
ed in position. 

b. Back off theadjusangscrew (Refer to Figure 13-9.) until theswitch clicks. 
c .  Turn the adjusting screw in slowly until the switch just clicks again. 
d. Turn the screw an additional 3/4 turn past the click point. 
e .  Hold the screws and t ighen the switch mounting n u s .  Check t o  make sure  

the adjusting bracket has not pulled away from the adjusting screw head. 

13-30. TROUBLESHOOTING. The heaters require a supply of fuel, electric cu r -  
rent at the proper voltage, and an unrestricted supply of ventilating and cornbus - 
tlon air for proper operation. External failure of any requirement will cause 
failure o r  malfunction, even if the heater itself is in perfect condition. For this 
reason, the external causes should always be checked first and repaired, if nec - 
essary,  before an  inoperative heater is  removed frornthe airplane, o r  disassem- 
bled for repair. (Refer to TABLE XIII-L) 

13-31. EXTERNAL CAUSES OF TROUBLE. 

13-32. ELECTRICAL CHECK. 
a .  Check voltage at the fuse o r  circuit breaker, through the heater switchand 

at terminal No. 3 of the heater terminal str ip.  Terminal No. 3 should be "hot" 
at any time the airplane's master switch is  on. A minimum of 12 volts at these 
points is required for proper heater operation. Terminal No. 4 should be "hot" 
when the heater switch and the master switch a re  on. 

b.  Turn the heater switch to FANor PRIME position andcheckvoltagethrough 
the switch to the hot terminal of the heater safety valve. It is  possible for the 
safety valve to lose its chargeof gasoline, in which case the heater willnot s tar t  
until the valve i s  recharged. A defective heater switch o r  wiring can, therefore, 
result in failure to s t a n  even i f  the heater and valve are  in good condtion. 

c . Check wiring through the heater thermostat to terminal No. 5 of the heater. 
This terminal should be hot at any time the heater switch is turned on and the 
thermostat is  calling for heat. A defective thermostat or  wiring can cause the 
heater to bum on low heat continuouslyand theoutput will be insufficient forcold 
weather service. 
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13-33. FUEL SUPPLY. The hearers require a supply of fuel under pressure of 
at least 20 pounds to operate the safety valve and to properly meter fuel to the 
heater. Check fuel pressure with a pressure gauge and tee fitting at the inlet to 
the safety valve while the engine fuel pump, auxiliary fuel pump, o r  other source 
of fuel pressure is operating. The heater fuel control valve contains a pressure 
regulator which will reduce fuel pressure for proper metering of fuel through the 
orifice plate. If fuel pressure at the control valve inlet is less than 20 pounds, 
the pressure regulator ceases to functionand the heaterwillburnat reduced level 
of heat output, ormay fail to ignite. Any pressure between 20 and 35 pounds will 
provide satisfactory operation. 

13-34. COMBUSTION AIR SUPPLY. A reducedor restrictedcombustionair sup- 
ply will usually be easy to identify since the heater will produce black smoke at  
the exhaust outlet and the tube will contain a deposit of soft black carbon. This 
condition can be caused by an obstruction of any sort in the combustion a i r  inlet, 
pinching of the combustion air tube, o r  an installation defect which prevents the 
combustion air blower from obtaining a sufficient amount of a i r .  Always check 
these exrernal causes before changing the combusrion a i r  motor. (These same 
symptoms can be caused by a high fuel rate .) 

NOTE 

The heaters require ram a i r  a t  the combustion a i r  in- 
let, and the symptoms noted abwe  will always appear 
if this heater is substituted for one of the other models 
without makmg ram a i r  provision. These symptoms 
will also appear if these heaters, even when properly 
installed, a r e  operated for an extended period on the 
ground. 

13-35. VENTILATING AIR SUPPLY. 
a .  The need for ventilating a i r  is apparently less critical than other require- 

ments, since the heater will usually operate at a reduced heat output without any 
symptoms of malfunctioning when ventilating a i r  flow is  impeded. This condition 
may o v e  the appearance of inadequate heater capacity when the fault is  actually 
an obstruction in the ventilating air stream o r  a duct system whch unduly r e -  
stricts a i r  flow. 

b .  Symptoms of inadequate a i r  flow areconstant cycling on the cycling switch 
(oroverheat switch) and a relatively high a i r  temperature at the heater outlet. 
Test for cycling by connecting a test lamp to terminal No. 9 of the overheat switch 
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(or  terminal No. 30 of the cycling switch). If the heater cyclesconstantly, insert 
a thermometer into the duct about 18 inches from the heater outlet. If the tem- 
perature at this point is near 200' F.. it can be assumed that ventilating a i r  flow 
is inadequate and the load on the ventilating a i r  blower must be reduced by re -  
moving an obstruction, o r  reducing the length of the duct system. 

c .  In extreme caseswhere a i r  flow is drastically reduced. or  completely shut 
off, the lockout overheat switch may operate, shutting the heater completely off. 

13-36. CHECK-OUT PROCEDURE FOR AN INOPERATIVE HEATER. Lf a heat - 
er fails to ignite, first check external causes previously noted, then proceed a s  
directed in the Check-Ckt Procedure beluw. This procedure should be followed 
through in the order presented, since it i s  designed to isolate the trouble with a 
minimum of disassembly. 

a .  Press the reset button of the lockout overheat switch. 
b. Turn the heater control switch to FAN o r  PRIME position and wait approx- 

imately 30 seconds (for the safety valve to charge), then turn heater switch to 
ON position. 

c .  The requirements for heater ignition a r e  (1) fuel. (2) a flow of combustion 
a i r .  and(3) ignition. If the combustionair blowerstarts when the heateris turned 
on. the combustion a i r  requirement is satisfied and the thermal fuse and lockout 
overheat switch a re  also eliminated a s  possible sources of trouble, since these 
components are necessary for blower operation. This leaves only fuel and igni- 
tion as  causes of failure. 

d .  If the combustion a i r  blower fails to start, it is probable that the trouble 
i s  in the thermal fuse, lockout overheat switch, flame detector switch, o r  the 
combustion air blower itself. 

e. Since there is more than one possible check of either condition described 
above, the heater startingcircuit must be checked out in a merhodical way to pro - 
gressively eliminate the different components. The Starting Circuit Check as  - 
surnes that the blower is inoperative. If the blower operates, the check-out pro- 
cedure may be started with Paragraph 13-37, c ,  since the blower circuit will not 
be in question. 

13-37. STARTING CIRCUIT CHECK. 
a .  Check voltage at tenninal No. 4 of the terminal strip, with a test light o r  

voltmeter, then checkpmgressively at both sides of the thermal fuse, at termin- 
a l  1A of the relay, and at terminal No. 6 of the terminal strip. Loss of voltage 
at the thermal fuse indicates a defective fuse: a t  terminal No. 4A a defective lock- 
out overheat switch: at terminal No. 6, a defective flame detector switch. 
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b. If there is voltage at  tenninal  No. 6 and the combustion a i r  blower does not 
run, remove the heater and return it to the shop for installation of a new com- 
bustion air blower motor. 

c .  Lf there is voltage at te-1 No. 6 and the combustion a i r  blower runs, 
the trouble is caused by ignition failure o r  lack of fuel. To differentiate benueen 
these possibilities, check voltage at terminal No. 7 of the terminal a r i p .  Loss 
of voltage at  this point will indicate a defective flame detector switch. 

d .  If there is voltage at  terminal  No. 7, turn off the heater switchand discon- 
nect the igniter wire from terminal No. 7.  Connect anammeter  in ser ies  between 
terminal No. 7 and the igniter wire,  then turn  on the heater  switch. The igniter 
should draw approximately 10 amperes.  If there is no current draw, either the 
igniter o r  preheat resistor  is defective. If current draw is normal and there is 
voltage at  terminal 4A of the relay, it can be assumed that the fuel control valve 
shut-off solenoid is defective and the  valve must be replaced. 

13-38. RUNNING CIRCUIT CHECK. If the heater starts properly, burns for a 
short time and then goes out, o r  develops some other type of malfunction, it can 
be assumed that the starting circuit is operating properly and the difficulty is in 
the heater control system. The elemenrs which affect heater operation, af ter  
starting, a r e  as follows: 

a .  Starting safety devices. 
b. Fuel control components. 
c . The combustion a i r  supply. 

13-39. STARTING S A F E n  DEVICES. Failure of the flame detector switch to 
transfer  will beindicated by failure of thevernilating a i r  blower to s t a n  after  the 
heater has burned fo r  a s h o n  time. The fuel safety valve will shut off fuel after 
about two minutes, but the igniter willcontinue to be energized and may b u m  oct 
before the condition is detected, since it is not designed for continuous operation. 

Ln all cases  where the heater ignites normally and then goes out, it will be 
necessary to differentiate benveenthe flame detector switch and the safety valve. 
F i r s t ,  reset the flame detectorswitch a s  directed in Paragraph 13-29, prime the 
safety valve, and make another trial s tar t .  If the heater goes out again, check 
wiring from the heater terminal s tr ip to the safety valve and then replace the 
flame detector switch if no defect is found in the wire.  If the valve primes when 
the heater switch i s  in the PRIME position but fails to prime automatically when 
the heater is burning, the defect will be found in the wiring between the safety 
valve and terminal s tr ip,  o r  between the terminal s t r ip  and relay on heaters s o  
equipped. If the heater bums for less than one minute and then goes out, the 
safety valve is not holding an adequate charge of fuel and must be replaced. 
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13 -40. FUEL CONTROL COMPONENTS. If the heater ignites and the ventilating 
a i r  blower starts but heat output is unsatisfactory (too low, too high, o r  constant 
cycling), the trouble will be found in the thermostat, the cycling switch, o r  the 
fuel control valve. Failure of the restriction solenoid to  openwill cause low heat 
output and constant burning, regardless of thermostat setting. Failure of the so- 
lenoid to close wfll cause high heat ou tpa  and constant cycling. Low heat and 
constant cycling are caused by a cyclingswitch or a thermostat out of adjustment. 
Check these causes  and replace the defective component a s  required. 

13-41. COMBUSTION AIR SUPPLY. Since an excess of combustion a i r  (within 
limitations of the blower design) does not adversely affect heater operation, the 
only trouble likely to beencountered withcombustionair is an inadequate supply. 
The syrnpoms of cornbustionair restr ict ionare easy to recognize, and have been 
described under External Causes of Failure, Paragraph 13-31. If the a i r  supply 
is inadequate and thetrouble is notcaused by restriction. replace the combustion 
a i r  motor. 

NOTE 

The combustion air blower must not be subjected to 
excessive ram a i rp ressures .  The blower needs about 
1 to  2 inches of water r a m a i r  pressure above the pres - 
s u r e  in the heater exhaust, but r amai rp ressures  a b w e  
3 inches of water a r e  quite liable tocause blowerwheel 
failure. 

13-42. TROUBLESHOOTING CHART. The Troubleshooting Chart, Table XIII-I, 
i s  a brief summary of the defects and remedies discussed in this Section. lWs 
char t  may be used a s  a guide when servicing a heater which fails to perform prop- 
e r ly  when installed and can be found following Paragraph 13-79. 

13-43. DISASSEMBLY, REPAIR AND REASSEmLY. An overhaul of the heater 
consists of a complete disassembly, cleaning, repair. reassembly and test,  a s  
described in the following pages. The information i s  presented in overhaul se- 
quence, but it should be noted that parts a r e  not necessarily removed in the o rder  
shown. When making repa i ro r  replacements, it i s  possible to remove most sub- 
assemblies without disturbing other parts.  

The instructions m the following paragraphs cover all models of the 940 
S e n e s  heaters. Figure 13-10 is a composite exploded parts view, showing all  
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Figure 13-10. Exploded Parts View, Heater Assembly 
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parts used on all heaters. Not all of these parts a r e  used on any one heater, but 
the differences and usage of parts arenoted in the t e a .  The procedures outlined 
below a r e  applicable to all models, unless othemise noted. 

The following special service tools a r e  recommended for service and over- 
haul of the 940 heater: 

a. Fuel valve screen tool. 
b . Igniter housing scraper. 

13-44. DISASSEMBLY. (Refer to Figure 13-10.) 
a .  Remwe the combustion a i r  inlet adapter (1) by removing the sheet-metal 

screw (2) in its center (Refer to Figure 13-10.) 
b. Remove the shroudadapter(3) by removingthe sixscrews (4) from the weld 

nuts in the heater housing. 

NOTE 

The combustion air inlet adapter and shroud adapter 
may remain in the airplane when the heater is re- 
moved. If attached to  the heater they may have a h e r  
installadon parts welded o r  clamped to them. If such 
is the case, note positions of such parts before they 
a r e  remwed. 

c .  Remove the exhaust exrension (5). washers (6), " 0  ring (7). and gasket (8) 
from the heater exhaust outlet. 

13-45. VENTILATING AIR BLOWER. 
a .  To remove the ventilating a i r  blower (9). disconnect the blower lead from 

the heater terminal No. 2, o r  the relay terminal No. 2A. and free the wire. 
b. Loosen, but do not remove, the four nuts (10) which secure the blower to 

the heater housing. 
c . Turn the blower counterclockwise and pull it straight off of the heater hous - 

ing . 
d .  Remove the a i r  inlet louver(l1) from the blowerassembly by removing the 

three screws (12). 
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13-46. FUEL CONTROL VALVE. 
a .  Remove the cover (13) from the fuel control valve housing by loosening the 

four screws (16). Disconnect valve solenoid leads. 
b. Disconnect the short fuel line (17) from the standpipe by loosening the com - 

pression nut (18). The ferrule (19) will remain on the fuel line. 
.c. Lift the fuel control valve (20) out of the housing and remove the fuel line 

(17) from the valve by removing the compression nut. Do not attempt to remove 
the ferrules from the fuel line. 

13-47. FLAME DETECTOR SWITCH. 
a .  Disconnect leads of the flame detector switch (40) fromthe terminal scrip, 

o r  from terminal s t r ip  and relay, according t o  heater model. 
b. Disconnect wires from relay (25) by removing terminal screws (28). Re- 

install screws in terminals. 
c .  Remove the four screws (24) which secure the flame detector switch guard 

(23) to the heater housing. Remove the guard and relay as an assembly, on heat- 
e r s  so  equipped. 

d .  On heatersequipped with the relay (25). remove the nut (26)and lockwasher 
(27) to free the relay ground wire  and relay assembly. 

e. Loosen the compression nut (42) underneath the flame detector switch (40) 
and back it off until it clears  the threads of the heat exchanger b u s h g .  

f . R111 the flame detector switch straight out of the heat exchanger. beingcare- 
ful not to bend the tube since it contains a quartz rod (41) which may be broken by 
rough handling. 

13-48. LOCKOUT OVERHEAT SWITCH. 
a .  On models so equipped, disconnect push-on lead of the lockout overheat 

switch (44) from the thermal fuse (57). Remove the overheat switch by removing 
the four screws (45). 

b .  On older model heaters, the leads (91 and 92) a r e  attached to the switch. 

13-49. CYCLING OVERHEAT SWITCH. Remove the cyclingoverheat switch (49) 
by removing the two auaching screws (50). Also remove the capacitor (93). 
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13-50. COMBUSTION AIR BLOWER. 
a .  Loosen the clamp (55) which attaches the combustion a i r  elbow (56) and 

thermal fuse (57). Disconnect wires from the thermal fuse ( i f  u&) and then 
work the two parts off the blower outlet and heat exchanger inlet. Separate p a n s  
after removal. 

b. Remove the cover (59) of the combustion air blower, by removing the nine 
screws (60) and speed nuts (61). It is not necessary to remove the bracket (62), 
o r  screws (63) unless replacement is required. 

c .  Loosen the set screw in the hubof the blower wheel(64) andslide the wheel 
off the motor shaft. 

13-51. STANDPLPE AND PREHEAT RESISTOR. 
a .  Remove the rwo screws (68) from the h e 1  line flange (65) and tapping plate 

(66). Remove the rwo plates and the gasket (67). 
b. Disconnect preheater connector strip from the igniter (79) and loosen the 

large hex nut (70) on the bottom of the standpipe (69). one o r  two turns. Remwe 
the  standpipe by backing off the smaller hex, which i s  wclded to the pipe. When 
the threads a r e  clear, the standpipe (69) and preheat resistor (73) can be lihed 
out through the opening in the heater housing. 

c .  Remove the preheat resistor (73) from t k  standpipe and pull out the h i t  
cable (72). Discard the cable and the "0" ring (7 1). These pans  must be re- 
placed at each werhaul. 

13-52. IGNITER. 
a .  Remove the nut (74) and lockwasher (75) from the ground stud inside the 

heater housing, to free the igniter ground strap (76), then remove the screw (77) 
and lockwasher (78) to free the igniter ground wire. 

b .  Remove the igniter (79). using a 13/16 inch deep socket, and remove and 
discard the igmter gasket (81). 

13-53. COMBUSTION AIR MOTOR. 
a .  To remove the combustion a i r  motor, it is  necessary to first remove the 

combustion a i r  elbows, the blower housing cover. the blower wheel, the stand- 
pipe. and the preheat resistor. 

b. After removing the parts noted above, remove the three mounting screws 
(83) and remove the motor (82) from inside the housing. This will also free the 
blower housing. 
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Figure 13-11. Ventilating Air Blowcr Assembly 

13-54. XE.4T EXCHANGER. Remove the three screws (86) from the seam of 
the heat exchanger housing (85) and spread the housing sufficiently to permit the 
heat exchanger (87) to drop out through the end of the housing. 

13-55. VENTILATING .4IR BLOWER. (Refer to Figure 13-11. ) 
a .  Remove the screw (1) and lockwasher (2) from the end of the motor (7) to 

free the motor from the ground s t rap .  
b.  Remove the three screws (3). washers  (4), grommets ( j ) ,  and small washers  

(6) to free the motor mounting bracket (9), then withdraw the motor ( 7 ) .  bracket 
(9). and blower wheel (8) a s  an assembly. 

c . Loosen the set screw in the hub of the blowerwheel (8) and remove the wheel 
from the motor shaft. 

d .  Xlark position of the mounting bracket (9) on the motor (7) and remove the 
bracket by loosening screw (10). 

e .  Remove the screw. lockwasher, and nut (13. 14 and 15) from the blower 
housing to free the ground s t r ap  (16). then remove the grommet (12) from the 
housing. 
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13-56. INSPECTION, CLEANING AND REPAIR. 

13-57. HEAT EXCHANGER. 
a .  Inspect the heat exchanger fo r  possible damage o r  leaks. Small cracks in 

the header plate o r  seams may be repaired by welding, provided the work is done 
by a welder who is thoroughly experienced in the welding of stainless steel.  If 
the heat exchanger has large cracks, is excessivelywarped, o r  has burned through 
a t  any point, it must be replaced. When welding cracks,  Type 347 weld rod is 
preferred, although 321 o r  310 may be  used. 

NOTE 

Before welding, it is very important to clean all com- 
bustion deposits away from the a rea  to  be welded, since 
the lead compounds in the heat exchanger can contam - 
inate the weld to  such an extent that a tight weld is al- 
most impossible. Keep allweld beads a s  small  a s  pos - 
sible. preferably not wer 1/8". 

b.  Clean combustion residue h o m  inside walls of igniter housing with igniter 
housinn scraDer tool. " 

c . Remwe combustion residue from inaide heat exchanger by soaking this as - 
sembly in a 2v0 by weight solution of ammonium acetate a t  a temperature of 180°F 
fo r  a period of 5 ti 10 hours. Flush out exchanger with water aher cleaning, and 
d r y  as well a s  possible with compressed air. This is the preferred method of 
cleaning. -4n alternate is to tap the heat exchanger lightly with a rawhide mallet 
to  loosen carbon from the walls. Thiswill loosenmost of the residue. which may 
then be blown out with compressed air. 

d .  Pressure test  heat exchanger by plugging openings and applying 10 psi a i r  
pressure  to the flame detector switch o r  standpipe bushing while the unit is sub- 
merged in water. Leakage will be indicated by bubbles. No leakage is permitted. 

13-58. FUEL CONTROL VALVE. Replace valve if found defective. 

13-59. BLOWER ASSEMBLIES. 
a .  Clean both blower wheels, housings, and the ventilating a i r  blower motor 

mounting bracket with dry cleaning solvent, and blow dry.  W i p e  off outside of 
motors with a cloth dampened in solvent, but do not immerse motors. 

b. Inspect blower wheels for bent blades and cracks .  Pay special attention to 
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1. NUT I2 REQI 
2. LOCKWASHER 12 RE01  
3. END BELL 
4. NUT12 REQ) 
6. L O O W A S H E R  
6. BRUSH HOLDER AND CUP 
7.  SPACER I2 REQ) 
8, BRUSH AND CLIP 

SOLDER EYELET 

SOLDER EYELET 

8. BRUSH 
10. BRUSH SPRING 12 RE01  
11. STUD 12 REQl 
12. NUT 12 REO) 
13. ROTOR LSSY. 
14, LOAD SPRING 12 RE& 
16. BEARING I2 RE01  
16. STATOR ASW. 

* 

Figure 13-12. Ventilating Air  Blower Motor 

the combustion air blower wheel. The slightest evidence of small c racks  in o r  
around the strain relief cutouts near  the hub i s  reason to replace this wheel. 

13-60. VENTILATING AIR BLOWER MOTOR OVERHAUL. An overhaul kit, 
PAC Part No. 754 306, is available for  the ventilating a i r  blower motors. ms 
kit contains new bearings, brushes, and other  p a n s  required for installation. 
To overhaul the motor, proceed a s  follows: (Refer to Fi-re 13-12.) 

a .  Remove the nrro nuts (1) from the end of the motor and pull the end bell (3) 
oE fa r  enough to pennit  unsoldering of the capacitor lead from the eyelet on t h e  
brush holder insulator. Remove the end be11 (3). 

b .  Remove the two nuts (12) from the other end of the motor and pull the two 
long studs (11) out of the stator  (16) without dismrbingthe two nuts ( 4 )  which a r e  
threaded par: way down to center  the studs in the stator .  

c .  Full the brush holder (6) out far  enoughro  unsolder stator leads from the 
eye!ets, then remove the brush holder assembly and brushes.  If the stator  does 
not have flexible leads to the solder eyelets,  cut leads off close to the windings 
and solder in new leads of flexible stranded wire. This will prevent possible 
k t u r e  failure due to vibration. 
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d .  Pull the rotor (13) out of the stator (16). The bearings will remain on the 
rotor shaft. 

e. Remove the load springs (14) from inside the stator (16). 
f . Clean the sbaft and pull the bearings off the shaft of the rotor (13) with a 

bearing puller, using anti-seize compound a s  a lubricant. 
g. Clean a l l  parts with a soh  bristle brush and blow off with compressed air. 

Sand commutaror of rotor (13) if necessary, o r  turn down slightly. h not at- 
t e m p  to repair a badly worn motor. Replace the emire assembly if major re -  
pairs a r e  required. 

If the commutator is turned, the lathe tool must be 
ground for copper and must be extremely sharp. Corn - 
mutator slots must be cleaned after turning to avoid 
shons  between bars. Sand lightly after turning. 

h. Press new bearings on the rotor shaft undl they bottom against shoulders 
on the shaft, using a lubricant. 

i . Reassemble the motor parts, using new brushes, brush springs and load 
springs from the kit. Note that two sets of brushes are provided. Use the new 
brushes which fit the motor brush holders. The 718855 springs must be used 
with 1/4 x 3/8 brushesand the717472 springs with 1/4x 1/4 brushes. Make sure 
that stator leads and capacitor lead a r e  securely soldered. 

j . No specific test of the motor i s  required after this repair procedure p r o -  
vided the rotor turns freely and themotorperfoms satisfactorily after reassem- 
bly into the blower assembly. Exrensive repairs that would require performance 
testing after completion a r e  not recommended. 

13-61. COMBUSTION AIR BLOWER MOTOROVERHAUL. An overhaul kit, P.4C 
Part No. 754 307, is available for overhaul of the combustion a i r  blower motor. 
To overhaul motor, proceed a s  follows. (Refer to Figure 13-13.) 

a .  Remove the two nuts (2) from the end of the motor and remove the end bell 
(5). 

b. Loosen the two small nuts (7) slightly with a 1/4 inch end wrench (or deep 
socket), then remove long screws (1) with a screwdriver while holding nuts (7). 
This will free the other end bell (4) and spacers (6). 

c .  Pull the brush holderassembly (9) out far enough tounsolder the stator lead 
and remove this entire assembly. 

d .  Pull the rotor(l5) outof thestator(16) with bearingson the shaft. Clean the 
shaft and remove rhebearingswith abearing puller, using a lubricant on the shaft. 
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1 scnmo REO) 
2 NUT 12 RE01  
3 LOCKWASHER 12 R E 0 1  
4 END B E U  
5 END BELL 
8 SPACER 14 RE01  
7 NU? 12 R E 0 1  
B LOCKWASHER 12 RE01  

17 

9 BRUSH HOLDER ASSY 
10 BRUSH AND CUP ASSY 
11 BRUSH 
12 BRUSH SPRING 12 RE01 
13 BEARING 12 RE01  
14 SNAP RING 
16 ROTOR ASSY 
18 STATOR ASSY 
17 LOAD SPRING 12 R E 0 1  

Figure 13-13. Comhs t ion  Air Blower Motor 

e. Clean al l  parts with a soft bristle b x s h  and blow off with compressed air .  
Sandpaper commutator of rotor (15) o r  turn down slightly if required. 

NOTE 

If the commutator is turned, the lathe tool must be 
ground for  copper and must be extremely sharp. Com- 
mutator slots must be cleaned after turning to avoid 
shorts  berween bars. Sand lightly after  turning. 

f .  Reh i ld  motor using new bearings (IS), brushes (10 and ll), and brush 
springs (12). When soldering brush pigtails, use long nosed pliers next to the 
solder joint to prevent solder k o m  "wicking" into the pigtail. 

g. No specific test  of the motor is  required after  the above repair procedure 
provided the shaft turns fxeely and the motor performs satisfactorily when r e -  
installed in the heater. More extensive repai rs  than those described should not 
be attempted. 
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13-62. HEATER HOUSING. 
a. Clean inside and out with d ry  cleaning solvent, and inspect housing for round- 

ness and dents. Straighten or  reshape as necessary. 
b. Replace all rubber grommets in the housing. 

13-63. FLAME DETECTOR SWITCH. Check bow spring to see if pressure of 
quartz rod is causing it to bow up toward the top of the switch. If the spring i s  
not bowed, Lut is in a straight position, the quartz rod i s  brokenand must be r e -  
placed If such is the case, proceed as  follows: 

a. Loosen the two switch mounting screws. 
b. Remove the adjusting screw. 
c. Turn microswitch back on the bracket and remove the bow spring. Inspect 

condition of the quartz rod. 
d. If the quartz rod is broken o r  chipped on either end, it must be replaced. 

If it  is in good condition, replaceit in the tube, turn the switch back into position 
and reinstall the adjusting screw. 

e. Backoff the adjusting screw until the switch clicks, indicatingthat the micro- 
switch has transferred 

f .  Turn the adjusting screw slowly in, until the switch just clicks agam, to 
determine point of transfer, then nun the screw exactly 3/4 turn past the trans - 
fe r  point. 

g. Hold the screws and tighten microswitch mounting nuts to lock switch se -  
curely in place. 

13-64. OVERHEAT SWITCH AND CYCLING SWITCH. Visually inspect the cy- 
cling switch, for damage and clean contacts by sliding a strip of clean bond paper 
between the conmcts. Do not use a file o r  sandpaper. and do not attempt to bend 
the contact arm. These switches a r e  adjusted at  the factory and the adjustment 
cannot be changed in the field. Replace switch if found defective. 

13-65. LOCKOUT OVERHEAT SWITCH. 
a. Connect wires to the two connector wires of the lockout overheat switch, 

and suspend this assembly in an oven with an accurate thermometer. Provide a 
test light or  meter to indicate opening of the switch contacts. Press the reset 
burton of the switch. 

b. Slowly raise the oven temperarure unul the switch contacts open. Kote 
temperarure i n  the oven at the moment of switch operation. The switch must 
open at a temperarure of 205 to 245' F. If not within Limits, install anew switch. 
This unit is not adjusmhle. 
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13-66. THERMAL FUSE AND COMBUSTION ALR ELBOWS. 
a. Inspect for dents and f i t  between pans.  
b. Clean elbows wirh dry cleaaing solvent and blow out wirh compressed air. 
c. Inspect fusible link of thermal fuse assembly for tighmess of attaching 

screws and condition of liak. The artachmg screws may be tightened, if loose, 
but the entire assemhly must be replaced if the link has been damaged o r  fused. 
Do not use compressed a i r  to clean the thermal fuse assembly. 

13-67. SAFETY VALVE AND FILTER. 
a. To clean filter, remove bowl by loosening tail  nut and clean insideof bowl. 

Wash filter element in dry cleaning solventand blowdry by directingcompressed 
a i r  jet inside the filter. When replacing the bowl, make sure the gasket is  in 
place. 

b. Replace the fuel screen in the safety valve and wipe off the outside with a 
cloth dampened in cleaning solvent. Do not disassemble, or attempt to repair 
this unit. 

c. Replace safety valve if found defective. 

13-68. WIRING. 
a. Inspect all heater wiring for conditionof insulation, and condition of solder 

connection of the terminals. Repair, or  replace, a s  required. 
b. Inspect the terminal strip for damage and the terminal screws for condition 

of threads. 

13-69. RELAY. Apply a variable voltage between terminal 4-1 of the relay and 
the ground wire. Increase and decrease the voltage to determine relay pull-in 
voltage. The 12-volt relay must pull in at not more than 9 volts. Replace relay 
if not wimn limits. 

13-71. VENTILATING AIR BLOWER. (Refer to Figure 13-11.) 
a. Replace the bracket (9) on the motor (7) in its original position, and tighten 

the screw (10). Slip the wheel (8) on the motor shaft but do not tighten the set 
screw. 

b. Install large flat washers (4), new grommets (5), and small washers (6) on 
each of the three motor mounting bracket screws (3), in order illustrated. 

HEATIhG AAND VENTIL.4TIKC 
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c. Fit the motor and bracket assembly into the housing and start  ends of the 
mounting bracket screws (3) into the weld nuts on the bracket with the washers 
and grommets on the screws. After screws a r e  started, drop the small washers 
(6) through the holes in thehousingand stuff grommets (5) into the holes. Tighten 
the screws alternarely and evenly to apply a firm pressure to the grommets, and 
center the momr in the housing. DD not overtighten screws (3). since this will 
defeat the purpase of the shock-mounting grommets. 

d. Reconnect the ground wFre (16) to the end of the motor by re-installing the 
screw (1) and lockwasher (2). 

13-72. HEATER ASSEMBLY. (Refer m Figure 13-10.) Reassembly of the heater 
i s  essentially rhe reverse of disassembly. If the heater is completely disassem- 
bled, reassembly will be simplified by following the procedure below, instead of 
a n r i c t  reversal of disassembly. 

a. Reinstall the comhstion ai r  motor (82) from inside the heater housing (85). 
place the blower housing (84) on the outside and reinstall the three screws (83). 
Replace blower wheel (64) on the motor shaft. Adjust wheel for 1/16 inch clear-  
ance from housing, and tighten set screw. 

b. Replace the blower bus ing  (59) by reinstalling nine screws (60) and speed 
nuts (61). 

c. Reinstall the igniter (79) in the heat exchanger (87). using a new gasket (81), 
and tighten with a 13/ 16 inch deep socket. Reinstall the screw (77) to connect the 
igniter ground wire, attaching one end of the bonding s a a p  (76) with the same 
screw and l ochashe r  (78). 

d. Adjust the vaporizer cable (72) in the standpipe (69) so that it extends about 
1/2 inch fzom the threaded end. Smooth the end of the cable and twist suands so 
that loose particles will not break off on threads inside the heat exchanger. Run 
the nut (70) up on the threads of the standpipe a s  far a s  it will go. Place a new 
"0" ring (71) on the threads a t  the bottom. Reinstall the standpipe in the heat 
exchanger by first turning the welded hexagon down tightly into the threads, then 
turning down the nut (70) against the "0" ring. to obtain a tight seal. 

e ,  Place the preheat resistor (73) around the standpipe, and install the nut (80) 
to a m c h  the preheat conductor to the igniter terminal. 

f .  Spread the housing andcomhstion air blower assembly, and fit it over the 
heat exchanger, with the end of the standpipe projecting through the opening pro- 
vided. Reinstall the three screws (86) in the seam of the housing. Artach the 
f ree  end of the igniter ground wire bondingstrap (76) to the studinside rhe hous- 
ing. using the nut (74) and lochashe r  (75). 

g. Fit the tapping plate (66) around the standpipe inside the housing, and place 
a new gasket (65) and the old flange (65) on the outside. Reinstall the two screws 
(68) to secure and seal the standpipe. 
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h. Fit the large combustion ai r  el- 
bow (56) and thermal fuse (57) loosely 
together, using one of the clamps (55). 
Fit these parts on the comhsrion a i r  
blower outlet and heat exchanger inlet. 
using the remaining clamp (55). Adjust 
parts to f i ~  then tighten both clamps 
securely. 

i . Reinstall the overheat switch, or  
cycling switch (49). by reinstalling the 
two screws (50). Do not overtighten 
screws, since this may distort the 
switch and affect its calibration. Also, 

Figure 13-14. Detail of Exhaust reinstall the lockout overheat switch 
Extensions Installation (44). by reinstalling the four screws 

(45). 
j . Reinstall the flame detector switch (29) by tightening the nut (42) on the fer - 

rule (43). Tighten nut firmly, h t  avoid excessive crushing of the flame detector 
switch tube. Lf a new flame detecror switch is being installed, use a new ferrule 
(43) and nut (42). These pans should remain on the tube after the first imtal- 
latioq since the ferrule wffl be firmly pressed onto the tube. This does not af- 
fect operation of the switch which may be removed andreplaced, as  required, so 
long as it continues to function properly. 
k Reinstall the terminal strip (29)and insulator (30) on the flame detector 

switch guard (23) by reinstalling the four screws (31). Atso, reinstall the relay 
(25) by installing the l ochashe r  on the relay stud inside the guard, then the relay 
ground wire and the lockwasher nut (26). Tighten nut securely to obtain good elec - 
tr ical  contact, then reinstall guard (23) over flame detecror switch, using the four 
screws (24). 

1. Connect the s h ~ n  fuel Line (17) to the outlet of the fuel control valve (20) 
and tighten compression nut finger tight. Start the screws (16) into the nuts on 
the fuel control valve mounting bracket. Fit the fuel control valve into the hous- 
ing and the fuel line into the standpipe, then tighten the two compression nuts (18) 
very carefully. Fit new grommets (14and 15) into the slots in the valve housing, 
then fir the cover (13) on the housing and tighten thefour screws (16) into the fuel 
control valve mounting bracket. 

m. Reinstall the air inlet louver plate (11) on the ventilating air blower (9) using 
screws (12). and reinstall the blower on the heater housing. 
n. Install the loose wires (54, 53, 48and 47), according to the wiring diagram, 

and connect leads of all electrical components, using the wiring diagram as  a 
guide. All leads a r e  numbere4 with the exception of the two push-on terminals 
whlch connect to the thermal fuse. Connect these wires to the nearest terminal. 
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The thermal fuse has no polarity. 
o. Place flat washers (6), new "0" ring (7), exhaust extension (5). and flat 

washer (6) on heater exhaust. Fit new gasket (8) around exhaust and install shroud 
adapter (3) to hold entire assembly by reinstalling six screws (4). 

p. Reinstall the air inlet adapter ( I )  when the heater is reinstalled in the air- 
plane. 

13-73. TESTING. 

13-74. GENERAL. Any heater that has been overhauled. or subjected to major 
repair, should be tested before being rerurned to service. The test should in- 
clude a ' lead test" and "flow test" of the fuel conuol valve, a "burn test" of the 
assembled heater, and a test of the overheat switch. 

NOTE 

The heat exchanger should have been leak testedas d i -  
rected in Paragraph 13-56 prior to reassembly. 

13-75. TEST SET UP. The rest set up should include the following components: 
a. A suitable cradle o r  bracket for mounting the heater with provision to dis- 

pose of the exhaust gases. 
b. A source of 12 volts DC. 'Ihis should be a variable source from a trans- 

former and rectifier, so that the voltage can be regulated, and must include a 
voltmeter and ammeter. 

c. A source of fuel at a pressure of 20 to 35 psi. A filter should be included 
in the fuel supply line, Fuel pressure may be supplied by a gravity system with 
a head of a t  least four feet, or  by an electric fuel pump. 

d. A glass graduate is required for testing the fuel control valve, unless a 
flow meter is  available in the fuel supply line. 

e. A strobo-type tachometer, although not necessary is  desirable to time blow- 
e r  speed. 

f . hn oven and thermometer, for testing the lockout overheat switch. 

13-76. TEST PROCEDURE. The heatertest should be conducted inthefollowlng 
order, if possible, since the heater must be cold a t  the start of the overhear 
switch test. 
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13-77. FUEL CONTROL VALVE LEAK TEST. Remove the fuel conaol valve 
from the hearer, o r  test the valve separately before reassembly, during the over- 
haul. Roceed with test a s  follows: 

a. Connect the conaol valve to the fuel source. 
b. Install the short heater fuel line (Refer u, Figure 13-10. Ref. 17. ) in the 

fuel control valve outlet, in its normal position. Support the valve in its normal 
mounting position so that fuel from the fuel line wil l  drip into a glass graduate. 

NOTE 

?he valve must be supported in a normal position so 
that a line through the mounting screw holes of the 
bracket will be level. Failure to test the valve in its 
proper position willaffect the fuel rate and may cause 
rejection of p o d  equipment. 

c. Ground the b d y  of the fuel conaol valve and apply a test voltage to each of 
the solenoid leads. A distinct click should be heard when the solenoids areener- 
gized. 

d. Turn on the fuel pressure and energze both solenoids at once. Allow fuel 
to flow through the valve for a few seconds, then de-energize both solenoids. 
One o r  NO drops of fuel may fall from the outlet within 15 secands afrer the so- 
lenoids are  closed. Mer 15 seconds, a drop of fuel may form, but it should not 
fall. If the valve does not shut off completely it must be replaced. 

13-78. LOCKOUT OVERHEAT SWITCH. The test for the lockout overheat switch 
is  described in Paragraph 13-64. 'Ihis test i s  normally performed during over- 
haul, before the switch is installed, but the switch may be removed and tested at 
anytime its operation i s  in doubt. 

13-79. BURN TEST. Shut the heater off and remove the cover from the venti- 
lating ai r  blower inlet. Allow time for the heater to cool. Proceed wlth "burn 
test" a s  follows: 

a. Turn on the heater switchand adjust voltage to 12 volts. Starr timing heat- 
e r  acnon from the moment the switch is turned on. 

b. ?he current draw should not exceed 13 amperes. 
c. Ignition should occur within 20 seconds from the moment the switch is rurn- 

ed on. 
d. The flame detector switch should close more than 8 seconds, our less than 

25 seconds, from the instant the heater ignites. 
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e. Readjust voltage immediately after the flame detector switch transfers, and 
Allow the heater to run on high heat for a t  least one minute. If a tachometer is  
available, the speed of the combstion air motor should be determined with the 
combustion a i r  adapter remove4 and wirh no restriction on the heater e.xhaust. 
The speed should beat least 5000 RPU In the absence of a suitable Light to time 
the blower, it can be presumed to be operating properly if the heater burns nor- 
mally and did not have an excessive deposit of carbon in the exhaust tube, or  com - 
bustion chamber, when cleaned during overhaul. Speed of the ventilating ai r  blow - 
e r  i s  not critical, since it has no direct effect on combustion. 

f .  After the heater has burned on high heat for one minute, turn the HI-LO 
switch to LO. Burning should decrease in intensity and the heat output should be 
r e h c e d .  
g. Turn off the conuol switch Burning must stop within 45 seconds, and both 

blowers should continue to run for more than one minute but less than two min- 
utes twenty seconds (time from instant the switch is turned off). 
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T.4BLE XIII-I. TROUBLESHOOTING CHART (SOUTH WIND HEATER) 

HEATING AND VEXTILXTINC- 
Issued: 12/29/72 

Remedy 

Check valve position. 

Check wiring and con- 
nections. 

Replace blower. 

Replace fuse. 

Replace switch. 

Replace switch. 

- 

Check fuel supply. 

Replace igniter. 

Replace valve. 

Replace switch. 

Replace resistor. 

Replace rod. 

Replace or  reset switch. 

Trouble 

Heater will not start, 
combustion a i r  blow - 
e r  does not run. 

Blower runs when switch 
is in HEAT position but 
heater will not ignite. 

Heater ignites but ven- 
tilating a i r  blower will 
not s t a n .  

Cause 

Heater fuel valve not 
"ON". 

Defective wiring. 

Defective combustion 
a i r  blower. 

Defective thermal fuse. 

Defective lockout over - 
hear switch. 

Defective overheat 
switch. 

No fuel pressure. 

Defective igniter. 

Defective fuel control 
valve. 

Defective cycling over- 
heat switch. 

Defective preheat 
resistor. 

Broken quartz rod. 

Defective o r  improper- 
ly adjusted flame de- 
tector switch. 
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TABLE XIII-I. TROUBLESHOOTING CHART (SOUTH WIND HEATER) (cont.) 

HEL4TING AND VENTILATING 
Issued: 12/29/72 

Remedy 

Remwe restriction. 

Replace switch. 

Replace valve. 

Replace relay. 

Replace valve. 

Remwe restriction. 

Replace switch. 

Replace switch. 

Replace valve. 

Turn to HIGH. 

Replace thermostat. 

Replace switch. 

Trouble 

Heater s tar ts  and runs, 
but goes out later. 

Heater overheats. 

Heat output low. 

Cause 

Restricted ventilaung 
air fluw . 

Defective cycling w e r -  
heat switch. 

Defective safety valve. 

Defective relay. 

Defective fuel control 
valve. 

Restricted ventilating 
air flow. 

Defective cycling 
werheat switch. 

Defective cychng 
switch. 

Defective fuel control 
valve. 

HIGH-LOW switch on 
LOW. 

Thermostat out of cal- 
ibration. 

Cycling switch out of 
calibration. 
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TABLE XIII-I. TROUBLESHOOTING CHART (SOUTH WIND HEATER) (cont .) 
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Remedy 

Replace valve. 

Replace motor. 

Correct combustion a i r  
supply. 

Replace o r  reset switch. 

Replace valve. 

Trouble 

Heater smokes exces - 
sively . 

Blower will not stop 
when heater is turned 
off. 

Heater "pops" o r  
'bangs" when starting. 

Cause 

Leaking fuel control 
valve. 

Slow combustion a i r  
motor. 

Defective installation. 

Defective flame 
detector switch. 

Leaking fuel control 
valve. 
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13-80. JANITROL HEATER. The following conrains information for operation, 
iervice andoverhaul of thecombustion heater, Part No. 751 959, and comhstion 
a i r  blower, Pam No. 753 905 (used with the heater). Refer to Figure 13-15. 

13-81. REMOVAL OF HEATER. (Refer to Figure 13-15.) 
a. Turn the heater conuol switches off. 
b. Remove the nose section access panel from the airplane. 
c. Disconnect the heat outlet hoses (1) and the defroster hose (2) from the 

heater a i r  distribution box (3) by releasing the hose attachment clamps. 
d. ' Disconnect the air outlet conuol cable (4) and the heat conuol cable (5) 

from the left side of the air distribution box. 
e. Note the hook-up of the electrical wires to facilitate reinstallation, and dis - 

connect leads from the heater terminal block 
f .  Disconnect the fuel drain (6) from the bottom of the heater and allow it to 

slide down. 
g. Disconnect be  fuel supply line (10) ty first releasing the clamps that secure 

the sleeve (16) of the fuel supply line shroud (9). Slide the sleeve and shroud up 
and d iSc0~eCt  the fuel line. Slide the drain tube (11) up from the hole in the bot- 
tom panel of the nose section. 

h. Disconnect the air inlet hose (12) from the fornard end of the heater by re- 
leasing the hose attachmenr clamps. 

i .  Disconnect the combustionair blower inlet hose (13) from the tubeattached 
to the bottom panel of the nose section by removing the attachment nut, washer 
and screw. 

j . Loosen the clamps (14) from around the heater. 
k Lift the heater and remove it from the airplane. 
1. With the heater removed, remove the necessary components as  required. 

The exhaust tube (8) may be removed by first  loosing the exhaust shroud clamp 
and sliding the shroud (7) off the heater flange. The exhaust tube may then be 
removed by loosening its attachment clamp. 

13- 82. INSTALLATION OF HEATER. (Refer to Figure 13-15.) 
a. .4ssemble the heater components on the heater. Do not tighten the e.xhaust 

rube shroud clamp thus allowing the exhaust tube shroud (7) free to rocate. 
b. Position the heater on its mounting brackets. Extend the exhaust tube (8) 

through the lower end of the exhausr shroud (7) over the fitting that is  artached to 
rhe borrom panel of the nose section. 

c .  Slide the heater fore or  aft to obtain best fit of the exhaust rube shroud (7) 
and then tighten the shroudclamp. Place the heater clamps (14) around the heater 
and bracket flanges and nghten. 
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Flgure 13-15. : \~rp lane  Hearer Assembly and Combustion h r  B l o w r  

Issued: 12/29/72 H E A T I N G  AND VENTILATING 
4C7 

- 
1 ~ 1 1  101.11 201-1~101.16 101.11 

811: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Yunn T l l Y U L  B U C l  

1. HEAT OUTLET HOSES 12. AIR INLET HOSE 
2. DEFROSTER HOSE 13 COMBUSTION AIR INLET HOSE 
3. AIR DISTRIBUTION BOX 14. HEATER CLAMPS 
4. AIR OUTLET CONTROL CABLE 1 5  HEATER CONTROL SWITCH 
5. HEAT CONTROL CABLE 16. SLEEVE 
6. FUEL DRAIN 17. LIMIT SWITCH 
7. EXHAUST SHROUD 18. CYCLING SWITCH 
8. EXHAUST TUBE 19. PRESSURE SWITCH 
9. FUEL SUPPLY LINE SHROUD 20. IGNITION VIBRATOR 

10. FUEL SUPPLY LINE 21. IGNITION ASSEMBLY 
1 1 .  FUEL DRAIN TUBE 22. COMBUSTION AIR BLOWER 

23. TERMINAL BLOCK 
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d. Connect the combustionair blower inlet hose (13) to the tubeattached to the 
bottom panel of the nose section and secure with screw, washer and nut. 

e. Connect the fuel drain (6) to the bottom of the heater. 
f .  Connect the a i r  inlet tube (12) to the forward end of the heater and secure 

with clamp. 
g. Connect the fuel supply line (10) to the heater. Sllde the shroud sleeve (16) 

and shroud (9) into place and secure with clamps. 
4 Attach the air outlet control cable (4) to the a i r  distribution box (3) of the. 

heater and secure. Position the cable wire and shroud to allow the valve full 
travel in the disuibution box. Also, ascertain that the wire rotates freely on the 
valve arm. 

i .  Attach the heat control cable (5) to the heat corn01 switch (15). Ascertain 
that the cable is attached to allow full travel of the control arm. (Refer to Para- 
graph 13-106, c, for additional adjustments. 

j . Connect the electrical leads to the tenninal blockof the heater a s  shown in 
Figures 13-15 and13-19. 
k. Cormect the heat outlet hoses (1) and the defroster hose (2) to the a i r  dis - 

t r ih t ion  box and secure with clamps. 
1. Check operation of the heater. 
m. Install the nose section access panel. 

13-83. DESCRIPTION OF HEATER AND BASIC COMPONENTS. 

13-84. SPARK-SPRAY IGNITION. (Refer to Figure 13-16.) The conuolled a t -  
omized spray from a specially designed spray nozzle, coupled with high voltage 
spark plug ignition, insures instant firing and continuous burning under all  flight 
conditions. 

Heat is  produced by hrn ing  a fuel-air mixture in the combustion chamber 
of the heater. Aviation gasoline is  injected into the comhstion chamber through 
the spray nozzle. The resulting cone-shaped fuel spray mixes with combustion 
a i r  and is  ignited by a spark from the spark plug. Electric current for ignition 
i s  supplied by an igmtion unit which convercs 12 volts to high-voltage oscillating 
current to provide a continuous spark across the spark plug gap. A shielded, 
high-voltage lead connects the ignition assembly to the spark plug. Combustion 
a i r  enters the combustion chamber tangent to its surface and imparts a whirling 
or  spinning action to the air. This produces a whirling flame that is stable and 
sustains comhstion under the mom adverse conditions because it is  whirled 
around itself many times. Therefore, ignition is  continuous and the combustion 
process is  self-piloting. The h r n i n g  gases travel the length of the corntusrion 
rube, flow around the inside of the inner tube, pass through cross-over passages 
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Figure 13-16. Diagramatic Cutaway of Heater to Show Whirling Flame Action 

into anouter radiating area, then travel the length of this surface andout the ex- 
haust. 

Ventilating a i r  passes through the heater between the jacket and combus- 
tion tube assembly outer surface and through an inner passage in the assembly. 
Consequently, ventilating air comes into contact w t h  two or more heated cylin- 
drical surfaces. 

13-85. FUEL REGULATOR AND SHUTOFF VALVE. (Refer to Figure 13-17.) 
This unit provides preset, regulated fuelpressure a s  well as  remote shut- 

off to the heater, regardless of fuel inlet pressure variations. It is  adjustable 
from 1 to 12 psi, depending upon installation requirements, with inlet pressures 
up to 50 psi. The shutoff valve is  operated by a solenoid. 

13-86. DUCT SWITCH. mefer to Figure 13-18.) This switch is installed in the 
ventilating a i r  duct downsueam from the heater to sense the ventilating a i r  out- 
let  temperanue. To select the desired cabin temperature, the switch may be 
adjusted manually from a high of 2250 F 2 lo0 downward through a range of 146O 
F 6O. The switch has a differential of 10' F k So at  any given setting. On 
airplanes with serial numbers 30-1717, 30-1745 andup or  when kit number 7613 249 
has been insralled, a micro override switch has been added to a 250 degree duct 
switch to override the duct switch at  the last portion of its travel to the high heat 
posirion cancelling the duct stat conaol only at the maximum heat posiuon. 
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13-87. COMBUSTION AIR BLOWER. 
This cenuifugal-type blower supplies 
combusdonair  to the combusdoncham- 
be r  of the heater .  Performance of the 
combustion a i r  blower is assisted by 
the use of r a m  air during flight. 

13-88. VENITLATING AIR BLOWER. 
This blower is attached to the inlet end 
of the heater assembly and provides a 
source of ventilating air through the 
heater.  Ram air k o m  the ventilating 
air intake scoop is used during flight. 

Figure 13-17 . Fuel Regulator 
and Shutoff Valve 

Figure 13-18. Top View - Duct Switch 
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Figure 13-19. Wiring Diagram 

13-89. OPERATING CONTROLS. (Refer to Figure 13-19.) 

NOTE 

The schematic diagram (Figure 13-19) shows the heat- 
er circuit, i n c l u d q  the electrical wiring in the air- 
plane. 

a. The HEATER SWITCH is connected in the Line that supplies electrical power 
to all  heater equipment and controls. When this switch is in the OFF position, 
the entire heater system is inoperative. This switch has a F;LU position which 
permits use of theventilating a i r  blower to circulate cool a i r  through the system 
for summer ground operation. With the switch in FkV position, the heater is  in- 
operative and only the ventilating a i r  blower i s  energized. 
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b. The HEATER SWITCH is a normally open switch that supplies power to lock- 
in the safetyrelay through which power i s  supplied to the i p t i o n  and fuel circuits 
of the heater. 

13-90. OPERATING PROCEWRE. (Refer to Figure 13-19.) 
a. Place the HEATER SWITCH in the ON (or HEAT) position. The ventilaring 

a i r  and combustion air Mowers should operate. 
b. The heater will igrute and continue to operate. 
c. The DUCT SWITCH can be set to regulate the cabin temperature for desired 

comfort level. If this switch is set for ground operating comfort, it may be nec- 
essary to repositionit after being airborne, since ram a i r  willincrease the ven- 
tilating air flow and the heater ourput. 

d. To stop heater operation, turn off the HEATER SWITCH. 
e. It is desirable to operate the fan several minutes to cool the heater after 

operation To stop fan operation, turn OFF the HEATER SWITCH. 

13-91. MAINTENANCE SERVICE. Insauctions contained in this section consist 
of periodic inspection, adjustments, and minor corrections required at normal 
designated intervals for the purpose of maintaining the heaung system in peak 
operating condition. These inspections assume that a heating system includes 
accessory components mentioned in precedmg paragraphs. 

13-92. 50-HOUR INSPECTION. 
a. Inspect the ventilating a i r  inlet scoop, combustion a i r  inlet scoop, exhaust 

outlet and fuel drain for possibleobstructions. Make sure that all of these open- 
ings a r e  clear of any restrictions and that no damage has occurred to air scoop 
protrusions. 

b. Perform an operational check a s  follows: 
1. Place the HEATER SWITCH in the ON (or HEAT) position. The venti- 

lating a i r  blower and comhstion a i r  blower should operate. 

NOTE 

To proceed with the operational check follow para- 
graph 13-90 entitled "Operating Rocedure, " steps a 
through e. The above procedure should be repeated 
one or more rimes. 
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13-93. 100-HOUR INSPECTION. 
a .  Perform SO-Hour Inspecclon check a s  described in paragraph 13-92. 
b. Inspect ventiladng air and combustion a i r  inlets and exhaust outlet for re- 

strictions and securiy a t  the airplane sldn line. 
c .  Inspect the drain line m make sure it ie free of obstructions. Run a wire 

through it if necessary m clear an obstruction. 
d .  Check all fuel llnes for security a t  joints and shrouds, making sure that no 

evidence of leaks exists. Also check for security of atrachment of fuel lines a t  
the various attaching points in the airplane. 

e .  Inspect electrical wiring a t  the heater terminal block and components for 
loose connections, possible chafing of insulation, and security of attachment 
points. 

f . Inspect the high-voltage cable comection at  the spark plug to make sure it 
is tight. Also, examine the cable sheath for any possible indications of arcing. 
which would be evidenced by burning or  discoloration of the sheath. 
g . Inspect the combusdon a i r  blower assembly for security of mouncing and 

security of connecting tubing and wiring. Tighten any loose elecaical terminals 
and a i r  cube connections. 

13-91. TROUBLESHOOTING. The service trouhles and suggestedremedies found 
inTable XIII-I1 a r e  provided m assist  in locanng and correcting malfunctions in 
the heating system. The following procedure is kased upon the use of optional 
components. This Table may be found following Paragraph 13-120. 

:3-95. ELECTRICAL CONTINUITY CHECK. These tes tsare  Listedas anaid in 
isolating open circuited or  inoperative components. 

NOTE 

The schematic wiring diagram (Figures 13-19, 13-20 
and 13-21) shows, in addition to the heater circuiay,  
a suggestedaircraftconaol circuit. For the purposes 
of this manual, the circuiay shown in these illustra- 
tions will be utilized to describe electrical continuity 
checks. 

It must be assumed that power, which i s  furnished through the heater cir-  
cuit breaker, is present a t  the HEATER SWITCH at  all times. illways check the 
circuit breaker before performing electrical continuity checks. 
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I 

Figure 13- 20. Primary Power Circuit 

13-96. VENT BLOWER POWER CIRCUIT CHECK. 
a. With the HEATER SWITCH in the FAN p o s i t i o ~  elecuical continuity (12 

volts nominal) should be present a t  the following locations. (Refer m Figure 
13-20.) 

1. Terminal No. 6 on the heater terminal strip. 
2. From terminal No. 6 of the heater terminal strip through the radio noise 

filter to the ventilating a i r  motor. 
3. Electrical ground circuit for theventilating airmotor is  provided from 

terminal No. 4 of the heater terminal strip through the LANDING GEAR SWITCH 
when the landing gear is  down. Ventilating a i r  motor is  inoperative when the land- 
ing gear is up. 
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---- - - -- -- ---- 1 
TO LANDING GEAR 

CIRCUIT 

AIRCRAFT CONTROL CIRCUIT 
CO*BUSTION 

,- - - -- - ------ --J AIR BLOWER 

Figure 13-21. Starting Power Circuit 

13-97. HEATER POWER CIRCUIT CHECK. 
a. With the HEATER SWITCH in the HEATpositioq electrical continuity should 

be present at the following locations. (Refer to Figure 13-21.) 

NOTE 

Power for the ventilating a i r  blower is the same as  
described above except that power is  now supplied 
through the HEAT side of the HEATER SWITCH. 

1. Terminal No. 1 of the heater terminal strip. 
2. From terminal No. 1 of the heater terminal strip through the radio noise 

filter to the comhsrion air motor and to terminal No. 1 of che overheat switch. 
3. From terminal No. 3 of the overheat switch through the combustion ai r  

pressure switch to terminal No. 2 of the heater terminal strip. 
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4. From terminal No. 2 of the heater terminal strip through the radio noise 
filter to the ignition unit; tothe shut off valve and through the adjustable duct switch 
to terminal No. 3 of the heater terminal strip. 

5. From terminal No. 3 of the heater terminal strip through the cycling 
switch to the fuel solenoid valve. 

In the event that electrical conrinuity is not present at one o r  more of the 
above listed points, the wiring must be a a c e d  back to the power source. Ifcom- 
ponents a re  still inoperative after the arirlng inspectioq check the individual in- 
operative components for continuity and, if necessary, replace them. 

13-98. GENERAL MAINTENANCE. Instructions in this paragraph p e w i n  to 
maintenance of the basic heater and components while the heater i s  installed in 
the airplane. Insmcdons for removal of components a r e  included provided the 
installation permits accessibility. 

No spedal service tools are required for normal pe- 
riodic maintenaace. 

13-99. COMBUSTION AIR BLOWER. 
a. Removal. 

1. D i s c o ~ e c t  wire a t  quick-disconnect terminal. 
2. Disconnect the inlet t u h g  horn the inlet air adapter. 
3. Loosen the clamps that hold thecombustion a i r  blower assembly in the 

support bracket and slide the motor out of the tuacket. 
b. Replacing Motor Brushes. (Refer to Figure 13-26. ) 

1. Remove the brush cap a t  one of the brush locations. Xote position of 
brush inside the guide and carefully lift the brush and brush spring out of the 
guide. Ee sure  to hold the brush so that it can be reinstalled in precisely the 
same position if M brush replacement is required. 

2. Inspect the brush for wear. A new brush is . 531 of an inch long. Lf 
brushes a r e  worn to a length o f .  187 of an inch, they must he replaced. 

3. Looking through the brush gude, inspect thecommutator, which should 
be smooth andmedium brown to dark brown in color. Remove all dust from com- 
mutator with compressed air. If the commutator is  grooved in the brush t r ack  
gouged, scored o r  shows signs of having h r n e d  spots, replace the completemo- 
tor assembly. If the commutator i s  in goodcondition, install new motor brushes, 
and tighten brush caps into place. Make sure each brush is oriented so that the 
curved end fits the curvature of the commutator. 
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4. After installing new brushes, it is advisable to run-in the brushes a s  
follows: Connect the motor to a controlled voltage supply (rheostat in a 12-volt 
line). Operate the motor at approximately 1/2 its normal speed for the first hour. 
then gradually increase the speed until it is rotaring at  approximately normal 
speed. Continue the run-in operation for at least two hours to properly seat the 
taushes before instalhug the hlower in the aircraft. 

c. Installation. 
1. R io r  to insralling the combustion air blower, inspect all parts of the 

assembly for loose screws, loose nuts and poor ground connection on the blower 
housing. Make sure  the blower wheel is tight on the shaft and properly located 
in the housing. It should have just enough clearance to rotate a t  full speed with- 
out binding against the spill plate. Bower performance is  based upon this close- 
tolerance clearance. It is  recommended that correct voltage be applied for this 
clearance check 

2. Install the blower inlet adapter in the same orientation a s  before re -  
moval. 

3. Place the combustion air blower assembly in position in the attaching 
clamp so the air tubing can be connected, and slide the tubing into position at  the 
point where it was disconnected during removal. Do not tighten until after tight- 
ening the motor in the attachmg strap. 

4. Tighten the blower motor mounting strap securely, making certain the 
a i r  tubing is  in proper alignment. 

5. Secure the air tubing by tighteniugthe clampor installing the sheet metal 
attachmg screws. 

6. Connect the wirelead at  thequick-disconnectterminal. 6e sure to slide 
an insulating sleeve over the connection (or tape i t)  in order to prevent any pos- 
sible short circuits. Tie the sleeve in place. 

7. Connect the ground lead securely to the mounting bracket. 
8. Checkmotor operation. By disconnecting the wire a t  the No. 3 terminal 

on heater terminal strip, hlower can be operated without fuel flow to the heater. 

13- 100. SPARK PLUG. 
a. Removal. (Refer to Figure 13-25.) 

1. Remove the necessary access panels to e-xpose the spark plug area of 
the heater assemhiy. 

NOTE 

Insure that heater electrical circuits a r e  de-energized. 
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2. Unscrew and remove the hi@- 
voltage leadconnector at the sparkplug. 
Exercise care  to avoid fouling o r  dam- 
aging the connector. 

3. Remove the grommet (23). 
4. Using a 7/8 inch deep hex 

socket unscrew and remove the spark 
plug (22). Make sure the spark plug 
gasket is  removed with the spark plug. 
It will normally stickon the spark plug 
threads, but if loose, it might drop into 
the ventilating air passages of the heat - 
er. Shouldthis happen, remove the gas- 
ket with a wire hook. Figure 13-22. Spark Plug Gap 

b. Inspection and Seniicing (Spark Adjustment 
Plu!z). 

0 . m  to 0.060 in ND TO ADJUST 

CENTER ELECTRODE 

GROUND ELECTRODE 

- , ~  

1. If the sparkplug appearsto be ingoodcondition, except for a mild coat- 
inn of oxide on the porcelainand elecaodes, it may be cleaned and reused. Clean- 
ing is accomplished on a conventional airplane-type spark plug cleaner, except 
that it will be necessary to use two o r  more adapters in order to raise the long 
extension of the plug far enough out of the cleaner nozzle opening to perform an 
effective job. Plug the ceramic iMert cavity a t  the terminal end of the plug with 
a piece of paper o r  cloth to keep out any of the clearung sand. Wipe this caviry 
out thoroughly with a cloth wet with carbon tetrachloride. If, after c l e a n q ,  the 
spark plug porcelain is white, and the electrodes a r e  not eroded, r e  -gap the spark 
plug by carefully bending theground electrode until a 0.055-inch feeler gauge can 
be inserted between the end of the center electrode and the ground electrode. 

NOTE 

If the spark plug fails to clean up properly and/or if 
electrodes a r e  badly eroded, it should be replaced. 

c. Installation. (Refer to Figure 13-22.) 
1. If a new spark plug i s  being installed, be sure to measure the gap, whch 

should be berween 0.050 and 0.060 inches. Do not bend the center electrode. 
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NOTE 

The spark plug can be checked visually for sparbng 
across  the gap prior to instalbng the plug a s  follows: 
Disconnect the wire from the No. 3 terminal on the 
heater wiring side of the terminal strip to &-energize 
the fuel solenoid valve. Connect the high-voltage lead 
temporarily and lay the sparkplug on the heater jacket. 

WARNING 

Be sure  to plug the sparkplughole in the heater to pre- 
vent any possibility of residual fuel blowingout and ig- 
niting. Do not touch the spark plug while energized be- 
cause of dangerously high voltage. 

2. Place a new spark plug gasket on the threads. If the gasket does not 
hold on tlie b e a d s  and would be Likely to fall off during installation, place a small 
drop of Aviation Permatex or  similar material, on the gasket to stick it tempo- 
rari ly to the plug shell. 

3. Screw the sparkplug into the heater with a deep socket wrench. Tight- 
en to a torque of 28 foot pounds. 

4. Install the grommet (23, Figure 13-25) in the hearer jacket opening. 
5. Carefully insert the spring connector on the high-voltage lead into the 

spark plug shell, press down gently and start  the nut on the threads. Tighten the 
nut to 20 foot pounds. 

6. Reconnect the wire to the No. 3 terminal on terminal sa ip ,  if discon- 
nected for above tests. 

7. Operate the heater to check dependabilityand close allaccess openings. 

13- 101. VIBRATOR ASSEMBLY. (Refer to Figure 13-25.) 
a. Measure the distance the vibrator proaudes out of the ignition assembly to 

determine when the new unit is inserted properly. Grasp the vibrator (19) and 
with a slight back-and-forth movement, pull it straight out of the ignition unit. 
(For a friction grip, ' it may be necessary to use a piece of masking or friction 
tape around the exposed portion of vibrator. ) 

b. Carefully rotate the new vibrator until the index marks a r e  aligned and the 
connector pins on the vibrator can be felt entering the pin sockets in the vibrator 
socket, then press  the vibrator fully and firmly into position. 

c. Check the heater for operation. 
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13-102. IGNITION ASSEMBLY. 
a,  Removal. (Refer to Figure 13-25.) 

NOTE 

Make sure heater electrical circuits a r e  de-energized 

1. Disconnect the primary wire (5) from theprimary terminal of the igni- 
tion assembly (18). 

2. Carefully unscrew and disconnect the high-voltage ignition cable a t  the 
spark plug. Exercise care to avoid fouling or  damaging the connector. 

3. Remove the four atcaching screws (20) and lockwashers (21) and L i f t  the 
ignition assembly (18) off the mounting brackets on heater jacket. 

b. Installation. (Refer to Figure 13-25.) 
1. Place the i p t i o n  assembly in position on the brackets attached to the 

heater jacket, with the high-voltage cable facing the spark plug end of the heater. 
2. Install the four screws (20) and lockwashers (21). Tighten the screws 

securely.' 
3. Carefully connect the high-voltage lead to the spark plug. (Refer to 

Paragraph 13-100, c.) 
4. Connect the primary lead (5) to the primary tenninal on the i p t i o n  unit 

(18) and tighten the nut securely. 
5. Check for proper heater operation. 

13-103. CYCLING SWITCH AND LIMIT (OVERHEAT) SWITCH. (Refer to Fig- 
ure 13-25.) 

a. Removal. 
1. If thelimit switch (27) is darnagedor defective, disconnect the two elec- 

tr ical  leads from the switch terminals. Be sure to mark the leads forproper r e -  
assembly. (?he switch terminals a r e  identified by numbers "1. " "2, " and "3. ") 

2. Remove the twoattaching screws (28). lockwashers (29) andplain wash- 
e r s  (30) and lift the Limit switch (27) and spacers (gaskets) (31) from the jacket 
opening. 

3. If the cycling switch (32) is damaged or  defective, disconnect the elec- 
tr ical  leads, being sure to mark them for proper reassembly. 

4. Remove the two screws (33). lockwashers (34) and plain washers (35) 
and lift the cycling switch (32) from the jacket opening. 
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NOTE 

No attempt should be made to  repair either of these switches. 
If they do not operate properly, they should be replaced. 
(Refer to paragraph 13-120, m and n for t a t  instructions.) 

b. Installation. (Refer to Fire 13-25.) 
1. Install the limit switch (27) and spacer (gasket) (3 1) by placing them in position 

in the heater jacket opening and installing two screws (28). lockwashen (29) and plain 
washen (30). 

2. T i t e n  screws securely, then reconnect the electrical leads in accordance with 
markings made during disassembly. (Refer to wiring diagram, Figure 13- 19.) 

3. Install the cycling switch (32. Fire 13-25) by placing it in position in the 
heater jacket opening and securing it with the two screws (33). lockwashen (34) and plain 
washen (35). Tighten screws securely, then reconnect the electrical leads to their respective 
terminals as marked during disassembly. (Refer to wiring diagam, Figure 13-1 9.) 

13-104. COMBUSTION AIR PRESSURE SWITCH. (Refer to Figure 13-25.) 

. - a. Removal. 
1. Disconnect electrical leads from the terminals of the combustion air pressure 

switch (41). being sure to mark them for proper reassembly. Disconnect the tube from the 
t: switch cap. Exercise caution not to exert excessive bending of the tube. (It is "tacked" to 

.I 
the combustion chamber inside the jacket.) 

2. Unscrew and remove the combustion air pressure switch from the fitting on the 
combustion air inlet tube. 

b. Installation. 
. . 1. Install the combustion air pressure switch (41) by rotating it on the threaded 

fitting of the combustion air inlet tube and tighten it securely. Exercise caution not to 
over-torque the switch as this could change the setting. 

2. Connect electrical leads to their respective terminals in accordance with 
markings made during removal. If in doubt regarding proper connections, refer to the wiring 
diagram, Figure 13-19. Connect the tube to the switch cap. 

3. Check for proper heater opelation. 
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13-105. FUEL REGULATOR AND SHUTOFF VALVE. (Refer to Figure 13-26.) 
a. Removal. 

1. Disconnect the electrical lead from the valve. 
2. Disconnect the fuel lines kom the inlet and outlet openings. Take note 

of these connections for correct installation. 
3. Remove the rwo atcaching screws to free the unit from its mounting. 

b. Installadon. 
1. Attach the fuel regulator and shut-off valve to its motmting with the two 

attaching screws. 
2. Place the fuelregulator and shut-off valve into position betweenthe fuel 

line connections and install and tighten connections securely. 
3. Connect the electrical lead. Be sure to slide an insulating sleeve (or 

tape) over the connection to avoid a short circuit and tie the sleeve in place. 
4. Operate the heater to make sure the unit is  functioning properly. 

13-106. DUCT SWITCH. (Refer to F i v e  13-26. ) 
a .  Removal. 

1. Disconnect the elecnical leads &om the terminals on the exposed face 
of the switch and mark to facilitate installadon. 

2. Remove the two amachlng screws and washers from the duct switch 
bracket. 

3. Carefully litt out the switch and gasket (if gasket ia used). 
b . Cleaning and Inspection. 

1. Brush off any dust or lint kom the switch operating mechanism (exposed 
inside the duct) and wipe the external surfaces with a clean cloth. 

c . Installation. 
1 . Insert the switch carefully with gasket (if used) into the vendlattng duct 

opening and secure with the two attaching screws and washers. 
2. Connect the two electrical leads to their respecdve terminals on the 

face of the switch as  marked during removal. 
3. Operate the heater with the duct switch set above ambient temperature 

to check operation. Refer to paragraph 13-120, step 1, for additional switch 
tests and setetng instructions. 

HEATING AND VENTTLATING 
Issued: 12/29/72 



4 C23 
INTENTIONALLY LEFT BLANK 



4 C24 
INTENTIONALLY LEFT BLANK 



PIPER TWIN COMANCHE SERVICE MANUAL 

13-107. OVERHAUL INSTRUCTIONS. Ar 1000-hour airplane inspection, the 
heater should be removed from the airplane, disassembled, all parts thoroughly 
inspected and necessary repairs and replacements made prior to reassembly. 
Detailed step-by-step instructions a r e  included for a complete heater overhaul. 
In some instances, however, inspections may reveal that it is unnecessary to re- 
move certain parts, and, if so, those portions of the overhaul procedures may 
be eliminated. 

NOTE 

For disassembly and reassembly operations, refer to 
the exploded-view drawings and the parts list. 

13-108. DISASSEMBLY. (Refer to Figure 13-25.) 
a. Remove the screw (4) and slide the elbow adapter (3) off the combustion a i r  

inlet tube. 
b.  isc connect and remove elecaical  wiring andindividual wires &om the va- 

rious components on the heater. Lf wires appear to be in good condition, it may 
be desirable to remove wire harness assembly intact. First, disconnect wires 
at  terminal s a i p  and components. The ventilating a i r  blower housing must be 
removed so that the two motor wires and solenoid valve quick-disconnect con- 
nections may be released. 

NOTE 

It is  advisable to label all wires, prior to removal, to 
insure correct connections during reassembly. Cable 
s a a p s  and clips must be replaced if removed, a s  they 
cannot be re-used. 

c. Carefully disconnect the high-voltage ignition lead at  the spark plug. Han- 
dle the spring connector on the end of rhis lead with care  to prevent fouling or  
damage. 

d. Remove the four screws (20). lockwashers (2l)and cable straps (17) to free 
theigmtion assembly (18) from the heater jacket and remove the ignition assem- 
bly. The vibrator may h removed by exerting a firm pull saaight away from the 
ignition assembly case. 

e. Remove the twoscrews (25) and lockwashers (26) torelease the radio-noise 
filter (24) from the jacket (84). 

f .  Remove the grommet (23) from the jacket (84) and remove the spark plug 
(22) with a 7/8 inch deep socket. %lake sure the spark plug gasket i s  removed. 
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g. Remove the two screws (28), lockwashers (29) and plain washers (30) and 
lift our the overheat (limit) switch (27) and spacer gaskets (31). 

h. Remove the two screws (33), lockwashers (34) and plain washers 135) and 
lifr our the cycling switch (32). 

i .  Remove the four screws (37) and lockwashers (38) to release the t e r ~ n ~ n a l  
s n i p  (36) and insulator (39) from the jacket (84). 

j . Disconnect the tube fitting (40) at  the cover of the combustion a l r  pressure 
switch (41). (Refer to paragraph 13-104, a, 1 for precaution on tube bending. ) 

Unscrew and remove the comhstion a i r  pressure switch (4l)frorn the combusuon 
a i r  inlet tube. 
k Remove vemair inletadapter (50) from the blower housing by removing the 

three screws (51) and lockwashers (52). 
1. Loosen the four screws (48) and rotate the blower and motor housing (49) 

to disengage thenotched endfrom the four screws in the end of the heater jacket. 
Remove the grommet (47) and separate the two electrical quick-disconnects after 
sliding tack the insulator sleeves on the wire ends. 

m. Reach inside the inlet end of the jacket assembly (84) with a 3/4 inch open- 
end wrench an4 while holding the fuel-tube fitting at  the jacket, remove the re -  
ducing hsh ing  adapter (42). Then, with 3/4 inch deep socket, remove the nut 
(41), fuel fitting shroud (43) and gasket (46). 

n. Remove the two screws (72) and lockwashers (73) and carefully withdraw 
the nozzle holder and valve assembly from the combusrion tube assembly (86). 
Remove the gasket (82). 

o. Remove the screws (88, 89 and 90). lockwashers (91) and remaining cable 
straps (17). if notpreviously removed, from the seamof the jacket assembly (84). 
Note positions of cable straps a s  they are removed. Spread the jacket (84) at  the 
seam and remove it from the combustion tube assembly (86). This will free the 
rope gasket (85), which can be removed from the particular part to whlch it re -  

- - 
mains attached. 

p. Carefully unscrew and remove the spray nozzle (83) from the nozzle holder 
and solenoid valve assembly. 

CAUTION 

Handle the nozzle with care to avoid damage to the tip. 
The material around the orifice i s  very thin and any 
sharp blow on the face of the nozzle candistonthe spray 
paaern andcause malignitionor improper combustion. 

q. Remove the screw (76), lockwasher ( i i ) ,  cover (75) and "0" ring (78). Then 
carefully slide the solenoid coil (79) off the valve assembly. It is  not necessary 
to remove the base plate (80) unless it i s  waved. 
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r. Loosen the nut (55) andremove the screw (53), flat washer (45) and rubber 
grommet (58) from blower housing. 

s. Remove the two screws (5.1). flat washers (45) and rubber grommets (58) 
a t  the other two locations around the blower motor housing (59). 

t . SLide the ventilating air blower motor out of the blower housing (59) with the 
motor bracket assembly (7l)and blowerwheel (60) attached. Loosen the set screw 
in the blower wheel (60) and slide it off the end of the motor shaft. The 5a t  wash- 
e r s  (56) and rubber washers (57) will fall out when the bracket is  removed. Then 
remove the motor bracket assembly (71). If these parts a r e  in good cmdition, 
they need not be disassembled funher. 

u. Remove the screw (62) and lockwasher (63) to free the capacitor assembly 
(61) with attached leads. 

13-109. DISASSEMBLY OF COMBUSTION AIR BLOWER ASSEMBLY. (Refer to 
Figure 13-26.) 

a. Remove the combustion ai r  blower inlet adapter (2) by removlrg three 
screws, lockwashers, cover plate and gasket. 

b. Remove the outlet adapter (5) by removing the two screws (6) and lockwash- 
e r s  (7). 

c. Remove theinlet flange (8) by removing the three screws (9) and lockwash- 
e r s  (10). 

d. Remove screws (12 and 16) and lockwashers (13 and li), then separate rhe 
back plate (20). with motor (25) artached, from the blower housing (15) and free 
the motor leads and capacitor (1 1) kom the back plate (20). 

e. Loosen the set screw in the blower wheel (19) and slide it off the motor shaft. 
f .  Remove the two hex nuts (21), lockwashers (23) and flat washers (23 ,  and 

slide the backplate (20)off the motor chrough bolts. The spacer (24) will drop out. 
g. Install new motor brushes a s  described in paragraph 13-99, b. Lf the mo- 

tor commutator i s  badly worn, or  if the motor is  defective in any respect, it must 
be replaced. 

13- 110. CLEANING. (Refer to Figure 13-25.) 
a. Clean individual metal parts (except those parts containing switches and 

electrical wiring) and the combustion rube assembly, by immersing themin dry -  
cleaning solvent, such as  Stoddard solvent (Federal Specification P-D-680). .4 
bristle brush should be used to assist the cleaning process if foreign accumula- 
tions a r e  s tubbrn  to remove. 
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CAUTION 

Do not attempt to lxff or  scrape off any deposits on 
face of spray nozzle. The face of the nozzle i s  very 
susceptible to damage from mishandbg. Carefully 
repeat cleaPingprocess using only a b r i d e  brush and 
repeated applicatiotiolrs of solvent to loosen any stubborn 
deposits. 

b. Use compressed ai r  o r  lintless cloth to dry the parts, unless sufficient time 
i s  available for them to air dry. 

c. Wipe elecaical  components with a clean, dry cloth. If foreign material i s  
difficult to remove, moisten the cloth in carbon teuachloride o r  electrical con- 
tact cleaner and clean all exterior surfaces thoroughly. 

13-111. CLEANING AND INSPECTING THE COMBUSTION TUBE ASSEMBLY. 
(Refer to' Figure 13-25. ) 

a. Slight scaling and discoloration of the combustion tube assembly (86) is a 
normal condition for units that have been in service up to 1000 airplane hours. 
The slight scaling condition will appear to be mottled and a small accumulation 
of blue-gray powder may be present on the surface in certain areas. ?his con- 
dition does not require replacement of thecombustion tube assembly, unless se- 
vere overheating has produced soft spots in the metal. 

NOTE 

This assembly should be inspected prior to cleatung 
in order to prevent the removal of visible evidences 
of damage. 

b. Look inside the exhaust outlet to determine if the combustion tube appears 
to be heavily scaled or  mottled. Deformation is more difficult to detect visually 
but can usually be observed by looking straight through the combusuon tube a s -  
sembly and sighting along theouter surfaceof the inner combustion tube. .h a s -  
sembly that has been obviously deformed should be replaced. Slight deformation 
will not affect heater operation unless it is  e-ucensive and localizedenough to re -  
duce the flow of ventilating air through the heater more than 10 percent. 

c. The combustion tube assembly may be cleaned by either of two methods: 
1. One method is to soak the combusuon tube assembly overnight in an 

Oakite M-S Stripper solution, made by mixlng onepound of Oakite salts with each 
gallon of water used. The solution should be maintained at a temperature of be- 

HEATIN3 AEvD VENnLATINC 
Issued: 12/29/72 



PLPER TWIN COMANCHE SERVICE W A L  

tween 190°F and 210°F. After soaking overnight, rinse the comtustion t u b  a s -  
sembly thoroughly in water to remove all traces of the Oakite solution. In order 
to reach all areas  of thecombustion tube assembly, it is  advisable to let it stand 
in the rinsing water for a s  long a s  1/2 hour, while occasionally agitating it to c i r  - 
culate the water. AU openings should be left open during this operation. Be sure  
to dry the cornhstion tube assembly thoroughly after cleaning. 

2. A second method of cleaning is  what is commonly known a s  hand "tum- 
bling. " Insert shot o r  other metallic particles through the exhaust outlet opening, 
then close all openings and shake the combustion tube assembly vigorously, while 
rotating it and changing korn end-to-end frequently. Be sure to pour out all of 
the particles and loosened material, then with all openings uncovered, direct a 
stream of compressed ai r  into the combustion tube assembly from first one open- 
ing, then the other. Make sure  all loose material is  removed. 

13-112. INSPECTION OF REMAINING COMPONENTS. (Refer to Figure 13-25.) 
a. Discard all  rubber parts such a s  grommets, gaskets, etc. These items 

should always be replaced at  overhaul. Also discard the rope gasket (85). 
b. Inspect al l  wires and wirlng harnesses for damage to insulation, damaged 

terminals, chafed or  crackedinsulationand brokenplastic bands. Individual wires 
can be replaced by making up new wires from No. 16 AWG stock and cut to cor-  
rect length. It is advisable to use an acceptable crimping tool for insralling te r -  
minals, rather than solder for all hearer wiring connecuons. If wiring harness 
damage is visible, the entire harness assembly should be replaced. Lf only one 
or  more wires a r e  damaged. cut the cable ties, make up new wires, install them 
in the harnesses, and restore all  cable ties and clamps. If heater controls were 
operating properly a t  the time of removal, reinstall them. 

c. Inspectall hard pans, consistingof bolts, screws, nuts, washers and lock- 
washers. Replace damaged parts. 

d. The comhstion a i r  pressure switch (41) must respcnd to delicate pressure 
changes and should always be checked and/or replaced at  overhaul. (Refer to 
Paragraph 13-113, c, and Figure 13-24.) 

e. Replace the vibrator in the ignition unit a t  each overhaul. 
f .  Inspect the ignition assembly (18. Figure 13-25) for dented case. loose o r  

damaged primary terminalinsulator and broken or  obviously damaged high-voltage 
lead. Give particular attention to the conditionof the spring connecror at the end 
of the lead. If the spring is  turned off, visibly eroded, or  carbon rracked, the 
igmtion assembly should be replaced. 

HEATINZ AND VEMTILPITING 
Issued: 12/29/72 



PIPER TWIN COMANCHE SERVICE MANUAL 

NOTE 

Do not attempt a field repair of the ignition unit as  it 
is a sealed assembly. 

g. Inspect the terminal strip(36) for distomon and cracks and replace it if  
either condition exists. 

h. Inspect radio-noise filters for short circuits by checking from either t e r -  
minal to ground with an ohmmeter. An open-circuit reading should be obtained. 

i . Inspect the spray nozzle (83) with a magrufyrng glass for any obsauctions 
in the nozzle orifice and any sign of damage to the slight conical protrusion at  the 
nozzle tip. Use compressed air to remove obstructions and re-examine the or -  
ifice to make sure it is  open. Exercise care when handling the nozzle to avoid 
pressing o r  rapping on the tip face. Do not buff o r  scrape off deposits on the tip 
face. After cleaning, it is advisable to store the nozzlein a polyethylene bag un- 
t i l  ready for reassembly. 

j . Replace the nozzle a t  overhaul. 

The nozzle (83) can be spray tested by installing it in 
the holder and connecting the fuel tube to a 7 psi fuel 
pressure source. Connect the solenoid leads to a 12- 
volt battery to open the solenoid valve. The conical 
angle spray pattern should be even and dispersed the 
same in all directions. Exercise caution to keep at- 
omized fuel away h o m  fire. 

k. Inspect the nozzle holder and solenoid valve assembly for damaged threads 
a t  the fuel-tube fitting and for crimpedor cracked fuel line or  distorted housing. 
The oniy part in this assembly that can be replaced is the solenoid winding. Check 
the solenoid for continuity by connecting across each wire lead with anohrnmeter. 
9 reading of between18 and 22 ohms should be obtained at  room temperarure. If 
not within these Limits, or  if the solenoid winding shows any form of physical 
damage o r  overheating, it should be replaced. 

1. Remove the brushes, one at a time, from the ventilating a i r  blower motor 
(66) by removing the brush cap and carefully withdrawing the brush from its guide. 
Remove foreign material from the brush guide and commutator with a stream of 
filtered compressed air. Check for brush wear (Refer to Paragraph 13-99). In- 
spect the commutator for grooved brush track, pitting or  burning. The commu- 
tator surface should be smooth and medium brown in color. Replace the motor 
~f the commutator or  other parts show damage. 
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m. Lnspect the combustion air  blower motor a s  described in the preceding step. 
n. Inspect the blower wheel for hroken o r  bent vanes and replace it for either 

condition. 

13-113. TESTING. The following tests should be performed as outlined in the 
succeeding paragraphs. 

a. Check ventilating a i r  and comhstion air motors for correct RPM and cur- 
rent draw: 

1. Connectmotor to 12-volt DC power supply. Rotation should be counter- 
clockwise when viewed from the shaft end. 

2. Both motors should rotate at approximately 7500 RPM at rated voltage. 
Current draw is approximately five amperes. 

3. lfcurrent draw is excessive, or  if speed is  too low, replace the brushes. 
Recheck both current draw and RPM after brushes a r e  properly run-in. (Refer 
to Paragraph 13-99, b.) 

4. If after replacing brushes, operation is  still unsatisfactory, replace the 
motor. 

NOTE 

The motor checks described above should be made 
without the blower housing atrached, for both the ven- 
tilating a i r  and combustion air motors. 

b. Test the combustion tube assembly (86) for leaks a s  follows: 
1. Fashion a sealing plate from approximately 1/8 inch h c k  flat stock to 

seal the nozzle holder opening in the combustion tube assembly. (Refer to Fig- 
ure 13-23.) Use a rubber gasket under the plate and attach the plate with two 
screws. 

2. Make up seals for all remaining openings, except the one used to con- 
nect the a i r  pressure source. (Refer to Figure 13-23.) Use rubber stoppers a s  
shown. The comhstion ai r  inlet cube can be sealed best with a drllled stopper 
and clamp. Other openings should be sealed with expansion plugs. The seal used 
in the exhaust tube should be formed so that it will not deform the a i r  pressure 
switch tube which proaudes into the exhaust. 

3. lnsrall plugs and caps in all openings except the one to which the com- 
bustion air pressure switch is  attached. (Any opening can be used to connect the 
a i r  pressure source; however, the combustion a i r  pressure switch opening is  
usually the most convenient. ?he' drain opening would normally be cmsidered a 
second choice. ) 

4.  Connect a regulated a i r  supply to the opening thzt has not been plugged 
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RUBBER STOPPER 
0.1 W DIA. 

NOZZLE OPENING COVER R A T E  - 

FLAT wrJnER 

RUBIER STOPFER 

M I L L  F O R  BOLT 
S U L  CAP 

I I 

M L I  - EXPANSION RUG - 
Figure 13-23. Suggested Design for Seal Plate, 

Plugs and Caps for Combustion Tube Leakage Test 

and apply a pressure of between three and five psi to the combustion tube assembly. 
5. Submerge the combustion tube assembly in water for several minutes while watching for 

bubbles. which would indicate leaks. 

CAUTION 

DEFECTIVE COMBUSTION TUBE ASSEMBLIES MUST BE 
REPLACED. NO AIR LEAKAGE I S  PERMITTED FROM THE 
COMBUSTION TUBE TUBE ASSEMBLY. NO WELD OR BRAZE 
REPAIRS ARE PERMITTED ON A COMBUSTION TUBE ASSEMBLY. 

c. Test the combustion air pressure switch as follows: 

1. Connect an adjustable air pressure line that can be controlled in a range of zero to 5. 0 psi 
(maximum) of water to the switch opening with a water manometer and needle valve in the line 
ahead of switch. Switch must be tested in 45-degree position as shown in Figure 13-24. 

2. Connect an ohmmeter across the switch terminals to determine the exact instant of switch 
closing. 

3. Apply air pressure allowing it to build up very slowly from zero. The switch contacts should 
close at 0.5 + 0.1 inches of water which will be indicated on the manometer. 

NOTE 

The switch cover has a differential pressure tap and this opening must be left 
open to atmosphere during test. 
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5 I e. Spray test the nozzle (see (83). Figure 13-25) as follows: 
-. 

1. Install the nozzle in the fuel feed and nozzle holder assembly and connect the fuel tube to a 7-psi 
fuel pressure source. 

2. Connect the solenoid leads to a 12-volt battery. Connect a switch in the line to open and close the 
solenoid when desired. 

3. With the switch closed (solenoid valve energized) and the fuel line connected, observe the fuel 
spray pattern. It should be conical in shape with even dispersion in all directions. 

4. Make several trials to insure switch 
reliability. B e  sure to  increase and 
decrease the air pressure slowly in order 
to produce accurate indications. 

5. If an adjustment is required, rotate the 
adjusting screw clockwise to increase 
settings and counter-clockwise to 
decrease settings. 

d. Test the fuel line and fuel line shroud tube 
for leaks as follows: 

1. Using filtered compressed air. apply 20 
psi to the shroud drain port, located on 
the surface near the threaded nozzle 
cavity. 

2. Immerse the fuel feed and nozzle holder 

WARNING 
Be sure to keep the atomized spray away from fire. 

WATER O H W E 8  
vWOVm8 I 

sumy 
AII  muuIE 

nt WITCH 

4. Energize and de-energize the solenoid several times. The spray should shut off permanently each 
time the solenoid is de-energized. There should be no sign of dribbling at the nozzle tip in excess 
of one or two drops. 

5. If the spray pattern is distorted, check for an obstruclion and clean the nozzle as described in 
paragraph 13-1 12i. If this fails to provide a normal spray pattern, replace the nozzle. 

6. If the nozzle continues to dribble. the solenoid valve is not closing properly and the fuel feed and 
nozzle holder assembly must be replaced. 

assembly in clean water with the fuel Figure 13-24. Test Set-Up for 
inlet and nozzle cavity left open. Combustion Air Pressure Switch 

3. Observe f o r  bubbles which would 

- 
indicate leakage. If bubbles appear at either fuel fitting. there is a leak in the fuel tube. I€ bubbles 
appear externally on the shroud tube, or at either end of the shroud tube juncture, the shroud tube 
is leaking. 

4. In either of the above cases. the complete fuel feed and nozzle holder assembly must be replaced. 
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13-1 14. Not Used. 

13-1 15. REASSEMBLY. (Refer to Figure 13-25.) 

a. If removed during disassembly, slide the solenoid coil (79) on the stem of the nozzle holder and 
solenoid valve assembly. Install the "0 ring (78). cover (75). screw (76) and lockwasher (77). then 
tighten the screw securely. Be careful to avoid pinching the wire leads connected to the solenoid core. 

b. Insea the ventilating air motor (66) into the motor bracket assembly (71). slide the blower wheel (60) 
on the end of motor shaft and rotate it until the set screw is aligned with the flat side of the motor 
shaft. lighten the set screw just tight enough to hold it at this time. 

c. Attach the capacitor and leads assembly (61) to the motor bracket (71) with the screw (62) and 
lockwasher (63). Make sure a good electrical ground connection is made at this point. 

d. Insert this assembly into the blower housing (50) and position it so the long screw (53) is in 
alignment with the gap on the inner ring of the motor bracket assembly (71). This is the screw used to 
secure and align the motor in the bracket. 

e. Slide the flat washer (58) and rubber washer (57) into position between the 

THIS SPACE INTENTIONALLY BLANK 

HEATING AND VENTILATING Revised: lOIv98 



PIPER TWIN COMANCHE SERVICE MANUAL 

Figure 13-25. Exploded View of Heater Assembly No. 751 959 
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M Legend for Figure 13-25. 
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legs of the motor bracket (71) and blower housing (59). 
f .  Make sure all wires a r e  routed and grommeted a s  they were prior to dis- 

assembly and install the two screws (54), flat washers (45) and new grommets 
(58) a t  the two lower edges securing the motor bracket assembly (71). Then in- 
stall the grommet (58). flat washer (4S), nut (55) and screw (53) in the remaining 
(upper) corner of the motor bracket assembly (71). 

g. Center the motor bracket (71) in the housing and tighten the screw (53) to 
secure it. 'The motor (66) should be positioned in the bracket (71) to locate the 
blower wheel (60) properly in the blower housing (59). The blower wheel should 
be positioned so it will rotate freely and just clear the contoured spill plate in the 
blower housing. Tighten the allen-head set screws and spin tk blower wheel by 
hand for a clearance check Then apply appropriate voltage to run the motor a s  
a final clearance check. 

h. Attach the inlet adapter to the endof blower housing (59) with three screws 
(51) and lockwashers (52). 

i .  Place a new rope gasket (85) in position on the exhaust outlet, spring the 
jacket assembly (84) open at &e seam and insert the combustion tube assembly 
(86) carefully into the jacket. Exercise care  to clear the pressure switch tube 
in the exhaust outlet and see that the rope gasket (85) is  properly located. Close 
the gap on the jacket assembly and install screws (88, 89 and 90) and lockwash- 
e r s  (91) to secure it a t  the seam. (Two leads ground under t k s e  screws. See 

a notauons made durirg disassembly. ) Make sure the tongue and channel a t  the 
seam are  in good condition and a tight f i t  is effected. 

j . Install cable straps at locations noted during disassembly. 
k. Remove the spray nozzle (83) from the polyethylene bag. Screw the nozzle 

into nozzle holder and tighten m 75- 100 inch pounds. It is  very imporrant to torque 
the nozzle to this valueas incorrect tightening could cause improper hearer op- 
eration and "drool. " 

CAUTION 

The spray nozzle has a slight protrusion on the nozzle 
face. If this area has teen struck by any object which 
would make a dent o r  destroy the o r i p l  contour, the 
nozzle must be replaced. It cannot be disassembled 
for cleaning. 

1. Insert the fitting on endof nozzle fuel tube through the o p e m g  in jacket (84) 
and artach the nozzle holder to the combustion tube assembly (86) with the nvo 
screws (72) and lockwashers (73). It may be necessary to place a shght bend in 
the shrouded fuel tube to permit alignment of screw holes. Be sure to use a new 
gasket (82) and connect the solenoidgroundwireunder one of these screws. Make 
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sure a good electrical ground connection exists a t  this point. 
m. Using a new spark plug gaskec install the spark plug (22) and tighten to a 

torque of 28 foot pounds. Insal l  the grommet (23) in the jacket around the spark 
plug. 

n. Install the ignirion assembly (18) on the jacket assembly (84) with the four 
screws (2O)and lockwashers (21). Connect thehigh-voltage lead to the sparkplug 
and tighten it to 20 foot pounds. 

o. Attach the radio-noise filter (24) to the jacket assembly (84)  with the two 
screws (25) and loclcwashers (26). 

p. Artach the overheat limit switch (27) and spacer gaskets (31) to the jacket 
assembly (84) with the two screws (28), lockwashers (29) and flat washers (30). 
Tighten the screws securely. 

q. Attach the cyclingswitch (32) to the jacket assembly (84) with the two screws 
(33). lockwashers (34) and flat washers (35). 

r. Place the terminal strip insulation (39) in position on the j a c k t  (84), fol- 
lowed by the terminal strip (36). Secure both parts by installing the two screws 
(37) and lockwashers (38). The two screws a r e  located a t  two diagonal corners 
of the terhinal  strip. 

s. Center che fuel fitting in jacket opening. Place the fuel fitting shroudgasket 
(46) and shroud (43) on me fuel fimng and install the nut (44) finger tight. Insert 
a 3/4 inch open-end wrench inside the jacket and hold the fuel-tube fining while 
tightening the nut (44) with a 3/4 inch deep socket. Install the reducer fitting (42). 

t .  Rotate the combustion air switch (41) onto the threaded fitting on thecom- 
bustion ai r  mbe and tighten it firmly. 

u. Slide the grommet (47) over the combustion a i r  tube and connect the tube to 
the elbow fitting (40) on the comhstion a i r  pressure switch (41). 

v. Install the wiring harness andconnect all wire leads to their respective ter  - 
rninals. (Refer to the wiring diagram. Figure 13-19.) Place the grommet (47, 
Figure 13-27) in position in the jacket (84), locate the ventilating a i r  blower (49) 
a t  the endof the jacket. Thread thequick-disconnect on the wiring harness through 
the grommet (47) and connect it  to the mating connector on the motor lead. 

w. Place the blower housing in position on the jacket assembly (84) and secure 
it by installing the four screws (48), if removed at  disassembly. 'nus operation 
is  easier if the screws (48) a re  started into their threads and the blower housing 
r3tated into place, allowing the screws to enter the notched openings in edge of 
blower housing. Tighten all screws securely. 

x. Install the elbow adapter (3) with the screw (4). 
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1. COMBUSTION AIR BLOWER AND MOTOR ASSEMBLV 22. WASHER - AN9BO-IOL 
2. ADAPTER ASSEMBLY - BLOWER INLET 23. WASHER - AN936.310 
3. MOUNT - COMBUSTION AIR BLOWER SUPPORT 24. SPACER 
4. COMBUSTION AIR BLOWER AND MOTOR 25. MOTOR ASSEMBLY - COMBUSTION AIR BLOWER 
5. ADAPTER - OUTLET 26. BRUSH ASSEMBLY 
6. SCREW - A'i530-6R6 27. CAP - BRUSH ASSEMBLY 
7. WASHER - AN936A6 28. TERMINAL - PREINSULATED 
8. FLANGE - INLET 29. STRAP - CABLE 
9. SCREW - AN530-6R6 30. SWITCH ASSEMBLY. ADJUSTABLE DUCT 

10. WASHER. AN936A6 3 1  LEVER ASSEMBLY. SWITCH 
11. CAPACIrOR 32. SCREW - AN565DBH3 

33. COVER. SWIrCH 
13. WASHER . AN936A6 34. SWITCH -ADJUSTABLE DUCT 
14. SLEEVE -HIGH TEMPERATURE 35. SPACER 
15. HOUSING . BLOWER 36. N B E  . FLEXIBLE 
16. SCREW - AN630-6R6 37. FUEL REGULATOR AN0 SHUTOFF VALVE 
17. WASHER AN936AB 38. SHROUD. FUEL FITTING 
18. GASKET - BACK PLATE 39. HOSE. FUEL FITTING SHROUD 
19. FAN - COMBUSTION AIR BLOWER U). CLAMP - HOSE 

Figure 13-26. Exploded View - Combustion .Ur Blower 
and Motor  Assembly No. 753 905 
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13-116. REASSEMBLY OF COhBUSTION AIR BLOWER ASSEMBLY. (Refer to 
Figure 13-26.) 

a. Place the spacer (24) over the end of the motor shaft and attach the motor 
assembly (25) to the back plate (20) with the twoself-locldngnuts (21), flat wash- 
e r s  (22) and lockwashers (23). 

b. Slide the blower wheel (19) on the motor shah and tighten the set screw 
lightly against the flat popordon of the motor shaft. 

c. Place the hlower housing (15) in position on the back plate (20) and install 
screws (16) and lockwashers (17). 

d. Arrach the radio-noise filter (11) at  the point shown with the screw (12) and 
lockwaskr (13). ?he motor ground lead terminal (28) can begrounded to the mo- 
tor support bracket (3). 

e. Attach the inlet flange @)and blower inlet adapter (2) to blower housing (15) 
with three screws (9) and lockwashers (10). 

f .  Loosen &e allen set screw in the blower wheel (19) and shift the wheel on 
the motor shaft until it is near the inlet in the blower housing. T'lghten the set  
screw securely. The blower wheel should just clear the inlet flange when rotated 
a t  full RPM. Spin the blower wheel by hand for clearance check; then apply prop- 
er voltage to run motor and recheck for proper clearance. 

g. Slide the blower outlet adapter (5) on the blower housing outlet (15) and in- 
stall the two screws (6) and lockwashers (7). 

13-1 17. TEST PROCEDURE. 

13-118. GENERAL INFORMATION. A test of al l  components should have been 
made after overhaul to insure proper operation. Some shops may not have com- 
plete testing facilities for measuring a i r  flows, pressure drops and other factors 
which would be accomplished in a laboratory-type test. If such a test cannot be 
made, install the heater and check operation on the ground and in the a i r  to de- 
termine if  operation is  normal. In shops where complete testequipment isavail- 
able and.a complete functional test can be performed, the test routine described 
In subsequent paragraphs should be made. 

13- 119. EQUIPMENT REQUIRED. (Refer to Figure 13-27. ) 
a. .4n improvised stand to hold the k a t e r  during test. The heater should be 

located far enough away from any combustible marerial or  atmosphere to avoid 
hazard. A location should be chosen where exhaust can be dispelled. Do not add 
an excessive extension to the heater exhaust: 

b. .\ source of fuel capable of being regulated at seven psi. 
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C O Y I U I T I O N  C O M I U S l l O N  4 I I  8LOWCI 
4I I  Y * N O M t T t I  

C O M W S T K ) N  4I I  
PRSSURE SWITCH 

l F  

VENT. 411 UOWER 
E X M U I T  O U l l E T  - IW O U T  SWITCH 

IZV DC 

- - ~~ 

Figure 13-27. Suggested Set -Up for Hearer Operation Test 

.. c. The comhstion air Mower to be used with the heater should be used for the 
test. 

d. A 12-volt current supply, which may be a DC generator with a rheostat. 
ammeter and voltmeter in the line m conaol and indicate the current draw and 
voltage output. 

e. Two water manometers (zero to 5.0 inch water colunm) for measuring the 
pressure in the ventilating air duct and in the comhstion a i r  sneam. 

f .  A piece of a c t  to beattached to thedownstream endof the heater. It should 
have a minimum length of 24-inches and the same diameter a s  the heater being 
tested. A 2. 25-inch diameter orifice should be centrally located at the outlet end. 
An aperature should be provided for the thermometer and duct switch, and a static 
tap should be attached as  shown in Figure 13-27. 
g. A thermometer with 500°F scale. 
h. A fuel-pressure gauge. 
i . A conaolled source of compressed a i r  for final leakage test. 

13-120. OPERATIONAL TEST. (Refer to Figure 13-27 and 13-18.) 
a. Connect the heater to the tesr setup a s  shown in Figure 13-27. Make sure 

the combustion a i r  blower i s  mounted securely and that the heater is  clamped to 
its supporting stand. 

b. Insert the duct switch in the sheet-metal extension tube at the locauon shown 
in Figure 13-27. 

HEATING .4ND VENTILATIXG 
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+ - - - - - - - -  - - - - -  VENT AIR - 1 T E R Y I I I A L  BLOWER 

DUCT SWlTOI 

E x t r E A L w E l * !  - - - --- 4 --- - I 

REWIRED FOR BEMCN TEST I T I 
1- M U T E R  WlRlMG--7 

Figure 13-28. Wiring Connecuons for Heater Operation Test 

c. Connect components and heater a s  outlined in the wiring connection dia- 
gram. Figure 13-28. The power supply switch should be open. 

d. Connst  the power source to the heater. 
e. Disconnect wire lead from terminal "3" on the heater side of heater t e r -  

minal strip to prevent the heater from lighting and close the power source switch 
to check operation of blowers. The combustion air blower and ventilating a i r  
blower should operate at full speed with no blower wheel interference. If either 
blower fails torun, locateand correct thetrouble before proceeding with the test. 

f . Connect a voltmeter from open sideof combustion ai r  pressure switch te r -  
rniilal to ground to determine if the switch is  closed, which would be indcated by 
a full voltage reading on the meter. If a full voltage reading is  not obtained, the 
combustion ai r  supply is  either inadequate or  the switch is defective or improp- 
erly adjusted. X m e  necessary corrections. 

g. Observe the manometer connected to the ventilating ai r  pressure tap, which 
should show a reading of 1. 1 inches of water (minimum) at  rated voltage. 

h. Observe the manometer connected to the c3mhstion ai r  tube tap, whch 
should show a reading of 1, 5 inches of water (minimum) at rated voltage. 
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i . Open the power supply switch andreconnect the terminal leaddisconnected 
in preceding step e. 

j . Close the power supply switchand turn on the fuel supply. The heater should 
light within five seconds (may require slightly longer for a i r  to be purged from 
fuel Lines on the f i r s t  trial). 
k Observe operation of duct switch, which should conaol  heater operation 

according to the switch setting. 
1. If the duct switch fails to control the temperature according to the setting, 

place the conaol  lever in high "H" position and notice the control variation. A 
high reading of 22S°F 10' should beobtained (reading will vary in different ap- 
plications), 

1. On airplanes with serial numbers 30-1717, 30- 1745 and up o r  when kit 
number 760 249 has been installed. a micro override switch has been insralled 
on a 250 degree duct switch and can be adjusted by moving the heat control to the 
full high heat position. Slide the micro switch toward the duct switch a r m  until 
micro switch closes and secure in place. This swirch is meant to override the 
duct switch at the very last  movement of the duct switch arm toward the high 
position. 

2. Check for  proper operation of conaol  arm. 
m.  Connect a jumper across the terminals of the duct switch to make it imp-  

erat ive and observe action of the cyclrng switch. When micro override switch is 
installed, move the heat conaol  to the full high position. The cycling switch 
should cycle to conaol  the outlet a i r  temperature a t  approximately 2500 F (nom- 
inal). This is a function of ambient temperature and a i r  flow conditions. If op- 
eration i s  r i th in  a range of 1900 F to 2900 F, the switch i s  operating normally. 
If the switch is out of range it can be reset in the same manner a s  described for 
the duct switch, except that no conaol  lever o r  indicator stop a r e  used. If ad- 
justment fails to res tore  proper temperature range, replace the switch. 

n. With duct switch still jumped, place a jumper across  the cycling switch 
terminals to check operation of the overheat switch. Block the ventilating a i r  
outlet and notice if the overheat switch shuts off the heater.  It should open a t  
between 300' F and 400' F .  (This is also a function of ambient temperature and 
a i r  flow .) After the switch shuts off, remove ventilating a i r  resuict ion;  remove 
jumpers from cycling and duct switches and p ress  firmly on the overheat switch 
reser  button until i t  "clicks." The heater should light and operate. 

o .  Shut down the heater and check all components visually to make sure  no 
damage has occurred to any of them. 

p .  Remove heater and other components from the test set-up and install it in 
the airplane. 
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13-121. REMOVALOFHEATER FUEL 
VALVE. The heater fuel control valve. 
located in the upper right hand corner 
of the forward cabin bulkhead, may be 
removed by the following procedure: 

a .  Turn  the heater fuel control h o b ,  
located on the right side of the insm- 
ment panel, to posirion valve lever in a 
horizontal posiUon. 

b. Remove top nose access panel by 
loosening the attachmg fasteners. 

c . Remove fuel lines from valve. 
d .  Remove mounting bracket by re- 

moving attaching screws.  
e .  Slide bracket and valve assembly Figure 13-29. Heater Fuel Valve 

to the left toward the center of tfie a i r -  
plane far enough to clear other routed lines. 

f . Remove valve from mounting bracket by removing attachment screws. 

13-122. INSPECTION AND REPAIR OF HEATER FUEL VALVE. (Refer to Fig- 
u r e  13-29.) 

a .  Remove the elbow fitting from the valve assembly. 
b .  The stem assembly (2) may be removed by unscrewing the cap nut (6) with 

stem handle (3). 
c .  Inspect the stem, sea t  body and threads for possible damage. 
d .  If any part  of the stem assembly (2) is damaged o r  i f  the cap nut (6) is not 

drilled for saferying purposes, replace the assembly. 
e. Reassemblethe unit and tighten the cap nur(6) tight enoughto prevent leak- 

age but not to hamper turning the stem handle (3). 

13-123. INSTALLATION OF HEATER FUEL VALVE. 
a .  Align the pressure side of the valve withthefuel linefrom the right engine. 

On late model valves the pressure side is marked with a "P" stamped on the valve 
body. On early valves that a r e  not stamped the pressure side can be determined 
by looking into the body ends; with the valve closed the end where no part of the 
stem o r  seat i s  visible i s  the pressure side. 

b . Align valve lever with control rod and secure valve assembly and rnoundng 
bracket with screws to the forward cabin bulkhead. 

c . Connect inlet fuel line to valve. 
d .  Turn  valve to the off position. Turn on e lecu ic  fuel pump and check for 

leakage around the valve stem and outlet port.  
e .  Connect heater fuel line to valve; turn valve on. and check for leaks. 
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TABLE XIU-11. TROUBLESHOOTING CHART (JANITROL HEATER) 

HEATING A ND V E .YTI L.4 TIXG 
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Remedy 

Turn on heater switch 
o r  close circuit break- 
e r .  

Apply external power 
supply. Attempt to 
start heater. (Refer to 
paragraph 13-89.) 

Turn on manual shutoff 
valve o r  master  sole - 
noid. 

Check for low pressure 
o r  replace regulator. 
(Refer ro paragraph 
13-105 .) 

Remove the nozzle and 
clean o r  replace it. 
(Refer to paragraph 
13-108. m and n; 
13-110 and 13-112, i 
and j. ) 

Remove and check sole- 
noid. Replace if faulty. 
(Refer to paragraph 
13-108; 13-112. kand 
13-115. a . )  

Inspect all  lines and 
connections. It may be 
necessary to discon- 
nect lines at  various 
points to determine 
where the rescricdon 
i s  located. 

Trouble 

Heater fails to Light. 

Cause 

Heater switch o r  c i r -  
cuit breaker off. 

Low voltage supply. 

Fuel cut off from tank. 

Regularor not oper- 
ating properly. 

Restricuon in fuel 
nozzle orifice. 

Fuel heater solenoid 
not operating. 

Fuel lines clogged o r  
broken. 
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TABLE XIII-11. TROUBLESHOOTING CHART UANITROL HEATER) (cont) 
I I I 

Trouble 

Manual reset limit 
(overheat) switch 
open. 

Cause 1 Remedy 

Heater fails to Ugh 
(cont). 

Combustion a i r  pres- 
sure switch open. (De- 
fecdve switch o r  low 
combustion a i r  blower 
ourput ) 

I 

Ignition vibrator inoper - 
adve . 

C y c h g  switch open. 

h c t  switch open. 

Replace vibrator. 
Check for defective 
radio noise filter. 
(Refer to paragraph 
13-101 and 13-112. 

Press reset bunon firm - 
ly and recheck todeter- 
mine reason for switch 
opening 

Check for low blower 
output due to low volt - 
age and correct it. If 
switch is defective, r e  
place it. (Refer to 
paragraph 13- 104. ) 

Replace if defective. 
(Refer to paragraph 
13-103.) 

Operate control to see 
if switchwill come on. 
Replace switchifdefec - 
tive. (Refer to para- 
graph 13-106.) 

i 1 Circuit breaker open. I Close circuit breaker. I 

Ventilating a i r  blower 

HEATING AND VENnLATIX 
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Heater switch "OFF". 
Broken o r  loose wiring 
to motor. 

Worn motor brushes. 

Energize the heater 
switch. Check and r e  - 
pair wr ing .  

Replace motor bmshes . 
(Reier to paragraph 
13-99.) 
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TABLE WI-11. TROUBLESHOOTING CHART UANITROL HEATER) (cont) 
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Remedy 

Remove and check the 
ventilating air blower 
wheel and realign if 
necessary. (Refer to 
paragraph 13-115. g . )  

Remove blmver assem - 
bly and replace motor. 
(Refer to paragraph 
13-108, 1 and r thru u; 
13-115, b rhru g . )  

Replace filter.  

Trouble 

Vemilating a i r  blower 
fails to run (cont .) 

Cause 

Blower wheel jammed. 

Motor burned out. 

Defective radio-noise 
filter.  

Combustion air blower 
fails to run. 

Faulty wiring to motor. 

Poor ground connection. 

Worn motor brushes. 

Blower wheel jammed. 
(Usually indicated by 
hot motor housing.) 

Defective radio -noise 
filter. 

Inspect and replace 
faulty wiring. 

Tighten ground screw. 

Replace motor brushes. 
(Refer to paragraph 
13-99. b.) 

Overhaul the combustion 
a i r  blower. (Refer to 
paragraphs 13-108 and 
13-115.) 

Replace filter.  (Refer 
to paragraphs 13-108 
and 13-115.) 
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TABLE XIII-II. TROUBLESHOOTING CHART (JANlTROL HEATER) (cont) 

HEATING A N D  V E A T L A T I N G  
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Remedy 

Remove combustion a i r  
motor for overhaul o r  
replacement of motor. 
(Refer to paragraphs 
13-99, 13-109 and 
13-116.) 

Inspect fuel supply to 
heater, including shut - 
off valve, solenoid 
valve and fuel lines. 
Make necessary re - 
pairs. 

Replace spark plug. 
(Refer to paragraph 
13-100 .) 

Tighten the comecuon. 

Replace the vibrator. 
(Refer to paragraph 
13-101 .) 

Remove and overhaul 
the combustion ai r  
blower assembly as  
required o r  correct 
low voltage condition. 
(Refer to paragraphs 
13-99. 13-109. 13-113 
and 13-116.) 

- 
Trouble 

Combustion air blower 
fails to run (cont). 

Heater f i res  but burns 
unsteadily. 

. 

Cause 

Faulty o r  burned-out 
motor. 

Insufficient fuel supply. 

Spark plug partially 
fouled. 

Loose primary con- 
nection at ignition 
assembly. 

Faulty vibrator. 

Combustion air blmver 
speed fluctuates. (Can 
be caused by low volt- 
age, loose blower 
wheel, worn blushes 
o r  motor. 
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TABLE XIII-U. TROUBLESHOOTING CHART UANITROL HEATER) (cont) 

HEATING AND VENTILATILUG 
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Remedy - 
Replace ignition assem- 
bly. (Refer to  para- 
graph 13-102.) 

If vibrator is  in good 
condition, replace ig- 
nition assembly only. 
(Refer to paragraph 
13-102.) 

Remwe nozzle for 
cleaning o r  replace - 
ment. (Refer to para- 
graphs 13-108, m and 
n; 13-112, i and 13-115 
k and 1.) 

or  replace the 
nozzle a s  required. 
(Refer to paragraphs 
13-112. i; 13-115. k.) 

- 
Check fuel supply 
through all components 
from the tank to the 
heater. Make nec - 
essary corrections. 

Adjust o r  replace 
switch. (Refer to 
paragraph 13-104 .) 

Replace switch. (Refer 
to paragraph 13- 103 .) 

Trouble 

Heater fires but bums 
unsteadily (conr). 

Heater starcs then goes 
out. 

- 

Cause 

High voltage leak in 
lead between ignition 
assembly and spark 
plug. 

Inoperative ignition 
assembly. 

Restriction in fuel noz- 
zle orifice. 

Nozzle loose in retain- 
e r  o r  improper spray 
angle. 

Lack of fuel a t  heater. 

Inoperative o r  chat - 
tering combustion a i r  
pressure switch. 

Inoperative overheat 
switch. 
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TABLE XIII-11. TROUBLESHOOTING CHART (JANITROL HEATER) (cont) • 

HEATING AND VENTILATING 
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Remedy 

Adjust o r  replace the 
switch. (Refer to 
paragraph 13-103.) 

A m h  external power. 

Remove and replace 
solenoid assembly. 
(Refer to paragraphs 
13-108, q; 13-112, k; 
and 13-115, a . )  

Check and repair. 
(Refer to paragraphs 
13-103 and 13-106.) 

Replace the heater 
switch. 

Trouble 

Heater starts then goes 
out (cont). 

Heater fails to shut 
off. 

L 

Cause 

Inoperative cycling 
switch. 

Low voltage. 

Fuel solenoid valve in 
heater stuck open. 

Inoperative duct and 
cycling switch. 

Defective heater 
switch. 
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4E19 
4e20 
4E23 
4f1 
4 F 2  
4 F 4  
4 F 4  
4 F 5  
4 F 5  
4 F 6  
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SECTION XIV 

14-1. INTRODUCTION. This section covers accessories which are available 
in this airplane and are  not covered in other secaons of this Service Manual. 
This informadon provides insauctions for remedying difficulties which may arise 
in any of the accessories andtheinsauctions are organized so the mechanic may 
refer to whichever component or system he must repair or adjust. 

.4 CCESSORIES AND UTILITIES 
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Issued: 12/29/72 

Figure 14-1. Oxygen System Installation 
Serial Nos. 30-2 to 30-852 inc l . ,  30-854 to 30-901 incl. 
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Figure 14-2.  Oxygen System Installation 
Serial Nos. 30-853, 30-902 to 30-1716 incl. and 30-1718 to 30-1744 incl 
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14-2. OXYGEN SYSTEM. 

14-3. DESCRIPTION AND PRINCIPLE OF OPERATION. The oxygen system for the PA-30 consists of an 
oxygen cylinder and regulator, filler valve, pressure gauge, outlets and masks and an ONIOFF control. High 
pressure is routed from the cylinder and regulator to the pressure gauge. Low pressure oxygen is routed from 
the cylinder and regulator to the outlets and masks whenever the control knob is pulled to the ON position. 
Each outlet has a spring-loaded valve which prevents the flow of oxygen until a mask hose is engaged in the 
outlet. 

14-4. TROUBLESHOOTING. A troubleshooting chart is located at the back of the oxygen system portion of 
this section. 

14-5. SAFETY PRECAUTIONS. Utmost care must be exercised in servicing. handling and inspection of the 
oxygen system. A fully charged oxygen cylinder contains enough pressure to cause serious injury to 
personnel and damage to equipment. Keep hands, tools and working area clean and post NO SMOKING 
signs. Keep all components of the system free from oil. grease. gasoline and all readily combustible material. 
Never allow electrical equipment to come in contact with the oxygen cylinder. Keep fire and heat away from 
oxygen equipment and take care not to generate sparks with carelessly handled tools. 

14-6. INSPECTION AND OVERHAUL TIME LIMITS. It is recommended that inspection and overhaul be 
conducted by an FAA Approved Station or the manufacturer, Scott Aviation. The following checks and chart 
gives recommended inspection and overhaul time for the various parts of the oxygen system. 

a. The oxygen cylinder can be identified by the ICC or DOT identification stamped on the cylinder. The 
standard weight cylinder (ICC or DOT 3AA 1800) must be hydrostatic tested at the end of each 5 
year period. The lightweight cylinder (ICC or DOT 3HT 1850) must be hydrostatic tested every 3 

I years and retired from service after 24 years or after 4.380 pressurizations, whichever comes first. 
The month and year of the last test is stamped on the cylinder beneath the ICC or DOT identification. 

b. The outlets should be checked for leakage both in the non-use condition, and for leakage around an 
inserted connector. 

c. The high pressure gauge may be checked for accuracy by comparing its indicated pressure with that 
of a gauge of known accuracy. 

d. Inspection of the regulator may be effected by introducing into an outlet a mask connector to which is 
attached a 100 psi gauge. With one other outlet flowing through a plugged in mask, the indicated 
regulator output pressure shall be not less than 45 psig at sea level with 200 psig supply cylinder 
pressure. It should be noted that the permissible leakage through the 1/16 diameter vent hole in the 
side of the upper regulator housing is 10 cclmin. maximum, when the regulator is turned on. There 
shall be no external leakage anywhere on the regulator when it is turned off. All fittings shall be leak 
free. 

ACCESSORIES AND UTILITIES Revised: 10/1/98 
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14-7. TESTING FOR LEAKS. Apply detector fluid type CD-1 solution or its equivalent. 
The solution should be shaken to obtain suds or foam. The suds or foam should be applied 
sparingly to the joints of a closed system. Look for traces of bubbles. No visible leakage 
should be found. Repair or  replace any defective parts and retest system. With the system 
pressurized to service presure, further t en  can be made. The rate of any leak should not 
exceed one percent of the total supply per 24 hour period. All traces of the detector fluid 
should be wiped off at the conclusion of the examination. 

- 
PARTS 

Regulator 
Pressure Gauge 
High Presure Lines 
Low Presure Lines 
Outlets (Cabin) 
External Recharge Valve 
Masks 

4 -  MAINTENANCE. 
a. Check that all lines have sufficient clearance between all adjacent stnrctures and are 

secured in place. Also check the cylinder to be sure it is securely mounted. 
b. Check the cylinder for the ICC identification number and for the date of the last 

FAA inspection and test. 
c. If cylinder is completely empty, it must be completely disassembled and inspected 

in an FAA approved facility before recharging. 
d. Any lines that are defective should be replaced with factory replacements. 
e. Clean all lines and fittings as described in paragraph 14-9. 
f. Use Ribbon Dope Thread Sealant (Perrnacel 412) on male ends of fittings only. 

Wrap thread in direction of thread spiral, beginning with the second thread on the fitting. 
Avoid getting any sealant into the tines. 

g. Refer to FAA Manual AC 43.1 3-1 for more details. 

ACCESSORIES AND UTILITIES 
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300 Flight Hn. 
300 Flight Hm 
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5 Yrs. 
Replace Every 5 Yn. 
Replace a Necessary 
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14-9. CLEANING OPERATIONS. To remove oil and grease  from tubing and fit- 
tings, one of the following cleaning methods may be used: 

a .  F i r s t  Method: 
1 .  A vapor degreasing with stabilized trichlorethylene conforming to 

specificadon MIL-T-7003 shall be used. 
2. Blow tubing clean and dry with a s a e a m  of clean, dried, filtered a i r .  

Care  shall be takento insure that the interior of the tubing and fittings a r e  thor- 
oughly cleaned. 

b. Second Method: 
1. Flush with napthe conforming to specification 1T-N-95 .  
2. Blow clean and dry off all solvent with water pumped a i r .  
3 .  Flush with anti-icing fluid conforming to specification MIL-F-566 o r  

anhydrous ethyl alcohol. 
4 .  Rinse thoroughly with fresh water .  
5. Dry thoroughly with a s a e a m  of clean, dried, water pumped a i r  o r  by 

heating a t  a temperature of 2500 to 3000 F for a suitable period. 
6 .  The solvents may be reused provided they do not become excessively 

contaminated with oil.  This condition shall be determined a s  follows: 
(a) Evaporate 100 milliliters of the liquid to dryness in a weighed glass 

dish. Evaporation may be accomplished by heating a t  ZOO0 F for one-half hour. 
(b) Aftex w~poracion,  cool and weigh the residue. The solvent shall 

not be used if the residue exceeds 100 milligrams in weight. 
c . Third Method: 

1.  Flush with hot inhibited alkaline cleaner until f ree  from oil and grease .  
2 .  Rinse thoroughly with fresh water .  
3 .  Dry thoroughly with a s a e a m  of clean, dried, water pumped a i r  o r  by 

hearing a t  a temperature of 250' to 300' F for a suitable period. 

14-10. REMOVAL OF OXYGEN CYLINDER AND REGULATOR. The cylinder IS 

located in the left side of the fuselage aft  of the baggage area  a t  sa r ion  157. 
a .  In airplanes with Serial Nos. 30-1 to 30-852 inclusive and 30-854 to 30-901 

inclusive, remove the access panel from the r e a r  wall of the baggage compart- 
ment. In airplanes with Serial Nos. 30-853 and 30-902 and up. remove the r e a r  
seats ,  if installed, and the back access panel. 

CAUTION 

Be sure  the valve on the cylinder is closed before dis- 
connecting any lines from the regulator. 

ACCESSORIES AND UTILITIES 
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b. Disconnect the control cable from the regulator. 
c . D ~ s c o M ~ C ~  lines from regulator. 
d .  Loosen and separate the clamps holding the cylinder in place. 
e. The cylinder can be removed by first sliding it back to remove the safety 

cable. 

14-11. INSTALLATION OF OXYGEN CYLINDER AND REGULATOR. 
a .  With the regulamr attached to the cylinder, place it into the airplane through 

the access  opening with the regulator forward. Be careful not to bump the reg- 
ulator and cylinder when installing them. 

b. Install safety cable around cylinder neck and position cylinder so regulator 
aligns with conaol cable and pressure lines. 

c . Secure cylinder in place by connecting and tightening the two clamps. 
d .  Connect the pressure  lines and control cable to the regulator. 
e . Install access panel on the r e a r  wall of the baggage a r e a .  

L 14-12. REMOVALOFFILLERVALVE. 
a .  In airplanes with Serial Nos. 30- 1 to 30-852 inclusive and 30- 854 to 30-901 

; inclusive. remove the access panel from the rear wall of the baggage compart- 
- ment. In airplanes with Serial Nos. 30-853 and 30-902 and up, remove the rea r  

seats ,  if installed, and the back access panel. 
- b. Open the valve access door located on che left side of the fuselage and re-  

move the cap from the valve. 
c .  Be  sure the cylinder valve i s  closed and disconnect the line from the filler 

valve. 
d .  Remove the three nuts, washers and screws holding the filler valve in place 

and remove valve through the access  door. 

14-13. IMTALLATION OF FILLER VALVE. 
a .  Place the valve into posirion through the access door and secure with 

screws,  washers and nuts. 
b.  Install cap on valve and close access door. 
c . Connect filler line to valve. 
d .  Install access panel aft of the baggage a rea .  

ACCESSORIES A N D  U n L I n E s  
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14-14. REMOVAL OF PRESSURE GAUGE. Ascertain that the control valve is 
closed and there is no pressure  in the system. 

a .  Msconnect the connector &om the back of the pressure gauge. 
b. Loosen and remove the retainer nut and clamp holding the gauge in place. 
c . Pull the gauge out k o m  the front of the panel. 

14- 15. IFSTALLATION OF PRESSURE GAUGE. 
a .  Place the gauge into the panel k o m  the hon t  and replace the clamp and re- 

miner nut on the back of the gauge. Be sure the gauge is positioned properly be- 
fo re  tightening the clamp. 

b. Reconnect the connector a t  the r e a r  of the gauge. 

14-16. REMOVALOFOUTLETS. 
a .  Using a suitable spanner wrench, remove the outer half of the outlet. 
b. Remove the screws holding the trim panel and remove the panel. 
c . The outlet can now be removed from the low pressure line. 

14- 17. IMTALLATION OF OUTLETS. 
a .  Apply sealant to the male end of the fitting. 
b. Connect the outlet to the low pressure  line. 
c . Position the a i m  panel and secure  with screws.  
d .  Position the outer half outlet and secure with a suitable spanner wrench. 
e. Torque the f l a g s  into the outlets approximately 30 inch-pounds. Do not 

over torque a s  this could damage the outlet. 

14- IS. PURGING OXYGEN SYSTLV. The system should be purged whenever the 
cylinder pressure  falls below 50 psi o r  i f  any lines a r e  left openfor any length 
of t ime.  Also, whenever there a r e  any offensive odors present, it  will be nec- 
e ssa ry  to purge the system. Use the following procedure: 

a .  Park the airplane in a NO SMOKING a r e a .  
b .  Keep all doors and windows open. 
c .  Be sure  all  electrical systems a r e  shut off. 
d .  Connect the oxygen recharging unit to the filler valve. 
e .  Plug the oxygen masks into the outlet valves and turn on the system. 
f . Set the recharging unit pressure  regulator to deliver 50 psi and let the 

system purge for one hour. If any odor is still present. repeat the procedure 
for one o r  more hours. If the odor persists  after the second purging, replace 
the cylinder. 

ACCESSORIES AND u n L I n E s  
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14-19. CLEANING OF FACE MASKS. The disposable masks a r e  designed for 
one-time use and require m maintenance. The pilots and co-pilots masks can 
be cleaned a s  follows: 

a .  Remove the microphone from the mask.  
b. Remove the sponge rubber discs from the mask turrents .  Do not use soap 

to clean sponge rubber discs, a s  this would deteriorate the rubber and give off 
unpleasant odors. Clean in clear water and squeeze dry. 

c.  Wash the rest of the mask with a very mild solution of soap and water .  
d .  Rinse the mask thoroughly to remove al l  traces of soap. 
e. Make sure the  sides of the breathing hag do not s t ick together while drying, 

a s  this may decrease the life of the rubber in the bag. The mask can be ster i l -  
ized with a solution of 70 percent ethyl alcohol. 

TABLE XIV-I . TROUBLESHOOTING CHART (OXYGEN SYSTEM) 

ACCESSORIES AND UTILITIES 
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Remedy 

Charge system and 
check for leaks. 

Replace pressure  
gauge. 

Replace regulator 
assembly. 

Purge the oxygen 
system. Refer to 
Paragraph 14-18. 

Trouble 

No indication of pres-  
s u r e  on pressure  
gauge. 

Pressure indication 
normal but no oxygen 
flowing. 

Offensive odors in 
oxygen. 

Cause 

Cylinder empty o r  leak 
in system has ex- 
hausted pressure .  

R e s s u r e  gauge defective. 

Oxygen cylinder reg-  
ulator assembly 
defective . 

Cylinder pressure  below 
50 psi .  
Foreign matter  has 
entered the system 
during previous 
servicing. 
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0071 

1 /8  MIN 

1 / 8  MIN 1 /8  MIN 

SKETCH A SKETCH B 

SKETCH D 

GROMMET 

CORRECT INCORRECT 

Added: 10/28/82 

Figure 14-3a. Oxygen Tubing installations 
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1420. ENGINE SYNCHROPHASER 

1421. DESCRIPTION OF SYNCHROPHASER SYnEM. (Refer to Figure 14-4.) 
This system consists of a pulse generator, a strobe sensor, a computer, and an electrical 

control solenoid. 
The pulse generator, located on the master LEFT engine supplies timing infomation to 

the strobe sensor on the slave RIGHT engine. The resultant error signal, generated by the 
strobe sensor is fed to the computer that in turn drives the servo amplifiers. The output of 
the servo amplifiers controls the electrical solenoid on the slave engine governor. This 
control action keeps the slave engine in phase with the rotation of the master engine. 

The pulse generator is mechanically diven by the camshaft of the master LEFT engine. 
One rotation of the camshaft constitutes one cycle of engine operation of a four stroke 
engine. This permits the pulse generator to be timed to any relationship to the firing order 
of the engine. The strobe sensor is likewise driven by the camshaft on the slave engine. This 
gives a latitude of selection, permitting any selection of corresponding operation between 
master and slave engine. 

The selector switch on the panel has two positions, manual or phase. In the manual 
position, engines and propellers arc operated and controlled in the conventional manner. 
After manually synchronizing engines, the selector switch can be set to the phase position. 
This permits the synchrophaser to hold engines in RPM agreement and also in the 
preselected phase relationship. 

1422. SYSTEM OPERATING PROCEDURE. 
The selector switch should be in the manual position during engine start. taxi and 

warmup. The switch may be turned to phase position after the take-off run has started. if 
desired. 

NOTE 

With fuU throttle and full RPM the governors should be set 
within the synchrophasing range, if not consult Section Vlll 
or VIlIA of this Service Manual for high RPM setting 
adjustment. 

The propeller RPM should be manually adjusted as close to synchronization as possible 
for cmise. and the quadrant friction control set. Turn the switch to the phase position. if 
the unit does not synchronize the props. return the selector switch to manual. After 45 
seconds adjust engine RPM manually to wirhin 25 to 30 RPM of each other and return the 
selector switch to the phase position. 

Keep the function switch in manual position excepr when desiring automatic control. 
The engine synchrophaser will bringinto phase, e n a e s  with an RPM difference of over 30 
RPM. However, the closer the RPM is set manually the sooner automatic phasing will be 
established. 

ACCESSORIES AXD UTILITIES 
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Note the lack of an audio beat when the pmpellen are in phase; this should be checked 
in flight. When an audible beat is head with the system operdting, it is undoubtedly not 
holding the slave engine in phase with the master engine. Return the selector switch to its' 
manual position for 45 seconds and readjust engine RPM manually to operating RPM. Set 
selector switch to phase position for automatic operotion. If the phasing is not established 
after the above procedure, it is possible that some unit of the system is not operating 
properiy, and further m u n d  checks should be made. 

14-23. OPERATIONAL CHECKS. The following checks maybe made to evaluate system 
operating condition. A test unit should be fabricated to p e r t o n  the required checks. Refer 
to Figure 14-8 for parts and wiring schematic to fabricate the test unit. 

a Connect an ammeter with a two ampere ra le  to the meter jack on the front panel of 
computer amplifier. Refer to Figure 14-8 . Use a suitable cable and 114 inch phone plug to 
connect to the computer. 

NOTE 

When fabricating this test box, it is advisable to make the 
connecting cable long enough to extend from the computer 
into the cockpit. 

b. Connect a zero center reading 12 volt voltmeter to pins A and B in the six pin plug 
which connects to the computer. 

NOTE 

Shon lengths of wire (8 to 10 inches) can be connected to 
the A and B pins in the plug to facilitate connecting the 
voltmeter, and when the tests are completed they can be 
taped and tied back. Refer to Figure 14-8. 

c. With meters connected as shown in Figure 14- 8 . proceed with the ground checks to 
determine if various units are working properly. 

d. Connect the phone plug from the t a t  box to the computer and observe the 
ammeter, it should show a reading with the master switch ON. This will c o n f m  that there 
is voltage to the computer. 

NOTE 

The following steps should be performed from within the 
cockpit with the use of the aircraft starter switches. 

ACCESSORIES AND UTlLITlES 
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1.  TACH SHAFl  1 1 .  DUAL DRIVE ADAPTER. LEFT ENGINE 
2 .  MASTER ENGINE 12.  EXISTING TACHOMETER SHAFT 
3. COMPUTER 13. FIREWALL 
4. NOSE LANDING GEAR MOUNT 14. NACELLE BULKHEADS 
5 .  SLAVE ENGINE 15. PULSE GENERATOR 
6 .  DUAL DRIVE ADAPTER, RIGHT ENGINE 16.  SWITCH 
7 .  EXISTING TACHOMETER SHAFT 17. CIRCUIT BREAKER 
8. STROBE SENSOR 18. ADAPTER 
9. INSTRUMENT PANEL 19. GOVERNOR 

10.  WIRE HARNESS 20.  SOLENOID 

Figure 14-4. Synchrophaser Installation 
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e. Ascertain that the magneto switches are OFF. Tum the master switch ON, and set 
the synchrophaser switch on MANUAL. Read the solenoid cumnt on the ammeter. A 
stabilized reading should be 1 ampere + .2 ampere. 

NOTE 

When fm selecting the manual operation, the meter cumnt 
maybe near zero or near maximum of meter scale. The 
solenoid cumnt  is slowly corrected and takes fwe to 
thirty-five seconds to stabilize. 

NOTE 

The above step must always proceed phase operation when 
flying or making ground checks. Always use manual selection 
for stand-by service. 

f. Start and adjust the master LEIT engine at near cruise RPM (2200 RPM or above). 
Set the selector switch to propeller sync. Rotate the slave RIGHT engine with the use of the 
starter (right Magneto switch OFF) until the zero center reading voltmeter deflects to the 
right or  left of center. A full deflection to the right indicates a photo conductor is supplying 
a signal to the computer ampW~er and must cause the ammeter to increase slowly to a 
maximum of approximately 1.75 amperes. 

g. When the above condition is met, rotate the slave RIGHT engine with the use of the 
starter to a position that will caure the zero center reading voltmeter to deflect to left of 
center. A full deflection to left must cause a slow amperage decrease to 0 ampr This 
indicates that the other photo conductor is supplying a signal to the computer amplifier. 

A decrease in solenoid current indicates the slave engine is 
increasing RPM. An increase in solenoid current indicates the 
slave engine is decreasing RPM. 
When conditions of step h and i are met, it wil l  confirm that 
all components arc operating. 

h. Return the selector switch to manual and start the slave RIGHT engine. Operate the 
master LEFT engine at near cruise RPM. Set the selector switch to propeller sync position 
and advance the slave engine speed slightly over that of the master engine noting the 
detlection of the voltmeter. If it remains to the nght decidedly longer than it remains on 
left, it confms  that the signals from the photo conductors are correct. 

i. While still operating the master engine at near cruise RPM, retard revolutions of the 
slave engine to less than that of master engine. Note the deflection of the voltmeter. If it 
remains to the left decidedly longer than it remains on the right, it confms  that the signals 
from the photo conductors are correct. 

ACCESSORIES AND UTILITIES 
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NOTE 

The voltmeter readings will change from side to side with 
RPM and phase changes, but will show a d e f ~ t e  tendency to 
stay to right or left of zero when engine RPM's are not in 
phase. 

14-24. TROUBLESHOOTING. The following checks should be made when a malfunction 
of the system is suspected. The checks are divided into two parts, Mechanical and Electrical, 
and should be performed in that order. A troubleshooting chart is also supplied at the end 
of these inwctions. 

Before proceeding any further be certain that the magneto 
switches are OFF. 

. . ... a. MECHANICAL CHECKS: Inspect the short tach cables used to drive the pulse 

. generator, strobe sensor and related components for the following conditions: .- 
1. Insufficient lubrication. Lubricate with a suitable High Temperature Grease. 
2. The retainer clip on the drive end of the tach cable is not chafmg against the bell 

. housing. No signs of chafmg should be evident. 
. . 3. The quare ends of the tach cable is fraying. If so, dip the end in silver solder or 
- braze it. Then fide the end quare to fit mating unit core. 

4. Be certain the core of the puke generator and strobe sensor rotates when the 
propeller is turned. 

5. Check the dual drive units for possible broken parts. 
6. Check the engine drive pad for possible damage. 

b. ELECTRICAL CHECKS: Perform the following checks to isolate any trouble in the 
electrical components of the system. 

NOTE 

To perform some of the following checks will require a 
standard multimeter with a SO volt AC scale and/or other test 
equipment which can be fabricated from easily obtainable 
components. It is advisable to make the connecting cables 
long enough to extend into the cockpit. 
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1. Pulse generator, glow lamps and wire harness checks: 
(a) Ascertain that all tach shafts are in position and rotate the pulse generator 

and strobe sensor with rotation of the respective engines. 
(b) Start and nm master engine at near wise RPM. Set selector switch at R o p  

Sync. 
(c) Disconnect plug P U  at the strobe sensor and measure AC voltage at pins D 

to b u n d  coming from the computer. 
(d) Measure AC voltage at pin E to ground coming from the computer. 
(e) These open circuit readings should be from 30 to 40 volts AC. 

NOTE 

The pulse generator may be removed and checked with the 
use of an electric drill or  air motor regulated to limit the 
RPM to  1750. Drive the generator from the tang end of the 
core. A patch a b l e  junction box may be fabricated to 
simplify the following checks. (Refer to F i r e  14-12.) 

(0 Install the fabricated patch cable and check the volt ohmmeter readings at 
the patch cable junction box with the pulse generator running or the 
simulator installed. 

(B) If this test h positive, a bad aircraft hamess lead may be present. Check the 
harness with a megger ohmmeter. 

(h) Check the resistance and continuity through the pulse generator harness. 
P i s  D and E of the small p l u ~  attached to the computer should be 
approximately 200 ohms. 

(i) Check the direction of the pulse generator by operating it from both ends 
and observe if lights in the strobe sensor illuminate. (Use the volt ohmmeter 
to check Light illumination. A decrease in resistance should be read when the 
lights glow. Connect meter at pins A to C or B to C of the large plug.) (The 
strobe sensor can also be disassembled for a direct visual check.) 

(j) To ascertain that the pulse generator is supplying timing information to 
strobe sensor, disconnect plug PLZ from the computer chassis and measure 
the AC voltage across contacts E and D while operating the master engine at 
near cruise RPM. A reading of .? volts AC 5 .  I volts is considered normal. If 
no voltage is supplied, replace the pulse generator. 

2. Computer amplifier: 
(a) If the system operates in the manual mode but not in the phase mode, listen 

to the computer for an audible relay click when the synem is switched from 
the manual mode to phase mode. The relay is on the botrom deck of the 
computer assembly. The use of a 2 amp meter and test plug wiU simplify this 
check. (Refer to Figure 14-8.) 

(b) If no AC voltage is supplied to the strobe sensor as outlined in step Id, it is 
suspected that the lamp amplifier in the computer chassis is defective and 
the computer should be replaced. (Refer to paragraphs 14-29 and 1430.) 

ACCESSORIES AND UTILITIES 
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(c) Inspect the inside of the computer to ascertain that the circuit boards are 
secure and that the tang plugs are free of corrosion. Also check for any loose 
wires. ~- -.. 

3. Strobe sensor: 
(a) Connect the fabricated strobe sensor tester (Refer to Figure 14-10) to the 

h o b e  sensor plug in the right nacelle. 
@) Slowly rotate the strobe sensor core (if the tach shaft is disconnected) or 

propeller and watch for a drop in the photo conductor resistance. Check 
both A and B lights. The resistance should be 200,000 ohms with the tights 
covered and 180 ohms with the tights uncovered. 

(c) If the latter test (step b) proves negative the sensor unit must be 
disassembled for a visual check of lamp illumination. If the lamps do work 
the trouble is in the photo conducton. To be sure, aim the photo conductor 
cells at a source of light and move a finger or some object back and forth in 
front of the conducton. If the tester does not indicate a drop in resistance 
when the conductor cells are exposed to the light, they are inoperative and 
must be replaced. 

(d) Connect the strobe sensor simulator. (Refer to Figure 14-1 I.) Move the 
potentiometer and listen to the computer. TIe  motor should run at 
approximately 7 volts. 

(e) Adjust the potentiometer just short of motor operation. .Move the 
pressuredrain switch from ON - Ressure to OFF and then ON again; the 
current on the governor coil should be .OS amps. 

(0 Mwe the switch from ON -drain to OFF and then ON again, the current on 
the governor coil should be .OS amps. 

The pressure or drain should not be adjusted unless it is 
absolutely necessary and the system still does not 
synchronize. 

14-25. REMOVAL OF STROBE SENSOR. This unit is located in the right engine naceIIe 
aft of the fmwall. (Refer to Figure 144.) 

a. Remove the access panel on top of the nacelle. 
b. The strobe sensor is mounted on the inboard side of the inboard longitudinal 

bulkhead. 
c. Loosen the knurled nuts which secure the tach shafts to the front and rear of the 

strobe sensor and slide the tach shafts out of the unit. 
d. Disconnect the electrical plug connector. 
e. Loosen the clamp and remove the sensor from the mounting brackct fastened to the 

bulkhead. 
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1 

FWD. 

AFT VIEW 
I .  7l"l". I."" 

a, *LO. L U C .  , " ID ,  
3. W O T O  C030UcT0l I I L L C l l  

STROBE SENSOR SCHEMATIC 
VIEWED FROM CONDUCTOR SIDE. 

GOV. COIL 

Figure 145.  Strobe Sensor 

11-26. INSTALLATION AND A D J U S M E W  OF STROBE SENSOR. (Refer to Figure 
14-5.) 

a. Position the strobe sensor into the mounting bracket located on the inboard side of 
the  longitudinal bulkhead and secure loosely with the clamp. 

NOTE 

The front end of the strobe sensor can be defined by the 
square hole in the center of the unit to accept the square end 
of the tach shaft. 
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AFT WEW 

FOR TEST ONLY - -  
-+ I Z V  0 CENTER VOLTMETER 

L - - - - - - - - EwFsVNC ON MAN. 2 
E E ------- X)O n ----- 
F F 

G G A +  
- - - 

PULSE GENERATOR 
SCHEMATIC VIEWED 
FROM FLAT SIDE 

Figure 14-6. Pulse Generator 

b. Install the auxiliary tach shaft to  the forward end of the strobe sensor and loosely 
conned the knuried nut. 

c. Rotate the strobe sensor case counterclockwise (viewed from the rear) until the 
photo conductor block is approximately on the bonom and secure the clamp. 

Before proceeding any further be certain the Magneto 
Switches an OFF. 

d. Turn the engine in the direction of rotation to  locate No. 1 piston at T.D.C. on the 
ignition stroke. Listen for an audible magneto impulse click. 

e. Place a pencil line on the spinner adjacent to the nose cowl split line, or mark the 
gear tooth that is adjacent to the timing mark on the starter housing. 

f. Measure along the tear spinner surface (from the first line) 3.25 inches opposite the 
direction of rotation and place a pencil h e ,  or  count 12 teeth opposite the direction of 
rotation from the previously marked tooth and place a mark. 

g. Move the propeller in the direction of rotation to  align the new mark with the split 
line or timing mark. This is the phase position. 

CAUTION 

If you miss this position do not turn the propeller backwards, 
start over. 
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h. Carefully loosen the clamp on the strobe sensor and rotate it clockwise to align the 
timing mark with the CENTER of the keyway on the aft end of the unit. The w of an 
inspection mirror wiU be required to view the end of the unit. 

i. Secure the damp and knurled nut when the timing marks align. 
j. Pull the propeller through (in the direction of rotation) two complete revolutions 

and stop at the phase position as described in step g. Check the timing mark alignment. 
Reset if necessary. 

k. Connect tach shaft t o  aft end of strobe sensor and secure with knurled nut. 
I. Connect the electrical plug connector and install the access panel. 

14-27. REMOVAL OF PULSE GENERATOR. This unit is located in the left engine 
nacelle aft of the fmwall. (Refer to Figure 14-4.) 

a. Remove the access panel on top of nacelle. 
b. The pulse generator is mounted on the outboard side of the outboard longitudinal 

bulkhead. 
c. Loosen the knurled nuts which secure the tach shafts to the front and rear of the 

pulse generator, and slide the tach shafts out of the unit. 
d. Disconnect the electrical plug connector from the unit. 
e. Loosen the clamp and remove the pulse generator from the mounting bracket 

fastened to the bulkhead. 

14-28. INSTALLATION AND ADJUSTMENT OF PULSE GENERATOR. (Refer to 
Figure 14-6.) 

a. Position the pulse generator into the mounting bracket located on the outboard side 
of the outboard longitudinal bulkhead, and loosely secure with the band clamp. 

NOTE 

The front of the puke generator can be defined by the square 
hole in the center of the unit to accept the square end of a 
tach shaft. 

b. Install the auxiliary tach shaft to the forward end of the pulse generator and loosely 
connect the knurled nut. 

c. Rotate the pulse generator case counterclockwise (viewed from the rear) in the 
bracket as far as possible and secure the clamp. 

CAUTION 

Before proceeding any further be certain the magneto 
switches are OFF. 
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d. Turn the engine (in the direction of rotation) to  locate No. I piston at T.D.C. on the 
ignition stroke (use ring gear mark or  first audible magneto impulse click). 

NOTE 

If you miss this point, do  not turn the engine backwards, 
start over. 

e. Carefully loosen the damp on the pulse generator and rotate it clockwise to  align 
the timing mark with the CENTER of the keyway on  the aft end of the unit. The use of an 
inspection mirror will be required to  view the end of the unit. 

f. Secure the band clamp and the knurled nut of the tach shaft. 
g. Pull the propeller through (in the direction of  rotation) two complete revolutions 

and stop at  the timed or  T.D.C. position. Check the timing mark alignment on the aft side 
of the pulse generator. Reset the unit if necessary. 

NOTE 

The pulse generator timing mark is always set up when the 
master engine is at  T.D.C. of No. 1 cylinder on the ignition 
stroke. The slave engine is then set at  the desired propeller 
position, cylinder number. and ignition stroke. This is 
predetermined at  the factory and is different for each model 
aircraft. 

h. Connect the tach shaft to the aft end of the pulse generator and secure with knurled 
nut. 

i. Connect the electrical plug connector to  the pulse generator and install the access 
panel on the nacelle. 

14-29. REMOVAL O F  COMPUTER ASSEMBLY. This unit is located in the nose section 
of the aircraft, mounted on the lower left portion of the nose gear mount. (Refer to  Figure 
14-3.) 

a. Remove the nose access panel. 
b. Disconnect the two electrical plugs connected t o  the computer assembly. 
c. Remove the three machine screws and related hardware used to secure the computer 

assembly to the gear mount, and remove the unit from the aircraft. 

14-30. INSTALLATION O F  COMPUTER ASSEMBLY. (Refer to Figure 144.)  
a. Position the computer assembly on the lower left portion of the nose gear mount. 
b. Secure the unit in place with three clamps and related hardware. 
c. Connect the two electrical plugs to the computer assembly. 

ACCESSORIES AND UTILITIES 
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Figure 1 4 7 .  Computer Assembly 

d. Check the fuse t o  ascertain that it is in good condition and of the proper size (3 amp - 250 volts). 
e. Install and secure the nose access panel. 

14-3 1. REMOVAL AND INSTALLATION OF GLOW LAMPS. 
a. Remove the strobe sensor in accordance with instructions given in paragnph 14-24. 

NOTE 

Place a reference mark on the edge of the sensor to aid in 
alignment upon reassembly. 

b. Remove the three allen cap screws holding the two halves of the strobe sensor 
together. It may be necessary to tap the center shaft to separate the halves. 

c. Reconnect plug PL3 and visually observe if both glow lamps light with the master 
sngine turning at near cruising RPM. A pulse generator simulator may be used according to 
paragraph 1 4 2 4  and Figure 1413.  

d. If  either of the glow lamps is inoperative, the red colored block that holds the lamps 
must be replaced. This is done by removing the three countersunk screws, one with an 
external nut, from inside the strobe sensor case and removing the block ~ssembly.  Install the 
new one by using the removal method in reverse. 

e. If the photo conductors are inoperative, the black colored block assembly may be 
replaced in the same method as the glow lamps, step d ,  above. 

f. Place the two halves of the strobe sensor together and align the previously made 
reference marks. 

g. Secure the two halves of the unit together with the three allen cap screws. 
h. Insrall the strobe sensor in the airplane and adjust it in accordance with paragraph 

14-26. 
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I 
1160 1 

1 PAC 522 

GAIN AOJUSTYENTS 

WIRE MUST BE LONG 
ENOUGH TO REACH 
FROM COMPUTER 
INTO COCKPIT. 

N3TE: 
NOT VOLTAGE S E N S I T I V E  

A 

Figure 14-8. Fabricated Test Box 

A207 
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PHOTO 

STROBE SENSOR 
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(BLACK1 

AIRCRAFT GRO. 
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Figure 14-9. Electrical Schematic 
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R10 T O  INSPECT STROBE SENSOR INTERNAL 
WIRINO. WHEN PHOTO CONDUCTOR IS 
LXK)SED T O  LIGHT THE K IS REDUCED. 
M I S  MAY B E  A VERY H I G H  NUMBER A N D  
MAY BE DIFFICULT T O  R U D .  

STROBE SENSOR 
1 

I 
GLOW CAMPS 

I 
COVlER 
l l0 v. 

I 
LC I 

US-1%-1000 CONNECTOR 
90731-82 16 REP.) ! - 1  

NOTE: 
N O T  VOLTAOE SENSITIVE 

~ 

F i  14-i0. Strobe Sensor Internal Wiring Tat Unit 

110s 

POT MOTOR STARTS AT APPROX 7 0 VOLTS 
m S T  AT START OF MOTOR. PRESSURE OR 
WAIN SHOULD READ 0 3  FOR SLOT DISK 

W W  103 CENTRALAB 

YIN H E X  PLUG 

STROBE SENSWl SIMULATOR 

NOTE, 
NOT VOLTAGE SENSITIVE 

Fin 1 4 1  1 .  Strobe Sensor Simulator 
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At45  
RlOTO 
tDNWCT0RS 

SOLENaO W A O  SIYULATOR 

DISCONNECT STROBE SENSOR 
T U T  A to F 0 t o  I Z V  DC. TEST A l o  F 0 

e m F  O t o  I Z V  O L  B l o C  0 
C to F 12V O.C. C ID F '2 to 14 V I IC.  
O t o F  6 V  Ac 0 t o  F I 5 V  A L  
E M F  6 V  Ac E to F I 5 V  A C  

F i  14-12. Patch Cable and Test Terminal 

A221 

PULSE GENERATOR SIMULATOR - APPROX 1200 R P M  

01- UNIJUNCTION TRANSISTOR 
MOTOROLA HEP 310 

RI-  39k 112 W I O I R E S  
R2- 3 3 0 n  112 W IOXRES 
R3-  Z O O l  I12 W 10% RES 
R 4 -  5 0 0 n  VAR V 5 0 0  CRL 
C I -  2 u f  - I 5 V  CAP UNICON 
P L  I -AMPHENOL CONNECTOR 
SWI -OFF/ON SwlTCn 

9 v  EAT 
EVEREADY 
266  R 4 YS-3106-10%-45 

5 O O n  
I 

CONNECTOR 

ADJUST R 4  FOR PULSE AMPLITUOE OF I 5 VOLTS USE OSCILLOSCOPE FOR MEASUREMENTS 

Figure 14-1 3. Pulse Generator Simulator 
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No indication of  
solenoid current. 

TABLE XIV-U. TROUBLESHOOTING CHART (ENGINE SYNCHROPHASER) 

System will not sync. 
(Note) 

Unit will not sync. 
on ground. 

I Trouble 

Master switch OFF. 

Bad fuse in computer. 

Faulty wiring. 

Cause 

Faulty computer. 

Remedy 

Turn switch ON. 

I Replace fuse. 

I Check wiring and 
connections. 

I Replace computer. 

Puke generator and 
lamp amplifier sus- 
pected of faulty 
operation. 

-- - -- 

Perform operational 
check in accordance 
with Par. 14-23. 

Tach shafts faulty. 

Puke generator and 
glow lamp amplifier 
in computer not 
operating. 

Glow lamp or lamps 
and/or photo con- 
ductor or conductors 
defective. 

Faulty computer. 

Visually check 
tach shafts. 

Perform electrical 
test in accordance 
with Par. 14-24b. 

Replace glow lamp or 
photo conductor assem- 
blies. Refer to  Par. 
14-31. 

Perform electrical 
test in accordance 
with Par. 14-24b. 

- 

Electrical. 

Mechanical. 

Pilot. - 
Engines not set within 
range of system. 

Perform electrical 
test in accordance 
with Par. 14-34b. 

Check tach drive 
cables per Par. 14-34a. 

Refer to Par. 14-22 for 
operating procedures. 
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PART I .  

PA-39 ONLY 

Pan  I1 (Grid 4GI thru 412) contains service information 
unique to the PA-39 model only. 

Information common to both PA-30 and PA-39 models is in 
Part  I .  When service information in Part I does  not 
specifically callout PA-39, but is broken down by PA-30 
serial numbers only, use the information or proceedure 
specified for the highest PA-30 serial number range. 
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INTRODUCTION 
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SECTION I 

INTRODUCTION 

1-1. GENERAL. This manual contains service and maintenance instructions for the Piper PA-39 Twin 
Comanche. designed and manufactured as a versatile airplane in the personal and business aviation field, by 
the Piper Aircraft Corporations Lock Haven, Pennsylvania. 

The description of the airplane included in this section is limited to general information. For a more 
detailed description of the airplane, refer to the Owner's Handbook. 

1-2. DESCRIPTION. The Piper PA-39 Twin Comanche is a four-place (optional 5th and 6th seat) twin 
engine, low-wing monoplane of all-metal construction. Paragraphs 1-3 through 1-13 provide descriptions of 
the major components and systems 

1-3. FUSELAGE. The fuselage consists of three basic units: the nose section, the cabin section, and the tail 
cone section. 

1-4. WING. The laminar flow wing is of all-metal stressed-skin, full-cantilever design. consisting of two 
wing panels bolted together at the center of the fuselage. The wing tips are removable. The ailerons are cable 
and push rod controlled and are statically and dynamically balanced. The trailing edge wing flaps are 
electrically operated. 

1-5. EMPENNAGE. The empennage consists of the fin, rudder. stabilator and stabilator him tab. The rudder 
and stabilator are dynamically and statically balanced. 

1-6. FLIGHT CONTROLS. The flight controls are conventional, consisting of a control wheel which operates 
the ailerons and stabilators. and foot pedals which operate the rudder. Duplicate controls are provided for the 
co-pilot. 

1-7. LANDING GEAR The landing gear is an electrically operated tricycle gear, consisting of a nose wheel 
and two main wheels. 

1-8. BRAKE SYSTEM. The brakes on the PA-39 are hydraulically operated by toe pedals 

INTRODUCTON 
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1 1-9. ENGINES AND PROPELLERS. The airplane is powered by two Lycoming four cylinder, direct drive. 
wet sump, horizontally opposed, fuel injected engines. The propellers are Hartzell full feathering, constant 
speed units controlled by a governor mounted on each engine. Some propellers are equipped with a backup 
spring which allows operation of the propeller in case of loss of air from the air cylinder. These propellers are 
identified by the letter "S" after the hub dash number, such as HC-E2YL-2BS. The "Spprpeller should not 
be intennixed with the other propellers. Each model with its engines and particular propellers are as follows: 

I Model 

Left Engine 10-320-BIA HC-E2YL-2 
HC-E2YL-2S 
HC-E2YL-2SF 

Right Engine LIO-320-BIA HC-E2YL-2BL 
HC-EZYL-2BLS 
HC-E2YL-2BLSF 

I 0  - 320- CIA HC-E2YL-2 
HC-E2YL-2.5 

Right Engine LIO-320-CIA HC-E2YL-2BL 
HC-E2YL-2BLS 
HC-E2YL-2BLSF 160 1001130 

1-10. FUEL SYSTEM. The fuel system consists of four rubber-type cells located in the wings with a total 
fuel capacity of 90 U.S. gallons, (Optional 15 U.S. gallons each, tip tanks) two engine-driven fuel pumps, two 
electric auxiliary fuel pumps and two combination fuel selectors and strainer valves. 

1-1  1. INSTRUMENTS. Provisions for the instrument installation includes panels for engine instruments and 
advance flight instruments. The panel is shock mounted to minimize vibration to the instruments. 

1-12. ELECTRONIC EQUIPMENT. Provision for electronic equipment includes various combinations of 
radio installations and Autopilot. 

1-13. HEATING AND VENTILATING SYSTEM. Heated air for the cabin and defroster is obtained from a 
25.000 BTU gasoline heater installed in the nose section. Fresh air for the cabin interior is obtained from two 
individual sources; one from the nose section and the other from a scoop located in the speed fairing ahead of 
the vertical fin. 
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TABLE 11-1. LEADING PARTICULARS AND PRINCIPAL DIMENSIONS 

MODEL PA-39, PA-39 Turbo 

ENGINE 

I Manufacturer Lycoming 
Model Left: 10-320BIA1" 

10-32C€IA1" 
Right: LIO-320B 1A"' 

L10-320ClA'2' 
FAA Type Certificate E l 2  
Rated Horsepower 160 
Rated Horsepower, RPM: 

Full Throttle 160 hp @ 2700 RPM 
Performance Cruise (75% rated) 120 hp @ 2450 RPM 
Economy Cruise (65% rated) 104 hp @ 2350 RPM 

Fuel Consumption Cruise: 
75% Rated Power 10.0 gph 
65% Rated Power 8.8 gph 
60% Rated Power 8.2 gph 

Propeller Drive Ratio 1:l 
Propeller Shaft Rotation Clockwise, Counterclockwise"' 
Bore 5.125 in. 
Stroke 3.875 in. 
Displacement 319.8 cu. in. 
Compression Ratio 8.50: 1 
Weight (With Starter and Alternator) 287 lbs., 294 lb~. '~ '  
Dimensions: 

Height 19.22 in. 
Width 32.24 in. 
Length 33.59 in. 

Oil. SAE Number Refer to Table 11-III'" 
Oil Sump Capacity 8 quarts 
Oil Consumption, Maximum 0.010 lb./bhplhr. 
Fuel. Aviation Grade, Minimum 

Octane 10011 30 Octane 
Fuel 1njector;Bendix RSA-SAD1 
Magneto (2). Scintilla S4LN-21. S4RN-21'" 
Magneto Drive, Ratio to Crankshaft 1:l 
Magneto Drive. Rotation Clockwise. Counterclockwise'" 
Magneto Timing 25 degrees BTC 
Magneto Point Clearance 0.01 8 + 0.006 

( I )  PA-390NLY.  
(2) PA-39 TURBO ONLY. 
(3)  ALL RIGHT ENGINES ONLY. 
(4) REFER T O  PART I. 
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TABLE 11-1. LEADLNG PARTICULAR AND PRINCIPAL DIMENSIONS (cont.) 

MODEL PA-39, PA-39 n t b o  

ENGINE (cont.) 

Spark Plugs (Shielded): 
AC 
Champion 

Spark Plug Gap Setting (in.)" 

Firing Order 
Tachometer Drive, Ratio to 

Crankshaft 
Tachometer Drive, Rotation 
Starter: 

Prestolite, 12-Volt 
Starter Drive, Ratio to Crankshaft 
Starter Drive, Rotation 
Alternator, Prestolite 

Voltage Regulator, Prestolite 
Over voltage Control. Restolite 

Vacuum Pump 
Vacuum Pump Drive. Ratio to 

Crankshaft 
Vacuum Pump Drive. Rotation 
Propeller Governor Drive 
Propeller Governor Ratio 
Fuel Pump 

SR-88D, 171"' 
R E M 4 E .  REB-37N"' 
0.018 to 0.022 in. 
0.015 to 0.021 in"' 
1-3-24. 142-3"' 

0.5: 1 
Clockwise, Counterclockwise 'I' 

Model: W 2 0 6 .  MZA2 1 6O' 
13.55: 1 
Counterclockwise. Clockwise "' 
12-volt. ALX 8403 
VSF 7203 8A 
XI7621 
200 cc, 200 cw"' 

1.30:l 
Counterclockwise, Clockwise "' 
AN20010 Type XX 
0.866: 1 
AC-GP6440296 
Lear-Siegler RG 17980"' 
Lear-Siegler RG 17980-K"' 

PROPELLER 

Manufacturer 
TY pe 
Hub 

Blade (2) 

Hartzell 
Constant Speed Feathering 
HC-E2YL-2B, HC-E2YL-2BF, 
HC-E2YL-2BS or HC-E2YL-2BSF 
HC-E2YL-2BL, HC-E2YL-2BLF, 
HC-E2YL-2BLS or 
HC-E2YL-2BLSP' 
76634 or F7663-4 
J7663-4 or FJ7663-4 

(1) PA-39TURBO ONLY. 
i 2 j  REFER TO LYCOMING SERVICE INSTRUCTION NO. 1042. 
(3) ALL RIGHT ENGINE ONLY. 
(4) PA-39 TURBO RIGHT ENGINE ONLY. 
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TABLE 11-1. LEADING PARTICULARS AND PRINCIPAL DIMENSIONS (cont.) 

MODEL PA-39. PA-39 Tub 

PROPELLER (cont.) 
-- 

Diameter 72 in. 
Diameter, Minimum 70 in. 
Blade Angle, Low '" 12.0 * 0.015 degrees 
Blade Angle. High"' 78 degrees 
Control Governor Hartzell 
Governor Model F-6-3s or F-6-3A, 

F-6-3AL"' 

FUEL CELL CAPACITIES 

Inboard (Main) Fuel Cells 
Capacity (Each) 
Unusable Fuel (Each) 

Outboard (Auxiliary) Fuel Cells 
Capacity (Each) 

TIP Tanks 
Cavacitv (Each) 

n o  
30 U.S. gallons 
3 U.S. gallons 
n o  
15 U.S. gallons 
n o  *' 
15 U.S. gallons - - .  

LANDING GEAR 

5 p e  
Shock S m t  5 p e  
Fluid Required (Struts & Brakes) 
S m t  Extension (Static Load) 
Maximum Air Pressure (Strut) 
Tread (Width from each tire center) 
Wheel Base 
Nose Wheel Travel 

Main Wheel Toe-In 
Turning Radius (Min.) 

Wheel, Nose 
Wheel. Main 
Brake 5 p e  
Tire, Nose 
T~re. Main 
Ere Pressure 

Electrically retractable 
Combination Air and Oil 

MIL-H-5606 (Red) 
2.75 in. 
100 psi 
9 ft. 9.5 in. 
7 ft. 3.625 in. 
25 " Max. 19' Min. 

(right) 
25" Max. 19' Min. 

(left) 
0 degrees 
28 ft. 1.5 in. 
28 ft. 11 in."' 
Cleveland 38501 
Cleveland 40-90 
(Disc) Cleveland 30-23 
6:00 x 6. 6 ply rated 
6:00 x 6. 6 ply rated 
42 psi 

( I )  BLADE ANGLE AT 30 IN. RADIUS 
(2) ALL RIGHT ENGINES ONLY. 
(3) OPTIONAL ON P A 4 9  
(4) PA-39 TURBO ONLY. 
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TABLE 11-1. LEADING PARTICULARS AND PRINCIPAL DIMENSIONS (cont.) 

MODEL PA-39, PA-39 Turbo 

OVERALL 

Gross Weight 3600 lbs., 3725 lbs!" 
Gross Weight Landing 3600 lbs.. 3725 lbs. 
Width (Span) 35 ft. 11.75 in. 

36 ft. 9.625 in!'' 
Leneth 25 ft. 1.9375 in. 
Height (Static Ground Line) 8 ft. 2.875 in. 
Height. Propeller Hub, 

Thrust L i e  Level 4 ft. 6 in. 
Clearance, Propeller l ips,  

Thrust Line Level 11.5 in. 

FUSELAGE 

Length (Including Tail Cone 
Fairing) 23 ft. 0.950 in. 

Width (W~thout Stabilator) 47.875 in. 
d 

Height (Without Vertical Fin) 53.875 in. 

WINGS 

Span Width) 35 ft. 11.75 in. 
36 ft. 9.625 in!'' 

Chord: 
Station 15 inches 7 ft. 1 in. 
Station 62 inches 5 ft. 5 in. 
Station 21 1 inches 3ft 3 in. 

Dihedral (Leading Edge) 5 degrees 
Incidence 2 degrees 
Wing Twist 0 degrees 
Length of Flap 110.90 in. 
Length of Aileron 75.30 in. 

EMPENNAGE 

Stabilator Overall Span 
Fin Setting, Fixed 

12 ft. 6 in. 
0 degree centerline 

( I )  PA-39 TURBOONLY. 
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TABLE 11-1. LEADING PARTICULARS AND PRINCIPAL DIMENSIONS (cont.) 

MODEL PA-39, PA-39 Turbo 

AREAS 

Total Wing Area (Including Aileron 
and Flaps) 

Aileron 
Flap 
Stabilator, including trim tab 
Fin 
Rudder 

178 sq. ft. 
14.1 sq. ft. 
20.2 sq. ft. 
32.5 sq. ft. 
9.0 sq. ft. 
5.9 sq. ft. 

CONTROL SURFACES TRAVEL 

Refer to Table V-I, Part 11. 

CONTROL SURFACE CABLE TENSION 
, . 

Refer to Table V-I. Part II. 

HANDLING AND SERVICING 
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PART II 

SECTION IV 

STRUCTURES 

Paragraph 
Aerofiche 
Grid No. 

4-1. Checking and Balancing Stabilator ...................................... .- ................................... 4G17 

NOTE 

Refer to Part I for Rudder and Aileron. 
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SECTION IV 

PART I1 

STRUCTURES 

4-1. CHECKING AND BALANCING STABILATOR. (Serial Nos. 39-1 to 39-155 inclusive.) (Refer to 
Figure 4-1 .) 

a. Whenever a stabilator has been repaired andlor repainted, it must be balanced before the airplane is 
flown. 

b. Stabilator installation must be complete before balancing, including tabs and paint. Stabilator control 
cables (2 and 3) must be disconnected from stabilator balance arm (1) and tab actuator arm must be 
disconnected from stabilator tab horn during balancing. Hardware used to connect the extension 
spring cable and stabilator control cables should be removed. Hardware holding balance arm weight 
in place should be installed. A small piece of tape should be used to hold tabs neutral with stabilator. 
It is very important to have the stabilator free to rotate with a minimum of frictional resistance. 

NOTE 

If the bearing resistance is too great, it is necessary to loosen the nuts 
holding the stabilator torque horn to the stabilator torque tube, and those 
holding the stabilator to the torque tube as well as the nuts holding the 
stabilator stop to  the torque tube. Measure the bearing resistance again. 
When this is done, the nuts must be tightened just enough to take the play 
out of the washers. The bolts holding the stabilator bearing blocks to the 
fuselage should be loosened and tightened finger tight during balancing. 
After balancing is completed, stabilator bearing block bolts should be 
torqued to a value of 135 to 140 inch-pounds. Ascertain that the stabilator is 
free to rotate with minimum friction. 

c. Master check weight (6) (PIN 23584-00) (weight 1.58 pounds) should be placed on top of balance 
weight (5) (P/N 23594-00) with the side marked "FRONT" facing forward. (Refer to Figure 4-1 1.) If 
this is not enough weight to obtain static balance with the balance arm level, plates (4) (P/N 23179- 
00) must be added to the forward balance weight attaching bolt until 100% static balance is obtained 
or until up to two plates more than that required for balance have been added. Generally, it should not 
be necessary to use more than eight plates. If a total of more than eight plates is necessary to obtain 
balance, recheck the procedure in Steps " b  and "c." 

d. Should it be necessary to obtain a stabilator without a master check weight, a temporary balancing 
can be accomplished by using the procedure given in " b  above. A sensitive and accurate spring scale 
can be used to get a balance with 49 +O -3 inch-pounds of torque. Plates should be added (up to 
eight) until a lifting force between 2.71 and 2.88 pounds will balance the stabilator with the spring 
scale hooked to the bolt that fastens the two stabilator-connecting tabs (arm of 17 inches). As soon as 
a master check weight is available, the balance should be checked for accuracy. 

Added: 61281'76 STRUCTURES 
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r 

NOTE: REMOVE 
CHECK W E I G M  

8 AFTER BALANCING. 

1. BALANCE ARM 
2. STABILATOR CONTROL CABLES 
3. EXTENSION SPRING CABLE 
4. P U T E .  PIN 2317000 
5. BALANCE ARM WEIGHT 
0. MASTER CHECK WEIGHT, PIN 2358400 

Figure 4-1. Balancing Stabilator, Serial Nos. 39-1 to 39-155 inclusive 

e. After balancing is accomplished, the check weight (or spring scale) should be removed and the plates 
should be distributed equally on both sides of the stabilator balance tube and the bolt secured. 

f .  All stabilator and tab controls should be reconnected. 
g. The stabilator control extension spring link should be adjusted to obtain one-half inch minimum 

extension of the spring with the stabilator stops adjusted and the control wheel in the full forward 
position. 

h. The operation and feel of the stabilator controls should then be checked for proper movement. 

STRUCTURES 
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PART II 

SECTION V 

SURFACE CONTROLS 
Aerofiche 
Grid No. 

5-1. Rigging and Adjustment of Stabilator Controls ...................... .... .............................. 4G20 
5-2. Adjustment of Interconnecting Control Cables ................................................................. 4G23 
5-3. Checking Stabilator Frictional Resistance ......................................................................... 4623 
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SECTION V 

PART Il 

SURFACE CONTROLS 

5-1. RIGGING A ND ADJUSTMENT OF STABILATOR CONTROLS. 
a. Level the airplane. (Refer to Leveling, Section Il of Part I.) 
b. To check and set the correct degree of stabilator travel. the following procedure may be used: 

1. Check the travel by placing a rigging tool on the upper surface of the stabilator as shown in 
Figure 5-1. (This tool may be fabricated from dimensions given in Figure 5-19 of Part I.) 

2. Set on a bubble protractor the number of degree up travel as given in Table V-I and place it 
on the rigging tool. Raise the trailing edge of the stabilator and determine that when the 
stabilator contacts its stops, the bubble of the protractor is centered. 

NOTE 

The stabilator should contact both of its stops before the control wheel 
contacts its stops. 

3. Set on the protractor the number of degrees down travel as given in Table V-I and again place 
it on the rigging tool. Lower the trailing edge of the stabilator and determine that when it 
contacts its stops, the bubble of the protractor is centered. 

4. Should the stabilator travel be incorrect in either the up or down position, remove the tail 
cone fairing by removing the attaching screws and with the use of the stabilator rigging tool 
and bubble protractor, Nm the stops located at the left bearing block of the torque tube in or 
out (Refer to Figure 5-5 of Part I) to obtain the correct degree of travel. 

5. Ascertain that the locknuts of the stop screws are secure and reinstall the tail cone fairing. 

SURFACE CONTROLS 
PA-39 ONLY 

Issued: 12/29/12 



PIPER TWIN COMANCHE SERVICE MANUAL 

I 

I 
4G21 

TABLE V-I. 

Control Surface Travel 
Aileron 

Stabilator 
Stabilator Tr im Tab 

Rudder 

Flaps 

Control Wheel 

Rudder Pedals 

Cable Tension 
h l e r o n  
Stabilator 
Stabilator Trim Tab 
Ruddert1' 
Rudder Trim 

11) MEASUREMENT TAKEN AT THE 
THE CABLE NEAR THE FORWARD 

CONTROL SURFACE TRAVEL AND CABLE TENSION 

EP 2 l o  
15-1/2' +lo  -1-1/2O 

- 4 l o  

27O f lo down 

\ I2 l o  (;4EASURED PERPENDICULAR TO HINGE q) 

Measured from face of inmument panel 
88.25"%8.25" J- c:;'" 

H;&. 
5 .88+  4 +~d"' y" - -  .- .. 

+ 14.88 

Neutral position 13O aft vertical 
Neutral to Fwd 3.51 in. 
Neutral toAft  3 .18 in .  

> 6.69Total  

NOTE 
26 lbs f 20% 
18 lbs f 207, CABLE TENSIONS GIVEN APPLY ONLY 

12 lbs f 20% 
TO AIRPUNES alTHOUT AUTOPILOT 
BRIDLE CABLES ATTACHED. REFER TO 

25 lbs.  to 40 lbs.  APP~OPRIATE AUTOPILOT SERVICE 

10 lbs  f 20% MANUAL FOR PROPER CABLE TENSIONS 

FLEXIBLE PORTION O F  
WHEN ATTACHING BRIDLE CABLES. 

CABIN BULKHEAO. 

Revised: 1131R4 SURFACE CONTROLS 
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A229 

AIRCRAFT 

3 

1. BUB8LE PROTRACTOR 
2. FABRICATED LEVELINO BAR LnORT LEG OF LEVELING TOOL 
1. ATTACHMENT BOLTS ACC#!SS =a FORWARD ON FRONT FACE OF SPAR 
4. STABIUTOR PARALLEL TO Q OF AIRCRAFT. 

Figure 5-1. Stabilator Rigging Tool 

c. To check and set stabilator control tension, and neutral relation of the control wheels with the 
stabilator. the following procedure may be used: 

1. Ascertain that the stabilator balance (Refer to Checking and Balancing Stabilator. Section 
N) and travel are correct. 

2. Remove the access panel from the rear wall of the baggage compartment or area. 
3. Position and maintain the stabilator in a neutral position with the use of the bubble protractor 

set at zero and placed on the rigging tool. 
4. With the stabilator neutral, check that the control wheel is neutral fore and aft. and the 

control cable tension is correct as required in Table V-I. Neutral position of the control wheel 
is 7.88 inches from the metallic surface of the instrument panel as measured along the 
underside of the control column to the wheel. 

5. Should the neutral position of the control wheel andlor cable tension be incorrect, adjust the 
turnbuckles in the aft section of the fuselage to obtain correct position and tension. With this 
correct. the turnbuckles should be positioned approximately at station 172.5 to assure 
turnbuckle clearances. 

d. Check and. if required, adjust the stabilator control extension spring located in the extreme aft portion 
of the fuselage to obtain 0.5 inch minimum extension of the spring with stabilator stops at correct 
adjustment and control wheel at the full forward position. Access to the spring is gained by removing 
the access panel located on the right side of the fuselage just forward of the stabilator. 

SURFACE CONTROLS 
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e. Check the full travel of the control wheel with relation to the full travel of the stabilator to determine 
that the stabilator contacts its stops before. the control wheel contacts its stops. 

f. Check safety of turnbuckles and bolts. 
g. Remove the airplane from jacks. 
h. Install access plates and panels. 

5-2. ADJUSTMENT OF IlrlTERCONNECTING CONTROL CABLES. (Refer to Figure 5-2.) Adjust the 
interconnecting control cables. located under the cabin floor to the left of the flap transmission between 
stations 105.375 and 136.500 by the following procedure: 

a. Remove the two rear seats and 5th and 6th seats, if installed. 
b. Remove the seat tracks and carpet from the left side only. 
c. Remove floor panels from the left side of the cabin. 
d. Ascertain that rudder and aileron controls are completely installed and rigged. 
e.  Place the aileron and rudder controls in neutral position. 
f. Adjust the interconnecting cable turnbuckles (13) and (20) so the springs (18) and (25) have 0.06 

inch extension with ailerons and rudder in neutral positioning. 
g. If necessary the left interconnecting spring (25) extension may be increased up to a maximum of 0.38 

inch to allow the aileron controls to spring back to neutral approximately equal amounts from the 
right and left stops with the rudder controls held in the neutral position. 

h. Ascertain turnbuckles have no more than three threads exposed from either end and safety. 
i. Install floor panels and carpet. 
j. Install seat tracks and seats. 

5-3. CHECKING STABILATOR FRICTIONAL RESISTANCE. (Refer to Figure 5-3.) 
a. Ascertain control system is completely installed, balanced and lubricated 
-b. Draw an index line one inch below and parallel to the tail cone skin lap. 
c. Attach an accurate spring scale (50 lb. scale) to the stabilator halves connection tabs in such a manner 

that the scale can be raised vertically. Measurements should be made at average room temperature 
whenever possible. 

d. Measure up force by smoothly pulling up on the spring scales and recording measurement as the 
stabilator leading edge passes through the index mark. 

Issued: 12/29/72 SURFACE CONTROLS 
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1. NW ASSEMBLY. RIGHT 14. SPRING 

2. INlERCONNECTINO CABLE. RIGHT 16. COTER RN 

3. RUDDER CABLE. RIGHT 10. BOLT ASSEMBLY 

4. AILERON CAW.€ RIGHT 17. CLEM 

1L  SCRlNG, RIGHT 

6. STMIUTOR UdLE 1s. CABLE C W P  

8. STMILATOR CABLE aa NRNBUQLE. LEFT 

ST*. 7. AILERON CABLE. LEFT 21. SPRING 

I. COlTER RN. U I L E  GUARD 1l COTER W 
138.MX) 

106.376 
0. PULL- *SSEMBLY. LEFT 23. BOLT ASSEMBLY 

10. INTERWNNECTING CABLE. LEFT 24. CLEW 

11. RUDDER CABLE. LEFT 26. SWING. LEFl 

1 2  COrnOL CAaU WLLW CLUSTER 2a CABLE U P  

13. NRNBUQLE. RIGHT 

Figure 5-2. Interconnecting Control Cable Installation 
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' 'INDEX POINT 1 .w 

Figure 5-3. Checking Stabilator Friction 

e .  Measure pull "relaxing" force by maintaining tension on the spring scale and allowing the stabilator 
to slowly return to neutral and recording the measurement as the stabilator leading edge passes the 
index mark. 

f. Several measurements should be made and the average used in the friction calculations which are as 
follows: 

1. To determine system friction subtract pull relaxing force from pull up force. 

EXAMPLE 

Pull up force = 25 lbs. 
Pull Relaxing force = 
System friction 20 lbs. 

NOTE 

Maximum permissible system friction is 25 lbs. 

2. To determine average down spring force divide the system friction by 2 and add the pull 
relaxing force. 

I EXAMPLE 

LSvste 
. . 

m + 5 15s. (pull relaxing force) = 15 lbs. (Average Down Spring Force) 

NOTE 

Minimum permissible down spring force is 15 lbs. 

Revised: 1011198 SURFACE CONTROLS 
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g. Determine minimum permissible down spring force according to total system friction as follows: 

Example: If the friction is 25 lb. the down spring must be at least 17 lb. 

Total System Friction 

25 lb max. 

22 112 lb. 

20 lb. 

h. If system friction is more than 25 lbs. check control system for binding bearings. pulleys and 
fairleads, and control wheel tube for sufficient lubrication. 

Average Down Spring Force 

17 1b. min. 

16 lb. min. 

15 lb. min. 

NOTE 

Additional friction resistance checks must be taken following any adjustment 
to the primary andlor bridle cables. 

SURFACE CONTROLS 
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PART II 

SECTION Vlll 

POWER PLANT 

(NORMALLY ASPIRATED) 

Paragraph 
Aerofiche 
Grid No. 

8-1. Magneto Timing Procedure (Internal Timing) ............................................................... 4H6 
8-2. Magneto, Installation and liming Procedure 

(T~ming Magneto to Engine ) .............................. ......... ........................... 4H7 
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SECTION VIII 

POWER PLANT 

(Normally Aspirated) 

8-1. MAGNETO TIMING PROCEDURE. (INTERNAL TIMING.) When installing or adjusting breaker 
points and before timing the magneto to the engine, it is important that the internal timing of the magneto be 
correct. 

a. To internally time the magneto, i t  should be removed from the engine to determine " E  gap. 
b. To determine "E" gap, find neutral position of the magneto drive by rotating drive coupling of 

S4LN-21 magnetos in the left hand direction and S4RN21 magnetos in the right hand direction until 
the red or white chamfered tooth on the distributor gear appears through the timing inspection hole. 
At the same location, the drive should feel to have fallen into a notch or neutral position. 

c. Rotate coupling from neutral in the direction of rotation 10 degrees. Appearing through timing hole. 
when the white or red tooth aligns with the white line of the distributor block the magneto is set at 
" E  gap. (Refer to Figure 8- 1 .) 

RED OR 
W H l E  TOOTH 1 

POWERPLANT 
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d. Using the alignment of the chamfered tooth on the distributor gear and the white line on the 
distributor block as a reference, adjust the breaker points to open at this point. 

e. Turn the magneto drive until the cam follower is on high point of the cam lobe. Measure contact 
clearance. it must be 0.018 of an inch i 0.006 with the point opening set at "E" gap. If breaker points 
do not come within tolerances. they should be replaced. 

8-2. MAGNETO INSTALLATION AND TIMING PROCEDURE. (Timing Magneto to Engine.) The 
magnetos can be installed and timed to the engine by the following procedure: 

NOTE 

Ascertain that the breakers are correct for proper internal timing of 
magnetos. 

a. Remove cowling per section VTII of Part I. 
b. Remove the top spark plug from No. 1 cylinder. Place the thumb of one hand over the spark plug hole 

and rotate the crankshaft in direction of rotation until the compression stroke is reached. The 
compression stroke is indicated by a positive pressure inside the cylinder tending to lift the thumb off 
the spark plug hole. In this position, both valves of No. 1 cylinder are closed. Turn the crankshaft 
opposite to its direction of rotation until it is approximately 35 degrees BTC on the compression 
stroke of No. 1 cylinder. Rotate the crankshaft in its direction of rotation until the 25 degrees mark on 
the back of the starter gear and the crankcase parting surface are aligned, or the marks on the front of 
the starter ring gear and the drilled hole in the starter housing align. (Refer to Figure 8-2 ) 

c. -Rotate the drive gear on the magneto until the chamfered tooth on the distributor gear inside the 
magneto aligns with the white pointer as seen through the inspection hole in the magneto housing. 
(Refer to Figure 8- 1 .) 

d. W~thout allowing the gear to turn from this position, install the magneto with gasket on the engine 
and secure with washers and nuts. 

e. Tighten nuts sufficiently to hold magneto in position and yet allow it  to be rotated. 
f. Fasten the ground lead of the timing light to an unpainted metallic portion of the magneto and one 

positive lead to the terminal side of the points. Ascertain that the primary ground spring is not 
touching the magneto case. 

Issued: 121291'72 POWERPLANT 
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RIGHT ENGINE LEFT ENGINE 

Figure 8-2. Engine Timing Mark 

g. Turn on the timing light switch. 
h. Rotate the magneto housing in direction of the magnet rotation a few degrees until light comes on. 

Then slowly turn magneto in opposite direction until the timing light just goes out. Secure the 
magneto housing in this position. 

NOTE 

Some timing lights operate the opposite of the one mentioned 

i. Rotate the crankshaft opposite rotation until it is approximately 35 degrees BTC on compression 
stroke No. 1 cylinder. 

NOTE 

The crankshaft should not be rotated more than 10 degrees in the direction 
opposite rotation from the 25 degrees BTC as the pawl on the impulse 
coupling will engage with the stop pin and late timing will be indicated 
through the impulse coupling mechanism. If this should happen, rotate 
crankshaft in direction of rotation until sharp click is heard; this will indicate 
that the impulse coupling has passed through firing position. Turn crankshaft 
in the direction opposite rotation 10 approximately 35 degrees BTC and 
proceed with timing check. 

POWERPLANT 
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j. Tum the crankshaft very slowly in direction of rotation until the timing mark on the front face of the 
ring gear aligns with the drilled hole in the starter. as shown in Figure 8-2, or the timing mark on the 
back of the ring gear aligns with the crankcase parting surface. At this point, the light should go out. 

k. If the light does not go out at this point. align timing marks and rotate magneto on mounting flange in 
the desired direction and repeat the procedure until the light goes out at 25 degrees before top dead 
center. 

I. T~ghten the two mounting nuts and replace the inspection plug. 
m. After tightening magneto mounting nuts, check timing to make sure it is still correct. 
n. Install the other magneto and time using the preceding instructions a thru 1. 
o. With both magnetos timed to the engine and secured, check that they fire together. Rotate the 

crankshaft opposite rotation to approximately 35 degrees BTC with No. 1 cylinder on the 
compression stroke. 

p. If the magnetos are timed correctly, both timing lights will go  out simultaneously when the 
crankshaft is turned in the direction of rotation aligning the 25 degree marks with either the drilled 
hole in the starter housing or the crankcase parting surfaces. 

q. Disconnect timing light. Ascertain that the inspection plugs and breaker cover are installed and 
secure. 

r. Install harness plate and secure with screws. 
s. Connect " P  leads and safety. 
t. Install cowling per section VIII of Part I. 
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TABLE VIII-I. PROPELLER SPECIFICATIONS (PA-39) 

Blade Angle Low Pitch (High RPM) 12 i 0.015" "' 
High Pitch (Low RPM) 78" "I 

( I )  MEASW TAKEN AT 30 INCH STATION. (Feathered) 

Propeller RPM Engine Static High RPM 2700 max 
Sening Engine Static Low RPM 1850 ? 50 min 

Propeller Toque Description Required Torque 
Limits (Dry) 

Spinner Bulkhead (Aft) 22 foot-pounds 
Propeller Mounting Bolts 50 foot-pounds 
Propeller Mounting Studs 40-42 foot-pounds 
Spinner Bulkhead Check 35-40 foot-pounds 

Nut 
Spinner Attachment Screws 40 inch-pounds 

CHAMBER PRESSURE REQUIREMENTS WITH TEMPERATURE 

HC-E2YL-2B. H-L-2BL or HC-E2YL-2BLE 

Temp. F Press. (psi) Temp. F Press. (psi) 

100 188 30 165 
90 185 20 162 
80 182 10 159 
70 178 0 154 
60 175 -10 152 
50 172 -20 149 
40 168 -30 146 

HC-E2YL-2BS. HC-E2YL-2BLS or HC-E2YL-2BLSF 

Temp. O F  Press. (psi) 

100 53 
70 50 
40 47 
10 44 

-20 42 

NOTE: Do not check pressure or charge with propeller in feather position. 
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PART II 

SECTION VlllA 

POWER PLANT 

(Turbocharged) 

Aerofiche 
Grid No 

................................................................ 8A-1 Magneto liming Procedure (Internal T~ming) 4H12 
8A-2 Magneto Installation and Tuning Procedure 

(Timing Magneto to Engine) ................................................................... 4H13 
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POWER PLANT 

(TURBOCHARGED) 

8A-1. MAGNETO TIMING PROCEDURE. (INTERNAL TIMING.) When installing or adjusting breaker 
points and before timing the magneto to the engine. it is imporlant that the internal timing of the magneto be 
correct. 

a. To internally time the magneto. it should be removed from the engine to determine " E  gap. 
b. To determine " E  gap. find neutral position of the magneto drive by rotating drive coupling of S4LN- 

21 magnetos in the left hand direction and S4RN21 magnetos in the right hand direction until the red 
or white chamfered tooth on the dishbutor gear appears through the timing inspection hole. At the 
same location. the drive should feel to have fallen into a notch or neutral position. 

c. Rotate coupling from neutral in the direction of rotation 10 degrees. Appearing through timing hole, 
when the white or red tooth aligns with the white line of the distributor block the magneto is set at 
" E  gap. (Refer to Figure 8A-1.) 

RED OR 

TIMING MARK 

Figure 8A -1. Magneto Timing Marks 
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d. Using the alignment of the chamfered tooth on the distributor gear and the white line on the 
distributor block as a reference, adjust the breaker points to open at this point. 

e. Turn the magneto drive until the cam follower is on high point of the cam lobe. Measure contact 
clearance. it must be 0.018 of an inch * 0.006 with the point opening set at "E" gap. If breaker points 
do not come within tolerances, they should be replaced. 

8A-2. MAGNETO INSTALLATION AND TIMING PROCEDURE. (Timing Magneto to Engine.) The 
magnetos can be installed and timed to the engine by the following procedure: 

NOTE 

Ascertain that the breakers are correct for proper internal timing of 
magnetos. 

~ a. Remove cowling per section VIIIA of Part I. 
b. Remove the top spark plug from No. 1 cylinder. Place the thumb of one hand over the spark plug hole 

and rotate the crankshaft in direction of rotation until the compression stroke is reached. The 
I compression stroke is indicated by a positive pressure inside the cylinder tending to lift the thumb off ~ the spark plug hole. In this position, both valves of No. 1 cylinder are closed. Turn the crankshaft 

opposite to its direction of rotation until it is approximately 35 degrees BTC on the compression 
I 
I ' stroke of No. 1 cylinder. Rotate the crankshaft in its direction of rotation until the 25 degrees mark on 
I the back of the starter gear and the crankcase paning surface are aligned, or the marks on the front of ~ the starter ring gear and the drilled hole in the staner housing align. (Refer to Figure 8A-2.) 

c. Rotate the drivegear on the magneto until the chamfered tooth on the distributor gear inside the 
magneto aligns with the white pointer as seen through the inspection hole in the magneto housing. 
(Refer to Figure 8A-1.) 

! d. Without allowing the gear to turn from this position, install the magneto with gasket on the engine 
I and secure with washers and nuts. 

e. Tighten nuts sufficiently to hold magneto in position and yet allow it to be rotated. 
f.  Fasten the ground lead of the timing light to an unpainted metallic portion of the magneto and one 

I positive lead to the terminal side of the points. Ascertain that the primary ground spring is not 
touching the magneto case. 
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. . .  :;.. 

RIGHT ENGINE LEFT ENGINE 

Figure 8A-2. Engine liming Marks 

g. Turn on the timing light switch. 
h. Rotate the magneto housing in direction of the magnet rotation a few degrees until light comes on. 

Then slowly turn magneto in opposite direction until the timing light just goes out. Secure the 
magneto housing in this position. 

NOTE 

Some timing lights operate the opposite of the one mentioned. 

i. Rotate the crankshaft opposite rotation until i t  is approximately 35 degrees BTC on compression 
stroke No. 1 cylinder. 

NOTE 

The crankshaft should not be rotated more than 10 degrees in the direction 
opposite rotation from the 25 degrees BTC as the pawl on the impulse 
coupling will engage with the stop pin and late timing will be indicated 
through the impulse coupling mechanism. If this should happen, rotate 
crankshaft in direction of rotation until sharp click is heard; this will indicate 
that the impulse coupling has passed through firing position. Turn crankshaft 
in the direction opposite rotation to approximately 35 degrees BTC and 
proceed with timing check. 
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f i r n  the crankshaft very slowly in direction of rotation until the timing mark on the front face of the 
ring gear aligns with the drilled hole in the starter, as shown in Figure 8A-2. or the timing mark on 
the back of the ring gear aligns with the crankcase parting surface. At this point, the Light should go 
out. 
If the light does not go out at this point, align timing marks and rotate magneto on mounting flange in 
the desired direction and repeat the procedure until the light goes out at 25 degrees before top dead 
center. 
Xghten the two mounting nuts and replace the inspection plug. 
After tightening magneto mounting nuts, check timing to make sure it is still correct. 
Install the other magneto and time using the preceding instructions a thru 1. 
With both magnetos timed to the engine and secured. check that they fire together. Rotate the 
crankshaft opposite rotation to approximately 35 degrees BTC with No. 1 cylinder on the 
compression stroke. 
If the magnetos are timed correctly, both timing lights will g o  out simultaneously when the 
crankshaft is turned in the direction of rotation aligning the 25 degree marks with either the drilled 
hole in the starter housing or the crankcase parting surfaces. 
Disconnect timing light. Ascertain that the inspection plugs and breaker cover are installed and 
secure. 
Install harness plate and secure with screws. 
Connect "P" leads and safety. 
Install cowling per section VUIA of Pan I. 
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1. RATE OF TURN INDICATOR 26. PARK. BRAKE HANDLE 
2. AIRSPEED INDICATOR 27. POST LIGHTS SWITCH 
3. STALL WARNING LIGHT 28. LANDING LIGHT L 
4. GYRO HORIZON 29. UNDING LIGHT R 
5. G/S COUPLER LIGHT 
6. DIRECTIONAL GYRO 
7.  ALTIMETER 

30. PlTOT HEAT 
31. MIXTURE INDICATOR 
32. MAP LIGHT . . . ~ -~~ 

8. RATE OF CLIMB 33. AMMETER 
9. OMNl BEARING SELECTOR 34. NAV. SELECTOR SWITCH 

10. MARKER BEACON 35. LANDING GEAR SELECTOR 
11. TRANSPONDER 36. AUTOFLIGHT 
12. RADIO SELECTOR PANEL 37. ALTERNATOR TEST BUTTONS 
13. ADF RADIO 38 GYRO SUCTION GAUGE 
14. COMM/NAV TRANSCEIVERS 39. FLAP INDICATOR 
16 ALTIMATIC IIIB 40. NAV/APPROACH COUPLER . ~~ ~~ - 

16. LEFT TACHOMETER 
17. MANIFOLD PRESSURE GAUGE 
18. RIGHT TACHOMETER 
19. FUEL FLOW INDICATOR 
20. FUEL AND ENGINE GAUGES - - . . - - - - -  ~ 

21. DME 
22. MASTER SWITCH 
23. VOLT. REG. SEL. SWITCH 
24. NAV UGHTS 
25. RED, ANTI-COLLISION 

WHITE. ANTI-COLLISION 

41. FLAP ACTUATOR SWITCH 
42. RUDDER TRIM 
43. ALTERNATE AIR CONTROLS 
44. COWL FLAPS L - R 
45. ALTERNATOR SWITCHES 
46. OXYGEN CONTROL 
47. CIGAR LIGHTER 
48. CIRCUIT BREAKER PANEL 
49. CABIN HEAT CONTROLS 
50. DEFROSTER CONTROL 

Figure 10- I .  Instrument Panel 
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ANTI-COLLISION AND DOME UGHT e= 

TO ANTI-COLLISION UGHT 
FRONT DOME fU&% 

OVERHEAD PANEL 
CONNECTION 

- 
TO INSTRUMENT LIGHTS 

Figure 1 1 - 1 .  Dome Lights Schematic 

ELECTRICAL SYSTEM 
PA-39 ONLY 

Issued: 1U29R2 



PIPER TWIN COMANCHE SERVICE MANUAL 

I INSTRUMENT UGHTS 
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RED ANTlCOLUSlON LIGHT 
5 AMP 

RED STRaE 
LIGHT ASSEMBLY 

Figure 11-3. Red Slrobe Light Schematic 
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WHITE ANllCOUlSlON UGHT 
5 AMP 

am U R I ~ U I I O I  
LIGKT srlTcn 

Figure 11-4. White Strobe Lights Schematic 
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ELECTRONIC 

NOTE 

For Autopilot and Automatic Trim service and maintenance 
information, refer to the appropriate Service Manual: 

Subject Manual Part Number 

AutoControl I11 and AltiMatic 111 Service Manual 753 723 
Altimatic mB-1 Service Manual 761 502 
AutoFlite Service Manual 753 720 
AutoFlite I1 Service Manual 761 481 
Pitch Trim Service Manual 753 77 1 

For radio service and maintenance, refer to the appropriate 
manufacturers service manual. 

For information on the Piper Automatic Locator Transmitter, refer 
to Part I, Section XI1. 
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