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WARNING
The information conained in this manual is
periodically' revised. Piper Aircraft Corporation
urges all users of this manual to keep it current.
Contact your nearest Piper Aircraft Corporation
distributor to arrange for a subscription to future
revisions.
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AEROFICHE EXPLANATION AND REVISION STATUS

The Service Manual information incorporated in this set of Aerofiche cards has been arranged in
accordance with the general specifications of Aerofiche adopted by the General Aircraft Manufacturer's
Association. (GAMA). The information compiled in this Aerofiche Serivce 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.

Conversion of Aerofiche alpha/numeric code numbers:
First number is the Aerofiche card number.
Letter is the horizontal line reference per card.
Second number is the vertical line reference per card.

Example: 2J 16 = Aerofiche card number two of given set. Grid location J 16.

To aid in locating the various chapters and related service information desired. t hl: following is pro·."ided:

I. A complete manual Table of Contents is for all fiche in this set.
2. A complete list of Illustrations is given and follows the Table of Contents.
3. A complete list of Tables is given for all fiche in this set and follows the list of Illustrations.
4. A complete list of paragraph titles and appropriate Grid location numbers is given at the beginning of

each Chapter relating to the information within that Chapter.
5. Identification of RevisedMaterial:.g,;·~~:

Revised text and illustrations are indicated by a black vertical line along the left-hand margin ont'Z:f:~
the frame. opposite revised. added or deleted material. Revision lines indicate only current revisions
with changes and additions to or deletions of existing text and illustrations. Changes in
capitalization. spelling. punctuation. indexing, the physical location of the material or complete page
additions are not identified by revision lines. .

6. Revisions to this Service Manual issued are as follows:

Revisions

PR740131
PR760628
PR77\006
PR780426
PR790910
PR810406
PR821028

Date

January 31. 1974
June 28. 1976

October 6, 1977
April 26. 1978

September 10. 1979
April 6. 1981

October 28. 1982

Aerofiche Card Effectivity

I. 2 and 3
I and 2

I. 2 and 3
I and 2

I. 2. 3 and 4
1.2.Jand4

.~'.-',

~
The date on Aerofiche cards should not be earlier than the date noted for Ihe respective card effectivity.
Consult the lastest card in this series for current Aerofiche card effectivity.
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Fuel Injector .
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Fuel Selector Valve Control Installation .
Weldon Rotary Fuel Pump .
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Instrument Panel. Serial Nos. 30-1 to 30-852 incl. and -

30-S54 to 30-90 I incl. .
Instrument Panel. Serial Nos. 30-S53. 30-902to 30-1716 incl.

and 30-1718 to 30-1744 incl. .
Instrument Panel, Serial Nos. 30-1717, 30-1745 to 30-2000 incl. .
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Vacuum System Installation ....•....•.......................................
EGT Thermocouple Installation " .
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Current/ Voltage Regulator .
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Grid No.
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Index for Electronic Installation Schematics maybe found in Table XII·I, Grid 3G 13.
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13-3.
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13-17.
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13-19.
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13·21.
13-22.
13-13.

13-24.
13-25.

Heating and Ventilating System, Serial Nos. o5U-I to
30-40 I incl . . . . . . . . • . . . . . . . .". . . . . . . . . . . . .

Heating and Ventilating System, Serial Nos. 30-402 to
3~852 incl. and 30-854 to 3~901 inel .

Heating and Ventilating System, Serial Nos. 30-853,
3~902 to 3~2000 inc! .

Heater Installation (South Wind), Serial Nos. 3~1 to
30-401 incl .

Flow System (South Wind Heater) .
Fllel Control Valve (Cutaway View) . . . . .
Wiring Diagram for South Wind Heater. Model 94~DC12 .
Fuel Safety Valve (Cutaway View) .
Flame Detector Switch (Cutaway View) "
Exploded Parts View, Heater Assembly .
Ventilating Air Blower Assembly .
Ventilating Air Blower Motor .
Combustion Air Blower Motor .
Detail of Exhaust Extensions Installation "..
Airplane Heater Assembly and Combustion Air Blower .
Diagramatic Cutaway of Heater to Show Whirling

Flame Action . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fllel Regulator and Shutoff Valve .
Top View - Duct Switch .
Wiring Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . .
Primary Power Circuit . . . . . . . . . . . . .
Starting Power Circuit. . . . . . . . . . . . . . . . . . . . . . .
Spark Plug Gap Adjustment .
Suggested Design for Seal Plate, Plugs and Caps for

Combustion Tube Leakage Test " .
Test Set-up for Combustion Air Pressure Switch .
Exploded View of Heater Assembly No. 751 959 .

4Al3

4Al4

4Al5

4Al8
4A20
4A21
4A22 •4A23
4B2
4Bll
4Bl5
4Bl7
4Bl9
4823
4C7

4C9
4CIO
4CIO
4Cll
4Cl4
4Cl5
4Cl8

408
409
4011
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No. 753905 ........................................................•....
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Oxygen Tubing Installations ........•.......................................
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Strobe Sensor Internal Wiring Test Unit .
Strobe Sensor Simulator .
Patch Cable and Test Terminal .
Pulse Generator Simulator .

4015
4017
4018
4020

4E9

4EI0

4EII
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4F3
4F6
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4F7
4F8
4F8

"4F9
4F9
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PART I
PA·30

Pan 1 (Gdd lA1S, thru 4F9) contains service information for
the PA·30 and PA..39 models. See Part II (Grid 401 tIuu 413)
for information peculiar to PA·39 model only.
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PIPER TWIN COMANCHE SERVICE MA~1..AL

SECfION I

INTRODUCfION

I-I. GENERAL. This manual contains service and maintenance instructions for the Piper
PA-30/39 Twin Comanche, designed and manufactured as a versatile airplane in the personal
and business aviation field, by the Piper Aircraft Corporation. Lock Haven. Pennsylvania.

1-2. SCOPE OF MANUAL. Sections 11 and III comprise the service part of this manual.
whereas Sections IV through XIV comprise the maintenance instructions. Part II of this
manual has service information which is specifically for the PA-39 model only. The servil:e
instructions include ground handling, servicing, and inspection. The maintenaOl.:e
instructions 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 general information.
Section n 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. DESCRIPTION. 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 aU-metal construction. P:lragrap~ 14 th~ugh 1-14 provide descriptions of
the major components and systems.

14. 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-eantilever design .
..:onsisting 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 dynami..:ally
baliinl.:ed. The trailing edge wing flaps are electrically operated.

!)';"TRODCCTION
lssued: 1-;..::9!7-;'
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PIPER TWIN COtvlANCHE SERVICE MANUAL

•1-6. E~IPENNAGE. TI,e empennage consists of the fin. rlllJu~r. stabilator and stabilator
trim tab. The rudder and staoilator are statically balanced.

1-7. FLIGHT CONTROLS. The flight controls are conventional. consisting of a control
wheel which operates the ailerons and stabi1ato~. and foot pedals whil.:h operate the rudder.
Duplicate controls are provided 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 airpiane is powered by two Avcc-Lycoming
four cylinder. direct drive. wet sump. horizontally opposed, fuel injected engines. TI,e
propellers are Hartzell full feathering, constant speed units controlled by a goverTaor
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 "5"
propeller should not be intermixed with the other propellers. Each model with its engines
and particular propellers are as follows:

Model Engine Propeller H.P. Octane

PA·30 lo-32o-BIA HC·E2YL·2 160 91/96
HC·E2YL·2B
HC·E2Yl·2BF
HC·E2Yl·2BS
HC·E2YL·1BSF

p \·)0 T'Irbo lo-3:!O-Cl A HC·E2YL·2 160 100/130
HC·E2YL·2B
HC·E2Yl·2BF
HC·E2YL·2BS
HC·E2Yl·2BSF

•

INTRODUCTlOt\
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PIPER TWIN COrvtANCHE. SERVICE MA~UAL

t-l1. 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 IS U.S. gallon each, tip tanks)
two engine-driven fuel pumps. two electric auxiliarx fuel pumps and two I:ombination fuel
selectors and strainer valves.

1-12. INSTRUMENTS. Provisions for the instrument installation includes panels for engine
instNments and advance flight instNments. The panel is shock mounted to minimize
vibration to the instruments.

1-13. ELECTRONIC EQUIPMENT. Provision for electronic equipment includes vario'.ls
combinations of radio installations and AutoPilot.

1-14. HEATING AND VENTILATING SYSTEM. Heated air for the cabin and defroster is
obtained from a ~5.000 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.

L.'\'TR0DL'CTION
Issued: 1~!~917~
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PIPER TWIN CO~1A:-.ICHE SERVICE MANVAL

SECTION II

HANDLING AND SERVICING

2-1. INTRODUCTION. This section contains routine handling and servicing pro~edun:s

that are most frequently encountered. Frequent reference to this section will aid the:
individual by providing infonnation such as the location of various components. ground
handling procedures, routine service procedures and lubrication. When any system or
component requires service other than the procedures outlined in this section. refer to the
appropriate section for that component.

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

2-3 . 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 2-4.) Fuselage stations.
buttock lines, and water lines are reference points measured by inches in the venical or
horizontal direction from a given reference line which indicates station locations of
structural members 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, vertical stabilizer and rudder is 8.25
inches below the bottom edge of the forward left side wi",~ow. The reference datum line or
ofuselage station reference line is located 79 inches forward of the wing leading edge.

24. WEIGHT AND BALANCE DATA. When· figuring various weight and balance
computations, the weight and empty weight center of gravity of the airplane may be found
in the Weight and Balance Form of .the Airplane Flight ~anua1.

HANDLING AND SERVICING

Revised: 1/31/74
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Figure 2-1. Three View of 1\Yin Comanche PA-30
Serial :--';05. 30-1 to 30-852 inclusive and 30-854 to 30-Q01 inclusi ve
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Figure 2-2. Three View of Twin Comanche PA-30
Serial Nos. 30-853, 30-902 to 30-2000 inclusive
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PIPER TWIN COMANCHE SERVICE MANUAL

TABLE II-I. LEADING PARTICULARS AND PRINCIPAL DIMENSIONS •
MODEL

ENGINE

Manufacturer
Model
FAA Type Cenificate
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 Staner 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

PA-30

Avco-Lycoming
10-320 BIA
IEI2
I 60

160 hp @ 2700 RPM
120 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: I
2871bs.

19.22 in.
32.24 in.
33.59 in.
Refer to Table II-III
8 quans
0.010 Ib./bhp/hr.
91/96 octane
RSA-5ADI
S4LN-21
I: I
Clockwise
25 degrees BTC
0.018 + 0.006

•

Issued: 12/29/72
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TABLE II-I. LEADING PARTICLILARS AND PRINCIPAL DI:-.1El'-:SIONS

.-

\10DEL

E:"JGI:\E

Manufacturer
Model
FAA Type Ct:rtifi~ate

Rated Horsepow~r

Rated Horsepower. RPM:
Full Throttle
Performan~eCruise (75% rated)
Economy Cruise (65% rated)

Fuel Consumption Cruise
75',~ Rated Power
o5:t- Rated Power
60~1 Ratt:d Puwer

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

Hcight
\Vidth
Length

Oil. SA E Numher
Oil Sump Capadty
Oil Consumption. Maximum
Fuel. Aviation Gradt:. \linimum Odanc
Fuel Injccror. Bcndix
\lagncto (2), Sdntilla
\1agm:to Drive. Rario to Crankshafr
\lagncto Drive. Rotation
\lagneto Tim ing
\lag"lletu POlllt eIL'a ralll:C

IsslIed: I ~ I ~4 /7 ~

182

PA -H) Turhu

A Vl:O- Lycu/ll ing
IO-:UO C I A
I EI2
160

160 hp (I 2700 RPM

120 hp (n 2450 RPM
104 hp ((I 23~0 RPM

10.0 gph
~. H gph
H.2 gph
I : 1
Clockwise
5. 125in.
.1.H75 in,
:H I.) • ~ l:U. in.
K. 50: I
294 Ihs.

11.).22 In.
32.24 in.
.3.3 .54 ill,

Rder to Tahl t: 1I-1Il
8 qua rls

U .llll> 11.>./ bh~/hr.
IOIl/I:ill l)l:lane
RSA-.:;ADI

S4L:\-21
I: I
C IUl: k,,'\ Sl'

25 degn.'cs BTC
1I .01 "± I) .1I0o

H:\NI)LlNG .\NI) 51·:H \'1l"I\.'C



PIPER TWIN COMANCHE SER VICE MANUAL

TABLE 11-1. LEADING PARTICULARS AND PRINCIPAL DIMENSIONS (conto) •

MODEL

ENGINE (I.:ont.)

Spark Plugs (shielded):
AC
Champion

Spark Plug Gap Setting (in.) III

Firing Order
Tachometer Drive. Ratio To Crankshaft
Tachometer Drive. Rotation
Starter

Delco-Remy. 12-volt
Prestol ite. 12 -vol t

Starter Drive, Ratio to Crankshaft
Starter Drive. Rotation
Generator. Delco-Remy

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

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

Vacuum Pump Drive. Ratio to Crankshaft
Vacuum Pump Drive. Rotation
Propeller Governor Drive
Propeller Governor Ratio
Fuel Pump

PROPELLER

PA-30

SR-88D
REM-40E
0.018 to 0.022 in.
1-3-2-4
0.5: I
Clockwise

Model 110951 I
Model MZ420b
13.55:1
Counterc loc lew ise
12-volt, 50 amp. Mudel 1101915
1119246 (50 amp)
1116887 (50 amp)
12-volt, ALX 8403
VSF 7203 HA
X17621
1.30: 1
Countercloclcwi se
AN20010 Type XX
0.866: I
AC-GP644029b

•

Manufacturer
Type
Hub

Blade (2)
Diameter
Diameter. Minimum

Issued: I ~/~9/7~
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Hartzell
Constant Speed Feathering
HC-E2YL-28. HC-E2YL-2BF. HC-E2YL-~BS 0

HC·E2YL·28SF

7663-4 or F7663-4
72 in.
70 in.
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TABLE II-I LEADING PARTICULARS AND PRINCIPAL DIMENSIONS ~cont.)

•

/"-.

•

MODEL

ENGINE (cont.)

Spark Plugs (shielded):
AC
Champion

Spark Plug Gap Setting (in.) (II

Firing Order
Tachometer Drive. Ratio To Crankshaft
Tachometer Drive. Rotation
Starter

Delco-Remy. 12-volt
Prestolite. 12 -vol t

Starter Drive. Ratio to Crankshaft
Starter Drive. Rotation
Generator. Delco-Remy

Voltage Regulator. Delco-Remy
Paralleling Rel~y. Delco-Remy

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

Vacuum Pump Drive, Ratio. to Crankst;1aft
Vacuum Pump Drive. Rotation
Propeller Governor Drive
Propeller Governor Ratio
Fuel Pump

PROPELLER

Manufacturer
Type
Hub

Blade (2)
Diameter
Diameter. Minimum

11 J RE~Ell TO LYCOMING SERVICE INSTRUCTION NO. 10.2.

Issued: 12/29/72
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PA-JO Turbo

171
REB-37N
0.015 to 0.021 in.
1-3-2-4
0.5: 1
Clockwise

1109511
MZ4206
13.55:1
Counterc lockwise
12-volt. 50 amp. Model 1101915
1119246 (50 amp)
1116887 (50 amp)
12-volt. ALX8403
VSF 7203 8A
X17621
1.30:1 .
Countercloc kw ise
AN20010 Type XX
0.866: 1
Lear-Siegler RG 17980

Hartzell
Constant Speed Feathering
HC-E:!YL-2B. HC-E:!YL-2BF. HC-E2YL·2BS or

HC-E2YL-2BSF

7663-4 or F7663-4
72 in.
70 in.
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TABLE II-I. LEADING PARTICULARS AND PRINCIPAL DIMENSIONS (cont.) •

~10DEL

PROPELL~R (cont.)

Blade Angle, Low (ZI

Blade Angle, High lZI

Control Governor
Governor Model

FUEL CELL CAPACITIES

Inboard (Main) Fuel Cells
Capacity (each)
Unusable Fuel (ea~h)

Outboard (Auxiliary) Fuel Cells
Capacity (each)

Tip Tanks
Capacity (each)

LANDING GEAR

Type
Shock Strut Type
Fluid Required (Struts & Brakes)
Strut Extension (Static Load)
~aximum Air Pressure (Strut)
Tread (W idth from each tire center)
Wheel Base
Nose Wheel Travel
Main Wheel Toe-In
Turning Radius (Min.)
Wheel, Nose
Wheel, Main
Brake Type
Tire. Nose
Tire. Main
Tire Pressure

PA -30

12.0 ± 0.015 degrees
78 degrees
Hartzell
F6-3 or F6

Two
30 U. S. gallons
3 U. S. ga lions
Two
15 U. S. gallons
Two (optional)
15 U. S. gallons

•
Elec trica 11 y retrac ta ble
Combination Air and Oil
MIL-H-5606 (Red)
:2. i5 in.
100 psi
9 ft. 9.5 in.
7 ft. 3.625 in.
25° Max. 19° ~1in. right, 25° Max. 19° ~Hn. left
o degrees
28 ft. 1.5 in.
Cleveland 3850I
Cleveland 40-34 III Cleveland 40-90 141

(Disc) Cleveland 30-23
6:00 x 6. 6 ply rated
6:00 x 6, 6 ply rated
42 psi

IZIILADE ANG~E AT ]0 'N. RADIUS.

']1 !ER'AL NOS. ]~Z TO J~U5 INCL.

Issued: I ~!~9/T~

14' !ER'AL NOS. l~U6 AND UP.
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TABLE II-I. LEADING PARTICULARS AND PRINCIPAL DIMENSIONS (contd)

PA-30

MODEL

PROPELLER (contd)

•

,-.

•

Blade Angle, Low 2

Blade Angle, High 2

Control Governor
Governor Model

FUEL CELL CAPACITIES

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

Outboard (Auxiliary) Fuel Cells
Capacity (each)

Tip Tanks
Capacity (each)

LANDING GEAR

Type
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-In
Turning Radius (Min.)
Wheel, Nose
Wheel, Main
Brake Type
Tire, Nose
Tire, Main
Tire Pressure

2· BLADE ANGLE AT 30 IN. RADIUS.

3 - SERIAL NOS. JO.2 TO JO.845 INeL.

4· SERIAL NOS. 30-846 AND UP.

Issued: 12/29/72

12.0 +0.015 degrees
78 degrees
Hanzell
F6-3

Two
30 U.S. gallons
3 U.S. gallons
Two
15 U.S. gallons
Two .
15 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.
25t Max. 19t Min. right, 25t Max. 19t Min. left
odegrees
28 ft. 11 in.
Cleveland 3850 I
Cleveland 40-343 Cleveland 40-904

(Disc) Cleveland 30-23
6:00 x 6, 6 ply rated
6:00 x 6, 6 ply rated
42 psi

HANDLING AND SERVICING
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TABLE II-I. LEADING PARTICULARS AND PRINCIPAL DIMENSIONS Icont.) •
MODEL

OVERALL

Gross Weight
Gross Weight Landing
Width (Spa 1)

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

Level
Clearance. Propeller 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 211 inches

Dihedl'31 (Leading Edge)
Incidence
Wing Twist
Length of Flap
Length of Aileron

E\lPENNAGE

Stabilator Overall Span
Fin Setting, Fixed

III PA·lO TURBO ONLY.

HANDLING AND SERVICING
Revised: 1/31/74
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PA-30. PA-30 Turbo

3600 Ibs.. 37~S Ibs. 111

3600 Ibs.. 3nS Ibsyl
35 ft. 11.75 in.
36 ft. 9.625 inyl
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.ll)

7 ft. I in.
5 ft. 5 in.
3 ft. 3 in.
5 degrees
2 degrees
odegrees
110.90 in.
75.30 in.

12 ft. 6 in.
odegree centerline

•

••
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TABLE II-I. LEADING PARTICULARS AND PRINCIPAL DIMI':NSIONS Cl:ont.)

\10DEL

AREAS

Total Wing Area (Including Aileron
and Flaps)

Aileron
Flap
Stabilator. including trim tab
Fin
Rudder

PA-30. PA-30 Turbo

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 TOTABLES V-I AND V-IA.

CONTROL SURFACE CABLE TENSION

REFER TO TABLES V-I AND V-IA.

HANDLING AND SERVICING
Revised: 1/31/74
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Figure 2-3. Station Reference Lines•.Fuselage
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AIIJ
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"

Figure 2-4. Station Reference Lines, Wing and Stabilator

HANDLING AND SERVICING
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•1775

10. 11 12

SERIAL NOS. 30"1 TO 30-852, 30-854 TO 30-901 INCL.

SERIAL NOS. 30-863 AND 30-902 AND UP

•
1. ELECTRICAL WIRES, OXYGEN CONTROL CABLE
2. FUSE PANEL
3. ELECTRICAL WIRES, FUEL UNE RIGHT ENGINE
4. LANDING GEAR RETRACTION TRANSMISSION ASSEMBLY
5. ELECTRICAL WIRES. FUEL UNE RIGHT ENGINE
8. FUEL PUMPS. FUEL SELECTOR VALVE CONTROLS
7. MAIN FUEL CEU OUTLET UNE. ELECTRICAL WIRES
8. FUEL SELECTOR VALVES AND DRAINS
9. MAIN GEAR PUSH-PUU CONTROL CABLES.

BRAKE UNE. RIGHT GEAR AND TIP TANK FUEL UNE
10. CONTROL CABLE PUUEY CLUSTER. BRAKE UNES,

AUTOPILOT PITCH SERVO

11. CONTROL CABLES
12. BRAKE UNES, MAIN FUEL CELL OUTLET UNE,

CONTROL CABLES
13. CONTROL CABLE PULLEY CLUSTER, BRAKE UNE

LEFT GEAR, TRIM SENSOR. MAIN GEAR PUSH·PULL
CONTROL CABLE, TIP TANK FUEL UNE

14. AILERON AND FLAP CONTROL PULLEYS
16. FLAP ACTUATING TRANSMISSION ASSEMBLY. FLAP

CONTROL PULLEYS. AUTOPILOT PITCH SERVO
18. ELECTRICAL WIRES, FUSELAGE STRINGERS
17. GYRO AMPUFIER
18. CONTROL CABLES
19. CONTROL CABLES AND PULLEYS, FUSELAGE STRINGERS

Figure 2-5. Access. Plates and Panels. Fuselage Interior

HANDLING AND SERV1C•.
Issued: 1'2/19/ _
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4 4

I I
5

•
1932

JD

c:: =:::-::-..

• 10

1753
13 6

1. NOSE LANDING GEAR 8. VERTICAL FIN ATTACHMENT 80LTS. ELT TRANSMITTER
2. FUEL SELECTOR VALVES. FUEL DRAINS. FUEL SCREENS 9. RUDDER CONTROL HORN. STA81LATOR TORQUE TUBE.
3. MAIN GEAR PUSH-PULL CONTROL CABLES. FLAP POSmON STA81LATOR CONTROL STOPS. STABILArOR TRIM

SENDING UNIT MECHANISM
4. MAIN FUEL CELL OUTLET 10. ROTATING BEACON
5. FUSELAGE AFT SECTION INTERIOR 11. STABILATOR BALANCE ARM ANDWEIGHT. STABlLATOR
8. BRAKE FLUID RESERVOIR. CENTRAL AIR FILTER. HEATER CONTROL CABLE ATTACHMENT ENDS. RUDDER TRIM

NOSE GEAR. VOLTAGE REGULATORS. PARALLEUNG RELAY BUNGEE
7. OXYGEN FILLER 12. EXTERNAL POWER RECEPTACLE

13. BAGGAGE AREA. BATTERY

Figure 2-6. .-'\ccess Plates and Panels, Fuselage
P.~ -:30, Serial Nos. 30-1 to 30-852 inel. and 30-854 to 30-901' incl.

HA~DLI~G _~~'D SERVICIl':G

Issued: 12,'29;72
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•

1i 7.'

4 4
I I

~..J ---J' l.....--J

1115

.11

r-'.~i~ _
~--:

1. NOSE LANDING GEAR
2. FUEL SELECTOR VALVES. FUEL DRAINS. FUEL SCREENS
3. MAIN LANDING GEAR PUSH·PULL CONTROL CABLES. FLAP ACTUATING

TRANSMISSION FLAP POSITION SENDER UNIT. AUTOPILOT
4. MAIN FUEL CELL OUTLET
5. EXTERNAL POWER RECEPTACLE
6. BATIERY. VOLTAGE REGULATOR. BRAKE FLUID RESERVOIR. CENTRAL

AIR FILTER HEATER. NOSE GEAR. PARALLELING RELAY
7. BAGGAGE AREA
8. OXYGEN FILLER
9. VERTiCAL FIN ATIACHMENT BOLTS. ELT TRANSMITIER

10. RUDDER CONTROL HORN STABILATOR TORQUE TUBE. STABILATOR
CONTROL STOPS. STABILATOR TRIM MECHANISM

11. ROTATING BEACON
12. STABILATOR BALANCE ARM AND WEIGHT. STABILATOR CONTROL

CABLE ATIACHMENT ENDS. RUDDER TRIM BUNGEE

•

Figure 2-7. .o\ccess Plates and Panels, Fuselage
.PA-30, Serial Nos. 30-853, 30-902 to 30-2000 inclusive

HANDLING A~D SERVlCI.
lssu~d: 1:!2917-
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1. PROPELLER RECHARGE VALVE
2. OIL FILLER
3. VACUUM REGULATOR, ENGINE CONTROL

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

10. ENGINE CONTROL CABLES. ELECTRICAL WIRE
CONNECTORS. FUEL LINE CONNECTIONS.
STATIC AIR LINE CONNECTIONS. BRAKE LINE
CONNECTIONS AND FRONT AND REAR SPAR
ATTACHMENT POINTS

11. ENGINE OIL DRAIN
12. FUEL CELL OUTLET AUXILIARY
13. MAIN LANDING GEAR AND BRAKE ASSEMBLY
14. BUNGEE CORD
15. FLAP BELLCRANK
16. AILERON CABLE PULLEYS
17. AILERON BELLCRANK
1B. PITOT TUBE
19. STEP LOCK ADJUSTMENT

;'.. -

Figure 2-8. Access Plates and Panels, Wings

H.\~DLlNG .\~ SERV1CI~G

Issu~d: I 2,"':'9 /7 ~
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•2-5. SERIAL NUMBER PLATE. The serial number plate on the PA-30 can be found at the following
locations: On the forward upper portion of the forward cabin bulkhead: inside the fuselage on the left skin
opposit~ the rear fuselage access panel: or on the fuselage adjacent to the left side of the tail skid. Airplan~

serial numbers will be used in this manual· where servicing difference occurs. and should be used wilen
contacting the factory on service or 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 be serviced 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 or 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. To 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 AND TEST EQUI PM ENT. 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 to a particular component or are listed in the back of
the PA-30 Parts Catalog.

2-8. TORQUE REQUIREMENTS. The torque values given in Table II-II are derived-from oil-free.
cadmium-plated threads and are recommended for all airframe installation procedures where ton.lueing is
required. unless otherwise noted in sections where other values are stipulated. Engine torque values are found
in the latest revision of Avco-Lycoming Service Bulletin No. 268. Propeller torque values are found in Section
VIII of this manual. Table II-Ia lists the torque valves for flared fittings of various sizes and material.

•Revised: 10/27/82
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CAUTION

Do not overtorque fittings.

NOTE

When flared fittings are being installed. ascertain that the male
threads are properly lubricated. Torque the fittings in accordance
with Table II-IA.

TABLE ll-IA. FLARE FITTING TORQUES

TORQUE I!'CH-POUND

lTHI:\(i Al.UMI:\l'M - ALLOY STEEL. Tl'UI:\(j HOSE E:\D FITTI:\(j
OD Tt'Rl:\(i .·TARE - A~D FI.ARE Al'iD

I:\CH ES IOOh I () R A' [) 1007X A~D 100fli HOSE ASSEMUI.IES
'-

MI'I"il'M MAXIMUM MI'IMUM MAXlMl:M MINlMl'M MAXIMliM

I/X --- --- --- --- --- ---
.'/Itt --- --- 9.0 100 70 100
1/4 40 65 1.'5 ISO 70 120
5/1 fl (,0 XO IXO 200 1<5 11<0
.l/ x 75 125 270 .lOO 100 250
1/2 150 250 450 500 210 420
5/X .200 35O fl50 700 .'00 41<0
.l/4 .'()() 500 900 \(100 500 1<50

I 500 700 1200 1400 700 1150
1-1/4 hOO 900 --- --- --- ---
1-1/2 h(K) 900 --- --- --- ---
1-3/4 --- --- --- --- --- ---
2 --- _._- --- --- --- ---

• Added: 10/18/81
IB16
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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 to make sure that inaccuracies are not present. Checking one torque ~rench

against another is not sufficient and is not recommended. Some wrenches are quite sensitive as to the way they
are supported during a tightening operation. Any instructions furnished by the manufacturer must be followed
explicitly.

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

T =Torque desired at the pan.
A =Basic lever length from center of wrench shank to center of handle or stamped on wrench or listed for

that model wrench.
B =Length of adapter el(tension, center of bolt to center of shank.
C =Scale reading needed to obtain desired torque en.

The formula: C = A l( T
A+B

EXAMPLE

T

A bolt requires 30 foot-pounds and a 3 inch adapter (one-quarter of
a foot or .25') is needed to get at it. You want to know· what scale
reading it will take on a one-foot lever arm wrench to obtain the 30
foot-pounds at the bolt.

C - I l( 30 C - 30 - 24 ft Ib ..- I + .25 or - TIS - .- s.

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

-- ....~-------A---------t~

Figure 2-81. Torque Wrench Formula

•

Added: 10/28/82
IB17
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TABLE II-II. RECOMMENDED NUT TORQUE (INCH-POUNDS)
TABLE B

COARSE THREAD SERIES

BOLTS
StMI Tension

AN 3 thru AN 20
AN 42 thru AN 49
AN73 thru AN 81
AN 173 thru AN 186
MS 20033 thru MS 20046
MS 20073
MS 20074
AN 509 NK9
MS 24694
AN 525 NK525
MS 27039

NUTS

9
15
30
SS

110
155
290
420
540
950

1.800
3.000
4.000
5.000

Max.

AN 320
AN 364
NAS 1022
MS 17826
MS 20364

Steel Shear

7
12
25
48
95

140
240
300
420
700

1.300
2.200
3.300
4.000

Min.

Torque Limits
in·lb.

15
2S
50
90

185
2SS
480
700
900

1.600
3.000
5.000
6.500
8.000

Mall.

AN 310
AN 315
AN 363
AN 385
NAS 1021
MS 17825
MS 21045
MS 20365
MS 20500
NAS 679

12
20
40
80

160
235
400
500
700

1.150
2.200
3.700
5.500
6.500

Min.

StHI Tension

Torque Limit.
in·lb.

/IIut-bolt
siza

8 -32
10 -24

114-20
5/16-18
3/8-18

7/16-14
1/2-13

9/16- 12
5/8- 11
3/4-10
718- 9

1 -B
1-118-8
1·114-8

BOLT FRICTION DRAG
SIZE TORQUE IIN.LBS.I

8 0
' 15

10 18
1/4 30
5/16 60

: 3/8 80
7/16 100

TABLE A

"APPLICABLE TO COARSE THREADS ONLY .

TORQUES: The Importance of correct application cannot be overemphasized.
UndertorQue can resull in unnecessary wear of nuts and bolts as well as the
parts they are holding together. When insufficient pressures are applied,
uneven loadswill be transmilled throughout the assembly which may result in
8Jlcessive wear or premature failure due to fatigue. OvertorQue can be equally
damaging because of failure of a bolt or nut from overstressing the thread
areas. The following procedures should be followed to assure that the correct
torque is applied:

,. Torque (self·locking fasteners)·Add the friction torque from Table A from
sizes 8 through 7/16 to the recommended torque from Table B to get the
final torque. This would be the actual reading on the torque wrench.

2. Torque (castellated and non·self.locking nuts)·Use only the torque given
in Table B. Unless otherwise specified. when castellated nuts are used
with a COller pin on moving joints. do not torque the nut. Turn the nut onto
the bolt until proper. grip is established and alignment with the COller pin
hole is achieved. then install the COlter pin.

3. Calibrate the torque wrench periodically to assure accuracy: recheck
frequently.

4. Ascertain that the bolt and nut threads are clean and dry (unless other·
wise SPecified by the manufacturel. If the bolt or nut is specified to be
lubricated prior to tightening. the torque range should be reduced 50%.

5. Use a bolt length long enough to prevent bearing loads on the threads. The
complete chamfer or end radius of (he bolt or screw must extend through
the nut. .

6. Unique torques specified in the text of· this manual supersede the torques
given in Tables A and B.

7. Refer to the latest revision of Lycoming SSP1776 for torques on parts
used on Lycoming engines.

8. A maximum of two AN960 washers may be added under the bolt heads or
nuts to correct for variations in material thickness within the tolerances
permitted.

9. LimItatIons ~f the use of self· locking nuts. bolts and screws including
fasteners with non·metallic inserts are as follows:
A. ~asteners incorporating self·locking devices shall not be reused if

they can be run up using only fingers. They may be reused if hand
tools are required to run them up. providing there is no obvious
damage to the self-locking device prior to installation.

B. Bolts 5/16 inch diameter and over with cotter pin holes may be used
with self· locking nuts. Nuts with non-metallic locking devices may
be used in this application only if the bolts are free from burrs around
the cotter pin hole.

C. Do not use self· locking nuts at joints which subject either the nut or
the bolt to rotation.

D. Never tap or rethread self-locking fasteners. Do not use nuts. bolts or
screws with damaged threads or rough ends.

•

.,.•'-..

i· l ,

Revised: 10/28/82
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TABLE II-II. RECOMMENDED NUT TORQUE (INCH POUNDS) (cont.)

BOLTS BOLTS BOLTS
Steel Tension Stili Tension Aluminum

AN 3 thru AN 20 MS 20004 thru MS 20024 AN 300 thru AN 2OD0
AN 42 thru AN 49 NAS 144 thru NAS 158 AN 17300 thru AN 18600
AN 73 thru AN B1 NAS 333 thru NAS 340 AN 60900
AN 173 thru AN 188 NAS 583 thru NAS 590 AN 6260
MS 20033 thru MS 20048 NAS 624 thru NAS 644 MS270390
MS 20073 NAS 1303 thru NAS 1320 MS2469400
MS2oo74 NAS 172
AN 609NK9 NAS 174
MS 24694 NAS 517 Steel shill' bolt
AN 526NK625
MS 27039 NAS 464

NVTS NUTS NUTS

Steel Tension SteelShur StMl Tension Stell Sheer Alum. Tension Alum.She.

AN 310 AN 320 AN 310 AN 320 AN 3660 AN 3200
AN 315 AN 364 AN 315 AN 364 AN 3100 AN 3640
AN 363 NAS 1022 AN 363 NAS 1022 NAS 10210 NAS 10220
AN 36& MS 17B26 AN 366 MS 17826
NAS 1021 MS 20384 MS 17825 MS 20364
MS 17826 MS"20386
MS 21046 MS 21046
MS 20366 NAS 1021
MS 20600 NAS679
NAS 679 HAS 1291

FINE THREAD SERIES

Nut-bolt Torque Llmitl Torque Llmitl Torque Llml.. Torque Limits Torque Llml.. Torque Limit.
i1ze In-ibi In-ibi In-lb. In-lb. In-lb. In-ibi

Min. Mu. Min. Mu. Min. Mu. Min. Mu. Min. Mu. Min. MI•.

8 -36 12 16 7 9. 6 10 3 6
10 -32 "20 26 12 16 26 30 16 20 10 15 5 10

1/4-28 50 70 30 40 80 100 50 60 30 46 16 30
5118-24 100 140 60 86 120 146 70 90 40 66 26 40
3/8-24 160 190 95 110 200 250 120 150 76 110 46 70

7/18-20 460 600 270 300 520 630 300 400 180 280 110 170
1/2-20 480 690 290 ",0 770 950 460 550 280 410 uio 260

9/18-18 800 1.000 480 6C)O 1.100 1.300 660 800 380 680 230 360
6/8-18 1.100 1.300 660 780 1.260 1.560 760 960 660 870 270 420
3/4-16 2.300 2.500 1.300 1.500 2.660 3.200 1.600 1.900 960 1.250 560 880
7/8-14 2.600 3.000 1,500 UOO 3.550 4,360 2.100 2,690 1.260 1.900 750 1,200

1 -14 3.700 4.500 2.200 3.300 4,500 6,500 2.700 3.300 1.600 2.400 960 1,500
1·118-12 5.000 '7.000 3,000 4.200 6.000 7,300 3.600 4.400 2.100 3.200 1.250 2,000
1.1/4-12 9;000 11,000 6,400 6,600 11,000 13,400 6.600 B.Ooo 3.900 6,800 2,300 3.660

•

•

Revised: 1/31/74
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TABLE ll-ill DECIMAL CONVERSION CHART

•

4TM' en.. 1&M. 32lCII 64Tlll TO. TO I ......
~uc•• ~1....CII IQUIY.

1 .016 .02 .397
1 ~

n .031 .03 .794

Ii
A- .047 .os 1.191

.062 .06 1.587

f2
d- .078 .08 1.984

.094 .09 2.381

1 la- .109 .11 2.718
8 .125 .12 3.175

i._ .141 .14 3.Sn
~

64
.•156 .16 3.969

fa
~- .1n .17 4.366

.188 .19 4.762

12· a· .203 .20 5.159
~ .219 .22 5.556
~- .234 .23 5.5931 64

~ .250 .25 6.350
lZ- .266 .27 6.747

9 64
.281 .28 7.144~

;t
~- .297 .30 .7.540

.312 .31 7.937

11 11- .328 .33 8.334
32 .344 .34 8.731

t H· .359 .36 9.128
.375 .38 9.525

,

~-
13 64 .391 .39 9.922
~ .406 .41 10.319

~
B· .422 .42 10.716

.438 .44 11.112

15 8- .453 .45 11.509
~ .469 .47 11.906

31 .484 .48 12.30364'
.500 .50 12.700

4TM' en.. ~&M' 3Zlm 64ru TO' TO I .....
, ~UCI' ~""'C" IQUllI'.

11 ~- .516 .52 13.097
32 .531 .53 13.494

f~
H- .547 .55 13.891

.562 .56 14.288

If
H- .578 .58 14.684

.594 .59 15.081

f
H- .609 .61 15.478

.625 .62 15.875

21 t!- .641 .64 16.2n
~ .656 .66 16.669

11 B- .6n .67 17.065
i! .688 .69 17.462

23 !i- .703 .70 17.859
n .719 .n 18.256

47. .734 .73 18.653
.3.

t;4
.750 .75 19.0504

4~_ .766 .71 19.447
25 ~
~ .781 .78 19.844

13 ~- .797 .80 20.241
f! .812 .81 20.637

27 ~- .828 .83 21.034
~ .844 .84 21.431

7
~. .859 .86 21.828

s- .875 .88 22.225

29 H- .891 .89 22.622
.~ .906 .91 23.019

1S H- .922 .92 23.416
i6 .938 .94 23.812

H
~- .953 .95 24.209

.969 .97 24.606

~- .984 .98 25.003
1.000 1.00 25.400

'. HANDLING AND SERVICING

Issued: 1'J.t~9/72
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2-9. HANDHOLD AND WALKWAYS. A fixed handhold is located on the right
side of the fuselage. above the rear window. W31~"Ways of four parts Dl;:vol;: n(,n­

skid compound and one part black enamel are painted on the right wing ano flap.
The lines of rivets on the walkway are covered with non-skid paper strips, St:­

cured with sculp-metal compound before the walk is appl ied.

CAUTION

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

HA~'DL1~G ..\NO SERVICING

Issued: I :r~9/7'1
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Figure 2-9. Jacking Arrangements

2-10. GROUND HANDLING.

2-11. INTRODUCTION TO 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 airp~ane 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 ofballast on the support 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
IB22
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A263

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. To 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 30-90 I inclusive, the
screws are located over the baggage door. (Refer to Figure 2-11.) On airplanes 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 toJull extension; then deflate the nose wheel
until the level position is reached.

•

r
Revised: 10/28/82
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Figure 2-11. Leveling Airplane
Serial Nos.. 30-1 to 30-852 inc1; 30-854 to 30-901 inci.

•
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Figure 2-12. Leveling Airplane
Serial Nos. 30-853, 30-902 to 30-2000 inclush'e

HANDLING A~l) SERVICli\G.
Issued: 1:'/~9 Ii ~
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b. To later:llly level airplanes with Serial Numbers 30-1 to 30-852 inclusive and 30-854
to 30-90 I inclusive. place a level Jcross the floorboard at Station 136.5 over the bulkheau to
whi~h the baggage door hinge br:lckets are atta~hcd. fRefer to Figure ~·ll.) On airplanes
with Serial ~umbers 30-853 and 30-90~ to 30-~OOO inclusive. place a level on or p:u:.Illd to
the hat section channel oi the forward cabin bulkhead. (Refer to Figure 2-12.1 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 abov~

ilny obstacles. Raise or lower one wing til' by deflating the appropriate tire on the high side
of the airplane or adjust either jack until the bubble of the level is centered.

2·1 S. MOORING. The airplane should be moored to insure its immovability. protection
and security under various weather conditions. The following procedure gives the
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 whed lo~k.

or control surface blocks.
c. Block the wheels.
d. Secure tie-down ropes to the wing tie-down rings and the tail skid at approximately

4S-degree angles to the ground. leave sufficient slack to avoid damage to the aircraft when
the ropes contr.lct due to moisture.

CAUTION

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

NOTE

Additional prenarations for high wind~ include :.lsing
tie-down ropes from the landing gear forks. and securing the
rudder.

e. lnstalll,itot tube cover. if possible.

H.~:-':DLlNG AND SERVICING
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2-16. PARKING. When parking the airplane, insure that it is sufficiently pro­
tected against adverse weather conditions and presents no danger to other air­
craft. When parking the airplane for any length of time or overnight, it is rec­
0mmended that it be moored as in paragraph 2-15.

a. To park the airplane, head it into the wind, if possible.
b. Set the parking brake by applying toe pressure against the top of the brake

pedals and at the same time pull out an the 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, care should be
taken when setting brakes that are overheated or
during cold weather when accumulated moisture may
freeze the brake. .

2- 17. LOCKING AI;RPLANE. The cabin and baggage doors are 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 wheel steering
bar provided, or power equipment that will not damage or 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 attached to the forward section of the main spar.

CAUTION

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

HANDLING AND SERVICING
Issued: I ~.':9iT;'
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•Figure 2-13. Minimum Turning Radius

2-19. TAXUNG. Before attempting to taxi the airplane, gTound personnel should
be checked out by a qualified pUot or other responsible person. Engine starting
and shut-down procedures should be covered as well. When it is ascertained that
the propeller back blast and taxi areas are clear. apply' power to start the taxi
roll and perform the following checks:

a. Taxi forward a few feet and apply brakes to determine their ettectiven~ss.

b. Taxi with propeller set in low pitch. high RPM setting.
1.:. While taxiing. make sUght turns to ascertain the effectiveness of ste~ring .
d. Observe wing clearances when taxiing near buildings or other stationary

objects. If possible. station a guide outside the airplane to observe.
e. When taxiing on uneven ground. look for holes and ruts.
i. Do not operate the engine at high RPM when running up or taxiing over

ground containing loose stones. gravel or any loose material that may cause
damage to the propeller blades.

HANDLING AND SERVICING

Issued: I ~r29/7'1

lC3
•



•

•

•

PIPER TWIN COMANCHE SERVICE MANUAL

2-20. EXTERNAL POWER RECEPTACLE~

2-21. OPERATION OF EXTERNAL POWER RECEPTACLE. The external power
receptacle is located on the right side of the fuselage, just rearward of the bag­
gage door. on airplanes with Serial Nos. 30-2 to 30-852 inclusive and 30-854 to
30-901 inclusive: and on the left side of the nose section of airplanes with Serial
Nos. 30-853 and 30-902 to 30-2000 inclusive. When using external power for
starting or operation of any of the airplane's equipment, place the master switch
in the OFF position before inserting or removing the power plug.

2-22. CLEANING .

.2-23. CLEANING El'KIINE COMPARTMENT. Before cleaning the engine com­
partment, place a st.rip 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 the engine cowling removed, spray or brush the engine with solvent

or a mixture of solvent and degreaser, as desired. It may be necessary to brush
areas that were sprayed where heavy grease and dirt deposits have collected in
order to clean them.

CAUTION

Do not spray solvent into the generator or alternator,
staner, or air intakes.

C. AHow the solvent to remain on the engine from five to ten minutes, then
rinse rh~ ~ngine clean with additional solvent and allow to dry.

"CAUTION

Do not operate engine until excess solvent has evapo­
rated or otherwise been removed.

d. Remove the protective covers from the magnetos.
e. Lubricate controls, bearing surfaces, etc.. per Lubrication Chart, Figure

2-20.

HANDLING A:-ID S'ERVICING
Issued: 1'2(29;'7'2
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2-24. CLEANING LANDING GEAR. Before cleaning the landing gear. place a plastic cover
or 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 or a mixture of solvent and degreaser, as

desired. It may be necessary to brush areas that were sprayed wbere heavy grease and din
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 tbe 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 witb a mild
soap and water. Harsh abrasive or alkaline soaps or de~ergenu used on painted or plastic
surfaces could make scratches or cause corrosion of metal surfaces. Cover ~reas where
cleaning solution could cause damage. To wash the airplane. the following procedure may be
used:

NOTE

When hosing do~ aircraft avoid directing water in the fuel
tank vents, drain tubes or around the sealed cover plates and
filler cap access openings.

a. Flush away loose dirt with water.
b. Apply cleaning solution witb a rag, sponge or soft bristle brush.
c. To remove stubborn oil and grease, usc 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 ~eaning or polishing. A heavier
coating of wax on the leading surfaces will reduce the abrasion problems in these areas.

2-26. CLEANING WINDSHIELD AND WINDOWS.
a. Remove din, mud, etc., from exterior surface with clean water.
b. Wash with mild soap and warm water or on aircraft plastic cleaner. Usc a 50ft cloth or

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

NOTE

Do not use gasoline. alcohol. benezene. cabon tetrachloride,
tbinner, acetone, or window cleaning sprays.

HANDLING AND SERVICING
Revised: 9/10,79
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d. After cleaning plastic surfaces. applya thin coat ofhardtpolishing wax. Rub lightly with a soft cloth.
Do not use a circular motion.

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

f. To 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 / N FSCM. made by (J NEL KO Corporation 727
E. IIOth Street Chicago, 111.60628.)

2-27. CLEANING HEADLINER, SIDE PANELS AND 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 rub.bing.

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 TO SERVICING. Servicing the airplane includes the replenishment of fuel. oil.
hydraulic fluid, tire pressures. lubrication requirements and other items required to completely service the
airplane.

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 are listed in Section VII.

Revised: 10/28/82 lC6 HANDLING AND SERVICING
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Figure 2-14. Servicing Landing Gear Struts

2-33. OLEO STRUTS.

~-34. SERVICING OLEO STRUTS. The: air-oil type oleo strut should be maintained at
proper stnH tube exposures for best oleo action. Both the noSl:! and main gear struts must
have approximately 2.75 inches of piston tube exposed. (Refer to Fil'Jre 2-14.) These
measurements are taken with the airrlane sitting on level surface under normal ~tatk load.
(Empty weight of airplane plus full fuel and oiL) If the strut has less tube exposure than
prescribed. determine whether it needs air or oil by rocking the airplane. If the oleo stnlt
osc:ilIates with short strokes (approximately one inch) ana the airplane ~ttles to its normal
position within one or two cycles after t~e rocking fon:e is removed. th.: oleo strut requires
inflating. Check the valve core and fille:r plug for air leaks. correct if reqllired. and add air as
described in p:lragr:lph 2·36. If the oleo stnlt oscillates with long strokes (approximately
three inches) and the airplane continues to oscillate after the ro\:king force is removed. the
oleo stnlts require fluid. Check the oleo for indications of oil leaks. correct if requireu. anu
add fluid as described in paragr:lph ~·3..5. For repair procedures of the landing gear anu/nr
01"·0 stnlts. refer to Section VII.

WARNING

Deflate strut before disassembly.

HANDLING AND SERVICING
Revised: 4/6/81
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1-35. FILLING OLEO STRUTS. To fill the nose or main gear oleo strut with
i1uid o.UL-H-5606), whether it be only the addition uf a small amount or if the
unit has been completely emptied and will require a large 3nlOunt, it should be
filled as follows:

W.\RNI~

Do not release air by r.emoving the strut valve core
or filler plug. Depress the valve core pin until strut
chamber pressure has diminished.

CAUTION

Dirt and foreign particles form around the filler plugs
of the landing gear struts. therefore. before attempt­
ing to remove these plugs. the tops of the strUts should
.be clea.ned with compressed air and/or with a dry type
solvent.

a. Place the airplane on jacks. (Ref~r to Jacking. Paragraph 2-12.)
b. Place a pan under the gear to catch spillage .
~. At the filler plug. relieve air pressure from the strut housing chamber by

removing the cap from the air valve and depressing the valve core.
d. There are two methods by which the strut chamber may be filled ancllhese

are as tollows:
First ~Iethod:

I. Remove the valve core from the filler plug at the top of ~he nose gear
strut housing or at the top inboard side of the main gear housing. Allow the filler
plu~ CD rem:Jin installed.

:!. .-\ [[3ch one end of a clean plastic hose to the valve stem of the filler
pi u~ and ~ubmerge the other end in a container of hydraulic fluid.

NOTE

.-\n air-tight connection is necessary between the plas­
tic rube and the valve stem. Without such a connecrton.
a :5 mall amount of air will be sucked into the oleo strut
during each :sequence. resulting in an inordinate amount
ot air bubbles and a prolonged filling operation .

HANDLI~ .-\l'-.1J SERVlCI:\G
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3. Fully compress and extend the strut thus drawing nuid from the tluid containl:r and expelling

air from IhI: strut chambl:r. By watching the nuid pass through the plaslic hose. it C,IO be dl:tl:rmined when lhe
slrut is full and no air is present in the chamber.

4. When air bubbles cease to now through Ihe hose. compress the strut fully and rl:nlllVI: Ihe hose
from the valve stem.

5. With the strut compressed. remove the filler plug to determine that the tluid k"d is visibk up
10 the bOllom of the filler hole:.

6. Reinstall the core in the filler plug and the plug in the strut housing and tighlen.
Second Method:

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

2. Raise the strut piston tube until it is fully compressed.
3. Pour tluid from a clean container through the filler opening until it reaches the bOllom of the

filler plug hole. (Air pressure type oil container may be helpful.)
4. Install the filler plug finger tight, and extend and compress the strut two or three limes to

remove air from the housing.
5. Remove the filler plug. raise the strut to full compression and fill with fluid if needed.
6. Reinstall fill plug and tighten.

e. With the airplane raised. retract and extend the gear strut several times to asccrtain Ihal the sHul
actuates freely. The weight of the gear fork and wheel should extend the strut.

f. Clean off overtlow of tluid and inflate the strut as described in paragraph 2-36.
g. Check that tluid is not leaking around the strut piston at the bOllom of the housing.

2-36. INFLATING OLEO STRUTS. After making certain that an oleo strut has sufficient Iluid alia.,
strut pump to the air valve and intlate the oleo strut. The main gear struts should be intlated 10 provide e
extension with normal static load (empty weight plug full fuel and oil) of a recommended 2.75 im:hcs of pislon
exposure, although it may be reduced to 2.25 inches at the pilot's discretion. (The nose ge,lr slrut may vary
from 2.25 to 2.75 inches.) (Refer to Paragraph 2-34.) Rock the airplane several times to ascertain Ih,lllhe gea r
settles back to the correct strut position. (If a strut pump is not available. the airplane may be raised and line
pressure from a high pressure air system used. Lower the airplane and while rocking it, let air from the valvc 10

bring the strut down to' the proper extension.) Before capping th"e valve, check for valve core leakage;

•
Issued: 12/29/72 lC9
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1-3;. BRAKE SYSTEM.

1-38. SERVICING BRAKE SYSTEM. The brake system incorporates a hydraulic
fluid reservoir through which the brake system is periodically serviced. Fluid
is drawn from the reservoir by the brake cylinders to maintain the volume of
tluid required for maximum braking efficiency. Spongy brake pedal action is
often an indication that the brake fluid reservoir is running low on fluid or air in
the system. Instt'Ucdons for filling the reservoir are given in paragraph 2-39.
When found necessary to accomplish repairs to any of the brake.system compon­
ents, or to bleed the system, these instructions may be found in Section vn.

2-39. FILLING BRAKE CYLINDER RESERVOIR. The brake cylinder reservoir
should be fUled to rhe level marked on reservoir, With the fluid specified in
Table II-I. The reservoir, located on the left side of the forward cabin bulkhead
in the nose section (refer to Figure 2-15 or 2-16), should be checked at every
lOO-hour inspection and replenished as necessary. No adjustment of the brakes
is necessary, though they should be checked periodically per instt'Uctions given
in Section VU.

2-40. DR.-\INING BRAKE SYSTEM. To drain the. brake system, connect a hose
to the bleeder fitting 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 tluid ceases to flow. To clean the brake system, flush with denatured
alcohol.

2 - 41. TIR ES .

2-011. SERVICI~G TIRES. Thetires should be maintained at the pressure spec­
ified in Table II-I. When checking tire pressure, examine the tire for wear, cuts,
bruises and slippage.

HANDLING Ar--'D SERVICING
Issued: 111':'9/7:
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1. BATTERY
2. FILLER OXYGEN
3. RJEL SELECTOR VALVES AND DRAINS
4. FILLER. MAIN FUEL CELL
S. FILLER. MAIN OLEO SHOCK STRUT L AND R
e. FILTER. VACUUM REGULATOR
7. FILLER. AUXILIARY FUEL CELL
8. nRE. MAIN GEAR L AND R
9. ENGINE OIL SUcnON SCREEN

10. RJEL INJECTOR
11. AIR VALVE. PROPELLER
12. FILTER. ENGINE OIL
13. FILLER. ENGINE OIL
14. FILTER. ENGINE AIR INTAKE
1S. nRE. NOSE GEAR
le. VACUUM SYSTEM CENTRAL AIR FILTER
17. 8RAKE FLUID RESERVOIR
18. FILLER. NOSE OLEO SHOCK STRUT

Figure 2-15. Service Points
Serial :'-Jos. 30-1 to 30-852 incl. and 30-854 to 30-90l in~l.
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1. FILLER OXYGEN
2. RJEL SELECTOR VALVES. AND DRAINS
3. FILLER. MAIN FUEL CELL
4. FILLER. MAIN OLEO SHOCK STRUT L AND R
5. FILTER. VACUUM REGULATOR
8. FILLER. AUXIUARY FUEL c.:El:L
7. TIRE. MAIN GEAR LAND R
8. ENGINE OIL SUCT10N SCREEN
9. RJEL INJECTOR

10. AIR VALVE. PROPELLER
11. FILTER. ENGINE OIL
12. FILLER. ENGINE OIL
13. FILTER. ENGINE AIR INTAKE
14. BATTERY
15. TIRE. NOSE GEAR
18. FILLER NOSE OLEO SHOCK STRUT
17. 8RAKE FLUID RESERVOIR
18. VACUUM SYSTEM CENTRAL AIR FlYER

•
Figure 2-10. Service Points

Seri:1 1 ~os. 30-853, 30-902 to 30-2000 inclusive

HA~DLI:-':G .~:-"L' SERVICI).;·G
lssu~d: 1:::9'7:
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243. POWER PLANT.

~44. SERVICING POWER PLANT. Regularly check the engine companment for oil and
fuel leaks, charmg of lines, loose wires and tightness of all parts. For cle:ming of the engine
compartment, refer to paragraph 2-23. Maintenance instructions for the Power Plant may be
found in Sections VIII and VIllA of this manual and in the appropriate manufacturer's
manualS.

;Z4S. PROPELLER.

246. SERVICING PROPELLER. The propeller blades, spinner and visible hub surfaces
should be cle:med 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 VIII and VlIIA. 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 tum 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 chal1ed to the proper
chamber pressure. Additional service information for the propeller may be found in Sections
VIII and VillA.

247. POWER PLANT INDUCTION AIR FILTER.

248. REMOVAL OF AIR FILTER.
a. Remove the right side access panel from the e'ngine" nacelle to glin access to the air

mter box.
b. Tum the three studs and remove the air ruter box cover.
c. Lift the air ruter from the ruter box.

1-49. CLEANING INDUCTION AIR FILTER.
a. Tap mter gently to remove dirt i'articles. Do not use compressed air or cleaning

solvents.
b. Inspect filter. If paper element is tom or ruptured or gasket is damaged. the tilter

should be replaced. The usable life of the mter should be restricted to one year or 500
hours. whichever comes first. ' .

HANDLING AND SERVICING
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~·50. CLEANING INDUCTION AIR FILTER. TURBOCHARGED.
3. C1e3n01ir nIter thoroughly with 01 dry type solvent or kerosene.
b. Inspect filter. If element is punctured or nlptured or gasket is dill1101ged. the filter

should be replaced.
c. Allow filter to dry thoroughly then dip in SAE I0 weight oil and allow to drdin for

four hours.
d. Wipe off excess oil prior to installation.

~-Sl. INSTALLATION OF INDUCTION AIR FILTER.
01. Place falter in air box and install cover.
b. Secure cover by turning studs. On turbocharged airplanes, secure air box. cover with

wing nuts and safety.

HANDLI~ AND SERVICING

. Issued: 12/29/72
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•2-52. VACUUM SYSTEM AIR FILTERS.

2-53. REPLACEME~T OF CENTRAL AIR FILTER. Each 100 hours of operation the
central air filter. located just forward of the forward cabin bulkhead. should be replaced.

a. Remove top nose access panel by loosening quaner tum fasteners.
b. Remove vacuum hoses from filter by removing spring clamps.
c. Remove nut from stud attaching filter to mounting bracket. .
d. Install new filter in reverse order of removal.

2-S4. REPLACEMENT OF INSTRUMENT AIR FILTER. Remove the filter assembly
and replace during the SOO 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 tbe 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 naceUe access panels and secure with screws. •

2-S6. FUEL SYSTEMS.

2-S7. SERVICING FUEL SYSTEM. At intervals of SO hours or 90 days. whichever comes
first. clean tbe screen ~n each filter bowl located through an access opening in the center boltom
of the fuselage. Remove and clean the screens in accordanc~ with instructions outlined in
Section IX. Inspection intervals of the various fuel system components may be found in
Section Ill.

Also. check condition of gaskets and seals at all filler openinss. 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 FUEL CELLS. Observe all required precautions for hanuling
gasoline. FUl the fuel cells to the bottom of the flller neck with the fuel spf:dfit:u
on the placard located on the underside of the filler cover ur in Table U-I. Ea~h

main (inboard) fuel cell holds a maximum of 30 U. S. gallons. The auxilia ry
(outboard) fuel cells have a maximum capacity of 15 U. S . gallons each whkh
give a toral ot 90 L!. 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 fillingiuel cells, the plane should be
approximately level.

•HA~DLl~G A:'lD SERVICI~G
Revised: 9/ 10/79
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NOTE

Refuel after each night 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 dirt accumulations.

NOTE

To ensure removing any water that may be in the fuel lines. drain at
least Y2 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 froni 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.

b. To drain the lines frotn the tip tanks. move the fuelselector 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 line 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 aU, ifcouldbe an indication of ice at the drain
and the aircraft should be hangered 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.

• Revised: 9/20/79
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1~ I. ELECTRICAL SYSTEM.

1-61. SERVICING ELEcrRICAL SYSTEM. Servicing the ek..:trkal system inv()lvc~ adding
distilled water to the battery to maintain correct electrolyte level. and cheddn~ cable
connections and for any spilled electrolyte that would lead to ..:orrosion. Tht: se\;urity of all
electrical connections should be checked as wl:lI as the opt:ration of alllight~. general
condition of the generator or alternator and starter. All electrkal wires "hould be inspected
for chating and bare wires. For detailed infonnation on this system. refer to Section Xl uf
this man1.131.

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 of63.7 cubic
feet. The cylinder valve is equipped with a hex-eapped safety device. should the cylinder
become exposed to rue or extreme heat. Do not attempt to remove this device. Kc:ep the
cylinder valve closed when the airplane is on the ground or when in night 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. h~dling 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
C:luse 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.
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.

HA ~TILING ANO SERVlClNG
Revised: 1/31/74
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f. Use Ribbon Dope Thread Sealant (PermaceI412) 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
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 cyilnder, 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,
dirt, etc.

NOTE

If the airplane's oxygen cylinder pressure is below 50 psi, 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 II-lIlA.

c. When using a recharge u~it 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
re,commended that the following procedure be used:

I. 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 loweest 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 Jowest 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 sufficient pressure to completely refill another aircraft cylinder, although it will refill several small
cylinders.

S. 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.

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-lIlA after the
cylinder temperature stabilizes.

Revised: 1/31/74 leIs HANDLING AND SERVICING
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TABLE II-OIA. INDICATED OXYGEN PRESSURES
FOR GIVEN AMBIENT TEMPERATURES

Tl:mp~rature 0 F Indicated Cylinder Pressure (psig)

110 1980
100 1935
90 1890

·80 " 1845
70 1800
60 1755
50 1710
40 1665

1-67. LUBRICATION.

1-68. OIL SYSTEMS (ENGINE).

1-69. SERVICING OIL SYSTEM. The enline oil level should be checked before eac"h night
and changed after each 50 houn of engine operation. During oil change, the oil screen(s)
should be removed and cleaned and, when installed, Jhe oil mter cartridge replaced.
Intl:rvals between oil changes can be increased as much as 100% on enginl:s e4uipped with
iull Ilow (cartridge type) oil filters provided the element is replaced each 50 hours of
op~iJtion. Removal and cleaning of screens may be found in paragraphs 1·7'1 and 2-73. The
~ngine manufacturer does not recommend oils by brand names. Use a quality brand
Aviation Grade Oil of the proper season viscosity. For infonnation on the use of dctcrl!l:nt
oil, refer to paragraph 2-76 and/ or the latest revision of Lycoming Service Instruction Letter
1014.

CAUfION

Do not inuoduceany trade additive to the basic lubricant
unless recommended by the engine manufacturer.

H.-\~DLlNG .,Hm SERVICI~

Revised: 6/4/81
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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 ofthe engine sump. It is recommended the engine be warmed to

operating temperature to insure complete draining of the old oil.•
Figure 2-17. Oil Suction Screen Figure 2-18. Oil Pressure Screen

. .1

2-71. FULLING OIL SUMP. The oil sump should normaUy be filled withoiltothe8 U.S. quart mark on the
engine dipstick. The specified grade of oil may be found in Table II-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.

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 in 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

Issued: 12/29/71
lC20
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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-li.)
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. safelY
the hex head plug with MS20995-C41 safety wire.

2-73. OIL SCREEN (PRESSURE). The pressure screen located in a housing on
the accessory case of the engine between the magnetos. should be cleaned at each
oil change to remove any accumulation of slUdge and to examine tor metal filings
or chips. If metal particles are found in the screen. the engine should be exam­
ined for internal damage. The pressure screen is removed by disconnecting the
temperature indicator wire and removing the four hex head bolts that 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. (R efer
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,

2-74. OIL FILTER. (FULL FLOW.)
a. The oil filter element should be replaced after each 50 hours of engine op­

eration. This is accomplished by removing the lock:wlre" 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 lcn1fe. 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. Sume
small particle of metallic shavings might be found. These are generally at no
consequence and should not be confused with particles produced by impacting.
abrasion or pressure. Evidence of internal engine damage found in the oil iiI ter
justiiies further e.umination to determine the cause.

1.:, .-\fter the element has been replaced. tighten the attaching bolt within 211 [0

25 toot-pounds of torque. Lockwire the bolt through the loops on the side Of th~

housing to the drilled head of the thermostatic valve. Be sure the 10cl.."Wire i::i f'e­
placed at both the attaching bolt head and the thermostatic oil cooler bypass va I \"c.

H.o\NDLING A~'D SER VICINO
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Figure 2-19. Turbo Oil Filter

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

(Refer to Figure 2-19.)
b. Wash parts with solvent and back flush the bronze element. Check condition of"O" 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 instaU filter in the turbo oil system. Clean filter at each oil change.

2~76. RECOMMENDATIONS FOR CHANGING OIL. (Refer to the latest revision of Lycoming Service
Instruction No. 1014.)

a. In engines that have been operating on straight mineral oil for several hundred hours, a change to
additive 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 straight mineral
oil and is known to be in excessively dirty condition, the switch to additive or compounded oil should be
deferred until. after the engine is overhauled.

b. When changing from straight mineral oil to compounded oil, the following precautionary steps
should be taken:

I.. Do not add additive oil to straight mineral oil. Drain the straight mineral oil from the engine
and fill with additive oil.

2. Do not operate the engine longer than five hours before the first oil change,
3. 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.

• Revised: 4/6/81
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2-i;. LUBRICATION INSTRUCTIONS. Proper lubrication pro\.:edures are uf
immeasurable value both as a means of prolonging the service life l)f the airplane
and as a means of reducing the frequency of extensive and expensive repairs.
The periodic application of recommended lubricants to their relevant bea ring
surfaces. as derailed in the following paragraphs. together with the observance
of cleanliness. will ins~e the maximum efficiency and um10st service 0( all
moving parts. Lubrication insttuctions 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 follow­
ing precautions should be observed:

a. Use recommended lubricants. Where general purpose lubricating (Ji! is
specified, but unavailable, clean engine oil may be used as a satisfactory sub­
stitute.

b. Check the components ~o 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 abra~ive 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 DOt available, observe the following pre­
cautions:

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 finger~, do not add all. If the felt is dry. moisten with light uil .

CAUTION

Be careful not to add too much oil because the excess
will be thrown off during operation and will cause pit­
ting and burning of the magneto points.

HA NDLl~G ANO SER VICING
lssued: I '1r~9/7~
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2-i9. APPLIC."TIONOFGREASE. Care mustbetaken 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 lub­
ricant to the grease fittings.

a. Where a reservoir is not 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 s~e 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 Hartzell propeller hub to avoid blOWing
the clamp gaskets. Remove one grease fitting 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 inte"rvals 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 identi­
fies the type of lubricant to be used and a special instructions number which gives
instructions for lubricating a particular component.

TABLE II·IV. RECOMMENDED LUBRICATING OILS

.-\ver3ge Average Ambient Oil Inlet Temperatures
Grade Oil .~ ir Tern perature Desired Maximum

S.". E 50 Above 600 F 1800 F 2450 F
(160 C) (820 C) (1180 C)

SAE 40 300 F to 900 F 1800 F 2450 F
(- 10 C to 320 C) (820 C) (1180 C)

S.", E 30 00 F to 700 F 1700 F 2250 F
(- 1i O C to 200 C) (770 C) (1070 C)

SAE 20 Below .100 F 1600 F 2100 F
(120 C) (71 0 C) (990 C)

HANDUNG AND SERVIC1~G
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•TABLE II-IVA. THREAD LUBRICANTS

TYPE OF LINE

Brakes

Freon

Fuel

Landing Gear (Air Valve)

Oil

Pitot and Static

TYPE OF LUBRICANT

MIL-H-5606

TT-A-580 or MIL-T-5544, Anti-Seize Compound

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

6PB Parker

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

TT-A-580 (JAN-A-669), Anti-Seize Compound
(White Lead Base)

-NOTE-

r-
/

Lubricate engine fittings only with the fluid contained In the
particular lines.

•

•Added: 10/28/82
IDI
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NOTES

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

2. SEE THE LATEST REVISION OF LYCOMING SERVICE
INSTRUCTIONS NO. 10f4 FOR USE OF DETERGENT OIL.

3. MISCELLANEOUS • DURING ROUTINE MAINTENANCE
CHECKS, APPLY LUBRICANT TO MISCELLANEOUS
LINKAGES.

4. TRANSMISSIONS SHOULD BE DISASSEMBLED, CLEANED,
INSPECTED, AND LUBRICATED AT EACH 500 HOUR
INTERVAL OR, ANNUALLY. ACTUATOR SCREWS SHOULD
BE LUBRICATED AT EACH 100 HOUR INTERVAL OR
ANNUALLY.

CAUTIONS

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

ESTER BASE.
2. DO NOT OVER·LUBRICATE COCKPIT CONTROLS.
3. DO NOT APPLY LUBRICANT TO RUBBER PARTS•

EXAMPLE

SPECIAL
INSTRUCTIONS

FREQUENCY OF
LUBRICATION

....
TYPE OF -----" A.-6
LUBRICATION

PARTS
NOMEHCLAT~E "

5
METHOO OF

LUBRICATION

• Figure 2-20. Lubrication Chart

Revised: 6/4/81 HANDLING AND SERVICING
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PARTS NOMENCLATURE KEY

1. STABILATOR TRIM TAB ANO RUODER HINGES
2. STABILATOR TRIM PULLEYS
3. FLAP TRANSMISSION
4. FLAP CONTROL ARMS AND CABLE ENDS
5. AIR FILTER, RIGHT AND LEFT
6. COWL FLAP CONTROL LINKAGE, RIGHT AND LEFT
7. ENGINE OIL SUMP, RIGHT AND LEFT
.. BRAKE RESERVOIR
9. PILOT AND PASSENGERS SEAT TRACKS

10. LANDING GEAR RETRACTION MECHANISM
11. LANDING GEAR RETRACTION TRANSMISSION
12. OIL FILTER CARTRIDGE, RIGHT AND LEFT
13. GOVERNOR, THROTTLE AND MIXTURE CABLE ENDS
14. AILERON HINGES, RIGHT AND LEFT
1&. FLAP CONTROL ROD ENDS, CABLE ENDS AND BELLCRANK BEARINGS
16. STABILATOR CONTROL CABLE ENDS AND TRIM PULLEYS
17. STABILATOR CONTROL TUBE BEARINGS AND SQUARE TUBE MOUNTING BEARINGS
18. CONTROL WHEEL ROLLERS
19. CONTROL WHEEL CHAIN VERTICAL AND HORIZONTAL
20. LOCK PIN, STEP
21. STEP LOCK PULLEYS AND RELEASE ARM PIVOT BEARING
22. FLAP TRACK
23. FLAP TRACK ROLLERS, STEEL OR NYLON
24. STEERING ROD END BEARINGS, STEERING BELLCRANK PIVOT BEARING,

STEERING ARM BUSHING, GEAR ALIGNING BUSHING
25. GEAR OLEO STRUT FILLER
28. NOSE GEAR DOOR HINGES, DOOR ACTUATING MECHANISM, NOSE GEAR PUSH-PULL

ROD END BEARING
27. STRUT HOUSING ATTACHMENT BUSHINGS, DRAG LINK PIVOT AND

ATTACHMENT BUSHINGS
28. SHIMMY DAMPENER ROD'END BEARING AND MOUNT
29. UPPER AND LOWER TORQUE LINK BUSHINGS
30. UPPER AND LOWER TORQUE LINK CONNECTINGBOLT
31. WHEEL BEARINGS
32. RUDDER TRIM GUIDE, UNIVERSAL JOINT, TRIM TUBE END BEARING, PUSH.ftULL

TUBE END BEARINGS, BELLCRANK PIVOT BEARING
33. RUDDER TRIM SCREW
34. STABILATOR TRIM MECHANISM
35. RUDDER CONTROL CABLE AND TRIM TUBE END BEARINGS
38. STABILATOR TRIM TAB CONTROL ROD
37. STABILATOR TRIM SCREW
38. RUDDER PEDALS, BRAKE ACTUATING MECHANISM, BRAKE CYLINDER ENDS,

CONTROL CABLE ENDS AND STEERING ROD ENDS
39. RUDDER PEDAL TORQUE TUBE AND BLOCK BEARINGS
40. STRUT ATTACHMENT BEARING
41. GEAR OLEO STRUT FILLER
42. BUNGEE CORD ROLLERS
43. GEAR DOOR HINGE, RETRACTION ROD END BEARINGS, TORQUE LINK

CONNECT1NG SOLT
44. WHEEL BEARINGS
41. lItPER AND LOWER TORQUE LINK BUSHINGS
41. 81DE BRACE MOUNT BEARING
47. SIDE BRACE END BEARING AND PIVOT BEARING
48. RETRACT10N CABLE END BEARING AND SIDE BRACE ATTACHMENT BUSHING
49. PROPELLER GREASE FITTINGS, RIGHT AND LEFT
50. AILERON PUSH~LLROD END BEARINGS, CONTROL CABLE ATTACHMENT POINTS

AND BELLCRANK PIVOT BEARINGS

Figure 2-20. Lubrication Chart (cont.) •
Revised: 6/4/81
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FREDUnC' -HOURS

00006
DAILY 50 100 500 RE:U~RED

,
HAND

or
PACK

OIL
CAN

METHOD

?
GREASE

GUN

SKETCH F

,
SPRAY BRUSH HYDRAULIC

CAN FLUID

. Figure 2-20. Lubrication Chart (cont.)

SKETCH I

SKUCH G

Revised: 1/31/74
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TYPE OF LUBRICANTS

IDE..TI'ICATIDN SPECIFICATION LUBRICANT
LfTTER

A lllL-L.7170 LUBRICAnt.. OIL. GENERAL PURPOSE. LOW
TellPERATURE

I lllL-L-6012 LUIRICATING OIL. AIRCRAfTRECIPRO-
CATING ENGINE (PISTOHI GRADE AS
SPECI'II!D .
SAl! 50 ABOVI! 60'1" AIR TUP.
SAl! 40 30' TO 90'1" AIR TeIlP.
SAl! 30 00 TO 7001" AIR nilP.
SAl! 20 BELOW l00F AIR TEIlP.

C llIL-'t-56C16 HYDRAUUC FLUID. PETROLfUIl lASE

D III L,.G.23827 GREASE. AIRCRAfT AND INSTRUIlENT. GEAR
AND ACTUATOR SCREW

E lllL,.G.154S GRUSE. AIRCRAfT. HIGH TEMPERATURE

F ALL PURPOSE SLIP SPRAY DUPONT NO. 6611

SPECIAL INSTRUCTIONS

1. AIR FILTER • TO CLEAN FlLTIl'. TAP GENTLY TO REMOVE DIRT PARnCLEs. DO NOT BLOW
OUT WITH COMPRESSED AIR OR USE SOLVENT. REPLACE FlL1£1' IS PUNCTURED OR
DAMAGEO.
TURBOCHARGED ENGINES· CLEAN 'ILTER IN SOLVENT AND ALLOW TO DRY. DIP IN SAE 10
OIL AND ALLOW TO DRAIN FOUR HOURS.

2. BEARINGS A'''D BUSHINGS· CLEAN EXTERIOR WITH A DRY TYPE SOLVENT BEFORE
RELUBRICATING. '

1 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. OISASSEMBLE AND CLEAN WITH A QUICK DRYING
TYPE SOLVENT. WHEN REASSEMBLING TRANSMISSIONS. FILL DUKES TRANSMISSION WITH
DUKES NO.4 LUBRICANT OR DURA TRANSMISSION WITH MIL~7111OR MIL-G·2::J827 GREASE.
NO SUBSTITUTION IS ALLOWED IN EITHER TRANSMISSION. A"LY A THIN COAT OF
MIL4·71110R MIL4·Z:J127 GREASE ON ACTUATOR SCREWS. SEE N01£ 4.

4. OLEO STRU'r.i AND .BRAKE RESERVOIR· FILL PER INSTRUCTIONS ON UNIT OR CONTAINER.
OR REFER TO SERVICE MANUAL. SECTION II.

5. PROPILLER· REMOVE ONE OF THI TWO GRI!ASE FITTINGS FOR IACH BLADE. APPLY GREASE
THROUGH FITTING UNTIL FRESH GREASE APPEARS AT HOLE OF REMOVED FITTING.

6. LUBRICATION POINTS· WIPE ALL LUBRICAnON POINTS CLEAN OF OLD GREASE. OIL. DIRT.
ETC.. BEFORE RELUBRICATING.

7. LUBRICATING OIL· INTERVALS BETWEEN OIL CHANGES CAN BE INCREASED AS MUCH AS
1~ ON ENGINES EQUIPPED WITH fULL FLOW (CARTRIDGE TYPEI OIL FILTERS PROVIOED
THE ELEMENT IS REPLACED EACH 10 HOURS OF OPERATION.

I. LUBRICATE FLAP TRACK WITH DUPONT'S ALL PURPOSE SLIP SPRAY NO. 6611. FLAPS
REQUIRE CLEANING AND LUBRICAnON AP1£R EXPOSURE TO AN ABNORMAL QUANTITY OF
WATER. 'LAPS WITH NYLON ROLLIRS WILL NOT AEQUIRE LUBRICAnON ON EITHER FLAP
TRACKS OR ROLLERS.

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

HANDLING AND SERVICING

Issued: I ~r~9/7:

ID6



.,.-- .

PIPER TWIN COMANCHE SERVICE MANl:AL

•TABLE II-V. DECIMAL/ MILLIMETER EQUIVALENTS OF DRILL SIZES

Decimal/Millimeter Equivalents of Drill Sizes From 1/2"to No. 80

Size Decimal Millimeter Size Decimal Millimeter Size Decimal Millimeter Size Decimal Millimeter
Equiv. Equiv. Equiv Equiv. Equiv. Equiv. ECfuiv. Equiv.

1/2 0.500 12.7000 G 0.281 8.8294 6/32 0.1582 3.9887 51 0.087 1.7018
31/84 0.4843 12.3031 F 0.257 8.6278 23 0.164 3.9118 62 0.0835 1.8129
16/32 0.4687 11.9082 E·1/4 0.250 8.3500 24 0.152 3.8608 1/18 0.0825 1.5875
29/84 0.4631 11.5094 0 0.248 8.2484 25· 0.1495 3.7973 53 0.0595 1;5113
7/18 0.4375 11.1125 C 0.242 8.1468 26 0.147 3.7338 54 0.055 1.397

27/84 0.4218 10.7168 B 0.238 8.0462 27 0.144 3.6578 55 0.052 1.3208
Z 0.413 10.4902 16/84 0.2343 6.9631 9/84 0.1408 3.6719 3/84 0.0468 1.1906

13/32 0.4062 10.3187 A 0.234 5.9436 28 0.1405 3.5687 56 0.0465 1.1811
Y 0.404 10.2616 1 0.228 5.7912 29 0.136 3.4544 57 0.043 10922
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 0.040 1.016
V 0.377 9.5758 4 0.209 5.3086 32 0.116 2.9484 61 0.039 0.9906

3/8 0.375 9.5250 5 0.2055 5.2197 33 0.113 2.8702 62 0.038 0.9652
U 0.36B 9.3472 6 0.204 5.1816 34 0.111 '2.8194 63 0.037 0.9396

23/84 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 0.201 5.1054 7/84 0.1093 2.7781 65 0.035 0.899
S 0.346 8.7884 8 0.199 5.0546 36 0.1065 2.7051 66 0.033 0.8382

11/32 0.3437 8.7300 9 0.196 4.9784 37 0.104 2.8416 1/32 0.0312 0.7937
R 0.339 8.6106 10 0.1936 4.9149 38 0.1015 2.5781 67 0.032 0.8128

Q 0.332 8.4328 11 0.191 4.8614 39 0.0995 2.5273 68 0.031 0.7874
21/84 0.3281 8.3337 12 0.189 4.8006 40 0.098 2.4892 69 0.029 0.7366

p 0.323 8.2042 3/16 0.1875 4.7625 41 0.096. 2.4384 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 0.182 4.6228 42 0.0935 2.3749 72 0.025 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 7.53B7 16 0.177 4.4958 44 0.086 2.1844 74 0.0229 0.58166

M 0.296 7.4930 17 0.173 4.3942 45 0.082 2.0828 75 0.021 0.5334
L 0.290 7.3660 11/64 0.1718 4.3656 46 0.081 2.0574 76 0.020 0.508

9/32 0.2812 7.1425 18 0.1695 4.3053 47 0.0785 1.9939 77 0,018 0.4572

K 0.281 7.1374 19 0.166 4.2184 5/64 0.0781 1.9844 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
I 0.272 6.9088 21 0.169 4.0386 49 0.073 1.8542 79 0.0145 0.3683

H '0.266 6.7564 22 0.157 3.9878 50 0.070 1.n8 80 0.0135 0.3429
17/64 0.2656 6.7462

DRILL SIZES AVAILABLE:
Drill may be obtained in regular sizes to a 4 inch diameter. and increa58 in 64thsof an inch.

The regular metric drills vary from 2 to 76mm. and increa58 in 0.5mm. variations.

•Added: 10/28/82
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TABLE II-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 II-VI.)

A. Example: Convert 1.5 inches to millimeters.

( I) Read down inches colu mn 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 (0 F) and Celsius (oq (Centigrade) Temperture. (Refer to
Table II-VI.)

•
t

I

e'

A. Read number in middle column, if in degrees Celsius (0 C), read Fahrenheit equivalent in right-hand
column. If in degrees Fahrenheit eF), read Celsius equivalent in left-hand column.

(I) 70° F = 21.1 o C.
(2) 30° C = 86.0° F.

Added: 10/28/82
108
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TABLE ll-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 200 F. to Centigrade~find 20 in the center column
and read -6.670C. in the (C) column to the left.

C F-C F C F-C F

-56.7 -70 -94.0 104.44 220 428.0
-51.1 -60 -76.0 110.00 230 446.0
-45.6 -SO -58.0 115.56 240 464.0
-40.0 -40 -40.0 121.11 250 482.0
-34.0 -30 -22.0 126.67 260 500.0
-38.9 -20 -4.0 132.22. 270 518.0
-23.3 -10 14.0 137.78 280 536.0
-17.8 0 32.0 143.33 290 554.0

-12.22 10 50.0 148.89 300 572.0
-6.67 20 68.0 IS4.44 310 590.0
-1.11 30 86.0 160.00 320 608.0
4.44 40 104.0 165.56 330 626.0

10.QO SO 122.0 171.11 340 644.0
15.56 60 140.0 176.67 350 662.0
21.11 70 158.0 182.22 360 680.0
26.67 80 176.0 187.78 370 698.0
32.22 90 194.0 193.33 380 716.0
27.U, 100 212.0 198.89 390 734.0
43.33 110 230.0 204.44 400 752.0
38.89 120 248.0 210.00 410 770.0
54.44 130 266.0 215.56 420 788.0
60.00 140 284.0 221.11 430 806.0
65.56 ISO 302.0 226.67 440 824.0
71.00 160 320.0 232.22 450 842.0
76.67 170 338.0 257.78 460 860.0
82.22 180 356.0 243.33 470 878.0
87.78 190 374.0 248.89 480 896.0
93.33 200 392.0 254.44 490 914.0
98.89 210 410.0 260.00 500 932.0

•

•

Added: 10/28/82 ID9
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TABLE ll-VI. CONVERSION TABLES (cont.)

•

•-

INCHES TO MILLIMETER

INCHES--o.oOOO 0.0001 0.0002 0.0003 0.0004 . 0.0005 0.0006 0.0007 0.00011 0.0009

I MILLIMETER
0.000 0.0025 0.0050 0.0076 0.0101 0.0127 0.0152 0.0177 0.0203 0.0228
0.001 0.0254 0.0279 0.0304 0.03)0 0.0355 0.0381 0.0406 0.0431 0.0457 0.04112
0.002 0.0508 0.0'33 0.0558 0.0584 0.0609 0.063' 0.0660 0.0685 0.0711 0.0736
0.003 0.0762 0.0787 0.0812 0.0838 0.0863 0.0889 0.0914 0.0939 0.096' 0.0990
0.004 0.1016 0.1041 0.1066 0.1092 0.1117 0.1143 0.1168 0.1193 0.1219 0.1244
0.00' 0.1270 0.129' 0.1320 0.1346 0.1371 0.1397 0.1422 0.1447 0.1473 0.1498
0.006 0.1524 0.1549 0.1574 0.1600 0.1625 0.1651 0.1676 0.1701 0.1727 0.1752
0.007 0.1778 0.1803 0.1828 0.1854 0.1879 0.190' 0.1930 0.1955 0.1981 0.2006
0008 0.2032 0.2057 0.2082 0.2108 0.2133 0.2159 0.2184 0.2209 0.2235 0.2260
0009 0.2286 0.2311 0.2336 0.2362 0.2387 0.2413 0.2438 0.2463 0.2489 0.25/4

INCHES-- 0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.0011 0.009

I MILLIMETER
0.00 0.025 0.050 0.076 0.101 0.127 0.152 0.177 0.203 0.2211

0.01 0.254 0.279 0.304 0.3)0 0:355 0.381 0.406 0.431 0.457 0.4112

0.02 0.508 0.533 0.558 0.584 0.609 O.bJS 0.b6O 0.b85 0.711 0.73b

0.03 0.762 0.787 0.812 0.1138 0:863 0.11119 0.914 0.939 0.965 0.990

0.04 1.016 1.041 1.066 1.092 1.117 1.143 1.168 1.193 1.219 1.244

0.05 1.270 1.295 1.320 1.346 1.371 1.397 1.422 1.447 1.473 1.498

0.06 1.'24 1.549 1.574 1.600 1.625 1.65/ 1.676 1.701 1.727 1.752

0.07 1.778 1.803 1.828 1.854 1.879 1.905 1.930 1.955 1.981 2.006

0.08 2.032 2.0S? 2.082 2.1011 2.1)) 2.159 2.184 2.209 2.235 2.260,
0.09 2.286 2.311 2.)36 2.)62 2.)117 2.41) 2.4)8 2.4f1) 2.4119 2.514

INCHES-O.OO 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.011 0.09

I MILLIMETER
0.0 0.254 0.508 0.762 0.016 1.270 1.524 1.778 2.032 2.2116

0.1 2.540 2.794 ),048 ),)02 ),556 3.810 4.064 4.318 4.572 4.826

0.2 5.080 5.))4 H88 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 9.906

0.4 10.160 10.414 10.668 10.922 Il.l7b 11.430 11.684 11.9311 12.192 12.44b

0.5 12.700 12.954 13.208 13.462 1).71b 13.970 14.~24 14.4711 14.732 14.911b

0.6 15.240 15.494 15.748 16.002 16.25f1 Ib.510 16.764 17.0111 17.272 I7.S2b

0.7 17.780 18.034 18.288 18.'42 111.796 19.050 19.304 19.558 19.1112 20.066

0.11 20.320 20.S?4 20.828 21.082 21.))6 21.590 21.844 22.098 22.JS2 22.606

0.9 22.860 23.114 23.368 23.622 23.117b 24.130 24.3114 24.b38 24.892 25.14b

I~CHES--O.OO 0.1 0.2 0 ..1 0.4 0.5 0.1> 0.7 0.11 0.9

I MILLIMETER·,
O. 2.54 5.011 7.62 10.11> 12.70 15.24 17.711 20..'2 22.111>

I. 25.40 27.94 30.411 JJ.02 35.51> 311.10 40.64 43.111 45.72 4II.2b

2. 50.110 H34 55.1111 511.42 flO. 91> H50 1>6.04 1>11.511 71.12 7lbb

.'. 7b.20 711.74 111.211 lI.lll2 111>..'1> 1111.90 91.44 9.1.911 91>.52 99.01>

4. 101.60 104.14 10fI.611 109.22 111.71> 114..'0 111>.114 119..111 121.92 124.41>

S. 127.00 129.54 1.'2.011 1.'4.1>2 1J7.II> 1.19.70 142.24 144.711 147.J2 149.111>

1>. 152.40 154.94 157.411 IfIO.02 11>2.51> 11>5.10 11>7.1>4 170.111 172.72 175.21>

7. 177.110 1110..'4 1112.1111 1115.42 1117.91> 190.50 19.104 195.511 1911.12 200.1>1>

II. 20.'-20 20S74 2011.211 210.112 21.'--'1> 215.90 2111.44 220.911 22.'.52 221>.01>

9. 2211.1>0 2.lI .14 2.U.,," 2.'1>.22 2311.71> 241..'0 24.l114 241>..'" 2411.92 2SI,41>

Added: 10/28/82
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TABLE II-VI. CONVERSION TABLES (cont.) •MULTIPLY BY TO OBTAIN

CENTIMETERS 0.3937 IN.
0.03281 FT.

CU. CENTIMETERS 0.001 LITERS
0.06102 CU. IN.
0.0002642 U.S. GAl.

CU. FT. 28.320 Cu. CM.
1.728 CU. IN.
7,481 U.S. GAl.
28.32 LITERS

CU. IN. 16.39 CU.CM.
0.01639 LITERS
0.004329 U.S. GAl.
0.01732 QUARTS

CU. METERS 1000ooo CU.CM.
35.314 CU. FT.
61.023 CU. IN.
264.17 .'GAl.
999..97 LITERS

FEET 0.3048 METERS
12.000 MILS.
304.8 MM.
0.3333 YARDS

FT.·LB. 0.1383 M-KG
0.001285 BTU
0.o00ooo376 KW-HR

FLUIDOZ. 8 DRAM
29.6 CU.CM.

GAl.. IMPERIAL 277.4 CU.IN.
1.201 U.S. GAl.
4.546 LITERS

GAL.. U.S. DRY 268.8 CU. IN.
0.1556 CU. FT.
1.164 U.S. GAL.. lIQ.
4.405 LITERS

GAL.. U.S. lIQ. 231.0 CU. IN.
0.1337 CU. FT,
3.785 LITERS
0.8327 IMPERIAL GAl.
128 FlUIDOZ.

IN. 2.S40 eM.
.08333 FT.

JOULES 0.000948 BTU
0.7376 FT.·LB.

MULTIPLY BY TO OBTAIN

KILOGRAMS 2.205 I.B.
35.27 OZ.
1000 GRAMS

LITERS 1000 CU.CM.
61.03 CU. IN.
0.03532 CU. FT.
0.2642 U.S. GAL.
0.22 IMPERIAL GAl.
1.057 QUARTS

METERS 39.37 IN.
3.281 FT.
1000 MM.

METER-KILOGRAM 7.233 FT.·LB.
9.1107 JOULES

OUNCES. AVDP 0.0625 LB.. AVDP
28.35 GRAMS
437.5 GRAIl'S

OUNCES. FLUID 29.57 CU. CM.
1.805 CU. IN.

LB.. AVDP 453.6 GRAMS
7000 GRAINS
16.0 ouro;CES

SQUARE INCH 6.4516 SQ.CM.

POUND PER 0.0703 KG-CM
SQUARE INCH SQUARED
(PSI)

STATUTE MILE 1.609 KILOMETER
0.8684 NAUTICAL MILE

NAUTICAL MILE 1.151 STATUTE
MILE

QUART .9463 LITER

MILLIMETER 1000 MICROro;

MICRON 0.001 MII.lIMETER
OO39סס.0 INCH

INCH 11.S21 METER
POUNDS GRAMS

INCH 0.72 METER
OUNCES GRAMS

POUNDS 0.453 KILOGRAMS

•Added: 10/28/82
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YELLOW ,~UMERALS,

LETTERS AND STRIPE

El-.-ssn-........s.....~
D. NONSELF-SEALING ARO~~TIC

RESISTANT HOSE

TWO COTTON BRAIDS- IMPREGNATED
WITH SYNTHETIC COMPOUND

SINGLE WIRE BRAID
SYNTHETIC INNER TUBE-----'

A. FLAME AND AROMATIC RESISTANT HOSE

WHI'JE NUMERALS, LETIEllS AND STRI~

~1I1OOO.Sia.S·""U~.p.I~C:O
(VIEWS SHOWING OPPOSITe SIDES OF HOSE)

B. NONSELF-SEALING AROMATIC AND HEAT-RESISTANT HOSE

83.2

RED NUMERALS, LETTERS AND STRIPE

(-..;;;;.;--~D
E. SELF-SEALING AROMATIC

RESISTANT HOSE

o
RED NUMERALS AND LETTERS

C. FLAME, AROMATIC, AND OIL RESISTANT HOSE

HOSE IDENTIFICATION MARKINGS

DI·ItItr<. A

01'':''''' A

DE-ICINGHYDRAULICINSTRUMENT
AIR

NGE ORANGE ORANGE
I..., ~

( ...~...o ~

CQMHtUIO ~
GAt ~

(00",,"0 I~

ELECTRICAL COMPRESSED
CONDUIT GAS

RED
J
1 ¢'.....

¢'.....
¢'

'uu A

Figure 2-21. Identification of Aircraft Fluid Lines

RE
FLUID LINE IDENTIFICATION USING TAPE AND DECALS

BREATHING
OXYGEN

Added: 10/28/82 1D12
HANDLING AND SERVICING



1:111

PIPER TWIN COMANCHE SERVICE MANl:AL

(I

Figure 2-22. Removal of Cherrylock Rivets •Added: 10/28/82 ID13 HANDLING AND SERVICING
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TABLE II-VII. MAXIMUM DISTANCE BETWEEN SUPPORTS FOR FLUID TUBING

DISTANCE BETWEEN SUPPORTS (IN.)

:.'

TUBE
'0.0. (1;\.)

1;8
3j16
1/4
S/l6
3/8
1/2
5/8
3j4
1

ALUMINUM ALLOY

9 I" 2
12
13 1/2
IS
16 1/2
19
22
24
26 1/2

STEEL

11-12
14
16
18
20
23
25 I; 2
27 1'2
30

Added: 10/28/82
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SECTION III

INSPECTION

3-1. INTRODUCTION. This section provides instrUctions for condu~tinginspec­
tions. These inspections are described in paragraphs 3-4 ~nd .1-.5. Repair or
replacement instructions for those components found to be unserviceable at in­
spection may be found in the section covering the applicable aircraft system.

CAUTION

When working on engines, ground the magneto pri­
mary circuit before performing any operation.

3-2. RECOMMENDED LUBRICANTS. Refer to Recommended Lubricants, Sec­
tion n, for lubrication .servicing instructions .

3-3. INSPECTION PERIODS.

3-4. INSPECTION REQUIREMENTS. The require.d inspection procedures are
listed in Table III-I. The inspection procedure is &oken down into major groups
which are: Propeller, Engine, Turoocharger, Cabin, Fuselage and Empennage,
Wing, 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 .:l.t
ea~h of the inspection intervals as indicated by a circle (0). Ii an item is not cn­
tirely accessible or must be removed, refer to the applicable section of this man­
ual for instructions on how to gain access or remove the item. When performing
inspection use forms furnished by the Piper Factory Service Department, a \"a11­
able through. Piper Dealers or Distributors.

INSPECTION
Issued: 12/29/72
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NOTE

In addition to inspection intervals required in Table III-I a
preflight check must be performed as described in
Paragraph 3-5.

3-5. PREFUGHT CHECK.. The airplane must be given a thorough preflight and
walk-around check. The pilot and/or mechanic must include the prefUaht check as a nonnal
procedure necessary for the safe operation or the aircraft. Refer to the Pilot's Operatinl
Manual for a listing of items that must be checked.

INTENTIONALLY LEFT BLANK

Revised: 4/26/78
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3-6. OVERLL.\tlITS INSPECTION. If the airplane has been operated so that any
of its components have exceeded their maximum operational limits, check with
the appropriate manufacturer.

I:\SPECTlON

Issued: 12/19/71
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TABLE III-I. INSPECTION REPORT

NOTE

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

•
Inspection Time (hrs)

Nature of Inspection
50 100 500 1000

A. PROPELLER GROUP

I. Inspect spinner and back of plate for cracks .......................... 0 0 b 0
2. Inspect blades for nicks and cracks .................................. 0 0 0 0
3. Check for grease and oil leaks ...................................... 0 0 0 0
4. Lubricate per lubrication chart in Service Manual ..................... 0 0 0
5. Check spinner mounting brackets for cracks .......................... 0 0 0
6. Check propeller mounting bolts and safety (Check torque if safety

is broken) ..............,: ......................................... 0 0 0
7. Inspect hub parts for cracks and corrosion ........................... 0 0 0
8. Check propeller air pressure (Check at least once a month) ............. 0 0 0
9. Remove propellers: remove sludge from propeller and crankshaft .....•. 0 0

10. Overhaul propeller (per latest revision of Hartzell S/ L No. 61) ..........

B. ENGINE GROUP

NOTE: Read Note 8 prior to completing this inspection group.
CAUTION: Ground Magneto Primary Circuit before working on engine.

I. Remove engine cowl .............................................. 0 0 0 0
2. Clean and check cowling for cracks, distortion and loose or

missing fasteners .................................................. 0 0 0
3. Drain oil sump (See Note 5) ........................................ 0 0 0 0
4. Clean suction oil strainer at oil change (Check strainer for

foreign particles) .................................................. 0 0 0 0
5. Clean pressure oil strainer or change full flow (cartridge

type) oil filter element (Check strainer or element for
foreign particles) .................................................. 0 0 0 0

6. Check oil temperature sender unit for leaks and security ............... 0 0 0
7. Check oil lines and fittings for leaks, security, chafing,

dents and cracks (See Note 7) ...................................... 0 0 0

INSPECTIOI

ID19
Revised: 4/6/81



·~

-•

PIPER TWIN COMANCHE SERVICE MANUAL

TABLE III-I. INSPECTION REPORT

Inspection Time (hrs)
Nature of Inspection

50 100 500 1000
B. ENGINE GROUP (cont.)

8. Clean and check oil radiator cooling fins ............................. 0 0 0
9. Remove and flush oil radiator ...................................... 0 0

10. Check rocker box covers for evidence of oil leaks. If found.
replace gasket; torque cover screws 50 inchpounds (See Note 9) ......... 0 0 0 0

NOTE: Lycoming requires a Valve Inspection be made after every
400 hours of operation. (See Note 8.)

II. Check wiring to engine and accessories. ~eplace damaged wires
and clamps. Check terminals for security and cleanliness ............... 0 0 0

12. Inspect spark plug cable leads and ceramics for corrosion
and deposits ...................................................... 0 0 0 0

13. Check cylinder compression (Ref: AC43.13-1 A) ....................... 0 0 0
14. Check cylinders for cracked or broken fins ........................... 0 0 0
15. Fill engine with oil as per lubrication chart ........................... 0 0 0 0
16. Clean engine ..................................................... 0 0 0
17. Check condition of spark plugs (Clean and adjust gap as required.

0.015 to 0.018 or 0.018 to 0.022. as per latest revision of Lycoming
Service Instruction No. 1042) ....................................... 0 0 0

NOTE: If fouling of spark plugs has been apparent. rotate bottom plugs
to upper plugs.

18. Check ignition harnesses and insulators (high tension leakage
and continuity) ................................................... 0 0 0

19. Check magneto main points for clearance - Maintain clearance
at 0.018 ± 0.006 .......................•........................... 0 0 0

20. Check magneto for oil seal leakage .................................. 0 0 0
21. Check breaker felts for proper lubrication ............................. 0 0 0
22. Check distributor block for cracks. burned areas or corrosion

and height of contact springs .......... ; ............................ 0 0 0
23. Check magnetos to engine timing ................................... 0 0 0
24. Overhaul or replace magnetos (See Note 6) ...........................
25. Remove induction air filter and clean. Replace as required ............. 0 0 0 0
26. Remove and clean fuel injector inlet line screen (Clean

injector nozzles as required) (Clean with acetone only) ................. 0 0 0 0
27. Inspect injector system for signs of fuel dye indicating leaks.

NOTE: If dye stains are present. check for loose connections
and proper installation of air bleed nozzle shrouds .................... 0 0 0 0

!~20
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TABLE III-I. INSPECTION REPORT

,..---.------~-----,.Inspection Time (hrs)
Nature of Inspection

SO 100 500 1000
B. ENGINE GROUP (cont.)

28. Inspect alternate air takeoff assembly. Remove air duct hose
to checlc 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
Bulletin No. 623.) ' .

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

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

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

Note 12) ................•..••..•.•...•.•.•....•...........•......
44. Check all engine baffles ..........•.................................
4S. Check fire walls for cracks ..............•..... ; .
46. Check fire wall seals .
47. Check condition and tension of generator or alternator drive

belt , " .
48. Check condition of generator or alternator and starter .
49. Replace vacuum re~ulator filter .

SO. lubricate all controls (DO NOT lubricate teflon liners of control
cables) (Refer to Service Manual) .

51. Overhaul or replace propeller governor. Refer to the latest
revision of Hartzell SIL No. 61 ..

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

Revised: 10/28/82
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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
0 0 0

0 0 0
0 0 0
0 0 0

0 0 0
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TABLE In-I: INSPECTION REPORT

Inspection Time (1m)
Nature of Inspection

SO 100 500 1000
C. TURBOCHARGER GROUP

1. Inspect all air inlet ducting and compressor discharger
ducling for worn spots, loose clamps or leaks . . . . .. ......•..... 0 0

2. Inspect engine air inlet assembly for cracks, loose clamps
and screws . . . . . . ',' . . . . . . . . . . . . . . . . . . .. 0 0

, 3. Inspect waste-gate housins. exhaust ducting an4 exhaust
stacks for signs of leaks or cracks . . . . . . . . .. 0 0

4. Carefully check all turbo support brackets, struts, etc, for
breakage, Sll8Pg or wear . . . . . . . .. 0 0

,5. Check all oil lines, fuel lines, air lines .and Jittings for wear,
leakage, heat damage or fatigue '...•............. ; . . . . . . . . 0 0

6. Actuate waste-gate control; check spring preload and examine
control for any pending sign of breakage .. ... . . . .. .... 0 0

7. Remove inlet hose to compressor and visually inspect compressor
wheel . . .., . . . . .. .... ... . . . 0

8. Inspect the compressor wheel for nicks, cracks or broken blades. .. .. 0
9. Check for excess bearing drag or wheel rubbing against

housing .. .. 0
10. Inspect induction and exhaust components for worn or damaged

areas, loose clamps, cracks and leaks . . . . . . 0
II .. Check turbine wheel for broken blades or signs of rubbing 0
12. Check turbine heat blanket for condition and security . . . . . . . . . . . 0
13. Check rigingof exhaust waste gates .. .. .. .,. . . . . . . . 0
14. Check rigging of alternate air control 0
IS. Run up erlpe; check instruments for smooth, steady response 0 0
16. Remove all turbocharger components from the engine. Inspec~ and

repair or replace as necessary .. . . ... . . . . . . . . .
17. Oean turbocharger oil f1lter per Turbo Oil Filter Cleaning

Procedure, Section II, Service Manual at every oil change . . . . 0 0
18. Inspect all turbocharger hose assemblies (Refer to Note 15).............. 0
19. Reinstall engine cowl. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 0

D. CABIN GROUP

o 0

o 0

o 0

o 0

o 0

o 0

o 0
o 0

o 0

o 0
o 0
o 0
o 0
o 0
o 0

o

o 0
o 0
o 0

1. Remove inspection plates and panels . . . . .. .... .... ..
2. Inspect cabin entrance door, bagpge compartment door

and windows for damage, operation and security . . . . . .
3. Check upholstery for tears . .... ... .... .. .. '" ..
4. Check seats, seat belts, securing brackets and bolts ..

o
o
o
o

o '0

o 0
o 0
o 0

INSPECfION
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PIPER TWIN COMANCHE SERVICE MANUAL

TABLE III-I. INSPECTION REPORT •Inspection Time (hrs)
Nature of Inspection

50 100 500 1000
D. CABIN GROUP (cont.)

S. Check trim operation .............................................. 0 0 0
6. Check rudder pedals, brake pedals and cylinders for operation

and leaks ........................................................ 0 0 0
7. Check parking brake .............................................. 0 0 0
8. Check control wheels, column, pulleys and cables ..................... 0 0 0
9. Check landing, navigation, cabin and instrument lights ••••.•••••••••• I" 0 0 0

10. Check instruments, lines and attachments ............................ 0 0 0
II. Check instruments central air filter lines and replace filter .............. 0 0 0
12. Check condition of vacuum operated instruments and operation

of electric turn and bank (Overhaul or replace as required) ............. 0 0 0
13. Replace filters. if installed, in gyro horizon and directional

gyro ............................................................. 0 0
14. Check altimeter. Calibrate illtimeter system in accordance

with FAR. 91.170 (if appropriate) ................................... 0 0 0
IS. Check operation of fuel selector valves (See Note 14) ............. ; .... 0 0 0
16. Check operation of crossfeed valve .................................. 0 0 0
17. Check operation of heater fuel valves ................................ 0 0 0
18. Check oxygen outlets for defects and corrosion " ..................... 0 0 0
19. Check oxygen system operation and components ...................... 0 0 0
20. Reinstall inspection plates and panels ................................ 0 0 0

E. FUSELAGE AND EMPENNAGE GROUP

I. Remove inspection plates and panels ............................•... 0 0 0
2. Check fluid in brake reservoir (Fill as required) ....................... 0 0 0
3. Check battery, box and cables (Check at least every 30 days.

Flush box as required and fill battery per instructions in
Servicing Battery, Section II, Service Manual) ........................ 0 0 0 0

4. Check heater for fuel or fume leaks ................................. 0 0 0
S. Check recommended time for overhaul of heater per Overhaul

Instructions, Section XIII, Service Manual ........................... 0 0 0
6. Check electronic installations (See the latest revision of Piper

Service Bulletin No. 553) ........................................... 0 0 0
7. Check bulkheads and stringers for damage ........................... 0 0 0
8. Check loop and loop mount, antenna mount and electric wiring ........ 0 0 0
9. Inspect E.L.T. installation and condition of battery and antenna (See latest

revision of Piper SI L 820) .......................................... 0 0 0
10. Remove, drain and clean fuel filter bowl and screen (Drain and clean

at least every 90 days) .............................................. 0 0 0 0

\

~

INSPECTION
Revised: 6/4/81
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TABLE III-I. INSPECTION REPORT

Nature of Inspection

E. FUSELAGE AND EMPENNAGE GROUP (cont.)

II. Check fuel lines, valves and gauges for damage and operation .
12. Check security of all lines .
13. Check stabilator, fin and rudder surfaces for damage (Refer to

. latest revision of Piper Service Letter No. 679) .
14. Inspect fin front spar to·fuselage attachment 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 Letter No. 667 •................... " .

16. Check stabilator bearings and horns for damage and operat!on
(Refer to latest revision of Piper Service Bulletin No. 464) .

17. Check rudder hinges. horn and attachments for damage and
operation .

18. Check rudder trim mechanism .
19. Check stabilator trim mechanism .
20. Check stabilator free play (Refer to Service Manual. Section IV) .
21. Check aileron. rudder. stabilator. trim cables and turnbuckles•

guides and pulleys for safeties. damage and operation .
22. Replace rudder hinge bolts .
23. Check rotating beacon for wear, etc .
24. Lubricate per lubrication chart in Service Manual .
25. Check security of autopilot bridle cable clamps .
26. Reinstall inspection plates and panels .

F. WING GROUP

Inspection Time (hrs)

50 100 500 1000

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 0 0

.-.

I. Remove inspection plates and fairings .
2. Check wing, aileron and flap surfaces for damage and loose

rivets, and condition of wing tips .
3. Check condition of walkway .
4. Check aileron attachments and hinges for damage. looseness

and operation .
5. Replace Aileron Outboard Hinge with Aileron Outboard Hinge

Bracket Kit No. 760914 .
6. Check aileron cables. pulleys. bellcranks and control rods for

corrosion. damage and operation .

o

o
o

o

o

o

o
o

o

o

o

o
o

o

o

o

ID24
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TABLE IU-I. INSPECTION REPORT

Inspection Time (hrs)
Nature of Inspection

50 100 500 1000
F. WING GROUP (cont.)

7. Check flap attachments, tracks and rollers for dam•• looseness
and operation. Oean tracks and rollers.. •.......... 0

8. Check flap cables, pulleys, step lock, bellcranks and control rods
for corrosion, damqe and operation ............•......•...

9. Replace bolts used with aileron binaes and flap tracks .
10. Lubricate per lubrication chart in Service Manual ............•.• 0
II. Check winl attachment bolts and brackets .
12. Check ensine mount attachinl structure .
13. Check fuel cells and tines for leaks and water .
14. Fuel cells marked for capacity .......................•..
15. Fuel cells marked for minimum octane rating .
16. Check switches to indicators registering fuel cell quantity .
17. Check fuel ceO vents and drain tubes. . . . . . . . . . . . . . . . . . . . . .. 0
18. Check thermos type fuel ~ap rubber seals for brittleness.

deterioration and snug fit of cap in opening. . . . . . . . . . • . . . . . . .. 0
19. Check for exhaust corrosion in winl panel cavity ..............•
20. Reinstall inspection plates and fairinp .

G. LANDING GEAR GROUP

I. Check oleo struts for proper extension (Check for proper
fluid level as required) 0

2. Check nose sear steering control .•.......................
3. Check wheels for alignmennt .........•.•...............
4. Put airplane on jacks .
5. Check tires for cuts, uneven or excessive wear and slippage .
6. Remove wheels; clean, check and repack bearinp .
7. Check wheels for cracks, corrosion and broken bolts . . . . . . . . . . . .
8. Check tire pressure (42 psi, all) .....•...................• 0
9. Check brake lining and disc 0/64 min. liDina} ..•..•.•.•..•.••.

10. Check brake backing plates .
II. Check brake lines . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
12. Check shimmy dampener .........................•...
13. Check gear forks for damage .......................•...
14. Check oleo struts for fluid leaks and scoring .

INSPEcnON
Revised: 9' 10, i9

lEI
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TABLE III-I. INSPECTION REPORT

Nature of Inspection

G. LANDING GEAR GROUP (cont.)

15. Check gear struts. attachments. torque links. retraction links
and bolts for operation (See Note II) .

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

Piper Service Letter 182) .
23. Check landing gear motor. transmission and attachments .
24. Check anti-retraction system .
25. Check position indicating switches and electrical leads for

security .
26. Replace rubber assist cords (See Note 13) .
27. Lubricate per lubrication chart in Service Manual .
28. Remove airplane from jacks .

H. OPERATIONAL INSPECTION

I. 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 .
II. Check magneto RPM variation .
12. Check throttle and mix.ture operation .
13. Check engine idle .
14. Check propeller smoothness .
15. Check propeller governor action .
16. Check electronic equipment operation .
17. Check operation of controls .

tE2

Inspection Time (hrs)

50 100 500 1000

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 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 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
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TABLE III-I. INSPECTION REPORT •

INSPECTION

lE3
Revised: 10/18/81

Inspection Time (hrs)
Nature of Inspection

50 100 500 1000
H. OPERATIONAL INSPECTION (cont.)

18. Check operation of flaps ........................................... 0 0 0 0
19. Check operation of Autopilot. including Automatic Pitch Trim.

and Manual Trim (See Note 16) ••••••••••••••••••••••••••••••••••••• 0 0 0 0

I. GENERAL

I. Aircraft conforms to FAA Specifications ............................. 0 0 0 0
2. All latest FAA Airworthiness Directives complied with ...........•.... 0 0 0 0
3. All latest Manufacturers Service Letters and Bulletins complied with .... 0 0 0 0
4. Check for proper Flight. Manual .................................... 0 0 0 0
5. Aircraft papers in proper order ..................................... 0 0 0 0

.'

'.

.

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

•

NOTES:
I.

2.

3.
4.

5.

6.

7.
8.

9.

10.

II.
12.
13.
14.
IS.
16.

Refe:r to the: last card of the Piper· Parts Price: List - Aerofiche for a check list of current re:\"i~ion

dates and manuals.
All inspections or operations are required at each of the inspection intervals as indicated 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.
Piper Service Bulletins are of special importance and must be complied with promptly.
Piper Service Letters are product improvements and service hints pertaining to servicing the
airplane and should be given careful attention.
Intervals between oil changes can be increased as much as 100% on engines equipped with full now
(cartridge type) oil filters - Provided the element is replaced each 50 hours of operation.
Replace or overhaul as required or at engine overhaul. (For engine overhaul. refer to the latest
revision of Lycoming Service Instructions No. 1009.)
Replace flexible oil lines as required at Engine T. B.O. per the latest revision of Lycom.ing S B 240.
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
by Avco Lycoming Division 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 accomplished. All such publications are available from Avco Lycoming distributors. or
from the factory by subscription. Consult the latest revision of Lycoming Service Letter no. L 114 for
subscription information. Maintenance facilities should have an up-to-date file of these publications.
available at all times.
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 a.ppearance 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.
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. SS P 1776.
Refer to the latest revision of Piper Service Letter No. 782 for proper inspection and wear limits.
It is recommended that all engine support bushings be changed every 500 hours.
Replace rubber assist cords every 500 hours or every three years, which ever occurs first.
Refer to the latest revision of Piper Service Letter No. 851. .
Refer to A.. D. 81-19-04 and to the latest revision of Rayjay Service Letter No. 28. . .
Refer to Flight Manual Supplement for preflight and night check, for intended function In all
modes.

Revised: 10/18/81
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STRUCTURES

Paragraph

•
Aerofiche
Grid :'Iio.

IE7
IE7

. IE8
IE8
IE8
E8
E9
E9
EIO
EIO
EIO
EIO
EIO
EIO
EI3
EI4
EI4
EI5
EI9
EI9
EI9
EI9
E20
E20
121
E21
E21
E21

IE22
IE22
IE22
IFI

4-1.
4-2.
4-3.
4-4.

4-7.

4-10.

4-13.

4-16.

4-19.
·4-20.

4-23.

4-26.

4-29.

4-32.

Introduction .
Description .
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 Light .
Aileron .
4-11. Removal of Aileron .
4-12. Installation. of Aileron ; .
Flap : .......................•...............................
4-14. Removal of fi;\p .
4-15. Installation of Flap .
Wing .
4-17. Removal of Wing .
4-18. Installation of Wing .
Empennage .
Stabilator .
4-21. Removal of Stabilator .
4-22. Installation of Stabilator .
Stabilator Trim Tab .
4-24. Removal of Stabilator Trim Tab.' '
4-25. Installation of Stabilator Trim Tab , .
Rudder · .
4-27. Removal of Rudder , , .
4-28. Installation of Rudder .
Vertical (Stabilizer Fin) .
4-30. Removal of Fin .
4-31. Installation of Fin '.' .
Fuselage Assembly .

•
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Grid No.

•

4-33.

4-36.

4-39.

4-44.

4-47.

. 4-53.

4-56.
4-57.

Windshic:ld .
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 " .
4-5 I. 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 ComRound .
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 .
4-63. Flow Strips .

IFI
IFI
IFI
IF3
IF3
IF3
IF3
IF3
IF4
IF5
lF5
IF6

IFII
1F I~

F 12
FI~

FIJ
FI4
Ft7
FI7
FllJ
FI9
F20
F22

IG5
lG5
IG5
IG5
IG6
IG6
IG6
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PIPER TWIN COMANCHE SERVICe: MA~AL

•
SEcrION IV

STRUcruRES

4-1. INTRODUcnON. This section explains the removal and installation pro~edures for
the main structural surfaces; for checking and balancing the stabilator and repairing
structural surfaces of the PA-30. Information for the riging and adjustment of these control
surfaces. as well as the removal and installation of their controls. may be found in Section
V. .

NOTE

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

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

The fuselage is an all-metal semi-monocoque construction comprised of bulkheads. •
stringl!rs. stiffeners. and longitudinal beams to which the outer skin is riveted. Th~ .
~ross·sectional dimension of the fuselage is 53.875 inches in height. 47.875 inches in width
and an overall 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
from 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
fuselage at the trailing edge of the wing. On airplanes with serial numbers 30-S53, 30-902
and up. the baggage door on the left side of the fuselage .may also be used as an emergency
~:'(it by holding the inside door knob up while turning the latch clockwise.

Each wing airfoil section is a full cantilever laminar flow type. NACA 64~A115. with a
maximum thickness of 40% aft of the leading edge. At the point of maximum thickness in
the wings. the main spar passes under the seats at fuselage station lOS. I. The wing span is 36
f(t!l. With the optional tip tanks. the wing span is 36.8 feet. Installed in each win,l are a
main and auxiliary fuel cell of the bladder type. The main landinll gear retracts· into the
undersid~ of each wing and is partially enclosed by doors. Attached to (;.u:h wing are the
power plant. ailtron and flap. Within tht! right wing is a step lock to the right tlap permitting
support for the tlap when used as a step. The fuUlength beam type main 5p:lr is joined with
hilPt strength butt fittings·in the center of the fuselage. making in effect ;J continuous main
spar. The main spar is also attached at the side of the fuselage as are the front and rear spars.

The all-metal empennage group is a full cantilever design consisting of a ~ertkal fin.
rudder. and stabilator with a trim tab. Both the rudder and stabilator trim are controlled
from the cockpit The stabilator and vertical fm have two channel main spars running lull

J

STRUCTURES
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length. The stabilator is attached to the fuselage by a torque tube sU[l[lorted by b~aring

blocks.

4-3. WING GROUP.

NOTE

The major sub-assemblies of the wing may be removed
individuaUy or the wing may be removed as a unit. To
remove a wing, a fuselag~ supporting cradle is required.

4-4. WING TIP.

4-5. REMOVAL OF WING TIP.
a. Remove·the screws attaching the wing tip to the wing.
b. Pull the wing tip far enough off to disconnect the navigation light [lositive and

n~gative wires at the quick-disconnect fitting.
c. R~move the wing tip.

4-6. INSTALLATION OF WINGTIP.
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. Wi th aU screws in place, tighten.

THIS SPACE INTENTIONALLY LEFf BLANK

STRUCTURES
Revised: 1/31/74
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Figure 4-1. Landing Light Installation

4-7. LANDING UGHT.

4-8. REMOVAL OF LANDING LIGHT. (Refer to Figure 4-1.)
a. Remove wing tip. (Refer to Paragraph 4-5.)
b. Remove the sheet metal screws from the landing light window assembly (1).
c. Remove the machine screws and clamps (2) holding the lamp (3).
cJ, Pull the lamp forward and remove the electrical leads (4) from rear of the

lamp. then remove the clamp.
e. To disassemble the landing light housing, remove the screws located in the

curners III the housing.
f, Make sure that the electrical leads to the lamp are dis~onnected prior to

removal ilnd that the lamp is not dropped when'the front clamp and rear bral,:kc:t
are sepa 1'a ted.

STRUCTlTRES
Issued: I :,"~917:
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4-9. INSTALLATION OF 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.

4-11. REMOVAL OF 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. INSTALLATION OF AILERON. (Refer to Figure 4-2.)
a. After placing the aileron in position, install the inboard and outboard hinge bolts. Place the spacer

wa'shers 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 nul.

4-13. FLAP.

4-14. REMOVAL OF 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 lock.

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

c. Disconnect the flap control rod and bellcrank return spring at the bellcrank by remu\'ing, washer
and bolt.

Issued: 12/29/72
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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 inboard underside of the flap. At the
left flap, disconnect the flap return cable at the leading edge of the flap on the
wing.

e. Remove the top rollers from the flap brackets, allowing the flap to 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. INSTALLATION OF 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 ll) and install the 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 ~ll travel to assure that there is DO binding.

NOTE

When installing nap rollers, position spacer washers
to allow DO side binding and ascertain that the roller
bushings will roll free.

d. At the right flap, insert the flap return step lock cable end through the
leading edge of the flap. At the left flap, connect the flap return cable to the
leading edge.

e. Connect the flap control 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 adjusanents. (Refer toRigg1ng of Flap, Secdon V.)
h. Install access plates aDd wheel well splash pan.

e

•
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4-16. WING.

4-17. REMOVAL OF WING. (Refer to Fib'Ure 4-3.)
a." Close the fuel valve and drain the fuel from the wingtu be removed. (RI.:fer

to Draining the Fuel System, Section 11.)
b. ~emove the engine from the wing to be removed. (Rder to Removal ul"

Engine, Section vm or vnIA .)
c. Remove wing butt fairing, wing access plates am! bottom fuselage access

panel.
d. Within the fuselage remove the front seats, middle or rear seats and ~ar­

pets.
e. Remove the spar cover and floor panels fore and aft of the main spar.
f. Place the airplane on jacks. (Refer to Jacking, Section 11.)

CAUTION

To prevent damage orcontamiDation of fuel, hydraulic
and miscellaneous lines, place a protective cover over
the line fittings and ends .

NOTE

To facilitate reinstallation of control cables and fuel
or hydraulic Hnes. before removing. mark cable and
line ends in some identifying manner and attach a line
where applicable to cables before drawjng them through
the fuselage or wing.

g. Drain the brake line of the wing to be removed and reservoir. (Refer tu
Draining Brake System, Section II.)

h. Disconnect the Static air, fuel pressure, fuel supply. heater fuel (right
Wing), oil pressure, manifold pressure and vacuum lines at the wing butt.

i. Disconnect brake line at the wing butt.
j. Disconnect the main and auxiliary fuel lines at the wing butt .
k. If tip tanks are installed, di:iconnect fuel lines and remove solenoid valve.
I. Disconnect electrical leads at the wing butt.
m. LlJosen seal grommets and pull control cables through the tirewall.
n. LlJusen seal grommets and pull electrical leads through the firewall.
'J. Pull the engine control cables into the fuselage from the conduit in the \\" in~ .

The tachometer cable must be removed last and installed first due to the larg:~

cap on the end.

"STRCCTVRES
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p. Disconnect electrical leads at bus bar in engine nacelle and pull leads into the fuselage from condui.'
in the wing.

q. Disconnect nap control cable at center of fuselage and remove cable pulley.
r. Disconnel:t 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 to 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 at the side of the fuselage. '
x. Remove bolts from main spar fittings at 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.
abo Remove remaining bolts from spar web plates.
ac. Check to insure all disconnections have been made. then pull the wing directly and slowly away from

the fuselage.

4-18. INSTALLATION OF 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 to the fuselage.
e. Install front spar web plate and aft cap strip straps and install bolts.
f. Position channel on front of spar web and install bolts. •
g. Insert 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. Install 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.
\. Check rear spar fittings for a maximum permissible gap of 0.0 I0 between mating surfaces (before

tightening nut.)

Issued: 12/29/71
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Figure 4-3. Wing lnstallation
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m. Install washers and nuts on all attaching bolts.
n. Ascertain that no gap exists between spar splice plates and capstrips.
o. Torque bolts. securing spar splice plates to capstrip to 160 to 290 inch­

pounds or 13 to 24 foot-pounds and all other bolts use standard torque valves.
p. Install four bolts and seat support on the top capstrip plate and torque bolts

to 160 to 290 inch-pounds or 13 to 24 foot - pounds.
q. jack airplane and remove trestles.
r. Connect the main gear push-pull cable to the rea-action torque arm and

adjust. (Refer to Adjustment of Landing Gear Retraction System. Section VU.)
s. Route flap cona-ol cables into the fuselage. install cable pulleys. and rig

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

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

oil pressure. manifold pressure and vacuum lines at the wing butt.
v. Connect brake line at the wing butt.
w. Connect the main and auxiliary fuel lines at the wing butt.
x. If tip tanks are installed. connect fuel lines and instal~ solenoid valve.
y. Connect electrical leads at the wing butt.
z. Slide engine control cables through conduit in the wing to the engine nacelle.

Due to the large cap on the end. the tachometer cable must be installed first .
aa. Push control cables through seal grommets in firewall.
abo Slide starter. generator or alternator and various electrical leads. etc.

through conduit in wing to the engine nacelle 0

ac 0 Connect short leads to bus bar in engine nacelle and slide remaining leads
through seal grommet in firewall.

ad. Install engine. (Refer to Installation of Engine. Section vm or VIIlA .)
ae. Tighten seal grommets around control cables and electrical leads. .
af. Check for fuel leaks and flow.
ag. Install floor panels•.spar cover and carpet.
ah. Install seat tracks and seats.
a1 . Fill brake fluid reservoir and bleed brakes 0 (Refer to Bleeding Brakes,

Section VU.)
aj . lnsta'p wing butt fairing and access plates 0

STRUCTURES
Issued: 12/29/72
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•4-19. EMPENNAGE.

4-20. STABlLATOR.

4-21. REMOVAL OF STABILATOR. (Refer to Figure 4-4.)
a. Disconnect the stabUator trim control rod by removing nut. washer and

bolt.
b. Disconnect the right and left srabUator from f:ach other at the stabilator

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

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

procedure:
1. Lubricate torque tube and slide stabllator 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 rear spar fittings. •
4. Secure bolts with washers and nuts.
S. Attach the aft end of the srabilator trim control rod to the stabilator

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

Trim, Section V.)
b. When installing new stabilator on original torque tube. use the follOWing

procedure:
I. Lubricate torque tube and slide stabilator halves in poSition, aligning

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

NOTE

The bolt holes in the stabilator are smaller than thos~

of the torque tube. Sight th+ough one hole in each sta­
bilator half and align the stabilator fitting hole in the:
center of the hole in torque tube. Ascertain that all
four stabUator bolt holes will align with the rear SpaL"
bolt installed.

STR L"CWR ES
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2. Ascertain that 0.250 inch clearanc~ is mainta inE::u ht:t\vct:n sta hila tor
skin and fuselage. Trim stabilator skin where necessary.

:3. Remove stabilator halves trom torque tube and r~alll onE:: side ui ont:
bolt hole in both stabilator halves to 0.3l2010.31JO.

4. Install stabilator halves on torque tube; align ream~d holes with mating
holes in torque tube and install bolt in rear spar fittings.

5. Ream hole all the way through. and install bolt (ct) .
6. Ream second hole and 1nstall bolt (ct).
7. Ream holes in the other half of sta.bilator in the same manner and install

bolts.
8. S~cure bolts with washers and nuts and torque .
9. Connect control rod to stabilator trim tab with bolt. washer and nut.

c. When installing original stabilator on new torque tube. use the following
procedure:

1. Lubricate torque tube and slide stabilator halves in position. aligning
one hole in each stabilator half with mating hole in torque tube and inserting lo­
cating pin (PIN 25034-00).

2. Install bolt in stabilator rear spar fittings.
3. Ream vacant hole in stabilator and torque DJbe to 0.3120/0.3130 and

install bolt (ct) •
4. Remove locating pin and ream second holetoO.3120/0.3130 and install

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

install bol tS .
b. S~cure bolts with was hers and nuts and torque.
7. Rig stabilator . (Refer to Rigging and Adjusanentof Stabilator Controls.

S~ction V.) .
S. .0\ [tach control rod to stabilator trim tab and adjust. (Refer to Rigging

and .~I.!Just01t:ntoi Stabilator Trim. Section V.)

4-23. :)T..~BILo\TOR TRL\t' TAB.

4-2·L RE:\IOV..~L OF STABILATOR TRLVl TAB. (Refer to Figure 4-4.)
a. Disconnect the stabilator trim control rod by removing nut. washers and

bolt.
b. Rc:move the stabilator trim hinge pin by cutting it at the bent portion of one

end and pulling it from the hinge. Enlargement of the hinge pin holes may result
Ii the pin is straightened for removal. Replace with a new pin upon installation .

STRVCTeR ES
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•4-25. INSTALLATION OF STABILATOR TRIM TAB.
a. Align the hinge pin holes of the trim tab with th~ stabilator and insert new pins.

Bend pins at each end down to 90 dcgress to secure.
b. Connect the stabilator trim control rod with bolt. wash~r and nut.

4-~6. RUDDER.

4-27. REMOVAL OF RUDDER. (Refer to Figure 44.)
a. Remove tail cone fairinl by removinl attaching s\:rews and washt:rs.
b. Relieve rudder cable tension by rotatinl the tumbu\:kle of one cable at the pedal

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

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

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

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

the aft bulkhead hinle bracket.
&- 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 21 sheet metal screws that hold
the rudder seal to the right side trailing edge s~ of the vertical fm.

h. Disconnect the rudder from the two remaininl hinle brackets in the vertical fin by •
removinl castellated nuts, washers and bolts.

i. Move the rudder to the rilht or left and upward to separate the hinle brackets.
j. If desired, separate the rudder hom from the rudder torque tube by removinl cotter

pins. casteUated nuts. washer and bolts (ct). Slide the hom from the torque tube.

4-~8. INSTALLATION OF RUDDER. (Refer to Figure 4-4.)
a. If removed. install the rudder hom into the torque tube of the rudder and secure

with bolts let). 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 hom to the rudder hinge bracket on the fuselage with bolt.

washer and nut. Safety nut with cotter pin.
d. Connect the two rudder control cables and trim control rod to the rudder horn using

clevis bolts. washers and nuts. Safety all nuts with cotter pins.
e. Connect the navigation lights at the wire quick-disconnect.
f. Replace the tail cone fairing, and secure with screws and washers.
g. If installed. reattach the rudder seal of the Air Row Kit by aligning the seal with th~ .

holes in the vertical fin and install the 11 sheet metal screws.

STRL'CTCR ES
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4-29. VERTICAL (STABILIZER) FIN.

4-30. 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. lfthe quick-disconnectis 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 OF FIN. (Refer to Figure 4-4.)
a. Position therin'on the top of the fuselage aft section and align the holes in thefront 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 to 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 assembly 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 and

running it to the insulator on the top of the fuselage center section.

NOTE

The fin should be vertical' and in line with the centerline of the
fuselage.

Issued: 12/29/72 lE22
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e·
f. Install the rudder per paragraph 4- 28.
g. Install tail fairings and access plate.

4-32. FUSELAGE ASSEMBLY.

4-33. WINDSHIELD.

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

a. Remove windshield outside collar fairing by removing attaching screws.
b. Remove windshield divider strip by removing attaching machine screws

and nuts.
c. Remove left or right upper interior windshield trim panel by removing

attaching screws.
d. Remove left or right interior fairing from Windshield post.
e. Windshield can now be removed by pulling it out from 'Channels.

NOTE

A dama·ged windshield should be saved since it can be
used as a pattern for drilling holes in a new windshield.

4-35. INSTALLATION OF WINDSHIELD. (Refer t9 Figure 4-5.)
a. Ascertain that new windshield is CUt to match windshield removed.
b. Apply Prestite Tape No. 163 or equivalent over edge of Windshield. (Apply

two thicknesses on windshield at center post.)
c. Apply Prestite Tape to back of inner collar and install collar on fuselage.
d. Install Windshield in fuselage and allow O. 12S inch clearance between two

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

apply a strip of plastic tape I.S.inch wide on the windshield and fuselage channel.
f. Apply PRC 5000 sealing compound or equivalent between fuselage tOP and

side post skins and windshield.
g. Install screws around the top of the windshield.
h. Install interior trimstrips, washers and nuts. (Do not tighten nuts.)
i. Install windshield center strip and screws.
j. .'\ pply electrical tape and sealer around the bottom of the windshield.
k. Apply 3M No. 1126 Sealer to back of outside collar.

e
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SECTION 0-0

·SECTION B-BSECTION A-A

SECTION C-C

PRESTTrE TAPE

Figure 4-5. Windshield Installation
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Figure 4-6. Side Window Installation (Typical)

I. InstaU outside collar and screws.
m.. Tighten all screws and nuts evenly and check for water seepage. •

4-36. WINDOWS (SIDE).

4-37. REMOVAL OF SIDE WINDOWS.
a. Remove the screws that hold the trim moulding around.inside of the window.
b. Remove the screws that secure the window retainer strip' and remove the inner and outer window.
c. Remove old window sealer trim surfaces.

4-38. INSTALLATION OF SIDE WINDOWS. (Refer to Figure 4-6.)
a. Ascertain that the new window is cut to same dimensions as old window.
b. Assemble inner and outer window by cementing rubatex strip to inner window using carboknc:

neobolene cement C-l. Leave 0.06 to 0.12 gap between ends of rubatex strip to form drain at the lower aft edge
of each window assembly. Allow cement to air dry 15 minutes.

c. Apply Prestite Tape No. 163 or equivalent over edge of outside window where it wntacts 1111':

fuselage skin and seal with 3M sealer No. 1126.
d. Install the window assembly and screw inner retainer stip into position.
e. Place trim molding around inside of window and install screws.

4-39. DOOR.

4-40. REMOVAL OF CABIN DOOR.
a. Remove the door holder assembly by removing the screw in the door sill.
b. Remove roll pin from door hinge fitting and drive out the door hinge pin.
c. Remove the door without letting the serrated bushings drop out.

•Issued: 12/29/72
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AZ17

/ MAINTAIN APPROXIMATELY .12'" CLEARANCE'

BETWEEN DOOR EDGE AND FUSELAGE

,. HINGE BUSHING

2. HINGE PIN

3. ROLL PIN

--~

•
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Figure 4-7. Door Installation

4-41. INSTALLATION AND ADJUSTMENT OF 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 aux.iliary 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. Applya light coat of oil to
the latch assemblies.

Issued: 12/29/79 IF4
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1. UPPER DOOR LATCH

2. LOWER DOOR LATCH

3. UPPER LATCH CABLE

4. LATCH PLATE

5. SPRING

6. HANDLE PLATE

7. DOOR LOCK RELEASE

8. CLEVIS

8. 'CABLE TUBE

10. DOOR LATCH TUBE

II. COVER PLATE

12. LOCK RELEASE TUBE

13. SPRING

9

Figure 4-8. Door Locking Mechanism

4-42. REMOVAL OF DOOR LATCH ASSEMBLY. (Refer to Figure 4-8.) •
a. Remove door latch assembly by removing door 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 AND ADJUSTMENT OF DOOR LOCKING MECHANISM. (Rekr to Figure
4-8.) .

a. Install the upper (I) and lower (2) latch assemblies with machine screws.
b. Install latch cable assembly (3) and connect the clevis rod end to the upper latch. L~a\'~

approximately three threads of the cable end exposed from the clevis. then tighten 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 to the rear allowing the pawl of the handle plate assembly (6) to catch
the latch plate (4).

•
Issued: 12/29/72 .
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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 tum if adjustment is with a cable that has been previously installed.
Take in two turns if adjustment is with a new cable. Install the pin and safety. Check that
tube (9) will rotate fre~ly.

f. Install door latch tube assembly (10) and pin. safety at the handle-plate ·assembly.
Install cover (11) 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 (12) and spring (13). Adjust to allow the forward
portion of the outside handle to move out finger width when the rearward portion is
depressed.

i. Check the operation of the latch handle and ascertain that the upper and lower
latches (l and 2) are fully extended when the door handle is in a locked position I full
forward). The upper latch (I) 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 (12) is 90 degrees to
the flat of the latch plate (4). _

k. Lock all clevis rod ends and safety aU 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 43-13-1. To assist in
making repairs 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 original 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 repairs in some areas of the
:tirplan~. Refer to Figure 4-10 for typi.cal access holes.

WARNING

NO access holes are permitted in any control.surface.

Structur:l1 repairs must be noted in the airplane logbook. with infonnation as to [yp~ of
repair. The logbook should be reviewed to detennine that previous structural repairs. if any.
to the control surfaces do not, where combined, exceed the maximum allowable weight or
thickness limits.

STRUCTURES
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Figure 4-9. Skin Material and Thickness
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WARNING

The use of patl.:h plates for repair ofthe stabilator. stabilator
tab. and rudder shall be limited as described in Paragraphs
4-45 and 446. The use of surfal.:e fillf:r material normaUy
used for repair of minor dents. stone damage. etc., is
prohibited on aU movable control surfaces.

4-4S. REPAIR OF STABILATOR AND STABILATOR TAB (HORIZONTAL TAll
SURFACE). Precautions must be taken when performing any maintenance and/or repairs
to the stabUator or stabilator trim tabs. Repairs must be made in a m:lDner that maintains
the original configuration, strength, stiffness and weight distribution. Repairs are limited to
replacement of complete skin sections, ribs, hinges, spars, etc., and paint.

WARNING

During the course of any repair work being accomplished on
the stabilator, the complete stabilator trim tab, and trim tab
mechanism should be checked for "free 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 drain31e must be maintained to prevent any
accumulation of din, water or ice.

It is recommended that before a stabilator or tab is repainted. it should be stripped of all
old paint. l1\is will prevent the build up of paint with the subsequent effel.:t on the balance
of th~ stabilator. Refer to Paragraph 448 or 4-49 for stabilator balancing inionnation.

NOTE

The stabilator torque tube. stabilator balance arm. and any
part of their mounting structures should be replaced if any
damage is detected which could tend to we:lken the part.
cause loss of stiffness or strength, or which will tend to
propagate through continued use.

STRuCruRES
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,

446. REPAIR OF RUDDER. Precautions must be taken when perfonning any
maintenance and/or repairs to the rudder. Repairs must be made in a manner that maintains
the original configuration, strength, stiffness and weight distribution. Repairs are limited to
replacement of complete skin sections, ribs, hinges, spars, 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 foUowing checks .are
recommenl'ted before balancing to ascertain the amount of "free play" in the stabilator,
stabilator trim tab and tab mechanism.

a. Stabilator: 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. Stabilator Trim Tab: .Set the stabilator trim tab in neutral position. This neutral
position is detennined with the airplane properly rigged per instructions 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) .trallinl edge, and grasping the tab, gently move it up
and down. mark the limits of tab free play on the straightedge. The overall travel (free play)
must not exceed .076 of an inclt. The use of a dial indicator and fixed stand is
recommended. refer to Figure 4-1 Oa.

c. Stabilator' Trim T:lb Mechanism: The complete trim tab mechanism should be
checked for free play at the various components such as trim control rod end bearing, trim
bdh:rank. trim screw, trim drum and trim drum assembly. The bearing located between the
stabilator tab horns should fit close enouah to eliminate play in the actuator system.
However. it should not be so tight that the control rod cannot easily be moved sideways or
~lld\Vise on the bearing.

Whenever any portion of the stabilator has been repaired and/or repainted (refer to
P:.Jr:JgrJl'hs 4-44 and 4-45). it must be rebalanced before the airplane is flown. The following
h:..:landng procedure is recommended:

I. Stabilator instaUation must be complete and ready for flight before. balancing.
'I Control cables at balance arm must be disconnected before balancing.

CAUTION

It is v~ry 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
con tro! rod end bearings for rust, dirt or worn parts. If any of
these conditions ~:,<ist, repair or replace before balancing.

STRtJCTVR ES
Issued: I ~,'~9/,7~
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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.

449. CHECKING AND BALANCING STABILATOR. (Serial Nos. 30-1 to 30·852
indusive: 30-854 to 30-901 inclusive: 30-1717; 30-1745 to 30-2000 inclusive.) (Refc:r to
Figure 4-1 I .)

a. Whenever a stabilator has been repaired and/or repainted. it must be balanl.:ed
befor~ the airplane is flown.

b. Stabilator ins~llation must be ':9mplet~ before balandng. including tabs and
paint. Stabilator I:ontrol cables (2 and 3) must be dis.:onnected from stabilator balance arm
( I) and bb actuator arm must be disconnected from stabilator tab hom during balancing.
Hardware used to connect the extension spring I:abh: and stabilator I.:ontrol ~ables should b~

removed. Hardware holding balance ann weight in place should be installed. A small riece of
tape should be· used to hold tabs neutral with stabilator. It is very im portant to have [he
stabilator free to rotate with a minimum of frictional resistance.

STR t,;CTURES
Revised: 1/31/74
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NOTE

If the bearing resist;lllce is too great. it is necessary to loosen the nuts
holding the stabilator tor4ue horn to the stabilatortor4ue tube. and
those holding the stabilator to the torque tube as well as the nuts
holding the stabilate:-r 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 d \Iring balancing. After balancing is
completed. stabilator bearing block bolts should be torqued to a
value of 13S to 140 inch-pounds. Ascertain that the stabilator is free
to rotate with minimum fHction.

c. Master check weight (6) (P / N 235H4~00) (weight J.5H pounds) should be placed on top of balance
weight (5) (P N 23594-00) with th.: side marked "FRONT' facingforward. (Refer to Figure 4-11.) If this is.not
enough weight to obtain static balance with the balance arm level. plates (4) (P IN 23179-00) must be added to
the forward balance weight attaching bolt until 100q. 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 +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 as a master check weight is availabk. the
balance should be checked for accuracy.

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 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 controls should then be checked for proper movement.

4-50. CHECKING AND BALANCING STABILATOR. (Serial Nos. 30-853. 30-902 to 30-1716 inclusive
and 30-1718 to 30-1744 inclusive.) (Refer to Figure 4-12.)

a. Whenever a' stabilator has been repaired. it must be balanced before flight.
b. Stabilatur 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! N 25780-02) and
(6) (P N 257IHl-03) must be removed from the balance arm (I). A bolt (AN4-16A) with nut must be installed
in place of the bolt (8) (AN4-36A). The aft bolt holding the balance arm weight must remain installed. A small
piece of tape should be used to hold tabs neutral with stabilator. It is important to have the stabilator free to
rotate with minimum of frictional resistance. Refer to NOTE in Paragraph 4-48 to obtain minimum frictional
resistance .

Issued: 12/29/72
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Figure 4-12. Balancing Scabilator
Serial ~os. 30-853. 30-902 to 30-1i16 incl. and 30-171S to 30-1iH incl .
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Figure 4-11. Balancing Stabilator. Serial Nos. 30-1 to 30-852 incl..
30-854 to 30-90 I incl.. 30-1717. 30-1745 to 30·:000incl.
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c. Master check weight (PIN 23584-00) (weight 1.58 pounds) should be placed on
top of balance weight (5) (PIN 23594-00) with the side marked "FRONT" facing forward.

'(Refer to Fiaufe 4-11.) If this.is not enough weight to obtain static balance with the balance
ann level. plates (4) (PIN 23l19~0) must be added to the forward balance weight
attachment 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 never 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 balance a stabiJator 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, plates shouid be added (up to eight) until a lifting force of between ~.11
and 2.88 pounds will balance the stabiJator with the spring scale being hooked to the bolt
which fastens the two stabiJator-eonnecting tabs (arm of 11 inches). As soon as a master
check weight is available, the balan.ce should be checked for accuracy.

e. After bal:mcing is accomplished, the check weight should be removed and the
front att3chment bolt connecting the stabiJator balance weight to the stabilator balance ann
should be removed and weights (PIN 25180-02 and 25780-03) and bolt (AJ.~4-36A) and
stabiJator balance weight plates (PIN 23179-00) should be installed at this attachment point.
SbbiJator balance weight (PIN 25780-02) should be installed on the right side of the
stabUator balance arm and stabUator baJanceweight (PIN 25780-03) and stabilator balance
weight pia tes (PIN 231 19-q0) shall be installed on the left side of. the stabilator balance arm.
(Refer to FilUfe 4-12.)

NOTE

Balam:e weight (7) should be installed so that the
counterbore and bolt head face outboard on the right side of
the balance arm.

f. All stabilator :lJld tab controls should be reconnected.
g. The stabilator control extension spring link should be adjusted to obtain one and

one,\luart.er inch .e.'(t.ension of the spring with the stabilator stops adjusted and the ~on[rol in
the full forward position.

h. The oper:uion and feel of the stabilator controls should then be~hecked for
proper movement.

STRL'CTl'RES
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~-Sl. CHECKI;";G A.\lD BALANCING RUDDER. (Refer to Figure 4-13.) The rudder
must b~ ~heck~d to assure it is properly balanced whenever it has bc:en repaired. repainted.
or Jlt~rJt~d in Jny manner. The balandng requirement of the rudder must be .:heckcd with
th~ .;ompl~t~ JSS~mbly removed from the airplane.

a. R~move th~ rudd~r from the airplane. in accordan«.:e with instructions giv~n in
P:lIagraph 4-~7. The rudder must be complete including rudder ~ontrol hom, balan,e
weights. tip. etc.

b. Insen bolts in the two end hinges and pla~e the complete rudder assembly on ..
suitable balance stand, as shown in Figure 4-13.

c. Position an accurately calibrated scale below the trailing edge or the rudder. as
shown in Figure 4-13.

d. With the centerline of the rudder level. obtain a reading on the scale. Subtract the
w~ight of any support used between the trailing edge of the rudder and the scale.

e. Measure the distance (in inches) between the point at which the suppon on the scale
contacts the rudder surface and the centerline of the rudder hinge. This is M~asurement D
on Figure 4-13.

f. Multiply the weight (obtained per paragraph d) by the distance (obtained per
paragraph e).

g. The product (moment) should be in accordance with specifications given below:

MODEL HINGE MOMENT (Trailing edge heavy)

PA-30 and 39 13.5 % 1.0 inch-pounds

NOTE: listed Hinge Moment is applicable to complete
rudder assembly. painted and with balance
weight and rudder tip installed.

h. Any rudder which does not balance within the given specification must b~ repla~;:d.

i. Install complete rudder assembly on aircraft in accordance with instructions given in
PJrJ~ph 4-28.

4-52. AILERON BALANQNG.

NOTE

The ailerons are properly balanced as long as the lead weight
and steel ann are installed. No funher balancing is required.
Should repainting be required it will be necessary to remove
all the old paint prior to applying the new paint to insure
staying within the balance limits.

STRL:CTCRES
Revised: 10/6177
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Figure 4-13. Checking and Balancing Rudder
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4-53. FIBERGLASS REPAIRS. Th~ :'iberglass 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 R~pairs of punctur~s. breaks
and holes th~t ~ave penetrated through the structure and damaged the fiberglass
cloth. A repair kit. Part No. 756 729. that will furnish the necessary material for such
repairs is available th!ough Piper Aircraft Dealers and Distributors.

NOTE

Very carefully follow resin and catalyst mixing in­
structions furnished with repair kit.

4-54. FIBERGLASS TOUCH-UP AND SURFACE REPAIRS.

a. Remove wax, oil and dirt from around the damaged area with acetone,
Methylethylketone or equivalent and remove paint to gel coat.

b. The damaged area may be scraped with a fine blade knife or a power drill
with a burr att:lchrnent to roughen the bottom and sides of the damaged area .
Feather the edge surrounding the scratch or cavity. Do not undercut the edge.
(If the scratch or caVity is shallow and penetrates only the surface coat. continue
to step h.)

c. Pour a small amount of reslninto a jar lid or on a piece of cardboard. JUSt
enough to fill the area being worked on. Mix an equal amoWlt of milled fiberglas
with the resin. using a putty knife or stick. Add Catalyst. according to kit in­
5truction. to the resin and mix thoroughly. A hypodermic needle may be used ru

inject gel into small cavities not requiring fiberglas millings mixed with the gel.
d. Work the mixture of resin fibers and catalyst into the damaged area. using

the sharp point of a putty knife or stick to press it into the bottom or the hole and
to puncture any air bubbles which may be present. Fill the scratch or hule above:
the 5urrounding undamaged area about 1/16 inch.

c. Lay a piece ot cellophane or wa."(ed paper over the repair to cut oli air ..lnd
start the cure of gel mixture.

r. Allow the gel to cure 10 to 15 minutes until it feels rubbery to the tou~h.

Remove the cellophane and trim flush with the surface. using a sharp razor blac!e
or knife. Replace the cellophane and allow to cure completely for 30 minutes .to

an hour. The patch will shrink slightly below the structure surface as it ..:ures .
(Ii wax paper is used. ascertain wax is removed trom surface.)

STRUcrURES

Revised: I0/6/77
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g. Rough up the bottom and edges of the hole with the electric burr attachment
or 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 rather chan stirring. Use no fibers.

i. Using the tip of a putty icnife or fiI;1ger 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 start the curing process. Re­
peat step f, ttlmming patch when partially cured.

k. Aiter trimming the patch, immediately place another small amount of gel
coat on one edge of the patch and cover with cellophane. Then. using a squeegee
or the back of a razor blade, squeegee level with area surrounding the patch;
leave the cellophane on patch for one to two hours or overnight for complete cure.

I. After repair has cured for 24 hours, sand patch area using a sanding block
with fine wet sandpaper. Finish by priming, again sanding and applying color
coat.

4-55. FIBERGLASS FRACTURE AND PATCH REPAIRS.
a. Remove the wax, oil and dirt from around the damaged area with acetone,

methylethylketone or equivalent.
b. Using a key hole saw, electric saber saw, or sharp knife, cut away ragged

edges. Cut back to sound material.
c. Remove paint three inches back from around damaged area.
d. Working inside the structure, bevel the edges to approximately a 30 degree

angle and rough-sand the hole and the area around it using 80 grit dry paper.
Feather back for a bout two inches all around the hole. This roughens the surface
for strong bond with patch.

e. Cover a piece of cardboard or metal with cellophane. Tape it to the outside
of the structure covering the hole completely. The cellophane should face toward
the inside C)t the strUcture. If the repair is on a sharp contour or shaped area, a

sheet of aluminum formed to a similar contour may be placed over the area.
The aluminum should also be covered with cellophane.

f. Prepare a patch of fiberglass mat and cloth to cover an area two inches larger
than the hole.

g. Mix a small amount of resin and catalyst, enough to be used for one step
at a time according to kit instrUctions.

h. Thoroughly wet mat and cloth with catalyzed resin. Daub resin on mat
first, and then on clom. ~1at :;hould be applied against structures suriace with
doth on top. Both pieces may be wet outon cellophane and applied as a sandwich.
Enough fiber$lass cloth and mat reinforcements should be used to at least replace
the amount of reinforcement removed in order to maintain the original :5trength.
If damage occurred as a stress crack. an extra layer or [\Vo of cloth may be
used to s crengthen area.

STRUCTURES
Revised: 10/6/77
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i. Lay patch over hole on inside of structure, cover with cell"ophane. and
squeegee from center to edges to remove all air bubbles and assure adhesion
around edge of hole. Air bubbles will show white in the patch and r.hey should a II
be worked out to the edge. Remove excess resin before it gels on the part. ..1;1­
low patch to cure completely.

j. Remove cardboard or aluminum sheet trom outside of hole and rough- sand
the patch and edge of hole. Feather edge oi hole about two inches into undamaged
area.

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 the surface of
structure. Wet out each layer thoroughly with resin.

I. With a squeegee or broad knife, work out all air bubbles in the patch. Work
from center to edge, pressing patch firmly against the structure. Allow patch to
cure tor 15 to 20 minutes.

m. As soon as the patch begins to set up, but while still rubbery, take a sharp
knife and cut away e.xtra cloth and mat. Cut on outside edge of feathering. Strip
cut edges of structure. Do this before cure is complete to save extra sanding.
Allow patch to cure overnight.

n. Using dry 80 grit sandpaper on a power sander or sanding block, smooth·
patch and blend with surroundirig surface. Should air pockets appear while sand­
ing, puncture and fill with catalyzed resin. A hypodermic needle may be used to

iill cavities. Let cure and resand.
o. Mix catalyzed resin and work into patch with fingers. Smooth carefully and

work into any crevices. .
p. Clwer with cellophane and squeegee smooth. Allow to cure compiete!y he-

tore removing cellophane. Let cure and resand. .

q. Brush or spray a coat of catalyzed resin to seal patch. Sand patch. finl:,h

hy pnming. again sanding and applying color coat.

NOTE

Brush and hands may be cle3ned in solvents such a::
acetone or methylethylketone. If solvents are nCit
available, a strong solution of detergent and water
may be used .

STR CCTt.:"RES
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4-56. THERMOPLASTIC REPAIRS. The following procedure will assist in making field repairs to items
made of thermoplastic which are used throughout the airplane. A list of material needed to perform these
repairs i!; gi\'en along with suggested !;uppliers of the material. Common safety precautions should be observed
when handling some of the materials and tools used while making the!;e repairs.

TABLE IV-I. LIST OF MATERIALS (THERMOPLASTIC REPAIR)

ITEMS DESCRI PTIONS SUPPLIERS

Buffing and Rubbing Automotive Type - DuPont DuPont Company
Compounds #7 Wilmington. Del. 19898

Ram Chemical #69 x I Ram Chemicals
Gardena. Cal. 90248

Mirror Glaze III Mirror Bright Polish Co.• Inc.
Irvin. Cal. 92713

Cleaners Fantastic Spray Obtain From Local Suppliers
Perchlorethylene
VM&P Naphtha (Lighter
Fluid)

ABS-Solvent Cements Solarite 1111 Series Solar Compounds Corp.
Linden. N.J. 07036

Solvents Methylethyl Ketone Obtain From Local Suppliers
Methylene Chloride
Acetone

Epoxy Patching Solarite 11400 Solar Compounds Corp.
Compound Linden. N.J. 07036

Hot Melt Adhesives Stick Form li2in.dia. Sears Roebuck & Co. or Most
Polyamids and Hot Melt 3 in. long Hardware Stores
Gun

Hot Air Gun Temp. Range 300° to Local Suppliers
400°F

a. Surface Preparation:
I. Surface dirt and paint if applied must be removed from the item being repaired. Household

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.

Added: 10/28/82 IF22 STRUCTURES
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Figure 4-14. Surface Scratches. Abrasions or Ground-in-Dirt

•
171

Added: 10/28/82

Figure 4-15. Deep Scratches. Shallow Nicks and Small Holes
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THOROUGHLY MIX
USING FIGURE EIGHT

MOTION

Figure 4-16. Mixing of Epoxy Patching Compound

II •. ASS Rod t

Figure 4-17. Welding Repair M~thod

Added: 10/28/82 IF24 STRUCTURES



•-

_________P_IP_E_R_T_W_I_N_C_O_M_A_N_C_"_E_S_E_R_V_IC_E_M_A_N_U_A_L e
127

DOUBLER PLATE
BONDED TO UNDERSIDE

OF DAMAGED AREA

Figure 4-18. Repairing of Cracks

b. Surface Scratches. Abrasion or Ground-in-Dirt: (Refer to Figure 4-14.) •
I. ShaUow scratches and abraded surfaces are usually repaired by following directions on

containers of conventional automotive buffing and rubbing compounds.
2. If large dirt particles are embedded in thermoplastic parts. they can be removed with a hot air

gun capable of su pplying heat in the temperature range of 300° to 400° F. Use care not to overheat t he material.
Hold the nozzle of the gun aboutY4 of an inch away from the surface and apply heat with a circular motion
until the area is sufficiently soft to 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 to Figure

4-15.)
I. Solvent cements will lit virtually any of these applications. If the area to be repaired is very

smaIl. it may be quicker to make a satisfactory cement by dissolving thermoplastic material of the sam«: type
being repaired in solvent until the desired paste-like consistency is achieved.

2. This mixture is then applied to the damaged area. Upon solvent evaporation. the hard durable
solids remaining can easily be shaped to the desired contour by filing or sanding.

3. Solvent adhesives are not recommended for highly stressed areas. Dr thin walled parts or for
patching holes greater than Y4 inch in diameter.

4. For larger damages an epoxy patching compound is recommended. This type material is a two
part. fast curing. easy sanding commercially available compound.

5. Ad hesion can be increased by roughing the bonding surface with sandpaper and by utilizing as
much su"rface area for the bond as 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 VM&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 IGI 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 ..tick form may be used. This type of repair has a low cohesive strength factor.

9. For repairs in areas involving small holes. indentations or cracks in the material where high
strt:ss is apparent llr thin walled sections are used. the welding method is suggested.

10. This welding method requires a hot air gun and ABS rods. To weld. the gun should be held to
direct the now 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 to insure good adhesion. (Refer to Figure 4-17.)

II. After the repair is completed. sanding is allowed to obtain a surface finish or acceptable
appearance.

d. Cracks: (Refer to Figure 4-18.)
I. Before repairing a crack in the thermoplastic part. first determine what caused the crack and

alleviate that condition to prevent is recurring after the repair is made.
2. Drill small stop holes at each end of the crack.
3. If possible. a double plate should be bonded to the reverse side of the crack to provide extra

strength to 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. it may be sanded to match the surrounding finish.

e. Repairing Major Dam,age: (Larger than I inch in diameter.) (Refer to Figure 4-19.)
I. If possible a patch should be made of the sa'me material and cut slightly larger than the section

bt'ing 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 and or 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 to allow for sanding and finishing after the repair has cured. If patching compound is used the repair
should be made in layers. not exceeding a Ih inch in thickness at a time. thus allowing the compound to cure
and insuring a good solid buildup of successive layers as required.

f. Stress Lines: (Refer to Figure 4-20.)
I. Stress lines produce a whitened appearance in a localized area and generally emanate frqm the

severe bending or impacting of the material. (Refer to Figure 4-21.)
2. To restore the material to its 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.

, It is recommended that parts 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 is preferred by 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 IG2 STRUCTURES
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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

\
PROFIL.E VIEW INDICATING

DAMAGED AREA

,
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4. Another imponant matter to conside.r 'is tha; hard. brittle coatings that are usually best r"
abrasion resistanl:e 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 MIL-S-18718.
Sherwin Williams Lacquer Thinner R7KC120.
Glidden Thinner No. 207.

b. Safety Walk Material:
Walkway Compound and Matting Nonslip (included in Piper Part No. 179872).

4-60. APPLICATION OF LIQUID SAFETY WALK COMPOUND. Liquid safety walk compound Sh.
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 50°F. Apply liquid safety walk compound as follows:

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 a smooth, unbroken film of the 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 re4uired 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.

•

•
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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 inst~lled must be free from all contaminates and no moisture present.
If liljuid safety walli. is installed the area must be prepared as follows:

a. Area must he 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. APPUCATION OF PRESSURE SENSITIVE'SAFETY WALK. Wipe area with a clean 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 lengthwise directions. Make sure 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. 558.)
The now strips are located on both wing leading edges and secured with AD42ABS pop rivets .

Added: 10/28/81 IG6
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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
comp~nent.

5-2. DESCRI rTION. The primary flight controls of the PA-30 are of the conventionaltype 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 to the primary aileron control cable. The
cable is routed under the floor along the side of the fuselage to 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 a series of pulleys under the floor and aft to the tail section of the airplane. The
aft end of the cables connect to the stabilator balance arm which in turn is connected to the stabilator torque
tube.

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 the rudder horn turning the rudder.

Issued: 12/29/72 IGIO SURFACE CONTROLS
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•TABLE V-I. CONTROL SURFACE TRAVEL AND CABLE TE~SION

Control Suriace Travel
.\ileron

A2O'

" '("

,"" '190 +/- 1°

.E---------~+/-,o

Stabilator
Stabilator Trim Tab

4.50 +/- 1°

t5.5.~
Rudder

Flaps

AUl

270 +/- 1°

(MEASURE!) PERPENDICULAR TO HINGE I - "'C"

£

Control Wheel MEASURIID ~AOM ~ACII

01'" INSTRUMENT PANEL
~"

88.250
: 88.250

A2IO

Rudder Pedals Neutral position 13° aft vertical
Neutral to Fwd 3.51 inc. )- 6.69 Total
Neutral to Aft 3.18 in.

NOTECable Tension
Aileron
Stabilator
Stabilator Trim Tab
Rudder I

Rudder Trim

261b +/- 20%
18 Ib +/- 20%
121b +/- 20%
25 Ib +/- 40 Ibs J

18 Ib +/- 20%
10 Ib +/- 20%

CABLE TENSIONS GIVEN APPLY ONLY
TO AIRPLANES WITHOUT AUTOPILOT
BRIDLE CABLES ATTACHED. REFER TO
APPROPRIATE AUTOPILOT SERVICE
MANUAL FOR PROPER CASLE TENSIONS
WHEN ATTACHING BRIDLE CABLES.

I. MEASUREMENT TO BE TAKEN AT THE FLEXIBLE PORTION OF THE CONTROL CABLE NEAR THE
FORWARD CABIN BULKHEAD.

2. ON SIN 30-2 101716.30-17181030-1744 WITHOUT AIRFLOW MODIFICATION KIT INSTALLED.

3. ON SIN 30-1717, 30-1745 AND UP (AND ALL PREVIOUS AIC HAVING THE AIRFLOW MODIFICATION KIT
INSTALLED. SEE TABLE V-IA. --:;,!

•Revised: 6/4/81
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TABLE V-IA. CONTROL SURFACE TRAVEL AND CABLE TENSION
AIR FLOW MODIFICATION KIT INSTALLATION

Control Surface Travel
A.ileroD

Note: In neutral position
the lUIgi_between tIu! air- ~
plane leveling lugs and the· . • 19": 1:
upper surface of the ai- E------.. ---.-- -~~ I·

leron, parallel with and
next to the rib rivets,
6 l /2" from the inboard
end of the aileron is 12 0

Stabilator and
Stabilator Trim Tab

• Rudder
Note: In neutral position
the rudder 1s rigged 10

right of the rudder - fin t -E:- - --+--
.)_.,: + 10

-=>, - 0 0

NOTE

•

(MEASURED PERPENDICULAR TO HINGE <t,l
Cable Tension

Aileron 26 lbs ± 20%
Stabilator 18 lbs ± 20% CABLE TENSIONS GIVEN APPLY ONLY
Srabilator Trim Tab 12 Ibs ± 20(170 TO AIRPLANES WITHOUT AUTOPILOT

70 ·BRIDLE CABLES ATTACHED. REFER TO
Rudder III 251bs. to 40 Ibs. APPROPRIATE AUTOPILOT SERVICE
Rudder Trim 10 lbs ± 20% MANUAL FOR PROPER CABLE TENS IONS

III MEASUREMENT TO BE TAKEN AT THE I"UXIBLE PORTIONWHEN ATTACHING BRIDLE CABLES.
O~ THI!CONTROL CAllI I! NEARTHI! II0RWARO CARIN RULKH~AD

SURFACE CONTROLS
Revised: 1/31/74
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Th~ ruddc:r pedals aJso tum the nose whee:l whc:n in th~ down and locked position which
is covered in Section VII.

Stabilator and rudder trim are operated by knobs ano controDed by cables elttending
through the cabin ceiling and under the floor to the tail section. As the knobs are turned.
c:lble drums are rotated which in tum rotate drums in the tail section. Push-pull rods art:
connected to a\:t\l61tor screws which are rotated by th~ cable drums. The: push-puU rods. art:
atta~hed [0 the st61bilator trim tab and the rudder hom. When the actuator screws arc
tume:d. the push-pull rods move the trim tab and rudder.

5-10&. TROUBLESHOOTING. Trouble=, peculiar to the control system an: listed in Table
V-II at the back of this section, along with their probable causes and sUGlEe:sted remedies.

•

5-3. STANDARD SERVICE PROCEDURES. The following tips may be helpful in the
removaJ and instaJlation of the various assem blies:

a. It is recommended, though not aJways necessary. to level and pla~e the airplane on
jacks during ripg and adjustmen t.

b. Remove turnbuckle barrels from cable: e:nds before withdrawin~ cables through
structures. "

Co Tie a cord to cable end before drawing C3ble through structures to facilitate cable
reinstallation.

d. Turnbuckle stations are given at neutraJ position.
e. When referring to marking cable ends. etc., before disconnecting, a felt inker may be •

used.
f. Whe:n turnbuckles have bc:en set to correct cable tension. no more than three threads

should b~ exrosed from either end of the turnbuckJe barrel.
g. Cable tensions shouJd be taken with the appropriate surface and trim control in its

neutrall"osition.

h. When installinl rod ends refer to Fiaure 5-1 a for proper instalJation method.

54. CONTROL COLUMN ASSEMB"LY.

5-5. RE~10VAL OF CONTROL COLUMN ASSEMBL Y. (Rd.:r to Figure 5-1.)
a. Tn remove ~ither of the control wheels (I and 10) with tube (2). proceed as follows:

I. Mark the roller assembly (B) cable attachment fitting (20) and coDars fore 121,
and aft (11) in reference to their positions around the: control whee:l tube.

1. Cut the wire (16) that safeties the cap bolts ( 17) that secure the roller assembly
and collars to the control tube. Remove the cap bolts.

3. Slide the control tube from the roller assembly. cable attachment fitting ano
collars Jnd draw the tube from the instrument panel. Note the number of seal washl:rs I I~ I

betw~en the cable fitting and coUan.

SCRF.~CE CONTROLS
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b. The square tube assembly may be removed by the following procedure:
1. Di!;connect one turnbuckle (6) of the horizontal control chains (S and 7) and unwrap chain.
2. S~rarate the vertical control chain (13) from the aileron control cables. On airplanes with

turnllucklcs conne~:ting the vertical chain with the control callies. disconnect one of the connecting turn­
buckles and unwrap chain. On airplanes without turnbuckles connecting the vertical chain with the control
callies. 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 and 8). 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.
S. Withdraw the square tube assembly.

NOTE

If an Autopilot roll servo is installed in the forward end ofthe 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 theJollowing 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 (PIN WIo.3) to remove the nut.
3. Remove the square tube with shaft from the sprocet assembly taking care that the sprocket and

washers do not fall .
d. If 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.
\. Cut the safety wire (16) holding the nylon rub blocks (23) used as guides and remove the blocks.

Nylon blocks are secured by attaching screws.
2. Slide the roller assembly from the square tube.

Issued: 12/29/72
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5-6. INSTALLATION OF CONTROL COLUMN ASSEMBLY. (Refer to Figure 5-1.)

a. When installing the control column assembly. first install the components of the square tube
assembly. If the nylon rub blocks (23) have been removed. install and tighten them on their allaching screws
and secure in place with safety wire. Washers (25). Part No. 81342-78 may be installed as required under Ihe
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. To avoid unnecessary disassembly of control tube when checking end play of the collars (21 and 22)
and cable attachment fitting (20). pre-assemble to obtain clearances required between the cable allachment
filling and the fore and aft collars. Pre-assemble as follows:

I. Slide the aft collar (22). cable attachment fitting (20). forward collar (21). and roller assembly
onto the control tube (2).

2. Temporarily insert forward collar and roller assembly allaching 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 re4uired seal

washers (18) that will be equal on each side of the cable attachment fitting to maintain a clearance of 0.003 10

0.013 of an inch.
6. Draw line from roller bearing housing across collars and cable attachment fitting to control

tube to mark their relative positions. •
7. Remove the bolts. roller assembly. collars and cable fitting from the control tube and conti

with step d.
d. To instaU the square tube with sprocket assembly. proceed as follows:

I. Position sprocket (26 or 27) in sprockets (4 or 8) and place washer (38) on square tube shaft (3).
2. Slide square tube shaft into sprocket bracket and sprocket. Attach sprocket with bolt. washer

and hex nut (12) using Kaynar wrench (PIN 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 (31) 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 insure a
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 nul (.31) al Ih~

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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SKETCH A

I. CONTROL WHEEL, LEFT 23. SLIOE BLOCK, SQUARE TUBE
2. CONTROL TUBE 24. COTTER PIN
3. SQUARE TUBE SHAFT 25. SHIM WASHER
4. BRACKET, LEFT 21i. SPROCKET, RIGHT
5. CHAIN,LEFT 27. SPROCKET,LEFT
Ii. TURNBUCKLE 21. BUSHINQ
7. CHAIN, RIGHT 29. STOP
S. BRACKET. RIGHT 30. STOP PIN

, 9. PULLEY 31. NUT ANO WASHER
10. CONTROL WHEEL. RIGHT 32. SLIOE BLOCK, CONTROL TUBE
II. CONTROL CABLE, STABILATOR 33. COLLAR, CONTROL SHAFT
12. BOLT NUT ASSEMBLY 34. ADJUSTMENT SCREW
13. CONTROL CHAIN, AILERON 35. COVER
14. FITTING, ROLLER ATTACHMENT )Ii. SPROCKET AXLE
15. ROLLER 37. ECCENTRIC BUSHING
iii. SAFETY WIRE 31. WASHER
17, CAP BOLT
II. SEAL WASHER
19. BEARING
20. FITTING, CONTROL WHEEL SHAF r
21. COLLAR, CONTROL 'NHEEL SHAFT F'RUNT
22. COLLAR, CONTROL WHEEL SHAFT REAR

Figure ':'-1. Control Column Installation

R~viscu; 4/26/78
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SKETCH C
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Figure 5-1. Control Column Installation (cont.) •
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5. Install and tighten cap bolts in horizontal brace.

NOTE

U an AutoPilot roll servo is to be installed on the for­
ward end of the square tube shaft forwardof the bulk­
head, it may be installed at this time.

e. To install the control wheel tube (2), proceed as follows:.
1. Lubricate the friction surface of the collars and cable attachment fi~ng

bearings with a light film of grease (MIL-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 attachment
fitting (20) with cable arm forward onto the control tube followed by the remaining
seal washers (18) and forward collar (21). Insert the end of the control tube over
the square tube,(3) until the control tube contacts the roller bearing housing.

3. If the control wheel tube fits easily over the guide blocks (23), align the
cable attachment fitting and collars as marked and tighten the cap bolts (17).

4. Check that there is minimum end play in the be~ing tolerance (0. 00:3
to 0.013 of an inch), and that the control tube rotates freely through 180 degrees .
Install safety wire (16) in th.e cap bolts.

5. In early model airplanes, rotate the lower roller eccentric bushing of
the control tube support rollers at the instrUment panel to maintain a snug fit
between tube and rollers.

6. On late model airplanes, tighten adjustment screw (3~) to obtain a snug
fit between tube (2) and slide blocks (32).

i.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 i)
around sprockets (26 and 27). The horizontal turnbuckles (6) should be centered
between right and left sprockets. Connect turnbuckles and tighten to allow no
slack. Safety turnbuckles.

2. With the control wheels still centered, wrap the vertical chain (13)

olround its sprocket. The chain ends should be even with one another. Conne~t

the control chain with the aileron control cables. Set cable tension and check
rigging and adjust:nent a~ given in paragraph 5-12. Safety turnbuckles.

3. Check that the control wheel will roll 90 degrees each side of center
with no binding.

•
IG18
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WRONG

DAMAGE
HERE

DAMAGE
HERE

IMPROPER TOOL (RESULnNG IN LOCKED BALL)

A SPECIAL W"K..cH MAY BE
REGUIRKDWITH A LONG THROAT

ONLY CORRECT METHOD

Figure 5-1 a. Correct Method of Installing Rod End Bearings •
Added: 4/16/78 IG19 SURFACE CONTROLS
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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 rust 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 115.75.
4. Disconnect the cable from the cable leading into the wing at the strap fitting (7)

at station 126.5 by removing cotter pin, nut and bolt. On aircnft equipped with
rudder-aileron interconnect system, remove the interconnect cable from the large spring,
then remove the bolt that connects the two strap fittings.

S. Draw the primary cable back through the fuselage.
c. To remove the. 'right and/or left primary control cable 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 cotter pin cable guard from the cable pulley by reaching through
the access hole at wing station 115.5.

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 bncket.

S. 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 bracke.t. The pulley
supporting the right control cable may be removed by rust removing the screws securing the
mounting bncket to the bottom fuselage skin and rear spar bulkhead, and then removing

, the nut. washer and bolt that holds the pulley in the bncket.

SURFACE CONTROLS
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6. If not previou~lydisconnected. 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. Ascertain 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 ncor panel from the right side of the fuselage aft of the main spar.
3. If tension exists in the c.able. 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 COller pin cable guards from the left and right pulleys of the balance cable at
fuselage station 135.0.

6. If an Autopilot roll servo is attached to the balance cable. remove the slot 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.•

install the coller pin cable guards.
3. Attach the ends of the cable to the forward end of the bellcrank in each wing by assembling

turnbuckles and; or securing with clevis bolt. washer. nut and coller pin. Do not set cable tension at this time.

NOTE

Do not tighten turnbuckle fork ends on bellcrank so tight that the
end cannot rotate.

4. By reaching through the access opening in each wing at station 115.5. position the cable around
the upper pulley of the cluster and if the primary control cable is installed. install the cotter pin cable guard.

5. If an autopilot roll servo is part of the airplane's equipment. allach 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/ or right primary control cables (3 and 6) that lead from the fuselage into
the wings may he accomplished by the following procedure:

I. Draw the cable through the wing into the fuselage .
., 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 bracketand secure pulley with bolt. washer and nut. and then attach
the bracket assembly to the bottom skin of the fuselage and spar support bulkhead using screws. Ascertain that
cotter pin cable guards are installed.

J. If the right cable (6) was removed. position the cable and install the pulley in lhe 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 the cable on the lower pully 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 either the front or bottom cable guards. (Refer to Figure 5-2. View
A-A.)

5. Attach the cable to the aft end of the cable bellcrank by assembling turnbuckle and, or securing
with clevis bolt. washer, nut and cotter pin.

NOTE

Do 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/ or right primary control cable(s) within the fuselage may be
accomplished by the following procedure:

L 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. at fuselage station 126.5 using bolt, nut. cotterpin and
bushing required with the interconnect cable, then slip the loop at the other end ofthe 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.

Issued: 12/29/72 IG22
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9. LOCK NUT
10. ADJUSTMENT BOLT
11, STOP BLOCK
12. END BEARING. CONTROL ROD
13. CONTROL ROD
1., PIVOT BOLT ASSEMBLY
18. ROD. CABLE GUARD

~--------------,.1848

1. BEUCRANK. LEFT
2. PUUEY
3. CONTROL CABLE. LEFT
4. BALANCE CABLE
5. BEUCRANK. RIGHT
8. CONTROL CABLE. RIGHT
7. SHACKLE
8 BOLT ASSEMBLY

A
A260

SKETCH B
A

115 16

Figure 5-2. Aileron Control Installation

SKETCH C
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• NOTE: BE SURE THE CABL.E IS
ROUTED. BETWEEN THE
CABL.E QUARD AND THE
PULLEY.

SKETCH A
1131

AILERON RUDDER INTERCONNECT SYSTEM

"

Figure 5-2, Aileron Control Installation (conI.)•
fWD.

VIEWA·A

J

7

1. LEFT RUDDER CABLE
2. LEFT AILERON CABLE
3. CABLE ASSEMBLY
4. RIGHT AUDDER CABLE
I. RIGHT AIL.EAON CABLE
•• CA-.E ASSEMBLY
7. STABILATOA CONTROL CABLES
I. PULL.EY BRACKET
9. TURNBUCKL.E

10. SPAING
11. CLAMP SKETCH C
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CAtITION

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. If this has happened, release tension, disconnect strap
clamp fitting, let any twist out of the cable and proceed frc,m
Step 3.

I. 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 tracks and seats.

5-10. REMOVAL OF AILERON BELLCRANK ASSEMBLY. (Refer to Figure 5-2.)
a. Remove the access 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 (lor 5).
c. Disconnect the turnbuckle ends from the forward and aft ends of the bellcrank by

removing the cotter pin, nut, washer and clevis bolts.

NOTE

The aft end of each bellcrank and turnbuckle assembly 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 ~) may be removed by unbolting and removing from wing.

5-11. INSTAllATION OF AILERON BELLCRANK ASSEMBLY. (Refer to Figure 5-2.)
a. Place the beUcrank 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.

SGRFAC E CONTROLS
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d. Connect the turnbuckle ends to the bellcrank. secure and safety.

NOTE

The aft end of the bellcrank and the primary cable ends are
painted red to help facilitate proper hookup. Do not tighten
turnbuckle fork ends on bellcrank so tight that the ends
cannot rotate.

e. Install stop block (11) and torque bolts.
f. Check aileron controls rigging and adjustment as per Paragraph 5-1~.

g. Install access plate and secure.

5-1~. RIGGING AND ADJUSTMENT OF AILERON CONTROLS.
a. To check and adjust rigging of the aileron controls, use the following procedure:

1. Ascertain that the control wheels have been properly rigged (Rder to Paragraph
5~ ) and place them in neutral position.

2. Remove aileron beUcrank access plates from the aft underside of the wing at
station 139.5.

3. Check beUcranks for neutral 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 fabncated from dimensions given in Figure 5-17.)

4. If the beUcranks do not fall in neutral position with control wheels level. adjust
ca:bl~ turnbuckles at beUcranks 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 Airtlow
Modific:ltion Kit installed by the following procedure:

I. Place a modified straightedge. as shown in Figure 54. against the underside of
th~ wing ne:a to and outboard of the row of rivets at station 169 with th~ aft spacer even
with the trcliling edge of the aileron. (Do not place tool on rivets.) IThistool may be
fabricated from dimensions given in Figure 5-18.)

~. With the control wheel in neutral and the tool spacers contacting the wing. the
trJiling 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. Check for sufticient thr~:.td

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

30-2000 inclusive) with Airflow Modification Kit 760409 or 760 S64 installed by the following
procedure:

I. Place a bubble protractor on the upper surface of the aileron, panlllel with and
next to the rib rivets 6 1/2 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
Bellcranlc Checking Tool

Figure 5-4. Installation of
Aileron 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
~re~. •

d. Place a bubble protractor on the inboard section of the aileron perpendicular to the
hinge line and establish neutral or zero on the protnctor. Remove the control wheel block
and adjust the bellcrank stop bolts to the specific aileron travel from neutral as given in
Table Y-I or Table Y-IA. Stops on both bellcranks should contact thdr ;)tops at the sam~

time and before the control wheel 1.:0ntacts the stops.
e. Check t~:lt the aileron balance weight does not c.ome in contact with til\.' bottom

wing skin. .
f. Ch~l.:k control oreration. bolts and turnbuckles for safety and install al.:l.:ess I'latl.:;).

S-13. AILERON TRIM.

5-14. ADJUSTME~l OF AILERON TRIM. For the purpose of changing lat.:ral tnOl. a
r'i:<td metal tab is installe:d on the: trailinl edle of the: left aileron or both ailerons. The: tabs
are JdjustJble from the: ground :is necessary.

SURFACE CONTROLS
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5-15. STABILATOR CONTROLS.

5-16. REMOVAL OF STABILATOR CONTROL CABLES. (Refer to Figure 5-5.)
a. To remove the forward control cables that connect the control column assembly with the stabilator

.cables. the following procedure may be used:
I. Remove the cover plate. fold back the carpet and remove the floor panel at the left side of the

wheel well by removing attaching bolts. In airplanes with Serial'Nos. 30-1 to 30-852 inclusive and 30-H54 to
30-90 I inclusive. remove the rear seat and carpet and floor panel from the baggage compartment. Remove the
access panel to lhe 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 inspection 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 to 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 at station 131f5.

5. Remove the cable guard (9) from the pulley cluster aft of the main spar at 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 at 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 .

Issued: 12/29/72
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b. The following procedure may be used to remove the all ~ontrol cables that
begin at fuselage station In. 0 and route aft to the balance arm (:10) of the sta­
bilator.

1. Remove the access plate from the right rear side of the fuselage just
ahead of the stabilator by removing attaching screws.

2. In airplanes with Serial Nos. 30-1 to 30-852 inclusive and 30-85~ to
30-901 inclusive, remove the back panel 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 the back panel access door
from the baggage area.

3. If DOt previously accomplished, mark the upper set of cable ends to
facilitate reiDsmllatlon and. with the trailing edge of the horiZontal stabUator in
the down position, loosen the turnbuckles (5) at station 172.0.

~. Remove the fork end straps (32) of the cable from the balance arm (0)

of the stabilator by removing cotter pin, nut, washer and bolt.
5. Remove pulleys from the top and/or bottom brackets at stations 2.1.1. 0

and 235. 0 respectively by removing nuts, bolts and blshings.
6. Draw the cables aft out of the fuselage.

5-17. INSTALLATION OF STABlLATOR CONTROL CABLES. (Refer to Figure
5-5. )

a. To install the aft stabilator control cables that route from the balance arm
(30) to fuselage station 172.0, the following procedure may be used:

1. Place the aft cables within the fuselage from the right rear acces s open­
ing with the turnbuckle end of the cables extended forward.

2. Connect the iork end straps (32) of the upper and lower cables to the
balance arm (30) by inserting the bolts from the left side through the washers,
straps. blshings and balance arm and installing the nut and cotter pin on the right
side of the balance arm.

3. With the cables riding in the pulley grooves, install the upper pulley in
its bracket at station 233. 0 by inserting the bolt from the right side through the
bracket and pulley bushmg, and installing the nut. Install the lower pulley at
staticn 235. 0 by insertins the !xllt from the left side and tightening the nut.

4. Ii the forward cables are installed, connect the upper and lower aft
cable ends to rhe ionvard ~ables using turnbuckles (5).

b. The following procedure may be used to install the iorward cables that
connect the control column assembly with ·the aft control cables:

1. Identify the leit cable length by measuring approximately l.il inches
from the thimble oi the unpainted cable end to the swaged ball on the cahle.

2. Conn~\.:t the swaged ball of the 151 inch cable length to the cable anach­
ment fitting by means of cotter pins through the arm of the fitting. (Reier to

SURFACE COL':TROLS
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Figure 5-1.)
3. With the attached length in the pulley grooves. instal1 the pulleys in their brackets immediately

under the left side control column at the forward bulkhead and just forward of the instrument panel.
4. Identify the swagged ball that connects to the right cable attachment fitting approximately 17M

inches from the thimble of the painted end.
5. Install the pulleys beneath the right side control column by stringer the cable from the pulley

just ahead of the instrument panel and beneath the left control column to the bracket beneath the 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
nul.

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 opposing cable section 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.

II. Draw the cable ends down and under the pulleys at 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 the
firewall. be sure to thread cable in the pulley groove and not over top
of either the front or bottom cable guards. (Refer to Figure 5-5. View
A-A.)

c.
d.

12. Connect the forward and aft stabilator cables at station 172.0 with the use of turnbuckles (5).
Set cable tension per Table V-I and check rigging and adjustment per Paragraph 5-20.
Instal1 floor panels. carpets. seat tracks. seats. access plates and access door.

•

5-18. REMOVAL OF 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 couerpins. nuts, washers and

bolts connecting the fork end straps (32) at the forward end of the balance arm.

Issued: 11/29/72
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•d. Disconnect the aft end of the control rod (35) from the stabilator trim tab horn allhe underside 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 airplane 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 tor4ue lube.

g. Separate the tab control bellcrank (34) from the stabilator bearing blocks (40) by removing 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 bearingblock 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 to pass the rudder arm.

k. Remove the components of the torque tube assembly noting the position of parts for proper
reassembly and use the following procedure:

I. Remove the left bearing block (40) by tapping with a soft mallet. Note shims( P; N 80122-84 on
inboard 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.
5.

5-19. INSTALLATION OF 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:
I. In case an old counter balance horn (41) 'or stop assembly (38) is to be installed on a new

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. 2503~-00 is re4uired 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 collar attachment hoh: Il1

0.2465/0.2475 of an inch.)

•
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Figure 5-5. Stabilator and Stabilator Trim Controls
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Figure 5-5. Stabilator and Stabilator Trim Controls (conL)
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(c) Insert a bolt in the reamed holes and repeat the process after re­
moving the locating pin.

2. In case a new counter balance born or stop assembly is to be installed
on an old stabUator tube, one side of the holes in the counter balance born or
stop collar must be reamed to 0.3120/0.31300f an inch for the horn or 0.24651
o.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. (Pin, 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 from 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 from the reamed side.
3. In case old componenuare to be installed on an old tube, DO reaming

is necessary.
4. Position th~ balance horn on the center of the torque tube and install

bolts (ct) with the beads forward. Install washers and DUts, then torque.
5. Install the stop collar assembly on the left side of the torque tube 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 belt (ct)
and nut.

7. Install bearing blocks (40) on the torque tube. When installing 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 (PIN 80122-84) equally between each bearing and tube collar. Tap the
bearing blocks on the torque tube with a soft mallet maintaining a snug fit between
bearing block, shims and collar.

b. With the top bolt of theleft bearing block in place, slide the cOUDterbalance
arm into the aft end of the fuselage with the left side of the torque tube vertical
to pass the rudder arm. Rotate the tube 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 that secure the lower reinforcement
channel to the cab drum support bracket.

e. Connect the tab control bellcraok (34) to the stabUator bearing blocks by
installing 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.

SlJRFACE CONTROLS
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g. Install the bolt, washer and nut that joins the two halves at the stabila[or rear spar
attachment ritting.

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 hom by

installing bolt, washer and nut at the stabilator underside.
j. Connect the control cable fork end straps (32) with the balance ann (30) by

installing bolts, bushings, washers, nuts and cotter pins near the forward end of the balance
ann.

Ic. Check Stabilator Rigging and Adjustment per Paragraph 5-20.
l. Install the top and bottom tail cone fairings and access plate on the right rear side of

the fuselage forward of the stabilator.

5-20. RIGGING AND ADJUSTMENT OF STABILATOR CONTROLS.
~ Level the airplane. (Refer to Leveling, Section 11.)
b. To check and set the correct degree of stabilator travel, the following pr~edure may

be used:
I. Check the travel by placing a riging tool on the upper surface of the stabilator

as shown in Figure 5~. (This tool may be fabricated from dimensions given in Figure 5-19.)
2. Set on a bubble protractor the number of degree up travel as given in Table V-I

or Table VelA and place it on the riama tool. Raise the trailing edge of t.,e stabilator and
determine that when the stabilator contacts its stops, the bubble of tne protractor is
~entered.

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 Y-I or

Table Y-IA and again place it on the rigging tool. Lower the tr:Iiling edge of the stabilator
and determine that when it contacts its stops, the bubble of the protractor is ~entered.

4. Should the stabilator travel be incorrect in either the 'Jp or down position.
remove the tail cone fairing by removing the attaching screws and with the use of [he
stabilator rigging tool and bubble protractor, tum the stops lo~ted at the I~ft bearing block
of the torque tube in or out (Refer to Figure 5-5) to obtain the correct degr~e of [r:lve!.

5. Ascertain that the locknuts of the stop screw are secure and reinstall the: [ail
cone fairing.

SURF.~CE CONTROLS
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Figure 5-6. Stabi1ator Rigging Tool

c. To check and set stabilator control tension. and neutral relation of the control
whe~ls with the stabilator. the following procedure may be used: .

I. Ascenain that the stabilator balance (Refer to Checking and Balancing
Stabilator. Section IV) and travel are correct.

~. Remove the access panel from the rear w:l11 of the baggage compartment or area.
3. Position and maintain th~ 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. ~heck that the control wheel is neutr:l1 fore and aft.

and the control cable tension is correct as required in Table V-lor Table V-IA. Neutral
position of the ~ontrol wheel is 7.88 inches from the metallic surface of the instnlmcnt
panel as measured along the underside of the control column to the wheel.

S. Should the neutral pOSition of the ~ontrol wheel and/or ~able tension be
in~orrect. adjust the turnbuckles in the.' aft section of the fuselage to obtain ~orrect position
;lnd tension. With this correct. the tumbuckJcs should be positioned approximately at
station 17:.5 to assure turnbuckle dearances.

d. Check and. if n:quired. adjust the stabilator control extension spring located in the
I:::<.treme art ;>ortion of th~ fuselag~ to obtain 1.~5 inch extension of the spring with
st3bilator )to~s at ~orrect adjustment and control wheel at the full forward position. Access
to the spring is gain~d by remo\'in~ the aCcess panello~ated on the right side of the fuselage
just forward of the st:lbiJator.

e. Check the filII travel or the .:ontrol wheel with relation to the full travel of the
stabilator to detennine that the slabilator contacts its stops before the control wheel
~ontacts its stops.

f. Check safety of turnbuckles :lnd bolts.
g. Remove th~ 3irplane from jacks.
h. Install :lccess plates and panels.

SURFACE CONTROLS
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•5-21. STABIL.O\TOR TRI~1 CO~'TROLS.

5-22. REMOV.~LOF STABlLATOR TlUM CABLES A~L) CO:'-.'TROL. (FORW ..~RD).
(Refer to Figure 5-5.)

a. Remove the trim crank handle (25) trom th~ oVl:rhealJ I i~Il' llallt:l hy press­
ing upward on the light panel near the crank stem (27) anlJ rCll1uvin~ the: cJ ip from
the stem.

b. Remove cabin light panel from cockpit overh~alJ by remo"ing attachin~

screws.
c. In airplanes with Serial Nos. 30-1 to 30-852 inclusive and :30-:-;54 to JU-90l

inclusive. remove the access door from the rear wall of the baggage compart­
ment. In airplanes with Serial Nos. 30-853. 30-902 and up. renluve the right
re3r family seat, if installed. and remove the back panel access dour from the
baggage area.

d. Trim cables (2) may be blocked to prevent the unwrapping of cables from
the trim drum by removing the lower tail cone fairing and blockin~ the cables at
the trim drum as shown in Figure 5-7.

e. Disconnect the forward control cable end from the rear control cable by
disconnecting the forward turnbuclde in aft area of the fuselage at station 199.0.

f. To facilitate withdrawal of cable through the tube guides (8) ....·ithin the cock-
pit headliner. the follOWing procedure may be used: •

1. Ii the cable is to be reused. split the neopress sleeve and remove the
thimble at one end of the forward cable. .

2. It the cable is not to be reused. it may be cut just forward vi the slee·:e.

Figure 5-7. ~lethod:i of Blocking Trim 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:
1. 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 OF STABILATOR TRIM CONTROLS AND CABLE (FORWARD). (Refer to
Figure 5-5.) One of two procedures may be used for instal1ing the forward cables according to knowledge of
cable length. The first procedure should be followed for cables of pre-determined length such as old cables that
are to 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 at station 199.5.
b. For cables of undetermined length, the following procedure should be used:

1. Draw theicable end forward from the pulley at station 157.0through the guide tube (8). around
the double pulley and idler pulley at station 87.5 and aft through the guide tube and the pulley at station 157.0
to the aft section of the fuselage.

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. Ora w the free cable end until it is tight and clamp the cable so that it will not damage the cable
or slip back.

5. Crank the trim a few times to 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. Cutoff the remaining cable. '

c. If a trim servo is installed. separate the left trim cable at the turnbuckle in the aft section of the
fuselage at station 199.0.

I. Add a cable splice to the forward cable end just separated to 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 CUloul in the

mounting bracket and attaching the servo with bolts. washers and nuts.
6. Route trim cable from the forward part of airplane around 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 trim servo by installing screws. 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 at 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-I and check rigging and adjustment per paragraph 5-26. Safety al

turnbuckles.

•Issued: 12/29/72 IH15
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5-24. REMOVAL OF STABILATOR TRIM SCREW AND CABLE ASSEMBLY (AFT). (Refer to Figure
5-5.)

a. 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 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 is attached 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.
wac;hers and nuts. .

i. Remove the control cable drum housing (IO). trim drum (16). and control screw (II) 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 OF 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 forward.
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 side 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 (\4) and the top of the drum housing (\0).
f. Connect the trim screw (II) 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. InstaU cable guard screws with bushings and nuts at the pulleys of station 239.2.
j. InstaU tail cone fairings and on the right side of the fuselage forward of the stabilator. Install the

access plate with attaching screws.
k. InstaU the access door and, if removed, install the right rear family seat to the baggage area.

5-26. RIGGING AND ADJUSTMENT OF 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 30-90 I 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 rea~ of the baggage area, then remove the access door
from the back panel.

d. Determine that the turnbuckles in the aft section of the fuselage at station 199.0 are parallel and 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 b.e
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 (\4) and the top of the trim dru
housing (10). If the required distance is lacking, use the following procedure:

I. Disconnect the trim screw (II) from the bellcrank (12) 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 bellcranl<. with nut, washers, bolt and cotterpin .

•
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g. If the stabilator tab is not aligned with the neutral stabilator. disconnect the stabilator tab actuator
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 to check 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 OF TRIM 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).
L 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. INSTALLATION OF TRIM 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.

Issued: 11/29/82
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----------------.
d. Install the bolt and nut holding the indicator assembly to the bulkhead at station 89.0.
e. With the stabilator in neutral, align the stabilator tab and stabilator. then draw the wire until the

pointer indicates neutral and wrap the aft end to the bellcrank indicator rod (42).
f. Install the light panel with attaching screws.
g. Install the crank handle (25) by first installing the attachment clip on the crank 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.

5-2'J. RUDDER AND STEERING PEDAL ASSEMBLY.

5-30. REMOVAL OF 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 (II) and left (2) steering rods from the rudder pedal torque arms ( 15 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. To 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 ofthe 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 AND 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 links (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 8.81 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. the adjustment ofthe toe brake connecting rods should m'easure 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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A192

6

9

17

,. 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. RIGHT

10. RUDDER PEDAL TORQUE ARM.
RIGHT SIDE INBOARD

". STEERING ROD. RIGHT
12. TORQUE TUBE

13. BEARING BLOCK. CENTER
14. IDLER LINK. RIGHT
15. RIGHT RUDDER PEDAL TORQUE ARM.

LEFT SIDE
16. CONNECTING ROD. RIGHT
17. BRAKE PEDAL
18. CONNECTING ROD. LEFT
19. RUDDER CONTROL CABLE RIGHT
20. LEFT RUDDER PEDAL TORQUE ARM

LEFT SIDE
21. RUDDER CONTROL CABLE. LEFT
22. TURNBUCKLE
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1:. InsbU the center (13) and right
bearing blocks (9). Use shims (.010, PIN
41371~1; .015. PIN 41371~3; .032. PIN
41371 ~4) as required between b~aring

blocks to aUow. the tube a snug fit yet be
free to rotate.

d. Install bolts (8) that secure the right
side inboard pedal nO) to the torque tube.

e. Install lockwires in cap bolts of the
bearing blocks.

f. Secure the steering rods (2) and (II)
to the center set of rudder pedal torque
anns (10 and I 5) by installing screws and
nuts. The heads of the screws should be
outboard.

g. Connect the brake cylinder
assembly (4 and 7) to the toe brake links (3
and 14) with bolts, washers, castellated nuts Figure 5-9. Adjustment of Brake Pedal
and cotter pins.

h. For the left andlor right rudder pedals with toe brakes. check that there is 1.50
inches between the aft surface of the pedal tube (2) and the aft surface of the toe brake pad
(3). (Refer to Figure 5-9.) Adjust the clevis bolt (6) at the top of each brolke 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 (12) to the anns of the torque tube
assembly with bolts. washers and castellated nuts.

j. Rotate the turnbuckle barrels until required tension is reached as given in Table V-I
and check rudder adjustment as given in Paragraph 5-37. Safety the turnbuckles.

5-31. RUDDER CONTROLS.

5-33. REMOVAL OF RUDDER CONTROL CABLES. «Rder to Figure S-lO.) To remove
the rudder control cable assembly, use the following pro~edure:

a. Remove the scuff plate, fold back the carpet. and remove th~ floor panel at the left
side of the wheel well.

b. In airplanes with Serial Nos. 30-1 to 30-85~ indusive and 30-8S4 to 30-90 I
inclusive. remove the rear seat bottom. Remove carpets and noor panel from the baggage
compartment and remove: the access door to the aft section of the fuselage from the bal."k
panel. In airplanes with Serial Nos. 30-853. 3O-90~ and up, remove the rear seats and family
s~:lts. if installed. Remove the carpets and floor pands aft of the main spar and remove the
3L:CeSS door of the back panel.

c. Remove the tail (;on~ fairings by removing the attal.:hing screws.
d. Remove the access panel from the right rear side of thl.: fuselage at station ~33.0.

~. Relieve rudder cable tension by rotating one of the: two vertkal turnbuckles
att:1L:hed to the pedal assembly at the forward cabin bulkhead.

SURFACE CONTROLS
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f. Remove the cable guards from the pulley clusters at the forward cabin bulkhead at station 52.0 and
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) at station 137.0 and at the bulkhead just aft the stabilator balance weight at
station 238. O.

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 at station 50.0.

j. Disconnect the cable from the rudder horn (21) by removing the cotterpins. nuts. washer and bolt
(20).

k. Draw the cable aft out of the fuselage.

5-34. INSTALLATION OF 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 at station 115.0 at 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 bottom cable guards. (Refer to Figure 5-10.
View A-A.)

b. Connect the cable end to the rudder horn (21) at station 260.0 with bolt. washer. castellated nut and
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 guards at stations 52.0and 115.0 by inserting the guards into bracket holes and 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-I 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 (II). If the aircraft is equipped with the Airflow
Modification Kit. the springs (10) are attached to the rudder cables by means of clamps (10) spaced as shown in
Sketch C. then slip the looped ends of the interconnect cables over the other end of the springs (10).
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SKETCH E

.141

SKETCH A.

Figure 5-10. Rudder and Rudder Trim Controls
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Figure 5-10, Rudder and Rudder Trim Controls (cont.)•
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•j. Insure 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. Install the removed floor panels, carpets, scuff plate, access door, access panel, seats
and tail cone fairinp. .

5-35. REMOVAL OF RUDDER HORN. (Refer to Figure 5-10.)
L Remove tail cone fairinp by removinl attaching screws and washers.
b. Relieve rudder cable tension by rotating the turnbuckle of one cable near the

forward cabin bulkhead at station 50.0.
c. Remove cable ends (19) from rudder hom (21) by removing cotter pins, castellated

nuts, washers and bolts (20).
d. Disconnect taillight 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 hom by

removing the cotter pin, castellated nut, washer and bolt.
f. Remove the cotter pin, castellated nut, washer and bolt (23) holding the rudder

hom to the hinle bracket.
s- Disconnect the rudder from the two remaining hinp brackets in the vertical fm by

removing castellated nuts, washers an.d bolts. "
h. Move the rudder to the right or left and upward to separate the hinle brackets.
i. Separate the rudder hom from the rudder torque tube assembly by removing nuts, •

washers and bolts (20). Slide the hom from the torque tube.

"5-36. INSTALLATION OF RUDDER HORN. (Refer to Figure 5-10.)
L Attach the rudder hom (21) to the rudder torque tube with bolts, washers and nuts

at the torque tube base.
b. Align the holes for the hinle bolt in the hom with "the hole in the hinge bracket

while aligning the bracket holes of the rudder with those in the vertical fm.
c. Install the bolts, washen and casteUated 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 hom 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 hom with bolt, washer, castellated nut and coner 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 5-11. Claming Rudder Pedals In Neutral Position

5-37. RIGGING AND ADJUSTMENT OF RUDDER CONTROLS.
a. Ascertain that the nose gear is properly aligned with the rudder pedals according to Alignment of

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-lor Table V-IA. The following procedure
may be used:

I. Place airplane on jacks (Refer to Jacking. Section II) 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 F).
5. Install a small diameter rod on to the bottom of the rudder at the trailing edge. (Refer to Figure

5-12.)
6. Apply masking tape on 90° to airplane centerline. between stabilator halves immediately

heneath rod inserted on rudder. On tape. mark the airplane centerline (stabilator trim controlrodl and a line
1!4 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-I.) On PA-30 aircraft Serial Nos. 30-1 to 30-2000 incl. with Air­
flow Modification Kit 760409 or 760 504. the rudder should be rigged so that with the pedals clamped the rod
in the rudder should align with the point 1/4 inch outboard of aircraft centerline as established in Step 6. and
cable tension is correct. (Refer to Table VI-IA.) (Cable tension is taken at the flexible portion of the cable at the
forward cabin bulkhead. station 50.0.)

8. Should alignment and/ or cable tension be incorrect. adjust the turnbu"kles 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:

l!Sued: 12/29/72
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Figure 5-12. Determining Neutral
. Rudder Position

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 Airflo.
Modification Kit installed) outboard from the centerline of the airplanestabilator trim control rod). make tw
small dots approximately six inches apart fore and aft. with a pencil, on the top surface of the stabilator. both
sides of the rudder and parallel to the airplane's centerline.

2. Run masking tape on each stabilizer surface fore and aft with the edge ofthe tape placed at the
outboard side of the pencil marks.

3. Disconnect the rudder trim system at the lower end of the trim bellcrank at 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 to obtain correct travel.
6. Ascertain rudder trim controls are properly rigged per Paragraph5-45 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 at the rudder

horn and the nose gear travel stops.
9. If interference is found at 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 stops just
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 TRIM CONTROLS.

5-39. REMOVAL OF RUDDER TRIM 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 at the bulkheads under the floor 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 30-90 I 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 compartment, 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 theforward bulkhead and main spar from station 66.5 to 113.8. Remove the access
panels from front and aft cornc;.rs 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 instaUation.
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 at station 157.5 and forward of the main spar at station 113.8.
i. Separate the rub blocks (10) at stations 136.5, 105.5,87.5 and 66.5 by removing attaching screws (9).
j. Slide the cable guards from the pulley cluster at the forward cabin bulkhead by removing cotterpins

and sliding the guards to the left side of the pulley bracket.
k. Remove the cable retainer plate from its block at the forward cabin bulkhead by removing the

attaching screws.

1~~I'ed: 12/29/72
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I. Remove 'he clamp holding the plastic tuhing at the forward ·cabin bulkhead hy removiog 'he.
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 forward cabin bulkhead by removing
the bolts from the mounting bracket. Remove the nuts and washers forward ofthe cabin 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 ANDCABLEASSEMBLY(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 pul1eys at the main spar
and back panel to the aft section of the fuselage.

e. With the cable in the tracks of the double pul1ey, install the pulleys in the bracket at the forward
bulkhead by instal1ing the bolt and washer. Be sure the plastic tubing is below and free of pul1eys.

f. With the plastic tl;lbes 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 pul1ey cluster at the forward bulkhead and secure
with cotterpins.

i. Install the rub blocks (10) 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 pul1ey 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

rotating the turnbuckle barrels (4). (The turnbuckles should be paraUel when the trim tab is in neutral and the
cables are evenly wrapped. Rig and adjust per paragraph 5-45.

•Issued: 12/29/82
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1. Install top skin dssemblyof the nose se~:ril)n. thl; ~':;';l.:sS panel. floor panels,
carpets. seat tracks. :-;eats, access door to. the ait ",-·I..:tion ot the fuselage.

5-41. REMOVAL OF RUDDER TRIM SCREW AND C.-\BLE .-\SSEMBLY(AFT).
(Refer to Figure 5- 10 .)

a. Block the forward cables at the pulleys just aft of the back baggage corn'
parnnent or area panel at station 157.5 to prevent unwrapping as shown in Figure
5-7.

b. Remove the access panel to the aft section of the fuselage by releasing
fasteners.

c. Remove the access plate from the right rear side of the fuselage at station
233.0 by removing the attaching screws.

d. Block the aft trim drum (30) to prevent unwrapping of the cable.
e. Separate the aft cable from the forward cables by rotating the turnbuckle

barrels (4) in the aft section of the fuselage at statiun 192.0.
f. Remove the dm¢le pulley from its bracket near th~ top aft area of the fuse­

lage at station 226.0 by removing nut, washer .and bol t.
g. Detach the guide bracket (26) by removing the nuts, washers and bolts that

secure the bracket and trim drum mounting bracket ru rhe bulkhead above the
trim drum. Slide the guide bracket aft on the tube: assembly.

h. Free the tube assembly (12) from the aft portiun or the universal joint aft
of the trim drum by removing the cotter pin, washer and clevis pin (29).

i. Remove the drum bracket (24) from the bulkhead ar station 227.8 by remov­
ing the remaining nuts, washers and bolts from the mounting bracket.

j. Draw the trim drum and cables from the fuselage.

5-42. I~STALLA110N OF RUDDER TRL'A SCREW .'\ND C/IBLE .~SSE\IBLY

(AFT). (Refer to Figure 5-10.)
a. With the cables evenly wrapped and blocked, fasten the trim drum (30) and

mounting bracket (24) to the bulkhead by installing the bolts, washers, and nuts
at the underside of the trim drum.

b. Secure the control tube (12) to the universal joint of the drum assembly by
installing the clevis pin (29), washer and cotter pin .

.;. Secure guide bracket (26) and the upper portion of the trim drum mounting
bracket to the bulkhead by installing bolts, washers and nuts.

d. With the cable in the pulley tracks, install the pulleys in the bracket near
the top or rhe fuselage at station 226.0 by installing bolt. washer and nut.

e. Conne~t the aft cables to the forward cables by ass~mbling the turnbuckles
(~) at station :Nl.0.

SCRF.-\CE CONTROLS
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Remove cable blocks and gain tension as per Table V-I. Rig and adjust per paragraph 5-45. •

r

5-43. REMOVAL OF 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 at 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 of the fuselage. To disassemble the tube further. use the 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 removing the cotterpin. nut. washer
and bolt.

h. Draw the bellcrank and aft control rod forward. then out through the access hole inthe right side of
the fuselage.

i. Disconnect the upper end of the bellcrank from the aft control rod by removing the cotterpin. nUl.
washer and bolt.

5-44. INSTALLATION OF 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. Insert a lock clip (IS) into the center most slot of the bungee tube (12) and secure with
MS20995-C41 safety wire. ..'

4. Insert the spring assembly into the bungee tube and compress it enough to allow installation of
the lock clip. Insert the lock clip into the same side of the tube as the previous clip was and then safety.

•Issued: 12/29/72
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5. Install the rod end bearing (18) with jam DUt (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 tube. Secure end bearing with jam nut.

6. Connect the guide bracket (26) to its bulkhead bracket by installing bo It.
washer. castellated DUt and cotter pin (25) ~t 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 aft control rod (32) to the upper end of the bellcrank (34) with
bolt. washer and nut.

c. Position the bellcrank within the fuselage and secure. it to its mounting
bracket with bolt, washers and nut.

d. Connect the aft control rod to the rudder horn (21) byinstalUng bolt, washer.
nut and cotter pin.

e. Connect the control rod (16) of the bungee assembly to the lower end of the
bellcran1c by installing bolt, washers and DUt. Check rigging and adjusanent of
the trim system as given ill paragraph 5-45.

f. Install tail cone fairing and the right rear side access panel with attaching
screws.

5-45. RIGGIN:; AND ADJUSTMENT OF Rl'DDER TRI.M CONTROLS. (Refer to
Figure 5-10.)

a. Remove the access panel located on the right side of the fuselage just for­
ward of the stabilator.

b. Place the airplane on jacks and raise enough to allow the nose wheel to clear
the floor. (Refer to Jacld.ng, Section 11 .)

c. If new cables have been installed. operate the trim mechanism trom stop to
gtop several times. This will allow the cableg to rega"in their tightness on the
drums.

d. Check ~able tension as given in Table V-I.
e. .-\scertain that the fore and aft cables are equally wrapped on their drums

and the turnbuckles are located opposite each other. I.f cable drums are not
~qually wrapped and the turnbuckles are not together. the drums must be removed
and re-wrapped. Refer ro paragraph 5-47 for wrapping of the drum.

i. With the cables equally wrapped. turnbuckles togethc:r and cable tension
gt:t as given in Table V-1. the trim indicator at the" instrument panel should be
in the:: neutral position. If the indicator is not at neutral, remove the ~otter pin
and clevis pin securing the universal joint to the trim control. Turn the trim
knob until the indicator is at neutral and secure universal joint to trim control
with clevis pin and cotter pin.

SL'RF.-\CE CONTROLS
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g. With the indicator in neutral. measure the distance from the forward end
of the trim control tube (12) to the aft surface of the screw stop (28). If the
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 control tube screw
(11) to the universal joint and adjust screw to obeain correct measurement.

h. With measurement obtained. secure the trim screw to the universal joint
with clevis pin. washer and cotter pin. Attach the alignment bracket with bolt.
washer and nut.

i. Check and. if required. adjust 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 at the trailing edge. and allow its end to extend down to the
5tabilator trim control rod. Should the rudder not be neutral. disconnect the rod
end bearing (18) of bungee assembly from the trim bellcrank and adjust to bring
the rudder to neutral. MaintainO.375 of an inch thread engagement of the rod
end bearing in the ~gee tube. Remove check rod from rudder ..

NOI"E

U the adjustment cannot be made by adjusting the trim
tube rod end bearing only. the adjustment may be di­
vided between both the rudder horn rod and the trim
tube end bearing keeping the 0.375 of an inch thread
engagement.

k. Check that rod end bearing jam nuts are secure. Install access panel and
remove airplane from jacks.

5-46. TRIM DRUM.

5-4i. WRAPPING TRL\tl DRUM. (Refer to Figure .~-I·L) All trim drum::. are
wrapped bash:ally by the same procedure and must be removed from the airplane.

a. ~1ark the end of the drum toward the hase of the housing hrackct (1) for a
reference when later installing and wrapping the cable (1) on the drum.

b. With the drum housing bracket firm ly held. remove one ut the cable guard
bolts (8) from the housing bracket.

c. Remove the drum screw (4) or the drum shaft (~) from the trim screw as­
sembly. The screw is removed by removing the stop (0) located on the end of the
screw, opposite the base of the housing bracket. Turn the screw from the drum.

SURFACE CONTROLS
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The shaft is removed bY driving the roll 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 trim cable and remove the cable and lock pin (13) from. the

drum. (Ii one end of the cable has been marked to facilitate hook-up of the cable
ends. note this location in relation to the drum when installing a new cable on the
drum .)

i. Check the condition of the bushings (i) in the housing for excess wear,
g. To install and wrap the trim cable, locate th~ 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 or base end of the drum down.
j. Looking down on the drum. wrap up the cable that leads from the base end

nine and one-quarter turns in a counterclockwise direction. The cable trom the
upper end. wrap down in a clockwise direction nine and one-quarter turns.

k. Insert the drum in the housing bracket. position the drum and route the
cables trom the assembly as shown in Figure 5-14.

I, In::itall the screw and screw stop on the drum shaft and rotate the drum
one-quarter turn to allow installation of roll pin.

IT.. 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 .

SCR F."CE COr-..'TROLS
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5-48. WING FLAP CONTROLS.

5-49. REMOV.o\L OF FLAP TRANSMISSION AND CO~iROL AR~I ..\SSE~roLY.
(Refer to Figure 5-15.)

a. Remove the seats, carpets and floor panels as necessary [0 expose the
center fuselage section between the main and rear spars. It desired. remO\'e
the panel from the underside of the fuselage.

b. Removal of the flap transmission assembly may be accomplished by the
following procedure:

1. Disconnect the motor electrical leads.
2. Extract the pin (26) at the transmission housing by removing cotter' pin'

(23) and washer (24).
3. Remove the bolt (29) at the forward position of the actuating screw (28)

by removing cotter pin and nut (32).
4. Remove attaching screw.

c. The actuating ~rms may be removed by the follOWing procedure:
1. Disconnect the flap position sender rod (15) by removing the screw from

the rod attachment bushing at the actuating arm (17).
2. Disconnect the control cable fork end or turnbuckle (20) end at each

actuating arm by removing the cotter pin, castellated nut and bolt (19).
3. Remove the pivot bolt at the top spar support tube (11) by removing the

cotter pin, nut, washer and bolt. """',
4. If not previously removed, separate the actuating screw (28) from tht:

bottom of the actuating arms by removing the bolt, washers and nut.
5. Remove th~ actuating arms.

d. The spar support a~sembly may be removed by the follOWing procedure:
1. If not previous·ly disconnected. disconnect the cable iork end or turn­

buckle end at each actuating arm by removing the cotter pin~. ~astellated nuts
and bolts.

2. Remove the cable pulleys (3) from their brackets by removing the nuts,
washers and bolts.

3. Disconnect the electrical lead to the sender unit assembly (16) by re­
moving attaching nut.

~. Remove the support from the recess between the two longitudinal bulk­
heads by removing the attaching bolts, washers and nuts.

5. With the Ilap transmission assembly and actuating arms removed, dis­
connect the support assembly from the main and rear span by removing nuts.
bolts and washers. Note the location of the shim washer on ont! side ot plate be­
tween the angles at the rear spar.

o. Remove the spar support assembly from the airplane.

SCR F:\CE ..COi\iROLS
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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 ofthe
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.

1 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 oft he 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 OF 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 noting the end 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-G-23827 grease.

NOTE

Refer to Lubrication Chart, Special Instructions for specific
lubrication instructions of flap transmission assembly.

Issued: 12/29/72
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5-51. INSTALLATION OF FLAP TRANSMISSION AND CONTROL ARM ASSEM­
BLIES. (Refer to Figure 5-15.)

a. Installation of the spar support assembly with the flap transmission and
control arm assemblies installed may be accomplished by the follOWing proce­
dure:

1. Align the forward end of the spar support (11) with four attachment holes
in the main spar and align the aft end in the slot between the attachment angles
at the rear spar. Attach the spar support to the main spar with bOlts. washers
and nuts to determine which side of the slot at the rear spar needs the shim
washers. The aft end of the spar support will fall to one side of the slot when
fastened at 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 as­
sembly by installing the bolts. washers and nuts that secure it to the bulkheads.

3. With cables (2) and (9) in the pulley tracks. install pulleys (3) in the
brackets with bolts. washers and nuts.

4. TemporarUy connect the cable fork ends or turnbuc1cle ends (20) at each
actuating arm (17 and 18). After rigging and adjustment. permanently secure
ends with bolts. washers. castellated nuts and cotter pins. Allow cable ends
freedom to rotate.

5. Install the electrical leads to the motor and coil assemblies on the for­
ward right side of the spar support assembly. Refer to Electrical Systems
Schematic. Section XI. for wiring hookup details.

b. Connect the ele~tricalleadto the sender unit assembly (16) by installing
attaching nut.

7. Rig and adjust per paragraph 5-58.
b. Installation oi the spar support assembly with actuating arms and trans­

mission assemblr removed may be accomplished by the follOWing procedure:
I. .~ lign the iorward end of the spar support with the four 3tta~hment holes

in the main spar and align the aft end in the slot between the attachment angles
at the rear spar. Attach the spar support to the main spar with bolts. washers
and nut:; tv determine: which side of the slot at the rear spar needs the shim
washer. Th", ;lit end of thl: spar support will fall to one side when fastened at the
main sp~r. Pl:1ce the shim washer in the slot space and secure with bolt. washer
and nut.

:2. Install the bulkhead support through the center oJ the spar support as­
sembly by installing the bults. washers and nuts that secure it to the bulkheads.

3. With cables in the pulley tracks, install pulleys in brackets with bolts,
washer.:= and nuts. Allow ends freedom to rotate.

StJRF.o\CE CONTROLS
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c. Installa tion of. the. control arm assem bly may be accom pUshed as follow s:
1. Attach the actuating arms (17 and 18) to the top of the spar support as­

sembly with bolt. washer and nut.
2. Slide the end of the flap position sender rod (15) into the rod attachment

bushing. Allow the screw to remain loose until nap adjustments are made.
3. Secure the actuating arms to the forward end of the transm ission screw.

if transmission is installed. with adapter (31). bushing (30). bolt (29). washer.
nut and cotter pin.

". With the cables in the pulley tracks, install the pulleys in the brackets
with bolts. washers and outs.

5. Temporarily connect the cable fork or turnbuckle ends (20) to the ac­
tuating arms. After adjusanent, secure cable ends by installing bolts, washers,
castellated nuts and cotter pins. Allow ends freedom to rotate.

d. Installation of the nap transmission assembly may be accomplished as fol­
lows:

1. Connect the aft end of the transmission assembly with the attachment
bracket of the spar suppon 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 with the bottom holes of the actuating arms .
Install adapter (31), bushing (30), bolt (29), washers and nut.

3. Connect the motor and coil assembly electrical leads . Refer to Elec­
trical Systems Schematic, Section Xl. for wiring hookup details.

5-52. REMOVAL OF FLAP CONTROL CABLES. (Refer to Figure 5-15.)
a. Removal of flap control cables in airplanes with Serial Nos. 30-1 to 30-852

inclusive and 30-854 to 30-901 inclusive may be accomplished by the follOWing
procedure:

1. Remove the carpets, seat and floor panel from the baggage area.
2. From the underside of the wing remove the wing rootfairing. the splash

plate from the wheel well and the flap bellcrank access plate from station i1.0.
3. Within the fuselage disconnect the control cables (2) and (9) from the

actuating arm (17 and 18) by removing the cotter pin. nut. washer and bolt from
the cable iork end (20).

4. Remove the pulley (3) from the bracket on the spar support (11) by re­
moving bolt (19). nut and washer.

5. Separate the flap control cable at the turnbuckle within rile fuselage by
rotating 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 within the
wing root just outside the fuselage.

SURFACE CONTROLS
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7. Within the right wheel well only. remove the small pulley (3) from the
link assembly on the step lock mechanism by removing nut. washers and hoi t

8. Remove the cotter pin cable guard from the pulley bracket \\' ithin m~

wheel well at station 41.0.
9. Disengage the step lock pulley (3) and pull the flap down to ga in acces 5

to the ait arm of the flap bellcrank (10) at wing station 75.0. (If the nap is ro
stay down dUling removal. the rerum cable (35) may be released within the right
wheel well by removing the return spring (4) from its bracket forward of the step
lock by removing cotter pin. pin and washer.)

10. Disconnect the cable fork end from the aft arm of the bellcrank at wf,ng
station 75.0 by removing cotter pin. castellated nut. washer and bolt.

11. Draw the cable out through the wing.
b. Removal oftlap .control cables in airplanes with Serial Nos. 30-~5:3. 30-902

and up may be accomplished in the following manner:
1. Remove the seats. seat tracks. carpets arid floor panels between the

main and rear spars.
2. From the underside of the wing. remove the wing root iairing. the splash

plate from the wheel'well and flap bellcrank access plate at station 72.0..
3. Within the fuselage. disconnect the control cables (2 and 9) from the

acruating arm (17 and 18) at the rurnbuclde end (20) by removing cotter pin. nut.
washer and bolt.

4. Remove the pulley (3) from the bracket on the spar support (11) and
irom the bracket near the top of the rear spar by removing nuts. washers and
bolts.

5. Rc::move the cotter pin cable guard from the small pulley bracket within
the wing root just outside the fuselage.

b . .Within the right wheel well only. remove the small pulley (3) from the
link assembly on the step lock mechanism by removing nut and bolt.

7. Remove the cotter pin cable guard from the brack~t within the wheel
well at starion 41.0.

8. Disengage the step lock pulley (3) and pull the flap downward to gain
i.h.::..:e::iS to the ait arm of the flap bellcrank(lO) at wing station 75.0. (If the flap
is to stay down during removal. the return cable (35) may be released within the
right whed well by removing the rerum spring (4) from its bracket forward of
the step lo~k by removing cotter pin. pin and washer.)

~. Remove the cable fork end irom the aft arm .of the bellcraC'.k at wing
:) t3 non 75.0 by removing cotter pin. ~astellated nut. washer and bol t.

10. Draw the cable out through the wing .

SURFACE CONTROLS
I~sued: 12/29/7 =.
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:::l-~:>. INSTALLATION OF FLAP BELLCR.-\~'K. (Refer to Figure 5-15.) Instal­
btion ot the flap bellcran.lc.may be accomplished by the following proceuure:

.1. D~termine that the spring link (41) and control rod (40) are installed on the
forked arm of the bellcrank (lor 10) and that the control rod length i~ set per
paragraph 5-58. It

b. Position the bellcrank in its mounting bracket at wing station 72.0 with the
forked arm outboard and the remaining arm aft. Secure the bellcrank with pivot
bol t.

c. Install the cable on the aftarm of the bellcrank with bolt, washer and cotter
pin (19). Allow the cable freedom to rotate.

d. With the forward end of the control rod (40) and one end of the link (·B)
attached to the forward arm of the bellcrank, connect the link with the flap return
spring (4) for:ward of the bellcrank.

e. Rotate the turnbuckles (20) within the fuselage to draw the bellcrank arm
and control rod aft for attachment to the flap.

f. Pull the flap down to the extended position.
g. Place the bellcrank in the extended position and guide the control rod through

the hole in the trailing edge of the wing.
h. Attacb the flap to the aft end of the control rod With. bol t, nut and cotter pin.
i. Rig and adjust per paragraph 5-58.
j. Replace access panels. wheel well splash plate. floor panels. carpet:i, seat

tracks and seats.

5-56. REMOVAL OF STEP LOCK ASSEMBLY. (Refer to Figure 5-15.)
a. From the right wing remove the wheel well splasb plate. and the access

plate from the underside of the right flap at the inboard end .
. b. Remove the wing root fairing from the under 'side of the right wing.
c. Remove the small pulley (3) to the link assembly on the step lock by remo\,­

ing nut, washer and bolt.
d. Disconnect the flap return spring (4) by removing the cotter pin. pin Jnd

w:l:iher from the bracket forward of the step lock.
e. Disconnect the aft end of the flap return cable (35) by removing nut and

wa:iher from the cable end within the flap. .
f. Extend the flap manually and remove the nuts and bolts that secure the :itcp

loc k mounting bracket to the trailing edge and inboard edge of the wing.

SURFACE CONTROLS
Issued: 12/'29/7:
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5-57. INSTALLATION OF STEP LOCK ASSEMBLY. (Reter to Figure 5-15.)
Installation of the step lock assemhly may be accQmplished by die follo\~ ing pro­
cedure:

a. With the flap extended. position the step lock mounting bracket within thl.'
right wing and secure it to the inboard and trailing edges by installing the attach­
ing bolts and nuts.

b. With the cable placed through the holes in the wing trailing edge and through
the leading edge of the flap. retract the flap aDd rotate the adjusting nut with
washer a few threads on the ·aft end of the cable.

c. Connect the flap return spring to its bracket forward of the step lock by in­
stalling pin. washer aDd cotter pin.
. d. With the step lock engaged. aDd with the flap control cable in the pulley
tracks. install the small pulley on the.liDk assembly of the step lock by installiDg
bolt. washer and nut.

e. Rig and adjust per paragraph 5-58.
f. Install flap access plate and wheel well splash plate.

5-58. RIGGIN:; AND ADJUSTMENT OF FLAPS. (Refer to Figure 5-15.)
a. To rig and adjust the flaps. the follOWing procedure may be used:

1. In airplanes with Serial Nos. 30-1 to 30-852 inclusive and 30-854 to
30-901 inclusive. remove the rear seat. In airplanes with Serial Nos . 30-853.
30-902 and up, remove the seats. seat tracks. carpet .and floor panels between
the main and rear spar. .

2. Remove the flap bellcranlt access plates from the underside of each
wing at :itation il.O. "and remove the flap return cable adjusanent access plate
trom the inboard underside of the right flap.

3. Check and. if required. adjust the fork end (38) of the 11ap control l"od
(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 length 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.

~. With the flap cables dlSCODDected from the actuating arms (17 and 18),
adjust the down limit switch actuating screw (13). located on the actuating arm.
so that the screw (28) of the transmission assembly extends to 14.25 ± 0.062.
This measurement is taken from the for.vard face of the transmission housing to
the center line of the attaching bolt (29) at the lower end of the actuating arm.
(Refer to Figure 5-15.)

5. Retract the actuating screw and connect the cable or turnbuckle fork
ends to the actuating arms with bolts. washers. nuts and cotter pins. A llow the
cable ends freedom to rotate.

SURFACE CONrROLS
Issued: 12/,:'9/7:

1119

•

•

•



PIPER TWIN COMANCHE SERVICE MANUAL

I. nUC.A,,". Ll'T
2. co,n.OL CAlLE, LHT
3. "ULLIY
A. '''.INO
5. I".INO·
I. CO.TIIIOL C".LI. LI"·
7. COMTIIO&. c..ell, .IGHT·

I. 1T1" LOCK
e. CONT.OL CAlLI, .'OHT

'0. IILLClIlAMK. lIl'O"T

'1. MAIN .".... SUPPORT
12. SWitCH. DOWN LIMIT

13. AOJUIT"INT 10LT. OOWN L'''IT

'A. IWITCH. U" LI"IT
15. INDICATING .00 ANO S"R'NO
10. SINDI., 'LAP POSITION

11. CONT.OL A LHT

II. CONT.OL RIOHT

Ill. 10LT A"E..ILY
20. TU.NIUCKLE
21. "OTOR
22. I.AKI OISC

U. COTTI. "'N
z., ...IH!R

25. TRAH''''SSION

26. "IN
27. I.AKE SOLENO'O

ZI. T.AN''''51'ON 'C.Ew
2 e. 10L T

30. IUIH'NG
31. AOA"TI.
32. NUT

n. CAlLE OUARO "'N
3A. CAlLE CLEy'S
35. 'LA" .ETURN CAlLE
311. COTTE. "'N
37. LOCK NUT

31. ROO 'O.K END

3e. ~INK. 'LA" CONTROL ROD

AO. CONT .OL .00
.. t. LINK

.2. 1Il0D END !lEAR ING

A3. CAIL I AISE.. IL y.

NOTI
."A-30 n.,AL NOI. 30-Z TO

30-1S2 TO 10-ISA TO 10-eOl 'NCL.SKETCH A

.1

» • .,~ .- 21

4

•

lUI

Issued: 12/29/72
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1120
SURFACE CONTROLS



PIPER TWIN COMANCHE SERVICE MANUAL

r----------------,.AlSO

VIEW A-A

SKETCH C

'I

H",,"--IJ

Use 3/4" wide bar
In tills .ea to
determine cable
tensIon.

917

1166

Figure 5-15. Flap Control Installation (cont.)
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6. Extend the actuating screw untiltbe down limit switch disengages the
electric moto~. Adjust the turnbuckles (20) to allow 27 degrees of flap deflection.
This adjustment may be accomplished as follows:

(a) Position the flap with roller snug against the upper end of the flap
track ~lot. (With the airplane level, thiS will allow a flap angle of 13 degrees as
read on a bubble protractor placed on the upper side of the flap, outboard of the
rivets wWch arc located 23 inches from the flap inboard end.)

NOTE

Occasionally flaps are adjusted to compensate for wing
heaviness with a stop screw located between the center
roller brackets of the flap. If the screw stop prevents
the roller from contacting the upper end of the flap
ttack. then rotate 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 the bubble protractor. then extend the flap until
the down limit switch disengages the electtic motor. Adjust the turnbuckles
within the fuselage to achieve 27 ± 1 degree of flap deflection. (The angle of the
flap with the ,airplane level should be 40 : 1 degree.)

(c) Safety the turnbuckles.
7. Adjust the actuating screw of the up limit switch (14) located OD the right

actuating arm to slacken the cable enough to fully engage the step lock. To ac­
complish this adjustment, retract the flap fully and·adjust the actuat1Dg screw to
disengage the electric motor when 3/4 ± 1/8 inches slack is gained in the cable
at 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. In the fuselage of airplanes
with Serial Nos .30-1 to 30-852 inclusive and 30-854 to 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 at
the aft end of the cable (located within the access bole on the inboard. underside
of the flap) until approximately 1/8 inch vertical play exists in the flap at its
trailing edge.

9. To calibrate and adjust the flap position indicator. refer to instructions
in paragraph 5-60.

10.."ctuate the flap system and check for proper functioning. Check turn­
buckles and push-pull rods for safeties.

SURFACE CONTROLS

Issued: 12/29/72
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Sender Unit

AUl
11. Reinstall access plates. floor

panels. carpets. seat tracks and seats
as necessary.

5-59. CHECKING FLI\P INDICATI~

SYSTE.'\I.
a. Flap position sender check.

1. Remove access plates and
panels at ilap actuating mechanism.

2. Loosen set screw securing
indicating rod to the right control arm.

3. Disconnect electrical lead
from sender unit.

4. Conhect an ohmmeter tCi the
sender unit. attachin~ the ohmmeter
ground lead to the sender case.

5. Move the 'indicating rod aft
until the sender arm reaches stop, "A". (Refer to Figure 5-16.) The ohmmeter
should read from 0 .00 to 0 .50 ohms.

6. SlOWly move the indicating rod forward to stop "B" while watching the
ohmmeter. The ohmmeter needle should steadily move up the sc~le without
fluctua tion. a:; the indicating rod is moved.

i. Wi;'~ the sender arm against stop "B", the ohmmeter should indicate
irom 29.0 to 31.3 ohms. If incorrect resistance or fluctuation is found. the
sender should be replaced.

8. Check sender ground contact to mounting bracket. it should be free of
corro::Hon.

b. Winn!Z I.'heck.
I, Cht:~k all ground connections throughout the indicating system for cor­

rosion iJr loo::»e connections' that may cause excessive resistance in the circuit.
~. Check all splices and terminal connections for corrosion and security.
;3. Check wiring between connections for excessive resistance due to fray-

ed or broken strands. '
.;. G3u~e check.

I. Connect a 14-volt power supply to flap gauge and sender unit . .~5..:er·
tain the: sender is good and has a good ground contact aga tnst its mounting bracket.

2. Move sender unit arm up to stop "A" (Refer to Figure 5-16.). theilap
indicator gauge needle should point to the up position.

3. SlOWly move the sender arm to stop "B". the gauge needle should ."o·,'e
steadily without fluctuation and point to the full down position.

Sf?R F.-\CE CONTROLS
(s:lut:d: I :./:'9/7:' •
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5-60. RIGGIN:; AND .~DJL!ST~IE:-':TOF FL.-\P POSITION SEt-..UER.
a. Lower the flaps to 15 degrt:!?::; ~xtension. This positions the indica ror on

the instrUment panel at the bottom ,)f the white arc.
b. Adjust the position sender rod by means of a set screw at the flap actuating

arm so that the indicator hand on the instrument panel is at the bottom ot (he
white arc.

c. uperate the flap system and check fu,r j)roper operation.
d. Check the turnbuckles and push-pull rods tor safeties.

NOTE

When determining the deflection angle of the flap, use
a bubble protractor. The angle between the aircraft
leveling. lugs and the flaps when they are full retracted
should be 13 degrees, when the flaps are fully extended
to 27 degrees the angle should be 40 degrees. Toler­
ances are ± 1 degree.

SL'RFACE CONTROL':;
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TABLE V-II. TROUBLESHOOT(~(j CHARTI.SURFACE CO~'TROLS)

Trouble Cause Remedy

AILERON CONTROL SYSTE\l

Lost motion between con- Cable tension too low. Adjust cable tension.
trol wheel and aileron. (Refer to Table V.I.)

Linkage loose or worn. Check linkage and tight~n

or replace.

Broken pulley. Replace pulley.

Cables not in place Install cables correctly.
on pulleys. Check cable guards.

Resistance to control System not lubricated Lubricate system. (Refer
wheel rotation. properly. to Lubrication Chart,

Section II.)

Cable tension too high. Adjust cable tension.
(Refer to Table V-l.)

Control column hori- Adjust chain. (Refer to
zan tal chain improperly paragraph 5-6.)
adjusted.

Pulleys binding or Replace binding pull~ys

rubbing. and/or proY.ide clearance
between pulleys and
brackets.

Cables not in place on Install cables correctly.
pulleys. Check cable guards.

Cables crossed or routed Check routing of control
incorrectly. cables.

Control wheels not Incorrect control column. Rig in accordance with
synchronized. rigging. paragraph .5-6.

SURFACE CONTROLS
Added: 1/31/74
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TABLE V-II. TROUBLESHOOTING CHART (Sl'RFACE CONl ROl S, (cont.)

Trouble Cause Remedy

.-\llERON CONTROL SYSTEM (cont.)

Control whtels not Incorrect rigging of Rig in accordance with
horizontal when aileron system. paragraph 5-12.
ailerons are n~utral.

Incorrect :lileron Aileron control rods Adjust in accordance
travel. not adjusted properly. with paragraph 5-12.

Aileron bellcrank stops Adjust in accordance
not adjusted properly. with paragrJph 5-12.

Correct aileron travel Incorrect rigging of Rig in accordance with
cannot be obtainc:d by aileron cables. control paragraph 5-12.
adjusting beUcrank wheel and control rod.
stops.

Control wh~el stops Incorrect rigging be- Rig in accordance with
before control sur- tween control wheel and paragraph 5-12.
faces reach fuU control cables.
travel.

STABILATOR CONTROL SYSTEM

Lost motion between Cable tension too low. Adjust cable tension per
control wheel and Table V-I.
stabilator.

Broken pulley. Replace pulley.

Cables not in place on Install cables corre~tly.

pulleys.

•

•

SURFACECpNTROlS •
Added: 1.'31/74
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TABLE V-II. TROUBLESHOOTING CHART (SURFACE CONTROLS) (conL)

Trouble Cause Remedy

STABILATOR CONTROL SYSTEM (cont.)

Resistance to stabilator System not lubricated Lubricate system. (Refer
control movement. properly. to Lubrication Chart.

Section II.)

Control wheel travel Lubricate and adjust control
resistance too high. column per Section V. 5-6.

Cable tension too high. Adjust cable tension per
Table V-I.

Pulleys binding or Replace binding pulleys
rubbing. and I or provide clearance

between pulleys and
brackets.

Stabilator binding at Replace bearings and; or
stabilator bearings. readjust stabilator

attachment bolts per
Section IV. 4-9b.

Cables not in place Install cables correctly.
on pulleys.

Cables crossed or Check routing of control
routed incorrectly. cables.

Incorrect stabilator Stabilator stop bolts Adjust stop screws per
travel. incorrectly adjusted. paragraph 5~20.

Correct stabilator Stabilator cables Rig cables in accordance.
travel cannot be incorrectly rigged. with paragraph 5-20.
obtained by adjusting
stop bolts.

"0

Added: 1/31/74
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TABLE V-U. TROUBLESHOOTING CHART ISLRFACE CONTROLS) (cont.'

Trouble Cause R~lIh:dy

STABllATOR TRIM CONTROL SYSTEM

Lost motion between Cable tension too low. Adjust in a\:cordance
trim control handle with Table V-I.
and trim tab.

Cables not in place on Install cabks according
pulleys. to parclgraphs 5-13 and

5-25..

Broken pulley. Replace pulley.

linkage loose or worn. Check linkage and tighten
or replace.

Trim COil trol ~ndle System not lubricated Lubricate system. (Refer
moves with excessive properly. to Lubrication Chart,
r~sist:1nce. Section II.)

Cable tension too high. Adjust in accordance
with Table V-I.

Pulleys binding or Replace binding pulleys.
rubbing. Provide clearance be-

tween pulleys and
brackets.

Cables not in place on Refer to paragraphs 5·13
pulleys. and 5-~5.

Trim tab hinge binding. Lubricate hinge. If nec-
essary, replace.

Cables crossed or routed Check routing of control
incorrectly. cables.

SURFACE CONTROLS
Added: 1/31174
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TABLE Yell. TROUBLESHOOTING CHART (SURFACE CONTROLS) (cont.)

Trouble Cause Remedy

STABILATOR TRIM CONTROL SYSTEM (cont.)

Trim indicator fails to Trim indicator not prop- Adjust in accordance
indicate correct trim erly adjusted. with paragraph 5-28.
position.

Trim indicator wire Replace wire.
broken.

Trim indicator fails to Trim indicator wire Replace wire.
indicate any movement. broken.

Broken indicator ten- Replace spring.
sion spring.

Forward trim pulley Check for oilorgrease
slipping when crank or loose cables and
istumed. tighten in accordance

with Table Y-1.

Trim tab fails to reach System incorrectly Check and/or adjust rig-
full travel. rigzed. sing per paragraph 5-26.

Trim drum incorrectly Check and/or adjust rig-
wrapped. sing per paragraph 5-26.

Sl:RF ACE CONTROLS
Added: 1/31,'74
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TABLE V-II. TROUBLESHOOTING CHART (SURFACE CONTROLS) (cont.) •

Trouble Cause Remedy

RUDDER CONTROL SYSTEM

Lost motion between Cable tension too low. Adjust cable tension per
rudder pedals and Table V-I and paragraph
rudder. 5-37. . ...

Broken pulley. Replace pulley.

Bolts attachng bellcrank Tighten bellcrank bolts.
to rudder are loose.

Excessive resistance to System not lubricated Lubricate system. (Refer
rudder pedal movement. properly. to Lubrication Chart,

Section II.)

Rudder pedal torque Lubricate torque tube
tube bearing blocks. bearing blocks. Consult
in need of lubrication. Lubrication Chart, Section II.

Cable tension too high. Adjust cable tension per
paragraph 5-37 and Table
V-I.

Pulleys binding or Replace binding pulleys
rubbing. and / or provide clearance

between pulleys and
brackets.

Cables not in place on Install cables correctly.
pulleys. Check cable guards.

Cables crossed or routed Checking routing of control
incorrectly. cables.

Added: 1/31/74
IJ7
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TABLE V-II. TROUBLESHOOTING CHART (SURFACE CONTROLS I f~ont.l

Troubk C:lU~ R~m~dy

RUDDER CONTROL SYSTE~( (l.:ont.)

Rudder pedals not Rudder ~bles incor- Rig in a.:::ord3r.ce with
neutral when rudder recdy rigged. paragraph 5-37.
is str~amlined.

Incorrect rudder Rudder bellcrank stop Rig in ac~ordance wltl:
travel. incorrectly adjusted. paragraph 5-37.

Nose wheel contacts Rig in accordJnc.: willi
stops before rudder. paragraph 5-37.

SURFACE CONTROLS
Added: 1/31/74
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TABLE V-II. TROUBLESHOOTING CHART (SURFACE CONTROLS) (cont.)

Trouble Cause Remedy

FLAPCO~IROLSYSTEM

Flaps fail to extend or Master switch off. Tum switch on.
retract though nap
solenoid actuates. (Mo- Defective flap selector Replace selector switch..
tor circuit.) switch.

Defective nap motor Replace relay.
circuit relay.

Ground open from nap Check ground connection.
motor circuit relay.

Ground open from flap Check ground connection.
selector switch.

Defective flap motor. Replace motor.

Defective circuit Isolate cause 3J\d repair.
wiring.

Flaps fail to txtend or Master switch off. Tum switch on.
retract. Flap solenoid
does not actuate. Flap solenoid circuit Reset circuit breakl:r.
(Solenoid circuit.) breaker open.

Defective flap selector Replace selector switch.
switch.

Defective up or down Replace defective switch.
limit switch.

Defective flap solenoid. Replace flap solenoid.

Ground open from flap Check ground connection.
solenoid.

Defective circuit wiring. Isolate cause and .repair.

•

•

SURFACE CONTROLS •
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TABLE V-It. TROUBLESHOOTING CHART (Sl~RrACE CO:'ffROlSII~ont.)

Trouble Cause Remedy

FLAP CONTROL SYSTEM (cont.,

Flaps have erratic Transmission needs Lubricate the trans-
sluggish or retarded lubric:uion. mission. (Refer to the
operation during ex- Lubrication Chart. Sec-
tension and retrac- tion n.)
tion.

Binding between track Check for defective ruts
and roUers. and replal.:e if necessary.

Slipping or stripped Replace transmission.
transmission.

Loose electrical con- Check and repair elec-
nection. trical connections.

Dirt. foreign material, Clean and replace if
paint or dam. to flap necessary.
roUers and tracks.

Improper lubricant. Refer to Lubrication
Ch.:..:..t, Section H.

1':0 indication of nap Defective indicator Replace indicator unit.
position on indicator. unit.

Sender unit not ad- Adjust sender unit in
justed properly. accordance with rara-

graph 5-56.

Defective wiring. Check and repair wiring.

Master switch off. Tum switch on.

Circuit breaker open. R~set circuit break.:r.

Sender unit ground open. Check lErcumJ I.:OnnCCIIOr.

Mechanical linkage be- Check and repair.
tween waJking beam and
transmitter, broken or
disconnected.

Transmitter inoperative. R~pair.

SURFACE CONTROLS
Added: 1/31/74
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TABLE V-tI. TROUBLESHOOTING CHART (SURFACE CONTROLS) (\:ont.)

Trouble Cause Remedy

FlAP CONTROL SYSTEM (cont.)

Flap indicator shows Incomplete ground. Check ground connections
naps down when they at tr.ansmiUer under rear
are up. seat.

Flaps fail to retract Up limit switch in- Adjust nap in accordance
completely. correctly adjusted. with paragraph 5-58.

Flaps do not extend Down limit switch in· Adjust in accordance
completely. correctly adjusted. with paragraph 5-58.

-

Flap on one side fails Broken control cable. Repair or replace control
to operate. cable.

.,

Flaps not synchronized Incorrect rigging. Rig in accordance with
or fail to fit evenly paragraph 5-58.
when retracted.

Slugish or retarded Weak retraction springs. Install Spring No.
!la!'" retraction. 83302·54 on the bell-

crank links and No.
8330240 on the return
cables.

Flap actuating system The limit switches are Reset limit switches.
fails to shut off when out of adjustment. (Refer to paragraph
naps are full up or 5-58.)
full down.

SURFACE CONTROLS
Added: 1/31 Ii~
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TABLE V-II. TROUBLESHOOTING CHART (SURFACE CONTROLS) (cont.)

Trouble Cause Remedy

FLAP CONTROL SYSfEM (cont.)

Right flap fails to lock Flap actuating cable has Rerig up lock cable.
when in the retracted insufficient slack. (Refer to paragraph
position. 5-58.)'

Spring on flap locking Replace spring.
mechanism broken.

SURFACE CONTROLS
Added: 1/31/74

1J12



PIPER TWIN COMANCHE SERVICE MANUAL

3 9 ...1 !!
ii 32I..

3!!
1~

11

2!!
'I

-

l
I A. Iii

Z1
11-00..------------ In-------------~.....--i--__

MATERIAL.0.040 2024.T3 ALUMINUM

Figure 5-17. Fabricatecl Aileron Bellcrank Rigging Tool. •. Issued: 12/29/72

lJ13
Surface Controls



•

•••

.-

PIPER TWIN COMANCHE SERVICE MANUAL

AU3
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Figure 5-18. Fabricated Aileron Rigging Tool
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Figure 5-19. Fabricated StabiIator Rigging Tool.
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SECTION VI

HYDRAULIC SYSTEM

NOTE

The PA-3D has one independent hydraulic system for
operation of the wheel brakes which 1s part of a rela­
ted system. Removal, inspection and repair, instal­
lation and bleeding procedures may be found in Section
VU.'

[ssued: 1~/~ /7'1
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WARNING
The information contained In this manual is
periodlcaUy revised. Piper Aircraft Corporadon
urges .n users of this manual to keep it current.
Contact your nearest Piper Aircraft Corporadon
distributor to arrange for a subscription to future
revisions.

NOTE
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SECTION V1l

LANDING GEAR AND BRAKE SYSTEM

7-1. INrRODUC110N. This section contains. instructions for troubleshooting,
overhaul, lDspection and adjusttnent of the landing gear, landing ge3r retraction
system, and brake system. Also are adjustment for electrical safety and limit
switches.

7- 2. DESCRlP1l0N. The PA -30 tricycle landing gear system is an air-oil oleo
type unit that Is electrically operated. fully retractable with the nose gear re­
tracting aft into the DOse section and the main .gear retracting inboard into the
wing. Gear doors operate by gear movement completely covering the nose gear
aDd partially coveriDg the main gear when retracted.

The retraction mechanism consists of an electric motor and transmission
assembly. torque DJ.be assembly, push-pull cables to each main gear and a push­
pull tube to the nose gear. Limit switches are installed in the system to cut off
the transmission motor when the gear is fully extended or retracted. These
switches also operate gear iDdicator lights in the cabin. To prevent the gear
from retracting while the airplane is on the ground, an anti-retraction safety
switch located on the left main gear will DOt allow the gear to retract until weight
off the gear has allowed the strut 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 DOt down and locked. a warning horn will sound. In the cockpit,
located between the pilot seats, under the floor panel, is an extension handle used
to manually extend the landing gear while in flight should it become necessary.
A Iso, it may be used to extend and retract the gear on the ground while on jacks.

The brakes are hydraulically actuated by individual master cylinders mount­
ed on the left (optional on the right) set of rudder pedals. A reservoir located on
the front side of the forward cabin bulkhead supplies hydraulic fluid to each mas­
ter cylinder." From the cylinders the fluid is routed through lines and hoses to
the brake assemblies on each main landing gear. The brakes are 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 be
actuated by applying the brakes and pulling out the parking brake handle. To re­
lease the parking brake. depress the brake pedals and push in on the parking
brake handle.

LANDING GEAR AND BRAKE SYSTEM
ISliued: 1:n.9/11
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PIPER TWIN COMANCHE SERVICE MANUAL

7-3. TROUBLESHOOTING. Troubles peculiar to the landing gear system are listed in Table VII-II at the
back of the section. along with their probable causes and suggested remedies. When troubleshooting. check the
power supply and ground of the items affected. If no trouble is found. the trouble probably exists inside
individual pieces of equipment. The electrical system diagram for the system may be found in Section XI.
Electrical System.

7-4. LANDING GEAR SYSTEM.

7-5. NOSE LANDING GEAR.

WARNING

Deflate strut before disassembly.

7-6. DISASSSEMBLY OF NOSE GEAR OLEO. (Refer to Figure 7-1.) The nose gear oleo assembly may be
removed and disassembled from the gear oleo housing with the gear removed from or in~talledon the airplane.

a. Place the aiplane on jacks. (Refer to Jacking. Section 11.)
b. Place a drip pan under the nose gear to catch spillage.
c. Remove air and fluid from the oleo strut. Depress the air valve core pin (8) until strut chamber

pressure has diminished. remove the filler plug (21) and with a small hose siphon as much hydraulic fluid from
the strut as possible.

d. To remove the complete cylinder and fork assembly from the oleo housing (10). cut the safety wire
(6) at the top ofthe unit"and remove the cap bolts (7) that attach the steering arm (28) and aligner guide bracket
(18) to the top of the oleo cylinder (33).

e. Disconnect the shimmy dampener (13) by removing each cotter pin, nut, washer and bolt (12) that
connects the dampener to the oleo cylinder and housing.

f. Release and remove the snap ring (19) at the top of the housing (10). and pull the complete cylinder
(33) and fork assembly (17) from the bottom of the housing. The upper and lower housing bushings (20 and 32)
should remain pressed in the housing.

g. To remove the piston tube (35) and fork (17) frorn the cylinder (33). first separate the upper and
lower torque links (4 and I) by removing the link connecting bolt assembly (3) and then separate the two links.

. Note spacer washer (2) 'between the two links.
h. Compress the piston tube (35). reach up along the tube and release the snap ring (49) from the

annular slot at the bottom of the. oleo housing.
i. Pull the piston tube (35) with component parts from the cylinder.
j. The piston tube components may be removed by reaching into the tube and pushing out the upper

bearing retainer pins (42). Slide from the tube. the upper bearing (43). lower bearing (44) with outer and inner
O-rings (46 and 45), wiper strip (47). washer (48) and snap ring (49).

Issued: 12/29/72
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k. To remove the orifice tube (34). remove the large locknut (22) and lockwasher (24) from the top o.
the cylinder. Pull the tube from the cylinder.

I. The orifice plate (40) is removed from the bottom of the orifice tube by releasing the snap ring (41)
that holds the plate in position. Expand and remove the ring (39) from the lower end of the tube.

m. To 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 AND REPAIR 'OF NOSE GEAR 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. Retaining pins for wear and damage.
3. Lock rings 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 valve general condition.

c. Repair of the oleo is limited .to smoothing out minor scracthes, nicks and dents and replacement of
parts.

d. Individual replacement of the wiper strip may be accomplished per instructions given in paragraph
7-31.

7-8. ASSEMBLY OF NOSE GEAR OLEO. (Refer to Figure 7-1.)
a. Ascertain that parts are cleaned and inspected. •
b. To install the piston tube plug (37), first lubricate the tube plug and O-ring(36) with hydraulic flui

(M IL- H-5606), and install the O-ring on the plug. Lubricate the inside wall of the piston tube (35). insert the
plug into the top of the tube and push it to the fork end. (Align the bolt holes of the fork( 17). tube and plug. and
install bolt (CT) (15) with washers (51) and nut (30). (If !l new tube (35) is to be installed that has not been
drilled, press the tube into the fork piston housing( 17) until it bottoms. Using the bolt holes in the fork body as
a guide, drill a pilot 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 to remove all metal particles.)

•Issued: 12/29/71
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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 (40)
into the bottom of the tube and secure with snap ring (41). Lubricate and install the O-ring
(38) on the upper end of the tube. Install ring (39) on the lower end of the tube.

e. Insert 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 !lin
(~3) through the lockwasher into the cylinder. Install the tube locknut (22) finger tigilt at
this time. .

f. The 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
pin holes in the upper bearing with the pin holes in the piston tube (35) and install pins
(4~).

g. Lubric:lte 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 tube until the snap ring (49) can be installed in the annular slot at the
bottom of the cylinder.

h. At the top of the cylinder (33), tighten the orifice tube locknut (22).
i. Install wiper strip (47), slide washer (48) into position and secure assembly' with

snar ring (49).
j. Ascertain that bushings are installed in the upper and lower torque links (4 and I)

and then install both links. The torque link bolt assemblies should be lubricated and
installed with the flat of the bolt head hex adjacent to 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
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 binding or interference of the torque links when the
nose gear is fully 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 secu.re with snap ring (19).

1. At the top of the oleo housing, install on the cylinder the aligner guide bracket (18)
and steering arm (28). Install cap bolts (7), tighten to 30 to 3S inch pounds torque and
safetv with MS20995C40 wire (6). .

~. Install the shimmy dampener (13) using bolts, washer and nuts (11) and safety with
cotter nino

n.. Lubricate the gear assembly. (Refer to Lubrication Chart, Section II.)
o. Compress and extend the strut several times to ascertain that the strut will ooerate

freely. The weight of the gear wheel and fork should allow the strut to extend.
p. S~rvice the oleo strut with fluid and air. (Refer to Oleo Struts, Section n.)
q. Check the nose gear foraJignment (Refer to Paragraph 7-13) and gear operation.

LANDING GEAR AND BRAKE SYSTEM
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Figure 7-1. Nose Gear Oleo Strut Assembly
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Figure 7-1. Nose Gear Oleo Strut Assembly (cont.)
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7-9. REMOVAL OF NOSE LANDING GEAR. (Refer to Figure 7-2.)
a. Remove nose access panel by loosening the quarter turn fasteners.
b. Remove the canvas cover from the nose gear mount by releasing snap

fasteners;
!=. Place the airplane on jacks. (Refer to Jacking. Section II.)
d. Remove the down limit switch (29 or 43) from the left drag link (28) by re­

moving switch attaching nut and electrical lead straps. The electriaal wires may
remain connected. '.

e. Disconnect the retraction transmission by pulling up on the release lever.
f. Retract the landing gear until it hangs in the neutral position. by using the

emergency extension lever-:'
g. Disconnect the nose gear door actuating rods from their mounting brackets

by removing attaching nuts and washers.
h. Partially retract the landing gear until the nose gear push-pull rod attaching

bolt (26) clears the wheel well and then remove bolt.
i. Partially retract nose gear and remove downlock springes) (33) by removing

nut(s). washer(s) arid bolt(s) securing the spring attachment Unk(s) to the drag
link cross brace (30).

j. Push up on the nose gear door actuating arms and remove bolts (22) securing
the upper left (28) and right (18) drag links to the gear mount. Note spacer washers
(21) between drag links and mount .

k. Remove cotter pins. nuts. washers and bolts (9 and 20) from the strUt hous­
ing attaching arms and gear mount. Note the number of spacer washers (8 and
19) between the strut attaching arms and the gear mount.

I. Remove strut assembly and drag links from wheel well .
m. The steering bellcrank (13) and aligner guide (11) may be removed by re­

moving nuts. washers and bolts securing the steering' rods (15 and 16) to the bell­
crank; the ,nut. washer and bolt securing the aligner guide tang to its bracket and
the nut. washer. bolt and bushing securing the steering bellcrank to the landing
gear mount.

7-10. CLEANING, INSPECrION AND REPAIR OF NOSE LANDING GEAR.
a. Oean all parts with a suitable dry type cleaning solvent.
b. Inspect the gear components for the following unfavorable conditions:

l. Bolts, bearing and bushings for excess wear, corrosion and darnage.
2. StNt housing, drag links, torque links, fork assembly and fork tube for cracks,

bends or misalignment.
3. Downlock spring for corrosion and wear, and serviceable limits. (Refer to Table

VII-IV.)
4. Check the general condition of limit switch and its actuator. wiring for fraying,

and poor connection or conditions that may lead to failure.

LANDING GEAR AND BRAKE SYSTEM
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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 (1S), (35) and right (::!S), (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). Ascertain that when the stop surfaces of the two links touch, the center of the
pivot bolt (32) is .187 + .062 •.00 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 given
tolerances. replace one or both drag links. .

c. The shimmy dampener requires no service other than routine inspection. In case of
damllle or malfunction, the dampener should be replaced rather than repaired.

d. Repair to the landing gear is limited to reconditioning of parts, such as replacing
bearings and bushings, smoothinl out minor nicks and scratches, and replacement of parts......

7-11. INSTALLATION OF NOSE LANDING GEAR. (Refer to Figure 7-~.)

NOTE

When aSsembl.ina any units of the landing gear, lubricate
bearings, bushings, and friction surfaces with the proper
lubricant as described in the Lubrication Chart, Section II.

a. Install the steering bellcrank and aligner assembly as follows:
1. Attach the steering bellcrank (13) and aligner assembly (11) with washer and •

bushings to the nose gear mount with bolt and nut.
2. Attach the tang of the aligner to the aligner support bracket with bolt, washer

and nut.
3. COMect the steering rods (IS and 16) to the bellcrank with bolts, washers and

nuts.
b. The landing gear oleo housing (S) may be installed as follows:

I. Position the nose gear to allow the support anns of the housing (S) to align with
the support fittings on the tubular mounting structure (17).

2. Install spacer washers (8 and 19), evenly and as needed to allow no side thrust (a
maximum of two washers ate allowed on each side), between the support anns and the
support fittings; and attach each arm to the fitting with bolts (9 and 20), washers 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 detennine that the screw head of the aligner roller
(II) clears the inside web of the aligner guide (6).

L.'\NDING GEAR AND BRAKE SYSTEM
Issued: I :/:9/72
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c. The drag links and downlock spring(s) may be installed as follows:
1. Ascertain that the upper (18 and 28) and lower drag links (34 and 35)

are assembled. and thru travel of the links is checked according to paragraph
7-10. Allow the drag link cross brace (3D) to remain loose until the adjustment
of the links is completed.

2. Attach the upper drag links (18 and 28) to the gear mount support. at
the forward cabin bulkhead, with bolts (22). washers. nuts and cotter pins. In­
stall spacer washers (21). not to exceed two. between the left drag link (28) and
attachment fitting to attain sufficient clearance between clevis (27) and fuselage.

3. Attach the lower drag links (34 ant! ';;5) to the strut housing (5) using
bolt. Do not secure bolt with washers. nut and cotter pin until after adjustment
of drag links.

4. Check adjustment of drag links to determine that they lock as instructed
in. paragraph 7-12.

5. Secure the drag link cross brace (3D) and safety remaining nuts of the
attaching bolts. Piper Kit 761 082 should be installed.

6. Connect the downlock spring{s) (33) between the fittings on the gear
housing and link cross brace.

d. Install the gear down limit switch (29 or 43) on its mounting bracket on the
left drag links and adjust as given in paragraph 7 -44•

e. A[tach the end bearing of the retraction push-pull rod (25) to the drag link
clevis (2j) using bolt (26). washer and nut. The head of the bolt (26) with the
countersunk portion is to the left or outboard. Also. check adjustment of both the
drag link clevis and the push-pull rod as 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 .

7-12. ADJUSTMENT OF NOSE GEAR DRAG LINKS. (Refer to Figure 7-2.)
a. If desired to facilitate adjustment of drag links. remove the top access

panel from the nose section by loosening the quarter turn fasteners and the canvas
CI)ver from around the nose gear mount.

b. Place the airplane on jacks. (Refer to Jacking. Section II.)
c. Disconnect the retraction push-pull rod (25) at 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 the one inch hole in the adjacent longitudinal channel and
then removing the nut. washer and bolt (26).

d. Remove the downlock spring{s) (33) from between the gear housing (5) and
drag link cross brace (30) by removing the nut(s). washer(s) and OOlt(s) that se­
cur~ the spring link(s) to the cross brace .

LANDING GEAR AND BRAKE SYSTE~l .
Revised: 10/6/77
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e. Loosen dl'3g link cross bl'3ce attaching bolts enough to allow the brace freedom to
rotate but not separate from either drag link.

f. Check that there is no excess wear in the bushings and bolts of the drag link
assembly.

g. Ascertain that when the upper and lower drag links are assembled. the thru tr:lvel of
the links is within the limits given in paragraph 7·10.

h. Extend and retract the nose gear manually to check that eau:h link assembly locks
simultaneously and independently of each other. Should one or both links not lock as
required. adjustments may be made as follows:

NOTE

Following adjustment to any of the three gears in which the
control tubes/rod were disconnected with aircraft on jacks.
the transmission disconnected. ascertain that all three gear
drag links go OYer center and lock at the same time
independently of each other.

•

1. First. check to determine that the oleo housing is not restricted from swinging
far enough forward as a result of the steerina arm roller bushing (12) pressing against the
steerinl beUcrank (13), thus preventinl one or" both links from droppinl into the locked"
position. Should the roUer bushinlinterfere. remove the bushinp until after adjustment is
completed.

2. To check for correct adjustment of forward 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 swinl the drag links up and down along the sides of the
strut fittinS to determine that there is clearance between the drag link fittinp and the strut
fitting.

(d) If there is bindina or the drag link fittinp will not swing up and align with
the strut fittina without forcin. them to either side, the entire strut housing (5) must be
shimmed to the riaht or left at the upper strut attaching arms to allow proper alignment of
the drallinks and strut fitting.·

(e) If there is excessive clearance which would allow the drag links to be drawn
together causinS binding when the attaching bolt and nut are tightened. spacer washers (36)
should be installed between the drag link and strut fitting. A maximum of two washers 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 cotter pin.

(I) Extend and retract the nose gear manually to check that each link assembly
locks simultaneously and independently of each other.

LANDING GEAR AND BRAKE SYSTEM
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Figure 7-2. Nose Landing Gear Installation
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Figure 7-2. Nose Landing Gear Installation (cont.)
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(h) Should further adjustment be necessary. then shims (23) available
in 0.016. PIN 21820-02; 0.020. PIN 21820-03 and 0.032. PIN 21820-04 can be in­
stalled or removed. as required. between the forward cabin bulkhead and the two
center bottom attaching points of the landing gear mount.

NOTE

The maximum amount the landing gear mount can be
shimmed is 0.120 of an inch.

(1) Remove or add shims at the forward cabin bulkhead on the same
side as the drag link that is binding.

(j) Each time a shim is removed or added. the lower drag link fittings
should be checked for adjustment as described in steps "b" thru "e" for this ad­
justment may change and now be the cause of the binding.

(k) When proper adjustment is attained. the drag links willloclc simul­
taneously and independently of each other when the gear is extended manually and
the lower drag link attaching bolt will be a slip fit.

3. When shims are installed or removed between the forward 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. cross brace and downlock
spring(s) with washers and nuts.

3.' Connect and adjust the retraction push -pull rod. (Refer to Paragraph
7 -47.)

~
I

Figure 7-3. Clamping Rudder
Pedals in Neutral Position
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7-13. ALIGNMENT OF NOSE LANDING GEAR.
a. With no load on the DOse wheel, make sure no gaps exist at the points where

the steering arm bushings contact the steering bellcrank but will allow the bush­
ings to rotate with a slight drag. Install bushings (.625 dla., PIN 14976-23:
.687 dla., PIN 14976-21: .812 dla., PIN 14976-102; .750 dia., PIN 14976-13:
1.00 d1a., PIN 14175-113) to obtain proper adjustment.

b. Two methods of aligning the nose laDdiDg gear are as follows:
1. Chalk Line Method:

(a) Place the airplane on a hard level surface and place on Jacks. (Re­
fer to Jacldng, Section n.)

(b) Install the plumb bob attachment tool on the DOse wheel well frame
cbaunel as shown in Figure 7-5 and attach a plumb bob to the tool. (This tool
may be fabricated from dimensions given in Figure 7-27.)

(c) Attach a plumb bob to the fuselage one-half inch to the right from
center of the taU skid.

(d) Using the plumb bobs as a guide, snap a chalk line extending sev­
eral feet beyond each bob.

(e) Stand iil front of the nose landing gear and orient the tire with the
chalk line. Sight along the center rib of the tire. With the rudder pedals clamped
in neutral 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 centered
angle of the rudder pedals is 13 degrees aft of the vertical position (Refer to Fig­
ure 7-4) with the airplane level. Place a bubble proa-actor against the pedal
steering tube to check this angle. Do not attempt to make the adjustment by

•

•

Figure 741. Rudder Pedals at
Neutral Position, Serial No. 39-84 md up.

LANDING GEAR AND BRAKE SYSTEM
Revised: 10/6/77 •

~---~.
A1U

282

Figure 7-4. Rudder Pedals
at Neua-al Angle



•

•

.-.

283
INTENTIONALLY LEfT BLANK



PIPER TWIN COMANCHE SERVICE MANUAL

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 mini­
mum, 25 degrees maximum right and left travel.

2 . Jig Method:
(Fabricate a jig and plumb bob attachment tool conforming to specifications

given in Figures 7-27 and 7-28.)
(a) Attach a plumb to the plumb bob attachment tool and install tool on

the nose wheel well frame channel as shown in Figure 7-5.
(b) Attach aligning jig to the rear of the nose wheel at the axle as shown

in Figure 7-6.
(c) Ascertain that the airplane is laterally level. (Refer to Leveling,

Section n.)
(d) Turn the nose wheel until the center line marked on the jig aligns

with the plumb bob. With the rudder pedals clamped in neutral 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 position (Refer to Figure· 7-4) with the airplane level.
Place a bubble protractor against the pedal steering tube to check this angle. Do
not attempt to make adjustments by means of one bearing but divide the adjust­
ment between the rod end bearings at each end of the rod. A three-eighths inch

•

•
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Figure 7-5. Installation of Plumb
Bob Attachment Tool
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minimum thread engagement must be held.
(e) Check nose gear steering for 25 degrees maximum 19 degn:es minimum right

and left by turning the jig and wheel to the right and left while observing that the degree
marks align with the plumb bob.

7-14. REMOVAL OF NOSE GEAR DOOR ASSEMBLY. (Refer to Figure 7-7.)
a. Remove top nose access panel by loosening the quarter tum fasteners.
b. Remove bolt, nut and washer attaching each retraction ann torsion spring (9),

bushing (10) and spacer (11) (left side only) to its mounting bracket.
c. Remove the four pivot bolts attaching the door hinges (1) to the fuselage.
d. Remove the nose door assembly from the wheel well.

7-15. CLEANING, INSPECfION AND REPAIR OF NOSE GEAR DOOR ASSEMBLY.
a. Clean all parts in a suitable dry type solvent.
b. Inspect doors for cracks or damage and loose. damaged or worn hinges.
c. Inspect door retraction rods and anns for bends, damage and corrosion.
d. Check torsion.spring and bushing for excess wear and corrosion.
e. Repairs to the doors may be replacement of hinges and minor skin repair.

AZ"
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•• ,eGMeNT ,A •• LeAD

7. .IT""'C~IO" ItOD I....... &.. JOI "r
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II. '''Aclll

•
Figure 7-7. Nose Gear Door Installation
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7-16. INSTALLATION OF NOSE GEAR DOOR ASSEMBLY. (Referto Figure 7-7.)
a. Install retraction arms (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 hinges (2 and 8) with their brackets and secure with attaching

bolts. washers and nuts.
c. Connect retraction rods (3) to doors (1) and retraction arms (5) and securE:

with washers and locknuts.

7-17. ADJUSTMENT OF NOSE GEAR DOOR ASSEMBLY.
a. Place the airplane on jacks. (Refer to Jacking. Section ll.)
b. Adjust one door at a time by lengthening or shortening the retraction push­

pull rod.
c. Adjust each door so it retracts flush with the fuselage and snug against the

stops.
d. Check retraction rod ends for adequate thread engagement for safety and

tightness of jam nut.

7-18. MAIN LANDING GEAR SYSTEM.

7-19. DISASSEMBLY OF MAIN GEAR OLEO. (Refer to Figure 7-8.) The main
gear oleo assembly may be removed and disassembled from the gear oleo hous ing
with the gear removed from or installed on the airplane.

a. Place the airplane on jacks. (Refer to Jacking. Section n.)
b. Place a drip pan under the main gear ro catch spillage.
c. Remove the air and fluid from the oleo by depressing the air valve core pin

until strut pressure has diminished. Remove the filler plug and with a small
hose. siphon as mucb hydraulic fluid from the strut as possible.

d. T,) remove the piston tube (8) assembly from the oleo housing (i), remove
the upper (5) and lower (2) rorque link coDilecting bolt assembly (4) and separate
the links. Note the number and thickness of spacer washer(s) (3) between the two
links.

e. Compress the piston tube (8), reach up along the tube and release the snap
ring (29) from the annular slot at the bottom of the oleo housing.

f. Pull the piston tube with component parts from the cylinder housing.
g. The piston tube components may be removed by reaching in the tube and

pushing out the upper bearing retainer pins (23), Slide off the upper bearing (:.!:.!).

LANDING GEAR AND BRAKE SYSTEM
Issued: I ~/"2.9 /72

286

•

•

•



•

•

•

PIPER TWIN COMANCHE SERVLCE MANUAL

lower bearing (24) with "0" rings (25 and 26), wiper (27). washer (28) and snap
ring (29).

h. To remove the orifice tube (19) from the oleo housing, remove th~ locknut
(12) and washer (13) from the top of the.housing. Draw the tube with back-up ring
(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. tube (8), remove the bolt assembly (9) and insert a rod up through
the hole in the body of the fork (1), pushing the plug out through the top of the tube.

7-20. CLEANIOO, INiPECTION AND REPAIR OF MAIN GEAR OLEO.
a. Clean all parts with a suiQlble dry type cleaning solvent.
b. Inspect the landing gear oleo assembly component for the following:

1. Bearings and bushings for excess wear, corrosion, scratches and over-
all damage. .

2. Retaining pins for wear and damage.
3. Lock rings for cracks. bUrrs. etc.
4. Cylinder and orifice tube for corrosion, scratches, nicks and excess

wear.
S. Orifice plate for hole restriction.
6. Fork tube for corrosion, scratches, nicks, dents and misalignment.
7. Air valve general I.:ondition.

~. Repair of the oleo is limited to smoothing out minor scratches, nicks and
dents and replacement of parts.

d. Individual replacement of wiper strips may be accomplished per in::;tru~­

non::; ~i\'~n in paragraph 7 -31.

-:.n. ASSEMBLY OF MAIN GEAR OLEO. (Refer to Figure 7-8.)
a. Ascertain that aU parts are cleaned and inspected.
h. To install th~ piston tube plug (21), first lubricate the plug "0" ring (20)

with hydraulic fluid (MlL-H-Sb06) and install it on the plug. Lubricate the inside
wall of the piston tube (R). Insert the plug ;nto the top of the tube and push it to
rh~ fork end. Align th~ holt holes of the fork, tube and plug, and install bolt as­
:--~mbly (9). (If a n~w tube (H) is installed that has not been drilled. press the
tuhl: lnr" the fork housing until it bottoms. Using the fork bolt holes as a guide.
d n II a pilut hole and ream to 0.250/0.252 thrcugh each side of the tube wall.

L~NDINGGEAR AND BRAKE SYSTEM
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Figure 7-8. Main Gear Oleo Strut Assembly (cont.)
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Remove burrs from the inside of the tube and flusbthe tube with a suitable solvent
to remove all metal particles.

c. U 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 orifice tube (19). insert the orifice plate
(17) into the bottom of the tube and secure with snap ring (18). Install ring (16)
on the lower end of the tube.

e. To install the orifice tube in the oleo housing (7). insert the tube up through
the housing. With the end of the tube 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 at this time.

f. Assemble the components of the piston tube (8) on the tube 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 tube and install pins (23).

g. Lubricate the wall of the cylinder oleo bousing (7) and piston tube (8), and
carefully insert the tube assembly into the housing, guiding the orifice tube (19)
into the piston tube until the snap ring (29) can be installed in the annular slot at

the lower end of the housing.
h. At the top of the bousing, tighten the orifice tube 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. while 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 at its lower end. Check that the orifice tube is centered
in the cylinder and then reinstall the piston tube assembly.

i. Install the wiper strip (27). slide the washer (28) into position and secure
the assembly with snap ring (29).

j. Ascertain that the bushings are 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 with the flat of the bolt head bex adjacent to the
milled stop of the wide end of the link. (Use the same thickness of spacer washer
(3) between the two links as those removed to maintain correct wbeel alignmeat.)
Tighten the bolts only tight enougb 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 links when the
main gear is fully compressed.

k. Lubricate the gear assembly. (Refer to Lubrication Chart, Section 11.)
I. Compress and extend the strut several times to ascertain that the strut will operate

freely. The weight of the gear wheel and fork should allow the strut to extend.

LANDING GEAR AND BRAKE SYSTEM
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•m. Service the oleo stnlt with fluid :lnd air. (Refer to Oleo Stru ts. Section II.)
n. Cleck the main gear alignment (Refer to Paragraph 7-16) 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 II.)
b. Disconnect the retraction transmission by puOing up on the release lever.
c. Retract the landing gear until it hangs in the neutral position. by lIsing the

emergency extension lever.
d. The side brace link assembly may be removt!d by the following procedure:

l. Disconnect the assist 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 drag link by removing
attachini nut, washer and bolt with swivel assembly (20).

3. Disconnect the gear down limit switch (25) by removing switch attaching
nut.

4. Remove the side brace links by removing the pivot bolts (23) at each end.
S. 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 cap it to prevent dripping and

contamination. •
3. Remove the access panel aft of the rear spar by removing attaching screws.
4. Swing the landing gear enough to allow insertion of a bungee tool. P/N 752

998. ~etween the inboard (4) and outboard (6) bungee pulleys.
S. With tension relieved from the bungee, remove the inboard pulley attaching

bolt (3) and remove the bungee assembly by unscrewing the outboard pulley bracket (7)
from its fitting.

6. Remove the bolt (9) holding the bungee arm (10) to the rear strut support fitting
(II). Cut and remove safety wire (13). Slide studs (14) from rear strut arm.

7. Slide the bungee ann tube out of the rear support fitting freeing the rear
strut ann. Note the number and thickness of shims (12) between the rear support fitting and
rear stru t ann.

8. Remove the gear assembly from the wheel well by removing the attal.:hing
bolts holding the front support fitting (18) to the front spar web. .

9. Remove the rear support fitting by. gaining access to the attaching nuts
through the access hole behind the rear spar and remove nuts. washers and ·bolts.

7-13. CLEANING, INSPECTION AND REPAIR OF MAIN LANDING GEAR.
a. Gean all parts with a suitable deming solvent.
b. Inspect' the gear components for the following unfavorable conditions.

I. Bolts, bearings and bUshings.for excess wear. corrosion and damage.
., Gear housing, side brace links. torque links and attachment plates for crad:s.

bends or misalignment.

LANDING GEAR AND BRAKE SYSTEM
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3. Assist spring for corrosion. wear and serviceability. (Refer to Table VII-III.)
4. Bungee cords for frayed protective covering, brakes and soft areas. Replace cords

exhibiting these conditions. (Refer to Table VlI-III.)
:So 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, aI\d ascertaining that when the stop surfaces of the
two links touch, linkage is not more than 0.125 of an inch +.06/-.00 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. INSPECTION OF MAIN GEAR SIDE BRACE LINKS AND ROD END
BEARINGS. (Refer to Figure 7-8c.)

To detennine the serviceability of these parts requires the inspection of the threads for
wear. This is accomplished by detennining the pitch diameter of the threads.

a. The fonowing infonnation is the suaested method for checking the link:
l. It will be necessary to obtain a special o.Vee gauge (refer to table included

in Figure 7-8e for the specific size gauge to order). This gauge can be purchased from the
o.Vee Gauge Company, P.O. Box 43271, Los Angeles 43. California, and a micrometer (see
sample order below).

.., The advantage of using the o.Vee gauge is in its simple three steps. sc:e
Figure 7-8e.

3. There is also the three wire method of checking the thread pitch diameter.
For more infonnation on this method see Screw Thread Standard H-28 Handbook put out
by the U.S. Dej)artment. of Commerce, or any good machirlest handbook.

4. If the link is worn less than the tolerances given in the table with Figure
7-Sc, it must be replaced.

Sample Order :I o.Vee Catalog No. 6803 1/2-20 NF 3 Pitch Dia.
.4675/.4550
Sample Order = o.Vee Catalog No. 6803 5/8-18 NF 3 Pitch Dia.
.5889/.5764

NOTE

When using the 0.Vee gauge method to check pitch
diameter, use the tolerances given on the 0.Vee gause
tab.

L'\NDING GEAR AND BR.-'\KE SYSTEM
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Figure 7-8a. Main GarSide Brace Link Travel

•

Serviceable
PlUS Thread

Bcari", PIN Thread Size GaqeSize Tolerances

452·382 112·20 NF 3 .4731 .46751.4731
22943-00 5/8-18 NF 3 .S94¥ .58891.5949

GAUGE •

Figure 7-8b. Main Gear Side Brace Bearing Tolerance

b. The following infonnation is the suggested method for checking the be:uing
threads:

I. This check requires the use of :l No.GO thread plug sauge (refer to table
included in Figure 7-Bb for the specific size gauge to use. This gauge can be purchased from
any good tool supplier.

., (f the No-GO gauge can be screwed into the bearing. this would indicate th:lt
the bearing is worn larger than the tolerances given in the table with Figure 7-8b. and must
be replaced.

LANDING GEAR AND BRAKE SYSTEM
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• Serviceable
a-Vee Thread

Link PIN Thread Size Gauge Tolerances

20768~0 112-20 NF 3 1/2-20 .4675/.4550
20768~1 112·20 NF 3 1/2·20 .4675/.4550
24911~0 1/2·20 NF 3 1/2-20 .4675/.4550

22577-00 5/8-18 NF 3 5/8·18 .58891.5764
25046~ 5/8-18 NF 3 5/8-18 .5889/.5764

• Step 1

Step 2
Step 3

Figure 7-8c. Main Gear Side Brace Link Tolerance
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NOTE

The NO-GO gauge should not fit a serviceable" bearing.

7-24. INSTALLATION OF 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 II.

a. Insert a gear support bearing (43" and 48) in each support fitting (11 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:

I. Place a spacer washer (17), 0.035, PIN 19513-10, or original number of washers
and then the forward support fitting (18) on the forward support arm of the stnat housing.

2. Slide the barrel nut (47) into the forward strut arm and insert the attaching bolt
(49) with washer through the fitting into the arm.

3. Tighten bolt and check support fitting for freedom of rotation.
4. Secure the aft support fitting (II) 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

support 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, PIN 148"43-20) through the rear support fitting and into the rear strut
ann llsing enough shim washers (12) between the rear support fitting and the strut arm to
diminish end play of the strut housina. (Shim washers are available in sizes 0.035, PIN
19513-10; 0.062, PIN 14843-93; and O. I2S, PIN 14843-20.)

7. Position the side brace support bracket (22) on the main spar web and secure
with bolts and washers.

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. nut and

colter 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 retracting 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 (13).

LANDING GEAR AND BRAKE SYSTEM
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2 816

•

•

•



•

•

•

PIPER TWIN COMANCHE SERVICE MANUAL

i. Install barrel nut (46) in rear stntt ann and insert bolt (9) with washer through

NOTE

It is suggested that new assist spring (19) be installed if new
bungee cords (5) are installed. to insure proper operation of"
the system.

bungee tube and tighten.
j. Check leal strut ann SUf1port bearings for freedom of rotation by retraetingand

e)(tending the gear by hand.
k. Install attaching bolt and bungee cord in roller bracket (7).
I. Install roUer (6) in bracket and secure with pin,washer and cotter pin.
m. Install inboard puUey (4) and bungee cord assembly on bungee tool (P/N 752 998).
n. Secure the" outboard bungee cord bracket to its fitting aft of the rear spar.
o. Place the main gear in the up position and secure the inboard bungee pulley to the

bungee ann (10) with washers and bolt.
p. Extend the gear and remove bungee tool
q. Connect the retraction push-puU cable (21) to the upper drag link with attaching

bolt and adjust. (Refer to paragraph 746 for adjustment of PUsh-DUll control cables.)

r. Install the assist spring (19) between the strut housing and upper drag link.
s. Extend and retract the main gear manually to check that each link assembly locks

simultaneously and independently of each other.

NOTE

FoUowing adjustment to any of the three gears in which the
control tubes/rod were disconnected with the air'cr:lft on
jacks, the transmission disconnected, ascertain that all three
gear drag links go over center and lock at the same time
independently of each other.

t Install .main landing gear down limit switch (25) and adjust. (Refer to paragraph
744 for adjustment of landing gear down limit switches.)

l\. Install landing gear safety switch (28) (left gear only) and adjust. (Refer to
paragraph 743 for adjustment of safety switch.)

v. Connect the brake line.
w. Connect the landing gear door retraction rod to the bracket on the main gear strut

housing.

NOTE

Bunge¢ access cover panel to be sealed with 1/8 inch bead of
black 3M sealer~ 126, applied to access opening flange.

LANDING GEAR AND BRAKE SYSTEM
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Figure 7-9. Main Landing Gear Installation (Left)
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Figure 7-9. Main Landing Gear Installation (Left) (cont.)
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AZS9

•
Figure 7-10. Adjusanent of Main Landing Gear Drag Link

7-25. ADJUSTMENT OF MAIN GEAR SIDE BRACE UNKS. (Refer to Figure
7-10.) Disconnect the 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 anaches the upper drag link to the lower drag link and the center of the rod
end bearing.

NOTE

Do not check adjustment using head of rod end bolt
installed in strut as bolt sets at an angle to the center
line of the lower drag 1ink .

7-26. AUGNMENT OF MAIN LANDING GEAR.
a. Place a sa-aight edge no less than twelve feet long across the front of both

main landing gear wheels. Butt the straight edge against the tire at the hub level
of the landing gear wh~els. Devise a support. or use a box. to hold the straight
edge in this position.

b. Set a square against ae 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 outboard sides of the tire. the landing gear is
correctly aligned. The toe-in for the main landing gear wheels is a degrees.

LANDING GEAR AND BRAKE SYSTEM
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AUO

figure 7-11. Aligning Main Gear

NOTE

A carpenter's square. because of its especially long
legs. is recommended for checking main landing gear
wheel alignment.

c. If the square contacts the rear side of the tire leaving a gap between it and
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 or add spacers to move the wheel in desired di­
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 cotter pin in the bolt.

•

•
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7-27. REMOVAL OF MAIN LANDING GEAR OOOR ASSEMBLY.
a. Disconnect the rea-action rod at the oleo strut by removing the attaching

nut. washer and bolt.
b. Remove the gear door by removing the screws attaching it to the bottom of

the wing.

7-28. CLEANING. INSPECTION AND REPAIR.
a. Clean all parts with a suitable solvent.
b. Inspect rea-action rod for corrosion at the end bearings.
c. Inspect doors for cracks. dents. worn hinges and loose brackets .
d. Repairs are limited to replacement of parts and minor skiD repair.

7-29. INiTALLATION OF MAIN LANDING GEAR DOOR ASSEMBLY.
a. Position the gear door in place and secure with attaching screws. Main­

tain equal clearance between door and wing panel.
b. Connect .the rea-action rod to the oleo strut with attaching bolt. washer and

nut .

7-30. ADJUSTMENT OF MAIN LANDING GEAR DOORS.
a. A scertain that there is an all around even clearance between the door and

wing panel when the door is in the rea-acted position.
b. Adjust by loosening the door binge screws in the wing panel. repositioning

the door and retigbtemngthe 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 an inch deflection from the wing contour at the inboard
edge of the door.

7-31. REPLACEMENT OF WIPER STRIP, ON LANDING GEAR STRUTS.
a. Place the airplane on Jacks. (Refer to Jacking. Section n.)
b. Jack. the airplane only high enough to tak.e weight off the gear.
c. Release the air pressure from the strut by depressing the valve core pin

until the pressure bas diminished.
d. Using snap ring pliers. disengage the snap ring from the annular slot in the

oleo housing and allow it to lay at the lower end of the piston tube along with the
wiper sa-ip retainer washer .

LANDING GEAR AND BRAKE SYSTEM
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e. Remove the old wiper strip from the housing, and clean and inspect the
housing to determine that DO pieces remain in it.

f. Wipe the piston tube and check it for any abrasions which may damage the
new wiper. Polish the tube to remove any abrasions found.

g. A new wiper strip should be cut straight across, and a little longer than
needed. to circle the piston tube.

h. Insert the new wiper strip up into the oleo housing with the tapered edge
down. Slide the 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
it into the annular slot in the oleo housing.

i. Inflate the oleo sttUt in accordance with instrUctions given in Oleo Struts,
Section 11, and remove the airplane from the jacks .

1-32. LANDING GEAR RETRACTION SYSTEM.

7-33. PRINCIPAL OF OPERJ,\TION. The landing gear is a tricycle type, fully
retractable through an electrically operated retraction mechanism. The retrac­
tion mechanism consists of an electric motor and transmission assembly, torque
tube assembly, pusb-pull cables for each main gear and a push-pull tube to the
nose gear. Limit switcbes are installed in the system to sbut off the motor when
the gear is fully extended .or retracted. These switches also operate gear indi­
cator lights on the instrument panel.

The landing gear selector switcb is placed in the up position activating the
retraction motor which operates the transmission. The retraction transmission
pushes the torque arms forward which pull the main landing gear cables and
pushes the nose gear retraction tube forward. retracting the landing gear. When
the gear is fully retracted, the gear up limit switch stops the motor and the amber
gear up indicator light on the insttUment panel lights. The landing gear selector
switch is then placed in the down position, operating the motor and retraction
transmission. The transmission pulls the torque arms back which pushes on the
main gear cables and pulls on the nose gear tube extending the landing gear.
When the gear is fully extended, the gear down switches stop the motor and the
green gear down and locked indicator light on the instrument panel lights.

LA~jDINGGEAR AND BRAKE SYSTEM
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1183

1. BUNGEE CORD. RIGHT
2. MAIN GEAR STRUT ASSEMBlY
3. CABLE SUPPORT. RIGHT
4. PUSH PULL CABLE. RIGHT
I. PUSH PULL CABLE. LEFT
e. CABLE'SUPPORT. LEFT
7. MAIN GEAR STRUT ASSEMBlY
8. BUNGEE CORD. LEFT
9. MAIN GEAR STRUT ASSEMBlY

10. RETRACTION TRANSMISSION ASSEMBLY
11. EMERGENCY EXTENSION HANDLE
12. RETRAcnON TORQUE TUBE
13. PUSH PULL ROD SEAL
14. PUSH PULL ROD
11. DRAG UNK CLEVIS
11. NOSE GEAR DRAG UNK ASSEMBLY
17. NOSE GEAR STRUT ASSEMBLY
18. RETRAcnON TRANSMISSION MOTOR
19. MAIN GEAR DRAG.UNK ASSEMBLY
20. PUSH·PULL HOUSING AnACHMENTS NUTS

((~))
'---:---' i
/

. Figure 7-12. Landing Gear Retraction System

II
\1

Issued: 12/29/72

2Cl
LA NDING GEA R ANO BRA KE SYSTEM



PIPER TWIN COMANCHE SERVICE MANUAL

7-34. REMOVAL OF RETRAcrION TRANSMISSION ASSEMBLY. (Refer to Figure
7·14.)

a. Remove the gear retraction transmission assembly by using the following procedure:
1. Place the airplane on jacks. (Refer to Jacking, Section II.)
2. Open the retraction transmission access door located between the two front

seats.
3. Disconnect transmission motor electrical leads by sliding back the protective

coverina and uncoupling the quick disconnect terminals.
4. Place the emergency retraction release handle (18) in the full up position.
S. Disconnect the transmission retraction spring located on the left side of the

transmission housing.
6. Remove the cotter pin, washer and pin (12) attaching the transmission housing

to the mounting bracket.
7. Remove the transmission assembly from the well.

7·3S. CLEANING, INSPECTION AND REPAIR OF GEAR RETRAcrION
TRANSMISSION. (Refer to" Figure 7-13.)

a. Remove the six' screws attaching the transmission cover (7) to transmission housing
and remove the cover notina the position of the mounting lUI-

b. Wipe the old grease from the transmission housing and from the actuator screw (4)
and screw nut (3). .

c. Check the gear release arm (I) and ascertain that it will snap 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 or compressing the ann 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 are not distorted or bent.

e. Check that the screw bearing (9) is not loose on the transmission screw or within the
transmission 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 transmission 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 tuming 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 bearina and drive shaft. If end
play is in excess of 0.01 S of an inch, the transmission should be replaced.

LANDING GEAR AND BRAKE SYSTEM
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~ The coupling (10) between the transmission and motor may become worn to a point
where the metal inserts in the coupling protrudes from the rubber, thus causinl chatter. This
chatter may be eliminated by grinding the metal inserts until they are 0.010 to 0.01 Sof an
inch below the surface of the rubber. This grinding operation may be repeated until the
coupling reaches a minirnwn diameter of one inch and then should be replaced. .

11. Adjust the motor brake (20) (early type) by adjusting the nut on the brake support
rod (22) until the brake disc (18) clears the highest point on the retraction transmission
coupling. Hold the brake disc firmly against the brake solenoid while making 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 transmission housing with grease per special instruction found on
Lubrication Chart in Section n of this Service Manual.

7-36. INSTAllATION OF RETRACllON TRANSMISSION ASSEMBLY. (Refer to
Figure 7-14.)

a. Ascertain that the transmission is properly lubricated and position it in the
transmission well.

b•. Align the transmission mountinllug (27) with the hole in the mounting bracket (28)
and secure with pin (12), washer and cotter pin.

e. Attach the retracticm spring (22 or 23) to the transmission 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 emergency gear extension.

d. Lubiicate the torque arm through bolt (13) and hook the transmission tube (19)
over the bolt.

e. P1ac:e the emergency release handle (18) in the down and locked position, locking
the transmission release tube around the through bolt.

f. Connect the electrical leads and slide the protective covering over the terminals and
tie at both ends.

~ Check for proper operation and adjust. (Refer to Paragraph 7-44.)

LANDING GEAR AND BRAKE SYSTEM
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1. RELEASE ARM
2. RElEASE TUBE
3. TRANSMISSION SCREW NUT
4. TRANSMISSION SCREW
5. ROLL PIN STOP
e. TRANSMISSION
7. TRANSMISSION COVER PLATE
8. TRANSMISSION GASKET
9. SCREW BEARING

10. COUPUNG
". BEARING RETAINING PLATE
12. SCREW
13. UNK
14. TRANSMISSION RETRACTION SPRING

SERIAL NOS. 30-2 TO 30·92 INeL..

15. TRANSMISSION RETRACTION SPRING
SERIAL NOS. 30-93 AND UP

18. MOTOR BRAKE ASSEMBLY
SERIAL NOS. 30-1 TO 30·848 INeL..

17. BRAKE SOLENOID
18. MOTOR BRAKE DISC
19. SPRING TENSION
20. MOTOR BRAKE ASSEMBLY

SERIAL NOS. 30-849 AND UP AND USED
WITH SERIAL NOS. 30·1 TO 30·848

21. BRAKE SOLENOID
22. BRAKE SUPPORT ARM
23. TRANSMISSION MOTOR
24. TRANSMISSION DRIVE SHAFT
2&. RETRACT SPRING BRACKET

Figure 7-13. Landing Gear Retraction Transmission Assembly
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7-37. REMOVAL OF NOSE LANDING GEAR PUSH-PULL CONTROL ROD. (Re­
fer to Figure 7-14.)

a. Place the airplane on jacks. (Refer to jacking, Section n.)
b. Open the retraction transmission door located between the two front seats

and disconnect the transmission by pulling up on the release lever.
c. Retract the landing gear until it hangs in the neutral position, by using the

emergency extension lever.
d. Disconnect the push-pull rod (11) from the 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 the attaching 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 Jacking, Section II.)
b. Open the retraction transmission door and disconnect the transmission by

pulling up on the release lever.
c. Retract the landing gear until it hangs in the neutral position, by using the

emergency extension lever.
d. Remove fuel selector console and carpet attaching screws, roll carpet back

off the center access panel and remove panel.
e. Remove the rear seats and carpet attaching screws on airplanes with Seria1

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 spar. .
g. On airplanes with Serial Nos .30-853 and 30-902 and up, remove access

panel on bottom of fuselage.
h. Disconnect the retraction cables fJ and 8) from the torque arms (9 and 10)

by removing attaching cotter pins, washers and pins.
i. Remove castle nuts (3 and 4) from cables at the bulkhead aft of the retrac­

tion transm ission.
j. Remove clamps securing cables to bottom of the fuselage.
k. Enter through the wbeel well and disconnect cable ends from upper main

gear drag links by removing attaching DUt, washers and bolts.
1. Disconnect cables from the support brackets (36) by removing nuts (34) and

washers .

LANDING GEAR .'\ND BRAKE SYSTEM
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m. Remove the end bearings from the cables at the drag links by bacldng off
the jam nuts and unscrewing the end bearing.

n. Slide the cable support nut (34) and washer off the cable and remove the
cable by sliding it through the support bracket and out through the access boles
in the floor.

7-39. CLEANIOO. INSPECTION AND REPAIR OF RETRACTION PUSH-PULL
CONrROLS.

a. Clean all parts with a suitable cleaning solvent.
b. The push-pull rod should be inspected for the follOWing unfavorable condi-

tions.
l:. Bends in the rod and treaded portion of the end bearings.
2. Dents in the rod ..
3. Cracks around the end bearings.
4. Corrosion and excess wear.

c. The main sea:r push-pull cables should be inspected for the following un-
favorable conditlons.

1. Freedom of movement through the housing.
2 . Corrosion of cable and housing.
3. Excess wear of cable and housing.
.. • Bends and cracks of cable ends.

d. Repair of the push-pull controls is limited to replacement of parts.

7-40. ,INiTALLATION 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 in the nose wheel well and slide it through the seal assembly.

b. Attach the rod end bearing to the aft eDd 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 by 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 BRAKE SYSTEM
Issued: 12/29/72

2C6

•

•

e.



•

•

•-

PIPER TWIN COMANCHE SERVICE MANUAL

7~41. INSTALLAi-:'lON OF MAIN LANDING GEAR PUSH-PULL CONTROL
CABLE. (Refer to Figure 7-14.) Install the main landing gear push-pull control ca~les using
the following procedure:

a. Check cables for freedom of movement through housing 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 access

hole in the floor and through the cable support bracket (36).
d. Install washers and castle nuts and attach the left gear cable (2) to the right torque

arm (10) at the transmission with pin, washer and cotter pin.
e. Install washers and castle nuts and place the right gear cable (1 ) over top the left

gear cable and attach it to the left torque arm (9) at the transmission 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 (l) from the right gear.
One thread should show at the castellated nut (4) on the left gear Cable (2)..

g. Place the adjusting 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 drag links with bolts, washers and nuts.
i. Tighten adjusting nut at the support bracket. .
j. Clamp th~. cables to bottom of the fuselage and spar to prevent chafmg.

NOTE

Install conduit with minimum number of bends. Avoid bends
with radius less than eight inches.

k. Adjust the cables. (Refer to Paragraph 7-46.)
L Operate the landing gear to check for freedom of movement.

NOTE

When checkina the landing gear for operation on jacks,
discOMect the retraction transmission and nose gear down:
lock sprinp. Followina adjustment to any of the three gean
in which the control tubes/rod were disconnected with
aircraft on jacks, the transmission disconnected, ascertain
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 MS20995-C41 safety wire.

n. Install floor panels and attach with screws.
o. Position the carpet and secure with screws.
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 SYSTE~t.

a. After changing or adjusting any assembly of the gea r or retraction system,
an adjusanent of its following component should be made •

Example: ReplaCing or adjusting drag link. recheck push-pull cable or
rod adjustment.

Example: SbimmiDgleft nose gear dragl1nk clevis. recheck push-pull rod.

NOTE

When adjusting the 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 attempdllg any adjustment.

•

7-43. ADJUSTMENT OF LANDING GEAR SAFETY SWITCH.
a. The landing gear safety switch located on the left main gear. is adjusted so

the switch Is actuated in the last 0 .75 of an inch of gear extension.
b. The switch with the boot seal and adjusting rod (Refer to Figure 7-9, Sketch

8) is adjusted by placiDg the gear til full down position and the strUt fully extended.
Screw the actuator arm (41) down until the switch clicks on. then screw down an
additional 0.187 of an in.ch and secure with jam nut (40).

c.oThe round switch used on aircraft without the adjusting rod and arm is ad- •
justed by compressing the stt'Ut until 5.5 inches is obtained between the top of
the gear !ork (34) and bottom of the gear housi.Dg(lS), then adjustthe switch down
until it contacts the striker plate. Secure the switch and safety.

d. Ascertain that either SWitch will actuate in the last 0.75 of an inch of oleo
extension.

7-"4. ADJUSTMENT OF TIlE GEAR DOWN LIMIT SWITCH.
a. Before attempting any .adJustment of the down limit switch. ascertain that

'hl' nose and main gear drag link assemblies are properly adjusted. Refer to

Paragraphs 7-12 and 7-25.
b. Each main gear down limit switch attached to the side hril~e drag link as­

sembly is adjusted by moving the switch toward or away from the striker plate.
When the landing gear is down and locked, the I im it switch should have broken
contact.

~. The nos~ gear down limit s\Vitcb located at the left drag I ink is adjusted by
moving it toward or away from the strilcer plate. When the gear is down and
locked, the switch should have broken contact.

LANDI1':G GEAR AND BRAKE SYSTEM
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..
d. Check operation of the down limit switches by the following procedure:

I. Open landing gear retraction motor circuit breaker.
2. Turn on the master switch.
3. Disconnect the retraction transmission by pulling 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 pressure on the nose gear and

inward pressure on the main gear. The gear should not unlock.

7-45. ADJUSTMENT OF GEAR RETRACTION TRANSMISSION 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) from the right gear has three threads exposed forward of

the castellated nut and the cable(2) from the left gear has one thread exposed forward ofthe 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 of 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 of the thru bolt (13) connecting the lower
portion ofthe torque arms. This adjustment should allow approximately a(minimum of 0.125 inch) measured
along the actuator screw (14) between the roll pin stop (16) and the screw nut (15).

d. The cable rods (5 and 6) should be moved to approximately 1/8 inch of being full aft.
e. Adjust the push-pull rod ends (7 and 8) to allow their connecting pins (17) to push freely through I he

torque arm clevises (9 and 10) and rod end bearings.
f. Check that the threads of the push-pull rods extend past the check holes in the rod end fittings.

Secure the rod end fitting jam nuts and safety all pins.
g. Safety wire all castle nuts as shown in Figure 7-14 Sketch A .

Issued: 12/29/72 2C9
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MIN.1/S"
MAX. 114"

"'Or"
C8m1

SKETCH B

7

1896

32

A187

TYPICAL SAFETY WIRE INSTALLATION
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FUSELAGE

SKETCH A

A184

1896

I. PUSH PULL CAlLE. !lIGHT GEAR
2. PUSH PULL CAIIl.E. LEFT GEAR
:I. CASTLI NUT
•. CASTLI NUT
I. CAIUl ROD. RIGHT GEAR
I. CAIUi ROD. LIFT GIAR
7. ROD EIIO
I. RODENO
t. LIFT TORQUI All... RIGHT GEAR

10. RIGHT TORQUl! ARM. LEFT GEAR
II. PUSH PULL ROD. NOli GIAA
IZ. TllMSIaSlON MOUN11NG PIN
,:I. TMIIU IOLT. TOlIQUE ARMS
I•. TIWlI....1ON SCIIIW
II. TIWlIIaSlON SCREW NUT
II. ROLL ,.,. STOP
17. ROD 1110 CONNICTING I'IN
II. RELIAS. LlVIII
II. RELIAII TUIE
20. TORQUE TUIE
ZI. EXTENSION LIVER. EMERGENCY
22. TRANS....ION IIITl1ACT SPIlING

'''·30. SIIl1AL NOS. 30·2 lD 30-12.
INCLUSIVI

23. TRANS....ION IIETllACT SI'llING
'''-30. SERIAL NOS. 30-113 AND U,

2•. IIIAQ ASSIMBLY
ZI. MOTOR SUPPOIIT 1100
2S. TRANSMISSION
27. TRANS....ION LUG
21. TRANSIMSSION MOUNTING IIlACKET •
21. TRANS....ION MOTOR
30. EXTINSION lJOCXET. IIIGHT
:II. EXTINSION SOCXET. LEFT
32, MAIN SPAll. RIGHT
:13. PUSH PULL CAlLE. IIIGHT GEAR
M. CASTU! NUT
U. WASHIR
:II. SUPPO,", IRACKET
:17. SAFETY WIllE

Figure 7-14. Landing Gear Rettaction Transm iSsion Installation
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7-46. ADJUSTMENT OF MAIN GEAR PUSH-'PULL CABLES.
a. With the ttansmission assembly adjusted (Refer to Paragraph 7 -45) and the

gear down and locked, adjust the push-pull cable rod end so the bearing hole
aligns with the hole in the drag link..

b. ExteDd the rod t=Dd fitting one-half tum on an old cable and one complete
tum on a new cable. This will provide the necessary preload to absorb backlash
or play in the cable. Also, it will produce a small amount of constant pressure.
through the cable, against the gear drag link when the gear is down aDd locked.

c. Be sure the threads of the push-pull cable extend past the check hole in the
rod eDd fitting. Tighten the jam nut against the rod end fitting and install assist
spring.

7-47. ADJUSTMENT OF NOSE GEAR PUSH-PULL ROD.
a. Attach the rea-action rod clevis to the left nose gear drag link. Shims are

installed between the clevis and drag link for correct retraction of the nose gear
into the wheel well. Clevis shims. PIN 23115-00, are 0.032 of an inch only and
a maximwn of three may be installed.

b. W1th the main aDd nose gear down aDd locked. adjust the push- pull ~od end
fitting until the bole in the rod end bearing aligns with the bole in the clevi~. then
turn the rod eDd in one cOmplete tum. For proper clearance of the clevis. in­
stall the clevis bolt with the countersunk portion at the left or outboard side .

NOTE

With the Far in the full retracted position, check fOll'
interference at the push-pull rod and clevis. The locknut at
the rod end bearinl may bind with the clevis and cause
failure at the threaded portion of the endbearinl. The rod
end threads should be carefully examined for cracks. When
checking the landing gear for operation on jacks, disconnect
the retraction transmission and nose gear down lock springs.
Following adjustment to any of the three gears in which the
control tubes/rod were disconnected with aircraft on jacks,
the transmission disconnected, ascertain that all three gear
dral links SO over center and lock at the same time
independently of each other.

c. Check nose gear door adjustment. (Refer to Paragraph 7-17.)

';"-48..~DJUSTMENTOF GEAR UP SWITCH. (Refer to Figure 7-15.) Adjust the
~ear up switch using the' follOWing procedure:

a. Retract the gear and check to insure that 'both main gear assemblies entlJT
the wheel well approximately the same distance and that the nose gear enters far
enough.

b. If the gear does not retract far enough, move the switch (3) up in its bracket
and run the check again. On the late model airplanes a set screw (2) is 10catecJ

Revised: 4/26/78 LANDING GEAR AND BRAKE SYSTEM
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AZU

3

,. T.-OVI .........".
I. 1"" AON.T".1If .c.,,,
J. !.I.. IT ,.ITCM
•• !. ... IT I.ITCM INI..

Figure 7-15. Landing Gear Up Limit5witeh

in the left torque arm (1) for fine adjusanent purposes.
c. If 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. retract the landing gear. The

main gear should be pulled snugly against the rubber stop blocks IOC3ted in the
wheel well. and the nose .gear should retract far enough.

e. Should it be found necessary to adjust the nose gear. remo\'e or add shims
at the drag link clevis. then readjust the push-pull rod.

f. Check nose gear and main gear door adjusanent. (Refer to Paragraphs
7-17 and 7-30.)

i -~IJ. CHECKING LANDING GEAR RETRACTION LOAD. (Refer tll Figure
i-lb.) After the landing gear has been lubricated and properly adjusted as de­
scribed in the preceding paragraphs. check retraction load by using the following
procedure:

a. Place the airplane on jacks. (Refer to Jacking. Section II.)
b. With the gear fully extended. disconnect the retraction transmis:-ion as­

sembly by pulling up on the emergency release lever.

L.~~DINGGEAR AND BRAKE SYSTEM
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c. Partially retract the gear until it hangs in the neutral position by using the emergency extension
lever.

d. Install adpater tool (P IN 26347-00) in the left socket of the retraction torque tube.
e. Ascertain that the shoulder of the adapter is completely seated on the torque tube socket.
f. Open the gear motor circuit breaker to pr~vent motor from running during gear check.
g. Partially retract landing gear using adaptC:r and install torque wrench on adapter. aligning the

center line of the torque wrench with the center line of the retraction torque tube.
h. Turn on the master switch and slowly pull aft on the torque wrench completely retracting the gear.
i. Observe torque reading when the amber gear up indicator light initially comes on. The torque

reading should not exceed limits given in Table VII-I.

TABLE VII-I. TORQUE FOR EFFECTIVE WRENCH LENGTH

EFFECTIVE WRENCH LENGTH MAXIMUM TORQUE
(INCHES) (FOOT POUNDS)

18 III
16 106
14 100
12 93
10 84

J. If torque exceeds the limits specified. check for the following:
1. Insufficient lubrication, possible binding, improper adjustment and damaged parts of the

retraction system.
2. Check the up limit switch for proper adjustment. It may not actuate soon enough causing the

main gear tobe pulled too hard against the rubber stop blocks, exerting excessive load on the system. The main
gear should fit snugly against the rubber stop blocks in the wheel well.

Issued: 12/29/72 2C13
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Figure 7-16. Torque Wrench and ..\dapter Installati("Jn
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Figure 7-17. Landing Gear Down Lock Installation

7-50. ADJUSTMENT OF LANDING GEAR DOWN SAFETY LOCK. The purpose of the gear down
safety lock is to provide an additional means to retain the gear retraction torque tube assembly in the down
position with the gear transmission disengaged (emergency extension condition), Landing forces are absorb~d

by the over center mechanism held in position by springs at each gear and not intended to be transferred to t h~
push-pull rod and cables.

a. Ascertain that the landing gear is properly adjusted.
b. Adjust the gear down safety lock by the following proceaure:

I. Place the airplane on jacks. (Refer to Jacking, Section II.)
2. Disconnect the retraction transmission by pulling up on the emergency release lever.
3. The down safety lock should be adjusted as close to the spacer (I) on the torque arm thru bolt

(2) as possible, yet freely engage when the gear is fully extended.
4. To adjust the lock, remove cotter pin (7), loosen jam nut (6) and turn lock arm (4) in the desir~d

direction.
S. If one-half turn is needed for correct adjustment, remove bolt (10) attaching lock fitting on to

the bulkhead bracket and turn fitting in the desired direction.
6. Install fitting and spring (9) in the bulkhead bracket and secure with bolt.
7. Tighten jam nut, install cotter pin and safety wire attachment bolt head.

c. Check the gear down safety lock by using the following procedure:
I. Install the emergency gear extension lever in the torque tube socket. making sure it is properly

seated and fully extended.
2. Attach an accurate spring scale (0 to 100 pound range) to the bottom of the extensionlevcr

knob.
3. Pull out on the gear motor circuit breaker and turn on master switch.

Issued: 12/29/72
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Figure 7-18. Landing Gear Warning Switch Installation

4. Disengage the down safety lock and measure force on the exension lever by pulling horiZo.
tally aft on the spring scales until the gear downlock light goes out.

5. Engage the down safety lock and make the same force measurement with the addition of 35
pounds to the first measurement.

6. The gear downlock light sh~uld remain "ON".
7. If the gear downlock light goes out. check adjustment of the landing gear retraction system.

7-51. LANDING GEAR WARNING SWITCH.

7-52. REMOVAL OF LANDING GEAR WARNING SWITCH.
a. Remove the left side panel from the throttle quadrant by loosening the snap fasteners or removing

attaching screws.
b. Remove screws. nuts and washers attaching switch bracket to quadrant.
c. Disconnect the electrical wires from the switches and remove the switches and bracket.

7-53. INSTALLATION OF GEAR WARNING 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 with 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: 12/19/72 2C16
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7-54. ADJUSTM ENT OF GEAR WARNING SWITCH. The following is the procedure for adjusting thl:
gear warning horn micro switches.

a. Start and run up the engines with the propeller set for high RPM. Retard the throttle until 12 inches
of manifold pressure is indicated.

b. Mark the throttles in some manner so theycan 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 II) and retract the landing gear.
d. Position the throttle at the location which gave the proper manifold pressure indication.
e. With the battery master switch ON, loosen the mouf.ting screws (I) (Refer to Figure 7"'18) on the

micro switch mounting bracket and move the switches up or down until the gear warning horn starts to
operate.

f. Tighten the mounting screws to secure the switches.
g. With the gear warning horn operating, lower the gear to insure that the horn ceases to operate when

the gear is down and locked.
h. Remove the airplane from the jacks.
i. Flight test the airplane to insure proper operation of the gear warning system with the gear up and

power reduced below 12 inches of manifold pressure.
j. Reduce power on one engine and insure amber light flashes.
k. If 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. REMOVAL AND DISASSEMBLY OF NOSE WHEEL. (Refer to Figure 7-19.)
a. Place the airplane on jacks. (Refer to Jacking, Section 11.)
b. To remove the nose wheel. remove the axle tie rod nut. tie rod and axle plugs. Insert a 1.437 in~h

diameter tube into the fork and tap out the axle from the wheel assembly.
c. Flex the fork enough to remove the wheel spacers and to allow the wheel to clear theJork assemhly.
d. The wheel may be disassembled by deflating the tire and removing the screws (H) securing the grease

seal retainers (5).
e. Remove the retainer and bearing cones (4). .
f. Remove the bolts (12) securing the wheel halves and separate them.
g. The bearing cups (3) should be removed only for replacement and may be removed by tapping

evenly from the inside of the wheel.

Issued: 12/29/72
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1. WHEEL HALF
2. WHEEL HALf
3. BEARING CUP
4. BEARING CONE
6. GREASE SEAL RETAINER
8. GREASE SEAL. FELT

Figure 7-19. Nose Wheel Assembly

7. WASHER
B. SCREW
9. WASHER

10. NUT
11. WASHER
12. BOLT

7-57. INSPECTION OF NOSE WHEEL ASSEMBLY. . •
a. Visually check all parts' (or cracks.. distortion, defects and excess wear.
b. Check tie bolts for looseness or fallure.
c. Check internal diameter of felt grease seals. Replace the felt grease seal

if surface is hard or gritty.
d. Check tire for cuts, internal bruises and deterioration.
e. Check bearing cones and cups for wear and pitting and relubricate.
f. Replace any wheel casting haVing visible cracks.

i-58. ASSEMBLY AND INSTALLATION OF NOSE WHEEL.
a. Ascertain that the bearing cup (3) in each wheel half is properly ins~lled.

Install the tire and join the two wheel halves. Install the through bolts (ll) with

the nuts (10) to the wheel valve stem side, torque to the spe~ification giv~n on the
wheel and intlate the tire.

b. Lubricate and install bearing cones (4).
c. Install grease seals (6) and retainers (5) and secure with screws (8).

d. Flex the fork enough to allow for the installation of the wheel and spacer
tubes. Insert the axle tube. fork caps and tie bolt. Adjust the tie bolt nut to al­
low the wheel to turn free yet not fit loose on the axle.

LANDING GEAR AND BRAKE SYSTEM
Issued: 12/'19/7'1
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Figure 7~20. Main Wheel Assembly. Serial Nos. 30-2 to 30-845 Incl.

7-59. REMOVAL AND DISASSEMBLY OF MAIN WHEEL.
a. Place the airplane on jacks. (Refer to Jacking. Section 11.)
b. . Remove the four bolts joining brake cylinder and lining back plate assembly and remove the brake:

assembly.
c. On airplanes with Serial Nos. 30-2 to 30-845 inclusive. remove and disassemble lhe wl.~c:1 as fOl1ll\\"~

(Refer to Figure 7-20.):
I. Remove the axle tie rod nut. tie rod and axle plugs.
2. Insert a 1.875 inch diameter tube into the fork and tap outthe axle from the whe:el assembly.
3. Insert a prying tool between the side of the fork assembly and wheeland apply enough pressure::

on the fork to allow the wheel to clear the fork assembly.
4. The wheel may be disassembled by using the following procedure:

(a) Deflate the tire and remove the grease seal retainer (5) by removing I he:: alla\:hing sen:\\'
(8).

(b) Remove the bearing cones (4).
(c) Remove the bolts (12) securing the wheel halves together.
(d) The bearing cups (3) should be removed only for replacement and may be re::movel.! by

tapping evenly from the inside.

Revised: 10/6/77
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1. OUTER WHEEL HALF
2. INNER WHEEL HALF
3. BEARING CUP
... BEARING CONE
5. GREASE SEAL RETAINER
e. GREASE SEAL. FELT
7. WASHER
8. SCREW
t. WASHER

10. NUT
". WASHER
12. BOLT
13. BRAKE DISC

30·23

Figure 7-21. Main Wheel Assembly, Serial Nos. 30-846 to 3~2000 incl.

d. On airplanes with Serial Nos. 3G-846 to 30-2000 inclusive, remove and diS:lssemble
the wheel as follows (Refer to Figure 7-21):

I. Remove the axle dust cover by removing attaching screws.
:!. Remove the cotter pin and axle nut and slide the wheel off the il~le.

3. The wheel may be disassembled by deflating the tire and removing the snap rings
(10) securing the grease seals (6) and seal retainers (5).

4. Remove the be:.ring cones (4) and remove the bolts (7) securing the wheel
halves.

S. The bearing cups (3) should be removed only for replacement and may be
removed by tapning evenly from the inside ofthe wheel.

7-60. INSPEcrION OF WHEEL ASSEMBLY.
a. Visually check all parts for cracks, distortion, defects and excess wear.
b. Check tie bolts for looseness or failure.
c. Check internal diameter of felt grease seals. Replace the felt grease seals if surface is

hard or gritty.
d. Check tire for cuts, internal bruises and deterior:ltion.
e. Check bearing cones and cups for wear and pitting and relubric:lte.
f. Replace any wheel casting having visible cracks.

LA NDING GEAR ANO BRA KE SYSTEM
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7-61. ASSEMBLY AND INSTALL\nON OF MAIN WHEEL.
a. Ascenain that the bearing \:up (3) in each wheel half is properly installed.
b. Install tire and join the two wheel halves.
c. Insert through bolts (12) with bolt heads on the brake disc side and torque to specifications given on

the wheel and innate tire.
d. Lubricate the bearing cones (4) and install bearings. grease seals (6) and retainers (5). Secure

retainers with screws or snap rings.
e. On airplanes with Serial Nos. 30-2 to 30-845 inclusive. install the wheel as follows:

I. The wheel may be installed by nexing the fork enough to allow for installation of wheel and
spacer 10 bes.

2. Insert the axle tube. fork caps and tie bolt.
3. Adjust tie bolt nut to allow the wheel to turn freely yet not fit loose on the axle.

f. On airplanes with Serial Nos. 30-846 to 30-2000 inclusive. install the wheel as follows:
I. Slide the wheel on the axle.
2. Tighten the axle nut to allow the wheel to turn freely yet not fit loose on the axle.
3. Safety the axle nut and install dust cover.

g. Install the brake assembly by positioning the brake lining back plates between the wheel and brake
disc and the brake cylinder on the torque plate. Insert the spacer block and shim between the back plates and
cylinder. and install the four bolts to secure the assembly. If the brake line was disconnected. reconnect the lint:
and bleed the brakes. (Refer to Paragraph 7-72.)

7-62. BRAKE SYSTEM.

7-63. REMOVAL AND DISASSEMBLY OF WHEEL BRAKE ASSEMBLY. (Refer to Figure 7-22.)
a. To remove the brake assembly. disconnect the brake line from the brake cylinder and cap it to

prevent contamination.
b. Remove the four cap bolts (I) that join the brake cylinder housing (3) and lining back plate

assemblies (12). Remove the back plates from between the brake disc and wheel.
c. Slide the brake cylinder housing from the torque plate (13).
d. Slide the pressure plate (7) and lining (8) off the anchor bolts (14) of the cylinder housing (3).
e. The pistons (5) may be removed by injecting'low air pressure in the cylinder nuid inlet and forcing

them from the housings. .
f. The lining (8 and II) can be removed by prying it from the pressure plate (7) and back plates (12) .

Issued: 12/19/71.. 2C21
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1. BOLT
2. WASHER
3. C'VUNDER ASSEMBLY
4.0·RING
5. PISTON
I. INSULATOR
7. BACKING PlATE
I. UNIHG .
9. SPACER

30·23

10. SHIM
11. UNING
12. BACKING PLATES
13. TORQUE PLATE
14. ANCHOR BOLT
15. BLEEDER FITTING
11. BLEEDER FITTING CAP
17. WASHER
18. NUT

••
Figure. 7-22. Wheel Brake Assembly

7-64. CLEANING, INSPECTION AND 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 general·condition of the brake bleeder screw and lines.
d. Check the brake disc for wear, grooves, scratches, pits or coning. Coning beyond .015 in either

direction would be cause'for replacement. Wear of the disc should not be less than 0.345 of an inch at its
thinnest point. A single groove or isolated grooves up to 0.031 of an inch deep would not necssitate
replacement, but a grooving of the entire surface would reduce lining life and necessitate replacement of the
lining. Should it become necessary to 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 anyone segment is
0.093 of an inch or less, or the lining is worn uneven.

•
LANDING GEAR AND BRAKE SYSTEM
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Figure 7-22a. Removal and Installation of Anchor Bolts
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7~5. ASSEMBLY AND INSTALLATION OF WHEEL BRAKE ASSEMBLY. (Refer to
Fi~ure 7-2:!.)

a. Lubricate the piston "0" rings (4) with nuid (MIL-H-5606) and install on pistons
( 5).

b. Slide the pistons in cylinder housing (3) until nush with surface of housing.
c. Slide 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. Torque to 60 inch-pounds and safety.

f. Connect the brake line to the brake cylinder housing.
g. ,Bleed the bl'3ke system as described in paragraph 7-72.

•

NOlE

RepW:emmt brake liDiDp 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.

•

t---2

7-66. REPLACEMENT OF WHEEL
BRAKE DISC.

a. Place wheel half assembly into
boiling water for five minutes and remove
disc from wheel casting by use of pry
bars. (Refer to Figure 7·23.)

b. Clean casting thoroughly and
apply heavy coat of zinc chromate paint
in brake disc recess.

c. Place wheel C3sting into boiling
water for a few minutes; remove and
insert new replacement brake disc into the
.:xpanded wheel. Ascertain that bolt holes
are aligned and bl'3ke disc is properly
seated.

I. I.AIlI DIIC I. _NIIL CAIT''''

Figure 7-23. Removal of
Wheel Brake Disc
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-• Figure 7- 24.' Brake System Installation
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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 or drain the fluid from the reservoir and cylinder.
b. Remove the cylinder"from its attachment fittings by removing the attaching

cotter pins. nuts. washer and clevis bolts.
c. Remove parking brake cable from cylinder by removing attaching clamp at

the top of the cylinder and loosening the set screw and pulling the cable from the
arm.

7-68. DISASSEMBLY OF BRAKE CYLINDER. (Refer to Figure 7-25.)
a. Loosen the gland packing nut (5) and slide the piston rod assembly (8) out of

the cylinder assembly (15).
b. Remove the snap ring (14) at the bottom of the piston rod assembly and

slide off bushing (13). spring (12). piston (10). washer (9), packing nut (7) and
spring (4).

c. Remove the QUt (24). washer (23). spring (22). bushing (21) and "0" ring
(20) attaching the parking brake arm (25) to tbe cylinder housing (15).

d. Remove the lower fluid line fitting (19) and pull out the spring (18). "0"
ring (17) and valve (16).

7-69. CLEANI~tINSPEcnONAND REPAIR OF BRAKE CYLINDER.
a. Clean the cylmder parts with a suitable solvent and dry thoroughly.
b. Inspect the interior walls of the cylinder for scratches. burrs, corrosion,

etc.
c. Inspect the general condition of the fitting threads of the cylinder.
d. Check the piston and valve for scratches, burrs. corrosion, etc.
e. Repairs to the cylinder are Umited to polishing out small scratches. burrs.

etc. and replacing valve washer seal and "0" rings.

;-70. ASSEMBLY OF BRAKE CYLINDER. (Refer to Figure 7-25.)

NOTE

Use a small amount of hydraulic fluid (MIL-H-5606)
on the "0" ring and component parts to prevent damage
and ease ot handling during reassembly.

a. Insmll the "0" ring (17) on the parking valve (16) and insert it into the cyl­
inder housing.

LANDING GEAR AND BRAKE SYSTEM
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Figure 7-25. Brake Master Cylinder Assembly
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b. Install spring (18) and fluid line fitting (19).
c. Slide the actuating ann (15) into the cylinder housing and in!ltall "0" ring C!O).

bushing (21 ), spring (22), washer (23) and secure with nu t (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 (11),

sprinl (12) and bushing (13) on piston rod (8) and secure with snap ring (14).
f. Insert the piston rod assembly into the cylinder assembly and tighten g1an~ nut.

7-71. INSTALLATION OF BRAKE CYLINDER. (Refer to Figure 7-26a.)
a. Position the cylinder in its mounting bracket and insert the upper mounting bolts

from the inboard .side of each cylinder along with the appropriate hardware as shown in
Figure 7-26L

WARNING

The co~t upper mountina bolt must be installed as shown
in Figure 7-26a for the particular serial numbered aircraft
being serviced.

b. ·Insert the parking brake cable through the bushinl in the actuating arm and secure
with set screw.

c. Clamp the cable housing to the upper part of the cylinder assembly.
d. COMect the brake fluid lines to the cylinder fiUin.,.
e. Bleed the brake.system per instructions pven in paragraph 7-72.

7-7:. BLEEDING PROCEDURE. If the brake line has been disconnected for any re:lSOn, it
will be necessary to bleed the brake and line as described below.

a. Place a suitable container at the brake reservoir' to collect fluid overflow.
b. Remove the rubber bleeder fitting cap located on the bottom of the brake unit

hOllsing on the landing gear.
c. Slide a hose over the bleeder fitting, loosen the fitting one tum and pressure fill the

brake system with MIL-H-S606 fluid.

NOTE

By watching the fluid pass through the plastic hose at the top
of the brake reservoir. it can be detennined whether any air
has entered the system. If air bubbles are evident. filling of
the system shall be continued until all of the air is out of the
system and a steady flow of fluid is ohr:lined.

d. Tighten bleeder fitting and remove the hose. Check brakes for proper pedal pressure.
e. Repeat this t'rocedure on the other gear.
f. Orain e'(~ess fluid from reservoir to Fluid Level line with a syringe.

LANDING GE.~R AND BRAKE SYSTEM
Issued: 12/29/72

•

•

•



•
j ~.,.

PIPER TWIN COMANChE SERVICE MANUAL

AlII

Figure 7- 26. BleediDg Brakes
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Figure 7-26a. Brake Cylinder Installation
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TABLE vu-n. TROUBLESHOOTING CHART (LANDING GEAR SYSTEM)

Trouble Cause Remedy

Landing gear rettac- Gear motor circuit Reset circuit breaker.
tion system fails to breaker open.
operate.

Wire broken on Check safety switch and
safety switch. repair wire connection.

Transmission motor Repair wiring and
assembly inoper- replace motor if
adve. necessary.

Transmission motor Replace ttansmission
assembly burned out. motor assembly.

Warning horn fails to Micro switches on Adjust micro switch.
operate when throttles throttles out of (Refer to Paragraph
are closed and landiDg adjusanent. 7-54 .)
gear is rettacting.

Nose gear down limit Repair wires and
switch inoperative. replace limit switch

if necessary .

Warning hom assembly. Adjust or replace if
necessary.

Transmission assembly Landing gear down limit Adjust down limit
motor does not stop switches out of switches.
when landing gear is adjustment.
in the tully ~xtended

position.

Amber GEAR UP light Lamp burned out. Replace lamp.
out.

LANDIN:; GEAR AND BRAKE SYSTEM
Issued: I 2/29/72
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TABLE VU-U. TROUBLESHOOTING CHART (LANDING GEAR SYSTEM) (cont)

Trouble Cause Remedy

Amber GEAR UP light Landing gear up limit Adjust limit switch.
out. (cont) switch out of adjust-

ment.

GEAR INDICATOR Reset circuit breaker.
UGHTS circuit
breaker open.

Warning horn falls to Micro switches at Adjust micro switch.
stop when throttles throttle cona-ols out (Refer to Paragraph
are closed and landing of adjustment. 7-54.)
gear is extended.

Nose gear down limit Repair wires and
~"Witeb inoperative. replace limit switch

if necessary.

Transmission motor Landing gear up limit Adjust limit switch at
assembly does not shut switch out of adjust- retraction torque tube
ot! when gear is in fully ment. arm.
retracted position.

Green GEAR DOWN Lamp burned out. Replace lamp.
light out.

Gear down limit Adjust limit switches.
switches out of
adjustment.

GEAR INDICATOR Reset cin:uit breaker.
UGHTS circuit
breaker open.

LANDING GEAR AND BRAKE SYSTEM
Issued: 1'2/~9/72
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TABLE Vll-II. TROUBLESHOOTING CHART (LANDING GEAR SYSTEM) (cont)

Trouble Cause Remedy

Transmission screw Bearing retainer sleeve Rig landing gear system
operates but release hits pin. SO that when trans-
tube remains mission motor assem-
stationary . bly stops. bearing

retainer sleeve is
1/8 inch or more
from the roll pin stop.

Bearing retainer sleeve Remove restriction.
hits other restriction.

Landing gear will re- Safety switch out of Adju~it safety switch.
tract with oleo strut adjusanent.
in a depressed con-
dition.

LANDING GEAR AND BRAKE SYSTEM
Issued: 11/19/71
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DIAL INDICATOR

VICE

)::===:::::t oCUNCH THE ROD END BEARING
BETWeEN THE BOLT AND NUT

Figure 7·30. Inspection of Rod End Bearings

•
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7-73. INSPECTION OF THE LANDING GEAR MANUAL RETRACTION SYSTEM. (Reference material
from Section vn of this Service Manual.) .

a. Place the airplane on jacks. (Refer to Paragraph 2-12.)
b. Disconnect each sear from the actuator: (Refer to Paragraphs 7-37 and 7-38.) Also disconnect the

past center locking springs.
c. Inspect all components for condition and wear. (Refer to Paragraph 7-39 and Tables VU-ID and

Vll-IV for wear limits.)
d. Inspect rod end bearings for wear by clinching the bearing between a bolt and nut arrangement as

shown in Figure 7-30, and using a dial indicator measure the total free play between the ball and race, the
maximwn service limit is .005 of an inch.

e. Check the thnI center travel of both the left and right drag links on the nose gear. (Refer to
Paragraph 7-10 and Figwe 7-2.)

NOTE

Insure that both nose Far drag links contact their stops
simultaneously. (Refer to Paragraph 7-12, Step "h.")

f. Check the thnI center travel of each main gear side brace link. (Refer to Paragraph 7-23 and
Figure 7-8a.)

g. Install the downlock springs on the nose Far. If only one spring is used, obtain Piper Service Kit
for additional sprinS installation. (Refer to Paragraph 7-11 for installation instructions.)

h. Disconnect and inspect main Far push-pull cables prior tomstallation. (Refer to Paragraph 7-39.).
i. Hookup both main gears and check manual retraction only. (Trangnission not connected.) (Refer

to Paragraph 7-41.) Coordinate the overcenter locks. (Refer t~ Paragraph 7-46.)
j. Hookup the Dose gear (refer to Paragraph 7~) and rig to operate with the main gear.

(Transmission not connected.) Coordinate the overcenter locks. (Refer to Paragraph 7-47.)

NOTE

At this point the landing Far is DOW in a downlocked serviceable
condition, without the benefit of the transmis.Uon.

k. Perform a landing Far retraction load test per Paragraph 7-49.
1. Connect transmimon and perform a tetlaction and extension cycle of the landing gear

electrically. Make the necessary limit switch adjustments per infonnation given in Paragraphs 7-42 thn1
M~ ,

m. Insure that the landing sear is down and locked; then remove the airplane from jacks. Make the
appropriate logbook entries.

• LANDING GEAR AND BRAKE SYSTEM
Added: 6/28/76
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TABLE vn~m. MAIN GEAR WEAR LIMITS

Index Part Mfg. Umits Service Umits
No. No. Item 1.0. 0.0. Min. Max.

1 AN26 Bolt .373/.371 .370 .373

2 14843-16 Bushing .375/.373 .373 .376

3 14843-30 Bushing .374/.376 .435/.433 .374 .377
.432 .435

4 20829 Stud .4365/.4385 .4365 .4395
4 22512 Stud .4365/.4385 .4365 .4395

4a 20829 Stud .497/.495 .494 .497
4a 22512 Stud .560/.558 .557 .560

5 20737-6 Bushing .498/.500 .498 .501
5 20737-14 Bushing .561/.563 .561 .564

6 20737-5 Bushing .498/.500 .498 .501
6 20737-13 Bushing .561/.563 .561 .564

7 AN4 Bolt .249 +.000 .245 .249
-.003

Shoulder
8 20737-8 Bushing .251/.249 .249 .252

9 AN26 Bolt :373/.371 .370 .373

10 14843-60 Bushing .373/.375 .4351.433 .373 .376
.432 .435

11 24911 UnIt .43651.4385 .4365 .4395
11 25046 Link .43651.4385 .4365 .4395
11 20768 UnIt .43651.4385 .4365 .4395
II 22577 link

12 23412 Bearing-
12 22943 Rod End

't3 83302-40 ,Main Spring Spring is servicable when a 12 pound tension load
extends the spring to 7-7/16 ± 1/8 inch
(me3Sured at the inside of end loops.)

14 Bungee Cord Inspect for frayed protective covering. breaks. and
soft areas. Replace cords exhibiting these conditions.

LANDING GEAR AND BRAKE SYSTEM:
ReVised: 4/26/78
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TABLE VII-IV. NOSE GEAR WEAR LIMITS

Index Part Mfg. Limits Service limits
No. No. Item I.D. O.D. Min. Max.

1 AN& Bolt .374+.000 .370 .374
-.003

2 14843-18 Bushing .3745/.3755 .3745 .3765

3 14843-18 Bushing .3745/.3755 .3745 .3765

4 20737-4 Bushing .374/.376 .374 .377

5 22066 Bolt .3742/.3737 .3727 .3742

6 14843-18 Bushing .3745/.3755 .3745 .3765

7 AN6 Bolt .374+.000 .370 .374
-.003

7 AN6 Bolt .374+.000 .370 .374
-.003

8 14843-18 Bushing .3745/.3755 .3745 .3765
8 14843-19 Bushing .3745/.3755 .3745 .3765

9 20803 Bushing .374/.376 .374 .376

10 AN178 Bolt .4991/.4986 .4976 .4991

11 20777 . Bushing .5015/.5000 .5000 .5025

11 31766 BushinS .5015/.5000 .5000 .5025

12 17164-0 Bushing .4995/.5005 .4995 .5015
12 17164-4 Bushing .4995/.5005 .4995 .5015

13 13095 Nose Springs SprinS is semcable when a 4S ±5 pound tension load
2 Res. extends the spring to 4 inches (measured at the inside

of the end loops.)

•

.,-.
LANDING GEAR A1'fD BRAKE SYSTEM
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•
SECTION VIII

POWER PLANT
(Normally Aspirated)

8-1. INTRODUCTION. This section covers power plants used in the PA-30.and
is comprised of instructions for the removal, minor repair, service and instal­
union of the engine cowling, propeller, propeller governor, engine, engine shock
mounts, induction system, fuel injector, fuel air bleed DOzzles, ignition system
and lubrication system.

8-2. DESCRIPTION.. ThePA-30 is powered by two Avco-Lycoming IO-320-BlA,
four cylinder, direct drive, wet sump, horizontally opposed, fuel injected, air
cooled engines with a compression ratio of 8.5: I rated at 160 liP at 2700 RPM and
designed to operate on 91/96 minimum octane aviation grade fuel.

Cowling completely encloses the engine!: and consists of two side access
panels, an upper and lower section and a nose section. The cowl flap is an ime- •
gral part of the lower cowl and is operated manually through mechanicallinka.ge.

Propellers are Hartzell full feathering, constant speed, each controlled by
a governor mounted on the engine supplying oil through the propeller shaft at
various pressures. Oil pressure from the governor moves the blades into low
pitch (high RPM). The centrifugal twisting moment of the blades also tends to
move the blades into low pitch. Opposing these two forces ~s a force produced
by compressed air between the cylinder head and the piston, which tends to move
the blades into high pitch in the absence of governor oil pressure. Thus. feather­
ing is accomplished by compressed air.

The airplane's induction system consists of a dry type air filter and an al­
ternate air door. The fuel system of the IO-320-BlA engines consists of a Bendix
RSA -SADl type fuel injector and an AC fuel supply pump· as an integral part of
the fuel injector system. These engines are normally aspirated with no restric­
tions on maximum power output.

BendL'C Scintilla S4LN-2l series magnetos are installed on both engines.
Each system consists of two single contact point magnetos with impulse couplings
on the magneto drive shafts to obtain the retard spark necessary for starting.

In addition to the aforementioned components; each engine is equipped with
a generator, on the earlier models, or an alternator, on the later models: a
geared starter and vacuum pump. Engine mounts are steel tubing construction

POWER PLANT
Issued: I~n.9/7~
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attached at the lirewall and incorporate vibration absorbing mounts.
The lubrication system is of the full pressure wet sump type. The oil pump. which is 10l.:ated in the

accessory housing. draws oil through a drilled passage leading from the oil suction screen located in the sump.
The oil from the pump then enters a drilled passage in the accessory housing. which feeds the oil to a threaded
connection on the rear face of the accessory housing. where a nexible line leads the oil to the external oil cooler.
Pressure oil from the cooler returns to a second threaded connection on the accessory housing from which
point a drilled passage conducts oil to the oil'pressure filter. In the event that cold oil or an obstruction should
restrict the oil now to the cooler. an oil cooler by-pass valve is provided to pass the oil directly from the oil
pump to the oil pressure filter.

The oil pressure lilter screen or element. located on the accessory housing. is provided as a means to filter
from the oil any solid panicles that may have passed through the suction screen in the sump. After being
filtered through the pressure lilter. the oil is fed through a drilled passage to the oil pressure relief valve. located
in the upper right side of the crankcase forward of the accessory housing.

This relief valve regulates the engine oil pressure by allowing excessive oil to return to the sump. while the
balance of the pressure oil is fed to the main oil gallery in the right half of the· crankcase. Residual oil is returned
by gravity to the sump where. after passing through a screen. it is again circulated through the engine.

8-2a. STANDARD PRACTICES - ENGINES. The following suggestions should be applied wherever they
are needed when working on the power plant.

a. To insure proper reinstallation and/ or assembly. tag and mark all pans. clips. and brackets as to
their location prior to their removal and/ or disassembly.

b. During removal of various tubes or engine parts. inspect them for indications of scoring. burning or
other undesirable conditions. To facilitate reinstallation. observe the location of each pan during removal.
Tag any unserviceable pan and/ or units for investigation and possible repair.

c. Extreme care must be taken to prevent foreign matter from entering the engine. such as lockwire .
washers. nuts. dirt. dust. etc. This precaution applies whenever work is done on the engine. either on or off the
aircraft. Suitable protective caps. plugs. and cov~rs must be used to protect all openings as they are exposed.

NOTE

Dust caps used to protect open lines must always be installed OVE R
the tube ends and NOT IN the tube ends. Flow thToughthe lines may
be blocked off if lines are Inadvenently installed with dust caps in the
tube ends.

d. Should any items be dropped into the engine. the assembly process must stop and the item removed.
even though this may require considerable time and labor. Insure that all parts are thoroughly clean before
assembling.

e. Never reuse any lockwire. lockwashers. tablocks. tabwashers or cotter pins. Alliockwire and cotter
pins must lit snugly 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 of the pin back over the
stud or bolt and the other end down nat against the nut. Use only corrosion resistant steel lock win: and or
cotter pins. Bushing plugs shall be lockwired to the assembly base or case. Do not lockwire the plug to the
bushing.

f. All gaskets. packings and rubber parts must be replaced with new items of the same type at
reassembly. Insure the new nonmetallic parts being installed show no sign of having deteriorated in storage.

Revised: 10/28/82
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g. When installing eng;ne parts which required the use of a hammer to facilitate assembly o.
installation. use only a plastic or rawhide hammer.

h. Anit-s~i1e lubrication should be applied to all loose-fit spline drives which are external to the engine
and have no other means of lubrication. For certain assembly procedures. molybdenum disulfide in either
paste or powdered form mixed with engine oil or grease may be used.

CAUTION

Ensure that anti-seize compounds are applied in thin even coats. and
that excess compound is completely removed to avoid contamina­
tion of adjacent parts.

i. Temporary marking methods are those markings which will ensure identification during ordinary
handling. storage and final assembly of parts.

8-3. TROUBLESHOOTING. Troubles peculiar to the power.plant are listed in Table VIII-II in the back of
this section. along with their probable causes and suggested remedies. When troubleshooting engines. ground
the magneto primary circuit before performing any checks on the ignition system.

8-4. ENGINE COWLING.

The procedure for removing the cowling is the same for both

•
Release the fasteners and remove the two side access panels.
Remove the screws that secure the top cowl and then remove cowl.
Disconnect the nap control rods by removing cotter pin. washer and pin.
Support the bottom cowl and remove attaching screws.

c.
d.

8-5. REMOVAL OF ENGINE COWLING.
engines.

a.
b.

THIS SPACE INTENTIONALLY LEFT BLANK

•Revised: 10/28/82
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4. TOP COWL
5. STUD
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•

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 out the upper and lower hinge pins and

splitting the cowl.

8-6. CLEANING. INSPECTION AND REPAIR OF ENGINE COWLING.
3. The cowling should be -deaned with a suitable solvent and then wiped with a dean

doth.
b. Inspect the cowling for dents. crocks. loose rivets. damaged or missing fasteners. and

damaged fiberglas areas.
c. Repair all defects to prevent funher damage. Fiberglas repair I"rocedures may be

accomplished according to Fiberglas Repain. Section IV.

8-7. INSTALLATION OF ENGINE COWLING. The procedure for installing the cowl is
the same 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 to cowl flap with attaching pin. washer lnd

cotter 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 the 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 engine cowl

when the stop lug contacts the stop bushing (closed position).

8-8. PROPELLER.

8-9. REMOVAL OF PROPELLER. (Refer to Figure 8-2.) This includes all propellers,
standard and with spring backup kitinstaUed, 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 service or overhaul, the propeller
with the spring kit installed should be feathered on the
aircraft (see foUowing "CAUTION") and the spinner on
either prop must be removed according to section d of this
paragmrh.

•Revised: 4/6/81'

2D24
POWER PLANT



•

•

PIPER TWIN COMANCHL SERVICE Mfu"tUAL

WARNING

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
pro!"eller, excent to unfeather a propeller with the spring kit
installed (sec raragraph 8-11). Ira propeller is to be feathered
on the ground. it should be done with the engine operating,
by use of the propeller control on t~e throttle quadrant.

CAUTION

Prior to perfonning any work on the propeller, ascertain that
the master switch and magneto switches are OFF (grounded)
and the mixture ~ontrolis in the IDLE CUT-OFF position.

•

1. SPINNER CAP ATTACHMENT SCREW
2. SPINNER CAP
3. AIR VALVE
4. CHECK NUT
5. LOW PITCH STOP
8. O-RING
7. SPINNER
8. SPINNER ATTACHMENT SCREW
9. 'CHECK NUT

10., HUB BOLT
". HUB NUT
12. BLADE
13. AFT SPINNER BULKHEAO
14. STUO
16. O-RING
18. SHIM
17. THIMBLE
lB. SPRING
19. SLEEVE
20. STARTER RING GEAR

Figure 8-2. Standard Propeller Installation

20

INSTALL FLANGE STUDS
IN SHORT BUSHINGS

Issued: 12/29/7~
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a. Remove all hardware that attaches the nose cowl to the top and bottom engine •
cowls. The top and side panels of the main cowl assembly may be removed for greater
accessibility. Work the nose cowl as far forward as possible, reach through the openinsz and
split the cowl by pulling the upper and lower hinge pins. Pliers may be needed to 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 ease in removing the cowl.

NOTE

In some arprorriate manner, index the pro!"eller and start.:r
ring to fadlitate installation.(Example· paint stripe). Do not
scratch th~ sl\rface.

~. Plac~ a drip pan under the propeller to ca.ch oil spillage.
~. Cut safety wire around the propeller mounting studs and remove the studs (14) from

the ~ngine tlange by wrenching the nuts. These nuts are "froz~n" to the studs with loc:i[~

and secured with roll pins, so the studs should tum with tt"le nlltS. Pull the ?ropeller frrlm
the ~ngine shaft.

d. In the event that the 'Spinner and spinner bulkhead are to be removed for cleaning,
inspection, adjustment of pitch stop, etc., remove the spinner nose c.:ap attaching screws and
cap (I and 1). Remove the spinner (7) by removing thl: safety wire and check nul (4) from
the propeller at the forwJlrd 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 removl:d from
the hub by removing the locknuts (11 ).

8-10. CLEANING, INSPECTION AND REPAIR OF PROPELLER.

CAUTION

Prior to perfonning any work around propeller, discharge the
dome pressure.

a. Oteck for oil and grease leaks.
b. Clean the spinner, propeUer hub and blades with a non-eorrosive solvent.
c. Inspect the hub parts for cracks.
d. Steel hub parts should not be pennitted to rust. Use aluminum paint to touch up, if

necessary. or replate during overhaul.
e. Oteck all visible parts for wear and safety.

•
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f. Check the blades of the standard propeUer to detennine whether they tum freely on
the hub pivot tube. This can '.;,~ done by rocking the blades back and forth through the
sli~t freedom allowed by the pilch change mechanism. Do this by hand being careful not to
slam the: internal mechanism against the stops. If blades appear tight and are property
lubrkaled. the propeller may need internal repair. (See WARNING on page 8-4.) This
~:mnOl be done with the spring propeller due to the pressure exerted by the spring even
though the dome pressure is discharged.

g. Inspect blades for damage or cracks. Nicks in leading edges of blades should b-: filed
out and all c:dges rounded, as cracks sometimes start from such places. Use fine emery cloth
for finishing. Refer to Figure 8-3 for propeller blade care.

h. Chec.:k copdition of propeller mounting nuts and studs.

NOTE

It is recommended that for severe damage, internal repairs
and replacement of parts. the propeller should be referred to
the Hartzell Factory or Certified Repair Station.

i. Each blade face should be sanded lightly with fine sandpaper and painted. when
ne:cessary. with a nat black paint to retard glare. A light application of oil or wax may be
arplied [0 the surfaces to prevent corrosion.

j. Grease the blade hub through the zerlt fittings. Remove one of the two fittings for
each propeller blade; alternate the next time. Apply grease through the zerk fitting until
fresh grease appears at the fittinl hole of the removed fitting. Care 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. Interilalleakage will show up as air flows through the piston rod.

Revised: 1/31/74
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•

Figure 8-3. Typical Nicks and Removal Methods
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•8-11. INSTALLATION OF PROPELLER. (Refer to Figure 8-2.)

CAUTION

Prior to perfonning any work around propeller, ascertain that
the master switch and magneto switches are OFF (grounded)
and the mixture control is in the IDLE CUT-OFF position.

a. Clean the "ropeller flange, starter ring and crankshaft flange.
b. Install soinner bulkhead (13) on propeller hub and secure with locknuts. Torque

boils In snccifications given in Table VIII-I.
l:. Ascertain that the s.tarter ring gear is properly on the crankshaft flange. The oversize

~lnle in tl1C 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 Figure 8-2.)
e. Lubricate and install "0" ring (15) in prob hub.
f. Install sleeve (\ 9), spring (18), thimble (17) and shim (16) in engine crankshaft on

2E4
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propeller installations NOT using the spring back-up system in the hub.
&- Place thepropeUer in a horizontal position and mount to the enline crankshaft.

Check alignment of paint stripe (refer to NOTE under Paragraph 8·9). Screw each stud into
its mating engine flange bushing a few threads at a time until all are tighL Torque the studs
to the: specifications given in Table VIII-I.

h. Safety studs with MS2099S-e41 wire. Safety wire is inserted throUlh the roU pins.
i. Install spinner (7). Torque spinner screws (8) and check nut (4) per Table VIII·1.

Safety check nut with MS2099S-e41 wire.

• Issued: 1/31/74
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NOTE

Do not check pressure or charge cylinder with PROPELLER
in the feathered position.

CAlrTlON

To obtain an accurate pressure reading when checking
propeller dome air pressure or to insure complete release of
aU air pressure. place the propdlcr CONTROL in the feather
detent before measuring or releasing propt:ller air pressure.
This procedure will insure the free flow of aU air within the
prop dome and prevent possible error in prt:ssure readings or
injury to servict: personnel should the low pitch stop be
removed.

NOTE

If the propeller is in feather on the ground, it is undesirable
to run ·it out of feather through engine operation due to
roughness which will occur possibly causing severe damage to
engine mount and exhaust system. Remove the air charge,
unfeather the blades with equal pressure applied by means of
blade paddles used on both blades as close to the hub as
possible. Listen for the quite distinctive "clicks" of the high
pitch stop pins. then stop and remove the paddles.

j. Charge the cylinder through air valve (3) with dry air or nitrogen gas to the
prescribed pressure. Refer to Table VIII-I of this manual for an exact pressure for the
existing temperature. It is most important that an accurate charge be maintained.

k. The amount of air pressure per existing temperature. as shown by Table VIII-I. is
very important and should always be used. If 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. number 756 771, may be purchased through a Piper Dealer or Distnbutor.

I. When recharging the propeller, dry air or nitrogen gas should be used. It is important
not to allow moisture to enter the air chamber as this could cause the piston to freeze
during cold weather operation.

m. Test for leakage by using a soap solution or equivalent and applying it around the air
valve stem and adjustment stop nut.

n. To reinstall engine cowling, firsl put the propeller in a vertical position then iii Ihe
two halves of the nose cowl together behind the spinner bulkhead and pin tht:m togt:ther
with the two hinge pins through the top and bottom hinges. Slide the nose cowl bal:kand
into proper location with the engine cowls. Locate holes and install all hardware that
attaches the cowls together. Install top and side engine cowl panels if removed. Install
spinner cap.

POWER PLANT
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TABLE VlII-I

PROPELLER SPECIFICATIONS (PA-30)

CHAMBER PRESSURE REQUIREMENTS WITH TEMPERATURE
HC-E~Yl-2.HC-E2Yl-2B or HC-E2Yl-2BF•

Blade Angle

Propeller RPM
Setting

Propeller Torque
Limits

Low Pitch (High RP~n

High Pitch (Low RPM)

Engine Static High RPM
Engine Static Low RPM

Description

Spinner Bulkhead (Aft)
Propeller Mounting Bolts
Propeller Mounting Studs
Spinner Bulkhead aleck

Nut
Spinner Attachment Screws

o 0

I~ ± 0.015 I"

780
II.

(Feathered)

2700 max
1850 ± 50 min

Required Torque
(Dry)

22 foot-pounds
50 foot-pounds
40-42 foot-pounds
3540 foot-pounds

40 inch-pounds

Temp. OF Press. (psi) Temp. 0 F Press. (psi)

100 188 30 165
90 185 20 161
80 182 10 159
70 178 0 154
60' 175 -10 15~

SO In -20 149
40 168 -30 146

HC-E1Yl-2BS or HC-E~YL-2BSF

Temp. OF Press. (psi)

100 53
70 SO
40 47
10 44
-~O 42

:'\OTE: Do not check pressure or charge with propeller in feather position.

• 2E7
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•8-1"2. ADJUSTMENT OF LOW PITCH BLADE ANGLE AND STOP.

NOTE

Both types of propellers referred to. come from the facrory
with the low pitch stop adjusted for proper bladr anlPc. If.
howe\'er this adjustment has been disturbed. the t'ro~edure

given below is used for obtaining blade angle. but applies
only to the propeller without the spring kit A-1273 installed.
There is no way to check the low pitch blade an~lc of the
propeller. with the spring kit installed, in the field. nli~ is
due to the internal spring producing a force near to that of
the air charge in the standard propeller which can and 'las to
be released to make this adjustment. The spring sUl"plies
constant pressure to the blades making it very difficult to
rotate the blades to a point where the low pitch stop is
contacted. Therefore, if the blade angle on a snring propdler
is suspected to be wrong it should be referred back to rhe
Hartzell factory or Certified repair shop.

a. Procedure for obtaining blade angle and adjusting low pitch stop.
t. The blade angle (refer to Table VIII-I) is detennined by pladng a propeller

protractor on the face side of the propeller at the 30 inch station as mt:asllr~d from the hub •
centerline. The blade must be horizontal.

2. The low pitch stop is adjusted by rotating a screw in the nose:: of the propeller
cylinder. Rotating the screw clockwise increases the low pitch angle and reduces the statk
RP~ by about 100 RPM for each half turn, or vice versa.

CAUTION

Before adjusting thl: low pitch stop screw, the air pressure
should be dropped to zero. Unless this is done, it is possible
to unsaew the low stop far enough to disenpgI: the threads,
allowina the air preuure to blow the stop screw out with
great force. To insune the complete dischal'le of alt air
pressure within the dome, place the propeller CONTROL in
the feather detent. There should be at lust four lhrea&1s of
the stop screw engaged.

POWER PLANT
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b. After the low pitch stop has been adjusted for proper blade 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.)

8-13. BLADE TRACK. Blade traclcis the ability of one blade tip to follow the other, while
rotating, in almost exactly the same plane. Excessive difference in blade tr:lck - more than
0.061 inch· may be an indication of bent blades or 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 full
ublade-shake" travel making small marks with a pencil at 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 propeller by 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. PropeUers having excessive difference in blade traclc should be removed and
inspected for bent blades, or for parts of sheared Q..ring. or foreip particles which have
lodged between hub and crankshaft mountinl faces. Bent blades will require repair and
overhaul of assembly. Other conditions will require installation in the prescribed manner.
(Refer to paragraph 8-11.)

8-14. PROPELLER GOVERNOR.

8-15. REMOVAL OF PROPELLER GOVERNOR.
a. Remove the left and right side panels of the engine cowl.
b. Remove the top engine cowl by removing attaching screws.
~. Disconnect governor control cable from control ann by removing nut and washer

from ball jnin t.
d. Disconnect control cable from br.lcket by removing nuts, washers and screws from

c1:lmr·
~. Remove nut and washer from governor adapter mounting stud allowing the control

~Jble br:1cket tn be removed.
f. Removl: tt'le governor mounting stud nuts. It will be necessary to move the governor

from its mounting pad :lS the nuts aR being removed before the nuts can be completely
removed.

g. R~move the mounting gasket. If the governor is to be removed for a consider.lble
length of time and another unit is not substituted, it is advisable to cover the mounting !lad
to prevent damage c:1used by foreign matter.

POWER PLANT
Revised: 1/31/74
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Figure 8-4. Propeller Governor

•
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8-16. INSTALLATION OF PROPEL·
L ER GOVERNOR.

a. Cleanthe mounting pad thoroughly
making very certain that there are no
foreign particles in the recess around
the drive shaft.

b. Place the governor mounting gas­
ket in position 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 the governor
shaft with the engine drive and the cable
bracket with the governor adapter
mounting stud and slide the governor
into position. .

e. With the governor in position, raise the governor enough to install washers
and stan mounting nuts. Secure bracket to "adapter with washer and nut, torque­
ing nuts evenly.

f. Connect the control cable end to the governor control arm. The ball stud
is installed in the inner hole of the control arm.

g. Secure the control cable to bracket with clamp, screw, washer and nuts.
h. Adjust governor control per paragraph 8-1i.
i . Install engine cowl per paragraph 8-7.

8-17. ADJUSTMENT OF PROPELLER GOVERNOR. (R.efer to Figure8-~.)

a. Start the engine, park at 90 degrees to wind direction, and warm in the
normal manner.

b. To check high RPM, low pitch setting, move the propeller control all the
way fOl'Ward. At this position, the governor speed control arm (2) should be
against the high RPM fine adjustment screw (1). With the throttle full forward.
observe engine RPM which should be 2700 RPM with high RP~( properly adjusted.

c. Should engine RPM not be as required, the high RP~ setting should be ad­
justed as follows:

1. Shut down the engine and remove the left side access panel.
2. Adjust governor by means of the fine adjustment screw ~or 2700 RP~L

Loosen the screw locknut (5) and turn the screw in a clockwise direction to" de­
crease engine speed or in a counterclockwise direction to increase engine speed.

POWER PLA:--.!T
(ssued: I :r~9/7~
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NOTE

One revolulh.Jil of the fine adjustment screw will increase or
decrease the e.\gine speed approximately ~O 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 ann will contact the high RPM, stop when the cockpit lever is
0.062 inch from its full forward stop which is lOcated in the control quadrant. To adjust the
control lever tmvel, disconnect the control cable end from the control arm, loosen the cable
end jam nut and rotate the end to .obtain the desired lever clearance. Reconnect the cable
end and tighten jam nut.

S. 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, as the action automatically takes care of the positive high pitch setting.

8-18. ENGINE.

8-19. REMOVAL OF ENGINE. (Refer to Fisure 8-5.) The removal of either engine is
basic:illy the same procedure, though· the routing of some wires, C3bles. and tines do vary
bdween 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 battery.
b. Move the fuel valve control levers, located on the fuselage floor between the two

front seats, to the OFF position.
c. Remove the engine cowling per paragraph 8-5.
d. Remove the access panels on the top of the nacelle aft of the firewall.
e. Drain the engine oil. if desired, and reinstall drain· plug.
f. Remove the profleller per pamgrarh 8-7.
g. Disconnect the starter cable at the starter, remove the cable clamps at the left side of

the ~ngine and engine monnt. and draw the cable aft through the engine baffle to the
rirewall.

h. Disconne~t the generator or alternator leads at the unit and cylinder head
temperature lead on No.3 cylinder, remove the clamps securing the wires and draw them
back to the firewall.

• 2l:11
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•i . Disconnect the exhaust temperature lead, if installed.
j. Disconnect the oil temperature electrical lead and tachometer cable at the

accessory housing.
k. Disconnect the fuel pressure, fuel flow meter vent, oil pressure and man­

ifold pressure lines at the firewall.
1. Di~connect the engine breather hose, vacuum hose, fuel line and heater fue 1

supply hose (right engine only).
m. Disconnect the magneto "p" leads from the magnetos.
n. Disconnect the governor control, throttle and mixture control cables.
o. Disconnect the alternate air door conttol cable.
p. Disconnect the cowl flap return spring from the engine rr.ount.
q. Disconnect the exhaust stack hangers from the firewall.
r. Remove the air filter box from the firewall by removing attachingnuts and

bolts.
s. Attach a one-half ton (minimum) hoist to the hoisting hooks and relieve the

tension on the engine mount.
t . Remove the nuts and washers from the oolts that attach the engine mount

to the firewalL
u. Remove the engine mount mounting oolts and swing the engine a few inches

from the firewall. Check the engine for any attachments remaining to obstruct
its removal.

v. Swing the engine clear and place on a suitable support. •

8-20. INSTALLATION OF ENGINE. The installation of either engine is basic­
ally the same procedure, though the routing of some wires, cables, lines, etc.
does vary between engines. Before staning, ascertain that all components of the
engine, such as engine mount, exhaust stacks, etc., are installed.

a. With a one-half ton hoist (minimum)attached, swing the engine in position.
b. Align the mounting holes in the engine mount with the mounting holes in the

firewall. Install the mounting oolts through from the aft side of the firewall. In-
stall washers and nuts, and dry torque to 200-240 inch pounds. .

c. Connect throttle and mixture control cables to the injector, install clamps
and rig per paragraph 8-34.

d. Connect governor control cable to the governor, install bracket and clamps
and rig per paragraph 8-17.

e. Attach the air filter box to the firewall andeonnect the alternate air door
control cable to the air door cona-ol arm and adjust the cable end on the control
arm so that when the control knob in the cockpit is full on, there will be approxi ­
mately one-eighth inch between the control arm roller and the fully closed door .

POWER PLANT
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f. Connect the fuel line from the fuel pump to the fitting on the lower center portion ofthe firewall and
the heater fuel supply line (right engine only).

g. Connect the hose from the vacuum pump to the fitting on the firewall.
h. Connect the engine breather hose to the breather tube on the firewall and clamp.
I. Connect starter electrical cable to starter and clamp to prevent chafing.
j. Connect electrical leads to the generator or alternator exhaust temperature, if installed. and cylinder

head temperature. Clamp the wires to prevent chafing.
k. Connect "P" leads to magnetos and safety.
I. Connect oil temp electrical lead to temperature bulb tachometer cable to accessory housing.
m. Connect manifold pressure and oil pressure lines to fittings on firewall.
n. Connect fuel pressure and fuel flow vent line to fittings on firewall.
o. Attach exhaust stack hangers to firewall.
p. Attach cowl flap return spring to flap linkage and engine mount.
q. Ascertain that the magneto switches are off and install the propeller per paragraph M-II.
r. Install the proper grade and amount of engine oil.
s. Connect the battery ground cable at the battery.
t. 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 M-7.
v. To prevent possible high speed bearing failure due to lack of lubrication during the initial start, refer

to the latest revision of Lycoming Service Instructions No. 1241.
w. Perform an engine operational check.

8-21. ENGINE SHOCK MOUNTS.

8-22. REPLACEMENT OF ENGINE SHOCK MOUNTS. Refer to Figure 8-5 for the proper arrangement
of the engine shock mount assemblies. The top shocks are assembled so the gold colored shock is aft the silver
colored shock is forward. The lower shock mounts are installed opposite of the top shock mounts. Tor4ue
shock mount bolts to 450 to 500 in. Ibs. and safety. .

8-22a. INSTALLATION OF OIL COOI,.ER.
a. When installing fittings in the oil coolers. care should be used to prevent excessive torque being

applied to the cooler. When a rectangular fitting boss is provided. backup wrench should be used. employing a
scissor motion. so that no load is transmitted to the cooler. When the oil cooler has a round fitting boss. care
should be taken not to permit excessive torque. on the fittings.

b. If a pipe thread fitting is used. it should be installed only far enough to seal with sealing compound.
c. Apply Lubon No. 404 to all male pipe thread fittings; do not allow sealant to enter the system.
d. If fitting cannot be positioned correctly using a torque of 10 to IS foot-pounds. another fitting

should be used.
e. When attaching lines to the cooler. a backup wrench should be used.
f. After installation. inspect the, cooler for distorted end cups.
g. Run-up engine. After run-up. check for oil leaks.

Revised: 10/28/82 2Et3
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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 Dacelle to expose the

air filter box.
b. Turn the three studs and remove the air filter box·cover.
c. Uft the air filter from the filter box.

8-25. SERVICE. INSTRUCTIONS. The useable life of the filter should be re­
stticted 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 tom or ruptured or gasket is damaged, .
the filter should be replaced.

8-26. INSTALLATION OF AIR FILTER.
a. Place the air filter in the filter box.
b. Position the cover on the box and secure with tbree stud fasteners.
c. Position the side access panel on the engine aacelle and secure with fas­

teners.

8-27. ALTERNATE AIR DOOR. The alternate 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 the filter system.
The folloWing should be checked during inspection:

a. Door seals are tight and hinges are secure.
b. Actuate the door to determine that it is DOt sticking or binding.
c. Check cockpit control cable for free 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.

•

•

2E14

POWER PLANT
Issued: 12/29/72 •



•
PIPER TWIN COMANCHE SERVICE MANUAL

•

1155

17

2 3 4

11

5 I

11

1

28

I
I 10 11

12

22 23
21

15

II

24

I,
~

•

1. BAFFLE. RIGHT FRONT
2. BAFFLE. FRONT
3. SPARK PLUG LEAD
4. INJECTOR NOZZLE FUEL LINE
5. BAFFLE. RIGHT REAR
8. SPARK PLUG
7. LIFTING STRAP
8. FUEL DISTRIBUTOR VALVE
9. INTAKE AIR DUCT

10. FUEL PRESSURE INDICATOR LINE
". BAFFLE. REAR
12. AIR FILTER BOX
13. ENGINE SHOCK MOUNT (SEE SKETCH AI
14. INTAKE AIR DUCT
15. ENGINE BREATHER TUBE
18. ENGINE MOUNT
17. ALTERNATOR

Figure 8- 5. Engine Installation

18. STARTER RING GEAR
19. STARTER MOTOR
20. BAFFLE. LEFT FRONT
21. EXHAUST STACK
22. BAFFLE. LEFT REAR
23. OIL COOLER
24. EXHAUST STACK
25. EXHAUST STACK HANGER
28. HANGER MOUNTING BRACKET
27. BOLT ASSEMBLY
28. NUT
29. SPACER
30. SHOCK MOUNT. SILVER
31. SHOCK MOUNT. GOLD
32. WASHER
33. BOLT
34. SPACER
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SKETCH A

Figure 8-5. Engine Installation (cant.)
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8-28. FUEL INJECTOR.

8-29. FUEL INJECTOR MAINTENANCE.
a. In general, little attention is required between Injector overhauls. How­

ever, it is recommended that the following items be checked during periodic in­
spection of the engine.

1. Check tighmess and lock of all nuts and screws which fasten the injector
to the engine.

2. Check all fuel lines for tighmess and evidence of leakage. A slight stain
adjacent to the air bleed nozzles is not cause for concern.

3. Check throttle and mixture connol rods and levers for tighmess and
lock.

4. Remove and clean the injector fuel inlet strainer at the first 25 hour
inspection and each 50 hour inspection thereafter~ Damaged strainer "0" rings
should be replaced.

b. Tests prove that gasoline which becomes stale due to prolonged storage
absorbs oxygen rapicUy. lbis 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 the internal. metal parts. This condition,
however, does not occur during normal operation of the injector where fresh fuel
is being constantly circulated.

8-30. LUBRICATION OF FUEL INJECTOR.
a. There is very little need forO lubrication of th~ injector in the field between

regular overhauls. However, the clevis pins used in co~c:tionwith the throttle
and manual mixture contt'ollevers should be checked for freedom of movement
and ltibrh:ated, if necessary.

b. Place a drop of engine grade oil on the end of the throttle shaft in such a
manner rhat it can work into the throttle shaft I1lshings.

8-:31. REMOVAL OF FUEL INJECTOR.
a. Remove the cowling per paragraph 8-5.
o. Remove clamps securing throttle and mixture control cables to cable

Llrackets.
c. Disconnect throttle and mixture control cables from injector unit by re­

moving nut and washer from !:all joints.
d. Remove the safetywire andcap bolts anachingthe air plenum to the injector

unit .
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•e. Disconnect the fuel lines at the injector unit.
f. Remove the pal locknuts and nuts securing the injector to the engine.
g. Pull the air plenum back to allow the injector unit to be removed.

8-32. PREPARATION FOR STORAGE. AzJ.y unit taken out of service, or units
being returned for overhaul, must be flushed with preserving oU (Specification
MIL-O-608I.. Grade 1010) using the following procedure:

a. Remove plugs and drain all fuel from the injector. If avaUable, appJy 10
to 15 psi air pressure to the fuel wet until all fuel is discharged from the in­
jector.

b. Replace plugs and apply flushing oil filtered through a 10-micron filter at
13-15 psi to the injector fuel inlet until oU is discharged from the outlet.

c. Replace fuel inlet shipping plug.

CAUTION

0> not exceed the aoove air 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 as climatic conditions •
at the point of storage require. In most cases, storing the unit in a dry area will
be sufficient.

e. If the unit is to be stored near or 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 dustproof container, wrap the container with moisture and

vapor-proof material, and seal. Pack the wrapped unit in a suitable shipping
case. Pack a one-half pound bag of silica gel crystals in the dustproofcoDtainer
with injector. The bag must not touch the injector.

2EtS
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Figure 8-6. Schematic Diagram of RSA Fuel Injector System
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CAUTION

Extreme caution should be exercised when handling or
working around the injector to prevent oil or fuel from
entering the air sections of the injector. As explained
previously, damage to 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 scooo
mounting flange when performing routine maintenance on
the engine, such as washing down the engine and air scoor,
servicing the air mter (sUrplus oil on the element), or when
injecting preservative into the engine prior to storing or
shipping.

8-33. INSTALLATION OF FUEL INJ.ECTOR.
a. Move the injector air inlet plenum aft enough to allow the injector with gasket to 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 to injector with cap bolts and safety.
c. Connect the fuel lines to injector unit.
d. Connect throttle and mixture control cables to injector unit.
e. Clamp control cables to cable brackets and adjust per paragraph 8-34.
f. Adjust idle speed and mixture per paragraph 8-35.
g. Install cowling per paragraph 8-7.

8-34. ADJUSTMENT OF THROTILE AND MIXTURE CONTROLS. The throttle and
mixture controls are adjusted when the throttle arm on the injector is rotated against its full
throttle stop and the mixture ann is rotated against its full rich stop, their res!'ective cockpit
control levers should be 0.062 of an inch in from their full forward stops. which are located
in the controlredestal.

a. At the injector, disconnect the throttle and/or mixture control cable 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 w~en the throttle or mixture control arm contacts
its stop.

•

•
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Figure 8-7. Fuel Injector Figure 8-8. Fuel Air Bleed Nozzle

•
d. Reconnect .the cable end to its control ann and secure jam nut.
e. PuU the throttle and mixture control lever in the cockpit fuU aft to ascertain that

the injector idle screw contacts its stop and the mixture control 3I1Il contacts its lean
position.

8-35. ADJUSTI1ENT OF IDLE SPEED AND MIXTURE.
a. Start the engine and warm up in the usual manner until oil and cylinder head

temperature are nonnal.
b. Check magnetos. If the "mag-drop" is nonnal. proceed with idle adjustment.
c. Close the throttle to idle. If the RPM changes appreciably after making the idle

mixture adjustment during the succeeding steps. readjust the idle speed to the desired RPM.

NOTE

The idle mixture must be adjusted with the fuel boost pump ON.

d. When the idling speed has been stabilized. move the cockpit mixture control lever
WIth a smooth. steady puU toward the Idle Cut~tf position and observ~ thl: tachometer for
Jny change during the "leaning" process. Caution must be exercised to return the mix turt'
~ontrol co the Full Rich position before the RP\1 ..::m drop to J point wh~re the engine cutS
out. An increase of more than 50 RPM while "leaning (lut" indicates an ex..:~ssively rich idle:
mixrure. An immediate decrease in RPM (if not preceded bya momentary i:h:re:ls..'l
indicates the idle mixture is too lean.

e. If the above indicates that the idle adjustment is too rich 0r too lean. [Urn 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 timt: tht:
adjustment is changed. the engine should be run up to ~OOO RPM to clear the I:nginl: be~'ore

proceeding with the RP~ check. Make fUlal adjustment of the idle speed adjustment to

• POWER PUNT
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•obtain the desired idling RPM with closed throttle. The above method aims at a setting that
will obtain maximum RP~t 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, aJlowance should be made for the effect of weather conditions and field altitude
upon idling adjustment.

8-36. FUEL AIR BLEED NOZZLES.

8-37. REMOVAL OF FVEL AIR ..BLEED NOZZLES. The nozzles must be carefully
removed as they or the cylinders may be damaged.

a. Remove the side access panels from the engin~ nacelle.
b. Disconnect the fuel line from the nozzle.
c. Carefully remove the nozzle using the correct size deep socket.
d. Clean and inspect the nozzle as given in paragraph 8-38.

8-38. CLEANING AND INSPECTION OF FUEL AIR BLEED NOZZLE.
a. Clean the nozzie with acetone or equivalent and blowout all foreign partiCles, with

compressed air in the direction opposite that offuel flow. Do not use wire or other hard objects
to clean orifices. (Refer to the latest revision of Lycoming Service Instruction No. 1275.)

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 air bleed nozzles is described on the latest revision of the •

Lycoming Service Instruction No. 1275.

8-39. INSTALLATION OF FUEL AIR BLEED NOZZLES.
a. It is important for the nozzles to be correctly positioned with the air bleed hole

upward.
b. Install the air bleed nozzles in the cylinder heads and torque 60 inch-pounds.

CAUTION

Start nozzles and line couplings by hand to prevent the
possibility nf cross-threading.

c. Connect fuel lines to nozzles.
d. Inst:JlI side panels.

2E22
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NORMAL POINT IS SMOOTH
AND FLAT. SURFACE HAS
DULL GRAY "SANDBLASTED"
APPEARANCE

MINOR IRREGULARITIES ­

SMOOTH ROLLING HILLS

AHD DALES WITHOUT ANY
DEEP PITS OR HIGH PEAKS.
THIS IS A NORMAL CON­
DITION OF POINT WEAR.

WELL DEFINED MOUND

EXTENDING NOTICEABLY

ABOVE SURROUND ING

SURFACE.

•
Figure 8-9. Magneto Breaker Points

8-40. IGNITION SYSTEM MAINTENANCE.

841. MAGNETO.

CAUTION

Ascertain that the primary circuits of both magnetos are
grounded before working on the engine.

842. INSPECI10N OF MAGNETOS. At time of engine inspection or when a magneto has
been removed from the engine, the fonowing checks may be performed:

a. Inspect distributor block contact springs. Top of spring must not be more than
0.411 of an inch below top of tower as shown in Figure 8-10. 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 OJ(., add Bendix PIN 10-391200 oil.

NOTE

Refer to the latest revisions of Bendix Service Bulletin No. SS I
or Lycoming Service Bulletin No. 343 for further information
on new distributor block lubricant.
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•r0.422 MAX.

MEASURE BODY
THICKNESS HERE

Figure 8-10. Contact Spring Inspection Figure 8-11. Impulse Coupling

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 wear or burning. Figure 8-9
shows how the average breaker point will look when surfaces are separated for
inspection. Desired contact surfaces have a dull gray, sand-blasted (almost
rough) or frosted appearance over the area where electrical contact is made.
This means that points are worn in and mated to each other, thereby providing
the best possible electrical contact and highest efficiency of performance.

f. Minor irregularities or roughness of point surfaces are not harmful (Refer
to Figure 8-9 center). Neither are small pits or mounds, if not too pronounced.
If there is a possibility of pit becoming deep enough to penetrate pad, Figure 8-9
right.. reject breaker assembly.

•

NOTE

No attempt should be made to stone or dress breaker
points. Should breaker assembly have bad points or
show excessive wear, the complete breaker assembly
shlJuld be replaced.
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g. Look for frayed insulation or broken wire strands in leads in back of mag­
neto. See that terminals are secure. Be sure wires are 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.

i .. Adjusanent of breakers must be correct for proper internal timing of mag­
neto. (Refer to ParagraphS-44.)

j. Checkif breaker cam is clean and smooth, if cam screw is tiKbt (25 in. lbs. ).
If new points are installed, blot a little 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 O. 974 of an inch thick body are checked with a No. 18
drill. If drill fits between 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 flyweight axle rivets are tight and there
are DO cracks in body.

n. Look at the lead conduits. A few broken strands won't hurt, rot if the in­
sulation looks tired you may be in for trouble. The special high temperature
coating, used on light-weight harnesses, is provided chiefly for vibration resist­
ance and mechanical protection. The integrity of the harness is DOt sacrificed if
small areas of the braid show peeling or flaking of this coating.

o. Check the springs for breaks, corrosion or deformation. If possible, check
continuity from block with tester or light.

p. Check insulators for cracks, breaks, or evidence of "old age". Be sure
they are clean.

q. Timing and ventilator plugs. Ventilator has drilled holes and should be in
lowest hole in magneto to serve also as drain for excess water or oil. Solid plug
is used in other hole or in location exposed to rain or water.

NOTE

The magneto service instrUctions in this manual are
to cover minor repairs and timing. For further re­
pairs and adjustments of the magnetos, it is recom­
mended that the magneto manufacturer's service in­
structions be followed .

• POWER PLA:-JT

lssued: 1:'/19/72 2Ft



.'8-43. REMOVAL OF MAGNETO.
a. Remove the side access panel

from the engine nacelle.
b. Disconnect the "0" lead from the

magneto.
c. Remove the harness outlet plate

lrom the magneto by removing the four
attaching screws.

d. . Remove the two nuts and..washers
securing the magneto to the engine ac­
cessory housing.

e. Pull the magneto from the e~gine.

RED OR
WHITE TOOTH

PIPER 'tWIN COMANCHE SERVICE MANUAL

8-44. TIMING PROCEDURE. (INTER-
Figure 8-12. Magneto Timing Marks NAL TIMING.) When installing new or

adjusting breaker points and before tim­
ing the magneto to theengine, it is important that the interDlll t1m1ng of. the mag-
neto 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 neutralpositionof the magnetO drive byrotating •
drive coupling in a left hand direction until the red or white chamfered tooth on
the disttibutor gear appears through the timing inspection hole. At the same lo-
cation, the drive should feel to have fallen into a notch or neuttal position.

c. Roaue coupUng from neutral in a left hand direction 10 degrees. Appear­
ing through timing hole, when the white or red tooth ~gns with the white line of
the distributor block the magneto is set at "E" gap. (Refer to Figure 8-12.)
Alignment may not vary over ± 4 degrees. .

d. Using the alignment of the chamfered tooth on the distribltor 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.

2F2
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8-45. INSTALLATION AND TIMING
PROCEDURE. (TlmiDg Magneto to En­
gine.) The magnetos can be installed
and timed'to the engine by the folloWing .
procedure:

NOTE

Ascertain that the breakers
are correct for proper in­
ternaltiming of magnetos.

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. Engine Timing Marks
hand over the spark plug bole and ro-
tate the crankshaft in direc~on of normal rotation until the compression stroke
is reached. The compression stt'oke is indicated by a positive pressure inside
the cylinder tending to lift .the thumb off. the spark plug bole. In this position.'
both valves of No. I cylinder are closed. Turn the crankshaft opposite to its
normal direction of rotation until it is approxi.~tately35 degrees BTC on the com­
pression sttoke of No. I cylinder. Rotate the crankshaft in its normal direction
of rotation until the 25 degrees mark on the back of the starter gear and the
crankcase parting flange are aligned. or the marks on the front of the starter
ring gear and the drilled hole iDthe starter housing align. Refer to Figure 8-13 .

c. Rotate the drive gear on the magneto until the chamfered tooth on the dis­
triwtor gear inside the magneto aligns with the white pointer as seen through the
inspection bole in the. magneto housing. Refer to Figure 8-12.

d. Without 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 t;netallic portion
of the magneto and one positive lead to the terminal side of the points. Ascenain
that the primary ground spring is not touching the magneto case.

g. Turn on the timing. light switch.
h. Rotate the magneto housing in direction of the magnet rotation a few de­

grees 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.

• POWER PLA."lT
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•NOTE

Some timing lights operate the opposite of the one
mentioned.

i . Rotate the crankshaft opposite normal rotation until it is approximately 3S
degrees BTC on compression stroke No. 1 cylinder.

NOTE

The crankshaft should not be rotated more than 10 de­
grees in direction opposite normal rotation from the
2S degrees BTC as the pawl on the impulse coupling
will engage with the stop pin and late ~miDg will be
indicated through the impulse coupling mechanism. If
this should happen, rotate crankshaft in normal direc­
tion until sharp click is beard; this will indicate that
the impUlse coupling bas passed through firing position.
Turn cranksbaft in direction opposite normal rotation
to approximately 3S degrees BTC and proceed with
timing check.

j. Tum the crankshaft very slowly in direction of normal 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 8-13, 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.

Ic. If the light does not go out at this point, align timingmarlcs androtate mag­
neto on mounting flange in the desired direction and repeat the procedure until
the light goes out at 2S degrees before top dead center.

1. Tighten the two mounting DUts and replace the inspection plug.
m. Alter 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 l.
o. With both magnetos timed to the engine and secured, check that they fire

together. Rotate the crankshaft opposite normal rotation to approximately 3S de­
grees BTC with No. 1 cylinder on the compression stroke.

p. If the magnetos are timed correctly, I:x>th 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.

2F4
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q. Disconnect timing light. Ascertain that the inspection plugs and hreaker
cover are 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 or stripped threads on coupling nuts. Check
compression spring to see if it is broken or distorted. Inspect grommet for
tears. Check aU mounting brackets and clamps to see that they are secure and
not cracked.

b. Using an ohmmeter, buzzer, or other suitable low voltage device, check
each lead for continuity. If continuity does DOt exist, wire is broken and must be
replaced. .

c. For electrical test of harness assembly, use a high voltage, direct current
tester such as the TAKK Model 86 or 86A or an equivalent direct current high
voltage tester capable of delivering a test potential 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. The insulation re­
sistance should be 100 megohms minimum. Proceed to check other leads of har­
ness' in the same manner.

d. Minor repair of the harness assembly, such as replacement of contact
springs, spring retainer assemblies, insulating sleeves or of one lead assembly.
can be accomplished with the harness assembly mounted on the engine. However,
should repair require replacement of more than one lead assembly or of a cable
outlet plate, the harness should be removed from the engine and sent to an over­
haul shop.

8-48. REMOVAL OF HARNESS.
a. Disconnect the clamps that secure thewires to the engine and accessories.
b. Loosen the coupling nuts at the spark plugs and remove the insulators fro m

the spark plug barrel well. Use caution when withdrawing the insulator no[ 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 the harness from the
airplane.

8-49. ~"'ENANCE OF HARNESS.
a. To replace contact springs,

sprit:tg re~er a~semblies orjnsulat­
lng sleeves, proceed as follows:

1. Using a Scintilla 11-7073
Needle or a mechanical pencil with the
lead retraeted, hook the end of the con­
tact spring 4S shown in Figure 8-14.

2. Using me needle or pencil,
Figure 8-14. RemoviDgSpring unscrew the spring.

From Lead.Assembly 3. Slide insulating sleeve and
spring retainer assembly off end of
lead assembly.

4. Replace defective compOnent and reassemble as follows:
(a) Fabricate a tool as shown in Figure 8-15 for installing the insulat-

ing sleeves over cable terminals. •
(b) Push the tool thru insulating sleeve and spring retainer assembly

as shown in Figure 8-16. Screw the cable terminal into the tool.
(c) Work insulating sleeve and spring retainer assembly into position

over the cable and unscrew the tool. Install contact spring on cable terminal.

NOTE

It may be necessary to lubricate the cable and insulating
sleeve with a thin fUmo! MC200(200,OOO cend-stokes)
or commercial grade alcohol to facilitate assembly.

h. To replace one of the lead assemblies, proceed as follows:
1. Remove clamps and brackets from applicable lead assembly. Cut cable

ties from assembly and discard.
2. Cut of! condemned lead flush with outer surface of cable outlet plate.
3. Grip eyelet of lead with a pair of pliers and pull short length of conduc­

tor out of grommet and cable outlet plate.
oJ. Using a 3 inch long. 0.270 of an inch diameter drift applied at outer

surface of plate, drive out tapered ferrule and remaining pieces of insulation and
shielding.

POWER PLANT
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Figure 8-15. Assembly Tool
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Figure 8-16. Using Assembly Tool
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Figure 8-17. Measuring Lead Assembly Length

5. To determine what length the new lead assembly should be cut to. pro­
ceed as follows:

(a) Measure the length of the condemned leadassembly. Move coupling
nut back on lead assembly and measure from outer end of ferrule at spark plug
end (Refer to Figure 8-17. )

• POWER PL.-\.'JT
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•

Figure 8-18. Cutting Metallic
Braid from End of Lead

Figure 8-19. Unbraiding
M~taWc Shielding

(b) To tbe length determined In step (a). add 1-3/4 inches.

NOTE

Spare part leads are supplied in various lengths. Use
a leadwhich is longer than, bit nearest to. the desired
length~

6. Cut lead assembly to the length determined in step 5. Mark ferrule on
:,park plug end of lead with a metal stamp, scribe or rubber stamp to correspond
with correct cylinder number.

7. SCarting at spark plug location, thread new cable thru grommets and
damps as necessary for correct routing of cut end of cable to magneto location.

8. Using electrician's scissors, carefully remove 1.250 inches of outer
braid from end of lead. -Refer to Figure 8-18.

CAUTION

Use care not to nick or cut insulation when removing
braid.

•

q. Using a scribe or similar pointed tool, unbraid 3/8 inch of braided
shielding. (Refer to Figure 8-19.) Wrap a single thickness of electrical tape
&lround unbraided strands to facilitate insertion of lead end thru hole in cable

2F8
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POSITION OF
FERRULE UNDER
SHIELDING

•

Figure 8-20. Forming Shielding Around Ferrule

outlet plate.
10. Remove cable outlet plate from magneto. Support plate securely and

using suitable cutting pliers, split and remove eyelets from leads adjacent .to lead
being replaced. When splitting eyelet, make certain that wire strands are [lot
cut. Removal of eyelets on adjacent leads will allow grommet to be pulled away
from ou~et plate to facilitate insertion of new lead.

11. Pass the taped end of new lead through bole in outlet plate. Remove
electrical tape from lead and install tapered end of ferrule under the braided
strands of shielding. Form strands of shielding evenly around tapered ferrule
as shown in Figure 8-20 and pull lead assembly back through cable outlet plate
until ferrule binds in the outlet well. Position the Scintilla. 11-7074 Ferrule S~at­

ing Tool (Figure 8-21) over t.he wire and firmly seat the ferrule by tapping the
seating tool with a hammer or by using an arbor press.

12. Measure 1/2 inch from tapered ferrule and' strip remaining insalation
from wire. (Refer to Figure 8-23. )

13. Insert Scintilla 11-7073 Needle (Figure 8-22) thru small hole of grom-

2.750

2..37!i

,~):;;;n?; J v 1-
00250

r >Lt2?u,;
MATERIAL - BRASS

0.047 S~HERIC"L RAO
2-PUCES

0.0950I A:,>
I I
I .

~

•
Figure 8-21. Ferrule Seating Tool
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"'-4~--- 0.50

Figure 8-23. Measuring Wire
From Top pf Ferrule

11 - 7073 NEEDLE

Figure 8-24. Installing Grommet
Over Lead Assemblies

•

met and over stripped end of wire. (Refer to Figure 8-24.) Slide grommet down
needle until it seats tightly against the capered ferrule.

14. Cut' wire 3/8 inch from top of grommet outlet. (See Figure 8-24.)
Double wire over as shown in A of Figure 8-26. Slide eyelet over doubled wire
until it is firmly seated in recess of grommet outlet. •

A

I

Figure 8-25. Lead Assembly
installed in Grommet

2FIO

Figure 8-26. Wire Doubled Over
For Installation of Eyelet,

POWER PLA!'lT
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,
15. Using the "AB" groove of Scintilla 11-4152 Crimping Tool, or 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 soldering with Kester Flux
709 or equivalent and a non-corrosive solder. After
soldering. clean solder joints using denatured alcohol.

16. Install clamps and cable ties, as necessary, to secure lead to the engine.

8-50. INSTALLATION OF HARNESS. Before installing harness on magneto,
check mating surfaces for cleanltness. Spray eDtire faceof.grommet with a light
coat of Plastic Mold Spray, SM-O-O-TH Silicone Spray or equivalent. This will
prevent harness grommet from sticking to magneto distributor block.

a. Place the harness terminal plate on the magneto and tighten nuts around the
plate alternately to seat cover squarely on magneto. Torque nuts to 18 to 22 inch
pounds.

b. Route ignition wires to their respective cylinders.
c. Clamp the harness assembly in position.
d. Connect the leads to the spark plugs.

• POWER PL\NT
Issued: 11/19/7'1 2Ftt
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•8-51. SPARK PLUGS.

8-52. REMOVAL OF SPARK PLUGS.
a. Loosen the coupling nut on the harness lead and remove the terminal insu­

1ator from the spark plug barrel well.

NOTE

When withdrawing· the ignition cable lead connection
from the plug, care must be ta.Iten to pulithe lead
straight out and in Unewith the center line of the plug
barrel; o.therwise, a side load will be applied which
frequently results in damage to the ba:rre1 insulator
and connector. If the lead cannot be removed easily
in this mauner, the resistiDg contact between the neo­
prene ~o1lar and the barrel insulator will be broken
by a rotary twisting of the collar. ·Avoid undue dis­
tortion of the collar and possible side loading of the
barrel1nsulator.

b. Remove the spark plug from the engine. In the course of engine operation, •
carbon and other combustion products will be deposited on the end of the spark
plug and will penetrate the lower threads to some degree. As a result, greater
torque Is frequently required for removing a plug than for its installation. Ac­
.cordingly, the torque limimtions 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 as in installation since it cannot stretch the threaded section. It does,
however, impose a shearing load on thi~ section and may, if sufficiently severe,
produce a failure in this location.

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 identify their posirion in the engine as
soon as they are removed.

2F12
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NOTE

Spark plugs should DDt be
used if they have been drop­
ped.

Figure 8-27. Removing Frozen
Spark Plug

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
bole at the apex just large enough to
accommodate the funnel of aC~ bottle.
(Refer to Figure 8-27.) When a seized
spark plug cannot be removed by nor­
mal means, the funnel adapter is placed
over and around the spark plug. Place
the funnel of the C~ bottle inside the

.funnel adapter and release the carbon
dioxide to chill and contract the spark plug. Break the spark plug loose with a
wrench. A 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. lNSPECl10NAND CLEANING OF SPARK PLUGS.

a. Visually inspect each spark plug for the folloWing non-repairable defects:
1. Severely damaged shellor shield threads nicked up,. stripped, or cross-

threaded.
2. Badly .battered or rounded shell hexagons.
3. O1t-of-round or damaged shielding barrel.
4. Chipped, cracked or broken ceramic insulator portions.
5.: Badly eroded electrodes worn to approximately 50% of original size.

b. Clean the spark plug as required, removing carbon and foreign deposits.
c. Test the spark plug both electrically and for resistance.
d. Set the electrode gap at 0.018 to 0.022 inches .

•-
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8-54. INSTALLATION OF SPARK PLUGS. Before installing spark plugs. ascer­
tain that the threads within the cylinder are clean and not damaged.

a. Apply anti-seize compound sparingly on the threads and install gasket and
spark plugs. Torque 360 to 420 inch pounds.

CAUTION

Make certain the deep socket is properly seated on the
spark plug hexago~ as damage to the plug could result

.1:f the wrench 1s Cocked to one side when pressure is
applied.

b. Carefully insert the terminal insulator in the spark plug and tighten the
coupling DUt.

8-55. LUBRlCATIO~ SYSTEM.

8-56. AD]USTMENTOF OILPRESSUREREUEF VALVE. Engines are furnished
with either a DOn-adjustable or adjustable oU pressure relief valve located to the
rear of No.3 cylinder. A brief description and setting procedure for both types
follows:

a. Oil Relief Valve (Non-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.). This valve is not adjustable; however. the pressure can be con­
trolled by the addition of a maximum of three STD 425 washers under the cap to
increase pressure or the use of a spacer (Lyc. PIN 73629 or 73630) under the
cap to decrease pressure. Particles of metal or other foreign matter lodged
between the ball and seat will result in a drop in oil pressure. It is advisable.
therefore. to disassemble. inspect and clean the valve if excessive pressure
flul.:tuations are DOted. The oil pressure relief valve is not to be mistaken for
the oil cooler by-pass valve. whose function is to permit pressure oil to by-pass
the oil cooler in case of an obstruction in the oil cooler.

h. Oil Relief Valve (Adjustable): The adjustable oU 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
Sistently exceed the maximum or minimum specified limits. adjust the valve as
follows:

•

•
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With the engine warmed up and running at approximately 2000 RPM. observe
the reading on the oil pressure gauge. If the pressure is above maximum or
below minimum specified limits. stop engine and screw the adjusting screw out
to decrease pressure and in to increase pressure. Depending on installation. the
adjusting screw may have only a screwdriver slot and is turned with a screw­
driver; or may have the screwdriver slot plus a pinned 0.375-24 castellated nut
and may be turned with either a screwdriver or a box wrench.

8-57. OIL SCREENS AND FILTERS. Cleaning and inspection of oil screens and
filters can be found in Section n.

• POWER PLANT
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TABLE VIn-II. TROUBLESHOOTING CHART (ENGINE)
•

Trouble Cause Rt:medy

Failure of engine to Lack of fuel. Check fu~1 system for
start. leaks.

Fill fuel tank.
Clean dirty IiDes.

screens lJr fuel valves.

Water in fuel injector. Drain water from fuel
system.

Insufficient prime. Increase prime.

Overpr1ming . Open throttle and engage. starter .

Lack of sufficient Clean fuel strainers and
fuel flow. screens. Check fuel

pump.

Incorrect throttle Open throttle to one-
setting. tenth of its range.

Defective spark plugs. Clean and adjust or re-
place spark plug 0 r
plugs . Refer to
Table n-I for spark
plug gap adjustments.

Defective ignition wire. Check with electric
tester and replace
any detective wires.

Improper operation of Check internal timing
magneto to breaker of magnetos.
points. Clean and set points.

POWER PL.~NT
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TABLE VllI-II. TROUBLESHOOTING CHART (EN:iINE) (cont.)

Trouble Cause Remedy

Failure of engine to Internal failure. Check oU sump screen
start. (cont.) for metal particles.

If found. complete
overhaul of the engine
may be indicated.

Magnetized impulse Demagnetize impulse
coupling. couplings.

Frozen spark plug Replace spark plugs or
electrodes. dry out removed plugs.

Shorted ignition switch. Check aDd replace or
repair .

Failure of engine to Incorrect idle Refer to paragraph ~-35.

idle properly. adjusanent.

Idle mlxture . Refer to paragraph 8-35.

Leak in the induction Tighten all connections
system. in the induction sys-

tem. Replace any
parts that are defec-
tive.

Uneven cylinder Check cyl inder com-
~ompression. pression.

Faulty ignition Check entire ignition
system. system.

Improper spark plug Regap spark plug.
gap setting .

•

•-.
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TABLE VIII-U. TROUBLESHOOTING CHART (E~INE) (cont.) •
Trouble Cause Remedy

Failure of engine to Clogged injector nozzle. Remove and clean,
idle properly. (cont.) paragraph 8-38

Dirty air filter. Check and clean.

Insufficient fueJ "Cl ean fuel strainer and
pressure. check fuel pump.

Induction drains open. Clean or replace drains

Low power and wieven Mixture too rich: In- Check injector. Adjust
running engine. dicated by sluggish mixture control.

engine operation,
red" exhaust flame
and black smoke.

Mixture too lean; in- Check fuel lines for dirt
dicated by overheat- or other restrictions.
ing or backfiring. Check fuel supply.

Clogged injector Remove and clean,
nozzles. paragraph 8-38

Leaks in induction Tighten all connections.
system. Replace defective

parts.

Dirt in injector inlet Remove screen and
screen. clean.

Defective spark plugs. Clean or replace spark
plugs.

Improper grade of FUl tank with recom-
fuel. mended grade.

POWER PLANT
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TABLE VIll-II. TROUBLESHOOTING CHART (ENGINE) (cont.)

•

•

Trouble

Low power and uneven
running engine.
(cont.)

Flow meter reads
high.

Failure of engine to
develop full power.

Cause

Magneto breaker
points not working
properly.

Defective ignition
wire.

Defective spark plug
terminal connectors.

Improper ignition
timing.

Clogged nozzle.

Defective fuel injector.

Clogged nozzle·.

Throttle lever out of
adjusonent.

Leak in induction
system.

Mixture too lean
or [00 rich.

Restriction in
induction air.

1mproper fuel.

2F19

Remedy

Clean points. Check
internal tim ing 0 f
magneto.

Check wire with electric
tester. Replacede­
fective wire.

Replace connectors on
spark plug wire.

Check magnetos for
timing and synchro­
nization.

Remove and clean.
paragraph 8- 38 .

Repair or replace fuel
injector.

Remove and clean.
paragraph 8-38

Adjust throttle lever.

Tighten all connections.
and replace defective
parts.

Injector must be re­
calibrated .

Examine air inlet and
remove restriction.

Fill tank withrecom­
mended fuel .

POWER PLANT
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TABLE VIII-n. TROUBLESHOOTING CHART (ENGINE) (cont.) •
Trouble Cause Remedy

FaUure of engine to Propeller governor put Adjust governor.
develop full power. out of adjustment.
(cont.)

Propeller out of Adjust propeller low
adjustment. pitch stop.

Restrictions in inlet Examine air scoop and
air scoop and filter. filter and remove

restrictions .

Faulty ignition. Tighten all connections.
Check ignition system.
Check ignition timing.

Rough running engine. Cracked engine mounts. Repair or replace
engine mount.

Unbalanced propeiler. Remove propeller and
balance.

Bent propeller blades. Replace propeller.

Defective mounting. Install new shock
mounts.

Lead deposit on spark Clean or replace plugs.
plug.

Malfunctioning engine. Check entire engine.

Low oil pressure. Insufficient oU . Fill oil sump to
proper level.

Dirty oU screens. Remove and clean oil
screens.

POWER PLANT
Issued: 1~/'1917'1 2F20
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TABLE VIII-II. TROUBLESHOOTING CHART (ENGINE) (cont.)

Trouble Cause Remedy

Low oil pressure. Relief valve out of Adjust valve.
(cont.) adjusanent.

Defective pressure Replace gauge.
gauge.

Air lock or dirt in Remove and clean oil
relief valve. pressure relief valve.

Leak in suction line Check gasket between
or pressure line. accessory housing and

crankcase.

High oU temperature See "Higb Oil Temper-
ature" in Trouble
Column.

Stoppage in oil pump Check line fo.r obsa'uc-
intake passage. tion. Clean suction

screen.

Worn or scored Overhaul .
bearings.

.

High oil temperature. Insufficient air Check air inlet and
cooling. outlet deformation

or obstruction.

Insufficient oil supply. Fill oil sump to proper
level.

Clogged oil lines or Remove and clean oil
screens. screens.

C logged oil cooler. Remove and clean oil
cooler.

•
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TABLE WI-D. TROUBLESHOOTING CHART (El'K:iINE) (cont.) •
Trouble Cause Remedy

High oil temperauire. Failing or failed Examine sump for
(cont.) bearing. metal particles and,

if found. overhaul
engine.

Defective thermo- Replace.
stats.

Defective temper- Replace gauge.
ature gauge.

Excessive blow-by. Usually caused by weak
or stuck rings. Over-
haul.

Low grade of oil. Replace w.ith oil con-
forming to specifi-
cations.

Improper engine Check entire engine.
operation.

Excessive oil con- Failed or failing Check sump for metal
sumption. bearing. particles and, if found,

overhaul of engine is
indicated.

Worn or broken piston Install .new rings.
rings .

Incorrect installation Install new rings.
of piston rings.

External oil leakage. Check engine carefulIy
for leaking gaskets,
"0" rings or sand
holes.

POWER PLANT
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TABLE VIII-U. TROUBLESHOOTING CHART (ENGINE) (cont.)

Trouble Cause Remedy

Excessive oil con- Failure of rings to seat. Use mineral base oil.
sumption. (cant.) (New nitrided Climb to cruise alti-

cylinders. ) tude at full power and
operate at 75% cruise
power setting until oil
consumption stabilizes.

Low grade of aU . Replace with oil con-
forming to specifi-
cations.

Inaccurate pressure Cold weather. High and low pressure
readings. readings due to ex-

tremely cold weather
are DOt necessarily a
malfunction. Small
and long oil lines will
DOt transfer pressure
readings accurately
until engine is quite
warm .

•

•-
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• SECTION VillA
POWER PLANT
(Turbocharged)

Paragraph Aerofiche
Grid No.

•

•

8A-I.
8A-2o
8A-3.
8A-4.

8A-8.

8A-14.

8A-18.

8A-21.

8A-23.

8A-27.

Introduction 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 0 0 0 0 0 0 0 ••• 0 0 0 •

Description 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 0 0 0 0 0 0 0 0 0 0 • 0 •• 0 0 • 0

Troubleshooting 0 000000.0.000.00000000000000000000000000000000000 •• 0 •• 0 • 0 ••

Engine Cowling 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

8A-S. Removal of Engine Cowling 0 ••••• 0 ••• 0 0 0 0 •••••• 0 • 0 0 • 0 •• 0 • 0 0 0 • 0 •• 0 ••

8A-6. Cleaning, Inspection and Repair of Engine Cowling 000 •• 0 0 ••• 0 • 0 0 0 • 0 0 •

8A-7. Installation of Engine Cowling 0 0 • 0 0 0 • 0 0 0 0 • 0 ••• 0 0 ••• 0 0 0 0 •••••••• 0 • 0 0 •

8A-7a. Cowl Flap Rigging. 0 0 0 ••• 0 •• 0 •• 0 •• 0 •• 0 0 •• 0 0 •• 0 • 0 • 0 ••• 0 0 • 0 •••••••••

Propeller 0 • 0 0 0 0 0 •• 0 0 0 • 0 000000 ••• '0' 0 0 0 ••••• 0 •• 0 • 0 0 • 0 0 ••••••••• 0 0 •

8A-9. Removal of Propeller 0 0 • 0 •••• 0 0 • 0 0 • 0 • 0 • 0 ••••• 0 0 ••••••• 0 • 0 0 ••••• 0 •••

8A-IO. Cleaning, Inspection and Repair of Propeller .... 0 0 • 0 0 •••••••• 0 0 .0 0 • 0 0

8A-11. Installation of Propeller o' 0 0 ••••••• 0 •••• 0 •• 0 • 0 0 0 •• 0 0 0 0 0 •• 0 •••• 0 ••• 0

8A-12o Adjustment of Low Pitch Blade Angle and Stop 0 0 • 0 0 0 0 0 • 0 •• 0

8A-13. Blade Track .. 0 0 0 0 • 0 0.000.0. 0.000 •• 0 0 0 00' •• 0.0 •• 0 •• 0 •• 0.00 ••• 0 ••••

Propeller Governor 0 •• 0 • 0 0 0 0 ••••••••••• 0 0 •••••••• 0 • 0 • 0 •••••• 0 0 0 0 • 0 0 • 0

8A-IS. Removal of Propeller Governor 0 •• 0 0 • 0 0 • 0 • 0 ••• 0 0 ••••• 0 0 0 0 0 • 0 •••• 0 •••

8A-16. Installation of Propeller Governor 00.0. 0 00 ••• 0 •• 0 • 0 0 • 0 ••••••••• 0 0 • 0 •

8A-I7. Adjustment of Propeller Governor . 0 •• 0 ••• 0 •• 0 •• 0 0 0 0 ••••••••• 0 0 •• 0 ••

Engine 0 • 0 0 .0 •••• 0 •••••••••• 0 • 0 o 0 ••• 0 0 ••• 0 0 •••••• 0 0 000 ••••• 0 •••

8A-19. Removal of Engine 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 •

8A-20. Installation of Engine . 0 0 • 0 •••••• 0 0 • 0 •••••• 0 0 •• 0 0 0 0 0 •••• 0 0 •• 0 •••• 0 0

8A-20ao Protection of Engine Mount .. 0 0 • 0 • 0 0 0 0 0 0 • 0 .'•• 0 • 0 0 0 • 0 0 • 0 •• 0 •• 0 • 0 • 0 ••

Engine Shock Mounts. 0 • 0 0 •••• 0 • 0 •• 0 ••• 0 •••••••••••• 0 •• 000 0 •• 0 0 •••• 0 •••• 0 ••

8A-22o Replacement of Engine Shock Mounts 0 00. 0 0 0 ••• 0 •• 0 0 • 0 •• 0 0 0 • 0 •• 0 ••••

Engine Turbocharger .. 0 0 0 •••••••••••••••• 0 ••• 0 •••••••• 0 • 0 0 ••• 0 0 •• 0 0 • 0 •••• 0 0

8A-23a. Turbocharger Nomenclature 0 ••••• 0 •••• 0 0 •• 0 • 0 ••• 0 0 0 0 0 0 0 0 0 0 0 • 0 •• 0 0 0 •

8A-24. Removal of Turbocharger .... 0 0 0 • 0 • 0 • 0 0 0 •• 0 0 •••• 0 0 0 0 0 0 0 0 •• 0 0 •••••••

8A-25. Installation of Turbocharger. 0 ••• 0 • 0 •••• 0 0 0 0 •• 0 ••• 0 0 0 • 0 0 •• 0 ••••• 0 •••

8A-26. Adjustment of Turbocharger o. 0 0 • 0 • 0 ••• 0 •••••••• 0 0 0 0 • 0 • 0 • 0 • 0 0 • 0 •• 0 •

Induction System Air Filter 0 00. 0 •••• ". 0 0 • 0 • 0 • 0 0 •• 0 •••• 0 • 0 0 •••• 000 ••••• 0 •••• 0 •

8A-28. Removal of Air Filter o. 0 0 0 • 0 0 •• 0 0 0 • 0 • 0 • 0 •• : •••• 0 0 0 0 •• 0 •••••••• 0 •• 0

8A-29. Cleaning Induction Air rilter .. 0 0 •• 0 ••• 0 ••••••••••••• 0 •• o. 0 •••••••••

8A-30. Installation of Induction Air Filter 0 •••• 0 •••• 0 •••• 0 0 0 0 • 0 • 0 •• 0 •••• 0 •••

8A-31. Alternate Air Door 0 ••• 0 0 ••• 0 0 • 0 • 0 ••••• 0 0 0 0 0 ••• 0 ••••••••••••

2G3
2G3
2G6
2C6
2G6
2G6
2G6
2G7
2G7
2G7
2G9
2GIO
2G13
2GI4
2GI5
2GI5
2GI8
2GI9
2GI9
2GI9
2G21
2HI
2HI
2HI
2HI
2HI
2H3
2H5
2H5
2H5
2H5
2H6
2H6
2H6
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Paragraph Aerofiche
Grid No.

•
8A-32. Fuellnjector 2"6

8A-33. Fuel Injector Maintenance 2"6
8A-34. Lubrication of Fue1lniector . . . . . . . . . . . . . . . . . . . . . 2" 7
8A-3S. Removal of Fuellnjector 2"7
8A-36. Preparation for Storage 0 •••••••••••••• 0 0 • 2H7
8A-37. Installation of Fuel Injector . 0 •••••••••••••••••• 0 2H9
8A-38. Adjustment ofThrottle and Mixture Controls . . . . . . . . . . . 2H 10
8A-39. Adjustment of Idle Speed and Mixture Controls 2" 10

8A-40. Fuel Air Bleed Nozzles 0 • • • • • • • • • • • • • 0 • • • 0 0 • 2" II
8A-41. Removal of Fuel Air Bleed Noules 2" II
8A-42. Qeaning and Inspection of Fuel Air Bleed Nozzles 0 • 2" II
8A-43. Installation of Fuel Air Bleed Nozzles 0 • • 2" II

8A-44. Ignition System Maintenance 0 •••••••••••••••••••• 2" 12
8A-4S. Magneto 0 • • 2" 12

8A-46. Inspection of Magneto 0 • • • • • • • • • • • • 0 • • • • 2" 12
8A-47. Removal of Magneto 2" IS
8A-48. TuniDg Procedure (Internal Timing) 2H IS
8A-49. Installation and Tuning Procedure

(Timing Magneto to Engine) 2" 16
8A-SO. Hamess Assembly 0 2" 18

SA-51. Inspection of Harness •........................ 2" 18
8A-52. Removal of Hamess 2H 19
8A-S3. Maintenance of Harness 0 ••••••••••••••••• 0 2H 19
8A-54. Installation of Hamess 0 • 0 ••••• 0 ••• 0 • 0 2H 24

SA-5S. Spark Plug 0 • • • • • • • • • • • • • • • • • • 211
SA-56. Removal of Spark Plugs ; 0 ••• 0 • • • • • 211
8A-57. Inspection and Qeaning of Spark Plul 0 •••• 0 0 212
8A-58. Installation of Spark Plugs· . . . 0 0 • • • • • 0 • • • • • 0 • • 0 • • 213

SA-59. Lubrication System " 0 •• 213
8A-60. Adjustment ofon Pressure Relief Vaive 0 • • • • • • 213
8A-6I. on Screens and FlIten .. 0 0 • 0 0 •• 0 •• 0 ••••••••••• 215
SA-62. Turbo Oil Flow Check 0 ••••••••• 0 • • • • • • • • • • • • • 21S

•
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PIPER TWIN COM.\NCHE SERVICE MANCAL

SEL:TlON VillA

POWER PLA1'iT
(PA-30) TURBOCHARGED

8A-I. INTRODUCTION. This section covers power plants used in the PA-JO Turbo Twin ComaOl:he: anJ is
comprised of instructions for the removal. minor repair. service and installation of the engine cowling.
propeller. propellergovernor. engine. engine shock mounts. induction system. fuel injector. turbocharger. fue:l
air bleed nozzles. injection system and lubrication system.

8A-2. DESCRIPTION. The PA-30 Turbo Twin Comanche is powered by two Avco-Lycoming IO-J20­
CIA. four ~ylinder. direct drive. wet sump. horizontal opposed. fuel injected. air cooled engines wilh a
compression ratio of 8.5:1. rated a 160 HP at 2700 RPM. and designed to operate on 100 130 (minimum)
octane aviation grade fuel. The engine contains components which make it adaptable to turbocharging.

Cowling completely encloses the engine and consists of two side access panels. an upper and lower section
and a nose section. The cowl tlap is an integral part of the lower cowl and its operated manually through
mechanical linkage.

Propellers are Hartzell full feathering. constant speed. each controlled by a governor mounted on I he
engine su pplying oil through the propeller shaft at various pressures. Oil pressure from the governor moves I he:
blades intolow pitch (high R M Pl. The centrifugal twisting moment of the blade also tends to move the blades
into low pitch. Opposing these two forces is a force produced by compressed air between the cylinder head anJ
the piston. which tends to move the blades into high pitch in the absence of governor oil pressure. Thus.
feathe:ring is accomplishe:d by compressed air.

The airplane's induction system consists of a Jry type air filter and alternate air door. The: engine fuel
system consists of a Bendix RSA-5-AD I type fuel injector and a Lear-Se:igler fuel supply pump as an integral
part of the fuel injector system. A Rajay model RJ0325 turboch~rger is mounted as an integral kit to the
engine. Manual waste gate control of the turbocharger provides the pilot with complete freedom of choice in
turbocharger use. A separate push-pull control with precise venier adjustment is installed on each engine fur
actuation of the waste gate.

Issued: 12/29/72
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Bendix-Scintilla S4LN-21 series magnetos are installed on both engines. Each system consists of two
single point magnetos with impulse couplings on the magneto drive shafts to obtain the retard spark necessary
for starting.

In addition to the aforementioned components. each engine is equipped with a generator on the earlier
models. or an alternator on the later models; a geared starter and vacuum pump. Engine mounts are steel
tubing construction attached at the firewall and incorporate vibration absorbing mounts. Two exhaust stacks
are positioned one for number one and two cylinders and one for number three and four cylinders. From the
exhaust stacks. gases are directed to the turbocharger wastegate. through or around the turbo turbine. as
required. and overboard at the rear of the engine nacelle.

The lubrication system is of the full pressure wet sump type. The oil pump. which is located in the
accessory housing. draws oil through a drilled passage leading from the oil suction screen located in the sump.
The oil from the pump then enters a drilled passage in the accessory housing. which feeds the oil to a threaded

. connection on the rear face of the accessory housing. where a flexible line leads the oil to the external cooler.
Pressure oil from the cooler r~~urns to a second threaded connection on the accessory housing from which
point a drilled passage conducts the oil to the oil pressure filter. In the event that cold oil or an obstruction
should restrict the oil flow to the cooler. an oil cooler by-pass valve is provided to pass the oil directly from the
oil pump to the oil pressure filter.

The oil pressure filter screen or element. located on t he accessory housing. is provided as a means to filter
from the oil any solid particles that may have passed through the suction screen in the sump. After being
filtered through the pressure filter. t1}e oil is fed through a drilled passage to the oil pressure relief valve. located
in the upper right side of the crankcase forward of the accessory housing.

This relief valve regulates the engine oil pressure by allowing excessive oil to return to the sump. while the
balance of the pressure oil is fed to the main oil gallery in the right half of the crankcase. Residual oil is returned
by gravity to the sump where. after passing through a screen. it is again circulated through the engine.

The turbocharger is lubricated by engine lubricant which is supplied to the turbo oil gallery by a line
connected to the engine accessory housing. Incorporated in the oil supply line is a pressure regulator poppet
valve. an oil filter and a pressure switch. The pressure regulator poppet valve reduces engine oil pressure to 30­
50 psi pressure required for the turbocharger. The turbo oil filter contains a bronze element which filters out
fine dirt particles that may be harmful to the turbo bearings. The oil pressure switch activates a red warning
light in the event turbocharger oil pressure is below 27 psi. Oil is scavenged from the turbocharger sump and
returned to the engine sump by a scavenger pump installed between the fuel pump and the engine accessory
housing. Before any work is done refer to paragraph 8-2a.

•

•
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Figure 8A-1. Engine Cowling and Cowl Flap Rigging
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•8A-J. TROUBLESHOOTING. Troubles peculiar to the power plant a.re listed in
Tabl~ VIllA-II in the back of this section, along with their probable causes and
suggested remedies. When troubleshooting engines, ground the magneto primary
circuit before performing any chec,lcs on the ignition system.

SA-4. ENGINE COWLING.

SA-5. REMOVAL OF ENGINE COWLI~G. The procedure for removing the cowl­
ing is the same for roth engines.

a. Release the fasteners and remove the two side access panels.
b. Remove the screws that secure the top cowl and then remove cowl.
c. Disconnect the cowl flap control rods by removing cotter pin, washer and

pin.
d. Support the bottom cowl and remove attaching screws.
e. Lower cowl a'few inches and disconnect drain lines.
f. The Dose cowl maybe removed by pulling out the upper and lo\ver hinge

pins and splitting the cowl.

8A-6. CLEANING. INSPEcriON AND REPAIR OF ENGINE COWLING.
3. The cowling should be cleaned with a suitable solvent and then wiped with a dean •

doth.
b. Inspect the cowling for dents. cracks. loose rivets. damaged or missing fasteners and

damaged fiberglas areas.
c. Repair all defects to prevent further damage. Fiberglas repair procedures may be

accomplished according to Fiberglas Repairs. Section IV.

SA-7. INSTALLATION OF ENGINE COWLING. The procedure for installing the cowl is
the same 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 to cowl flap with attaching pin. washer and

cotter pin.
f. Position the side access panels and secure with fasteners.

POWER PL.-\.\:T
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8A-7a. COWL FLAP RIGGING. (Refer to Figure 8A-I.)
a. Adjust the cowl flap control housing to act as the stop when the cowl flap is open 2 in.

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 engine cowl

when the stop lug contacts the stop bushing (~losed position).

8A-8. PROPELLER.

8A-9. RE~OVAL·OF PROPELLER. (Refer to Figure 8A-2.) This includes all propellers.
standard and with spring backup kit installed, identified by a letter "5" 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 service or overhaul, the propeller
with the spring kit installed should be feathered on the
aircraft (see following "CAUTION") and the st'inner on
either prop must be removed according to section d of this
~:lr.lgrar h.

WARNING

Do not attempt to disassemble the propeller assembly any
funher than stated in this manual. Only personnel at a
certified repair shop are authorized for repair and overhaul of
the propeller mechanism. .

THIS SPACE
INTENTIONALLY LEFT BLANK
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Figure 8A-2. Propeller Inst'1llation
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20

INSTALL FLANGE STUDS
IN SHORT BUSHINGS

•

•
Under NO condition should blade paddles be used on ~ither

I"roreller. except to unfeather a proreller with the s!,rin~ kit
inst:l1led (see paragral"h 8A-II). If a propeller is t,) be
feathe~d on the ground, it should be done with the ~ngine

oDerating. by use of the propeller control on the' throttl~

quadr::ln t.

CAtITION

Prior to perfonning any work on the propeller. :lScen:tin that
the master switch and magneto switches are OFF (grounded)
:lnd the mixture control is in the IDLE CUT-QFF position.

;I. R~move all hardware that attaches the nose cowl to the top and bottom ~ngin~

~owls. The top and side panels of the main cowl assembly may be removed for gr'::JI-:r
:ll.:l.:essibility. Work the nose cowl as far forward as possible. reach through the orening ;lnd
split tht l:owl by pulling the upper and lower hinge pins. Pliers may bt nteded to pull rh~

pins. The [wO halves of the cowl may be pulled forward and to either c;ide of tht prorelkr.
whkh should be in :l vertic:l1 position for ease in removing the cowl.

POWER PLANT
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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 propeller to catch oil spillage.
c. Cut safety wire around the propeDer mounting studs and remove the studs (4) from

the engine nange by wrenching the nuts. These nuts are "frozen" to the studs with lactite
and secured with roll pins. so the studs should tum with the nuts. Pull the propeller from
the engine shaft.

d. In the event that the spinner and spinner bulkhead are to be removed for cleaning.
inspection. adjustment of pitch stop. etc., remove the spinner nose cap attaching screws and
cap (I 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 SCTews (S) that
secure the spinner to the aft bulkhead (13). The aft spinner bulkhead may be removed from
the hub by removing the locknuts (I I).

SA-IO. CLEANING, lNSPECfION AND REPAIR OF PROPELLER.

CAl1I10N

Prior to ~rformingany work around propeller. discharge the
dome presSure first.

a. Check for oil and grease leaks.
b. Clean the spinner. propeller hub and blades with anon-eorrosive solvent.
c. Inspect the hub pans for cracks.
d. Steel hub parts should not be permitted to rust. Use aluminum paint to touch'up. if

necessary. or rerlate during overhaul.
e. Check all visible parts for wear and safety.
f. Check the blades of the standard propeller to detennine whether they tum freely on

the hub pivot tube. ntis can be done by rocking the, blades back and forth 'through the
slight 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 properly
lubric:lted. the propeller may need internal repair. (~e WARNING on page 8A4,) This
~;lnnot be done with the spring propeller due to the pressure exerted by the spring \.'Vl:n
though the dome pressure is discharged.

g. Inspe~t blades for damage or cracks. Nicks in leading edges of blades should be fikd
out and all edges rounded. as cracks sometimes stan from such places. Userinc emery cloth
for finishing. Refer to Figure 8A-3 for propeller blade care.

h. Check condition of propeller mounting nuts and sn:ds.

• 289
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•

Figure SA- 3. Typical Nicks and Removal Methods •
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NOTE

It is recommended that for severe damage, internal repairs
and replacement of parts, the propeller should be referred to
the Hartzell Factory or Cenified 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.

SA-II. INSTALLATION OF PROPELLER. (Refer to Figure 8A-~.)

CAUTION

Prior to performing any work around propeller, ascertain that
the master switch and magneto switches are OFF (grounded)
and the mixture control is in the IDLE CUT-OFF position.

2810
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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 given in Table VIllA-I.
c. Ascertain that the starter ring gear is properly on the crankshaft flange. The oversiz~

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 Figure 8A·2.)
e. Lubricate and install O-ring (IS) in prop hub.
f. Install sleeve (19), spring (18), thimble (! 7), and shim (16) in eOlinI'! 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 engine flange bushing a few threads at a time until all are tight. Torque the
studs to the specifications given in Table VillA-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 VillA-I.

Safety check nut with MS2099S.c41 wire.
NOTE

•
Do not check pressure or charge cylinder with PROPELLER
in th~ feathered position.

CAUTION

To obtain an accurate pressure reading when checking
propeller dome air pressure or to insure complete release of
all air pressure, place the propeller CONTROL in the feather
detent before measuring or releasing propeller air pressure.
This procedure will insure the free flow of all air within the
prop dome and prevent possible error in pressure readings or
injury to service personnel should the low pitch stop be
removed.

NOTE

If the propeller is in feather on the ground. it is undesirable
to run it out of feather through engine operation due to
roughness which will occur possihly causing severe damage to
(ngine mount and exhaust system. Remove the air charge,
unfeather the blades with equal pressure applied by means of
blade paddles used on both blades as close to the hub as
possible. Listen for the quiet distinctive "clicks" of the high
pitch stop pins. then stop and remove the paddles.

POWER PLANT
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j. Charge the cylinder through air valve (3) with dry air or nitrogen gas to the
prescribed pressure. Refer to Table VillA-I of this manual for an exact pressure for the
existing temperature. It is most important that an accurate charge be maintained.

k. The amount of air pressure per existing temperature as shown by Table VIIIA·I is
very important and should always be used. If 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. part number 756 771, may be purchased through a Piper Dealer or
Distributor.
Revised: 1{31{74•
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TABLE VIllA-I

PROPELLER SPECIFICATIONS (PA-30)

•
BI3de Angle

III ...AIU•• T..... AT JO I.at ITAT....

PropeUer RPM
Settinl

PropeUer Torque
Limits

Low Pitch (High RPM)

Hip Pitch ( Low RPM)

Engine Static High RPM
Engine Static Low RPM

Description

Spinner Bulkhead (Aft)
Propeller Mountin~ Bolts
Propeller Mounting Studs
Spinner Bulkhead Check

Nut
Spinner Attachment Screws

o 0
11 t 0.015 II,

7~O II.

(Feathered)

:!7oo max
1850 t 50 min

Required Torqut:
(Dry)

22 foot-pounds
50 foot-pounds
~2 foot-pounds
35-40 foot-pounds

40 inch-pounds

CHAMBER PRESSURE REQUIREMENTS WITH TEMPERATURE
HC-E2YL-2. HC-E2YL-2B or HC-E2YL-2BF

Temp. of Press. (psi) Temp. of •Press. (pSil

100 188 30 165
90 18S 20 16~

80 182 10 159
70 178 0 154
60 175 -10 IS:!
50 172 -20 149
40 168 -30 146

HC-E2YL-2BS or HC-E2YL-2BSF

Temp. of Press. (psi)

100 53
70 50
40 47
10 44

-:!O 42

NOTE: Do not check pressure or charge with propeller in feather position.

POWER PLA.NT
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I. When recharging the propeller. dry air or nitrogen gas should be used. It is important not to allow
moisture to enter the air chamber as this could cause the piston to freeze during cold weather operation.

m. Test for leakage by using a soap solution or equivalent and applying it around the air valve stem and
adjustment stop nut.

n. To reinstall engine cowling. first put the propeller in a vertical position then fit the two halves of the
nose cowl together behind the spinner bulkhead and pin them together with the two hinge pins through the top
and bottom hinges. Slide the nose cowl back and into proper location with the engine cowls. Locate holes and
install all hardware that attaches the cowls together. lnstail top and side engine cowl panels ifremoved. Install
spinner cap.

8A-12. ADJUSTMENT OF LOW PITCH BLADE ANGLE AND STOP.

NOTE

Both types of propellers referred to. come from the factory with the
low pitch stop adjusted for proper blade angle. If. however this
adjustment has been disturbed. the procedure given below is used
for obtaining blade angle. but applies only to the propeller without
the spring kit A-2273 installed. There is no way to check the low
pitch blade angle of the propeller. with thespring kit installed. in the
field. This is due to the internal spring producing a force near to that
of the air charge in the standard propeller which can and has to be
released to make this adjustment. The spring supplies constant
pressure to the blades making it very difficult to rotate the blades to
a point where the low pitch stop is contacted. Therefore. if the blade
angle on a spring propeller is suspected to be wrong it should be
referred back to the Hartzell factory or Certified repair shop.

a. Procedure for obtaining blade angle and adjusting low pitch stop.
I. The blade angle (Refer to Table VillA-I) is determined by placing a propeller protractor on the

face side of the propeller at the 30 inch station as measured from the hub centerline. The blade must be
horizontal.

2. 2. The low pitch stop is adjusted by rotating a screw in the nose ofthe propeller cylinder. Rotating
the screw clockwise increases the low pitch angle and reduces the static RPM by about 100 R PM for each half.
turn. or vice versa.

Issued: 12/29/72
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CAUTION

Before adjusting the low pitch stop screw, the air pressure
should be dropped to zero. Unless this is done. it is possible
to unscrew the low stop far enough to disengaae the threads.
allowilll the air pressure to blow the stop screw out with
BRat force. To insure the complete discharle of aU air
pressure within the dome. place the propeller CONTROL in
the feather detent. There should be at least four threads of
the stop screw enpaed.

b. After the low pitch stor has been adjusted for proper blade 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.)

SA-I3. BLADE TRACK. Blade track is the ability of one blade tip to follow the other,
while rotating, in almost exactly the same plane. Excessive difference in blade track - more
than 0.062 inch - may be an indication of bent blades or imrroper 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 full
"blade-shake" tr:1vel making sm3U marks with a pencil at each position. Then center the tip
between these marks and scribe a line on the board for the full width of the tip.

b. C:uefully rotate propeller by hand to bring the opposite blade down. Center the tip
and scribe a pencil line as before and check that lines are not serarated more than 0.062
inch.

c. Prooellers having excessive difference in blade trnek should be removed and
insoected for bent blades, or for parts of sheared a-ring. or foreign particles which have
lodged between hub and crankshaft mounting faces. Bent blades will require repair and
overhaul of assembly. Other conditions will require installation in the prescribed manner.
(Refer to paragraph SA-II.)

POWER PLANT
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8~:·14. PROPELLER GOVERNOR.

8A-1 S. REMOVAL OF PROPELLER GOVERNOR.
a. Remove the left and right side panels of the engine 1:0wl.
b. Remove the top engine cowl by removing attal.:hing scr~ws.

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. washers and screws from
damp.

e. Remove nut and washer from governor adapter mounting stud allowing the I.:ontrol
I.:able bracket to be removed.

f. Remove the governor mounting stud nuts. It will be necessary to move the governor
from its mounting pad as the nuts are being removed before the nuts can be I.:omp!etely
removed.

g. Remove the mounting gasket. If the governor is to be removed for a considerable
length of time and another unit is not substit1.lted, it is advisable to cover the mounting pad
to prevent damage caused by foreign matter.

THIS SPACE INTENTIONALLY LEFT BLANK
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2

Figure 8A-4. Propeller Governor

•

8A-16. INSTALLATION OF PROPELLER GOVERNOR.
a. Oean the mounting pad thoroughly making very certain that there are no foreign

particles in the recess around the drive shaft. •
b. Place the governor mounting gasket in position with the raised portion of the screen

facing away from the engine.
c. Install the control cable bracket on the governor.
d. Align the splines on the governor shaft with the engine drive and the cable bracket

with the governor adapter mounting stud, and slide the governor into position.
e. With the governor in position, raise it enough to install washers and start mounting

nuts. Secure bracket to adapter with washer and nut, torqueing nuts evenly.
f. Connect the control cable end to the governor control arm. The ball stud is installed

in the inner hole of the control ann.
g. Secure the control cable to bracket with clamp, screw, washer Jnd nuts.
h. Adjust governor control per par.lgnph 8A-I 7.
i. Install engine cowl per paragraph 8A-7.

POWER PLANT
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-
8A-17. ADJUSTMENT OF PROPELLER GOVERNOR. (Refer to Figure SA-4.)

a. Start the engine, park at 90 degrees to wind direction and warm in the nor­
mal 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 arm (2) should be
against the high RPM fine adjustment screw (1). With the throttle full forward,
observe engine RPM which should be 2700 RPM with high RPM properly adjusted.

c. Should engine RPM not be as required, the high RPM setting should be ad­
justed as follows:

1. Shut down the engine and remove the left side access panel.
2. Adjust governor by means of the fine adjustment screw for 2700 RPM.

Loosen the screw locknut (5) and tum the screw in a clockwise direction to de­
crease engine speed or in a counterclockwise direction to increase engine speed.

NOTE

One revolution of the fine adjustment screw will in­
crease or decrease the engine speed approximately
20 RPM.

3. After adjusanent 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 to 0.125 inch from its full forward stop which is located
in the control quadrant. To adjust the control lever travel, disconnect the con- .
trol cable end from the control arm, 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 studs.
6. It is usually only necessary to adjust the high RPM setting of the gover­

nor conrrol system. as the action automatically takes care of the positive high
pitch :serring.

XA -18. ENGINE.

:-'.~-19. REMOVAL OF ENGINE. (Refer to Figure SA-5.) The removal of either
engine is basically the same procedure, though the routing of some wires. cables
and line~ do vary between engines. Each line should be Identified to facilitate
reinStallation and covered, where disconnected, to prevent contamination.

;l. Turn uff all cockpit switches and disconnect the battery ground wire at the

2819
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•battery .
b. Move the fuel valve control levers located on the fuselagt: noor between

the two front seats to the 0 FF pas ition .
c. Remove the engine cowling per paragraph SA-5.
d. Remove the access panels on the top of the nacelle aft of the firewall.
e. Drain the engine oU, if desired, and reinstall drain plug.
f. Remove the propeller per paragraph SA - i .
g. Disconnect the starter cable at the starter, .remove the cable clamps at the

left side of the engine and engine mount, and draw the cable aft through the engine
baffle to the firewall.

h. Disconnect the generator or alternator leads at 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 temperature lead. if installed.
j. Disconnect the oil temperature electrical lead and tachometer cable at the

accessory housing.
k. Disconnect the fuel pressure and fuel flow meter vent lines at the firewall.
I. Disconnect the manilold pressure and oil pressure lines at the firewall.
m. Disconnect the breather hose from the breather tube attached to the fire-

wall and disconnect the turbo oil line from the engine at the accessory housing.-,
n. Disconnect the magneto "P" leads from the magnetos ..
o. Disconnect the vacuum hose and fuel line at 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 air door control cables.
s. Disconnect control cables at the governor, throttle and mLxture control

arms and remove cable clamps at cable brackets.
t. Disconnect the cowl flap return spring from the engine mount.
u. Remove the turbo and induction air filter box mounting brackets from the

firewall by removing attaching nuts, washers and bolts.
v. Attach a one-half ton (minimum) hoist to the hoisting hooks and relieve the

tension on the engine mount.
w. Removethe outs and washers from the bolts that attach the engine mount to

the firewall.
x. Remove the engine mount mounting bolts and swing the engine a few inches

from the firewall. Check the engine for any attachments remaining to obstruct
its removal.

y. Swing the engine clear and place on a suitable support.

POWER PLANT
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8A-20. INSTALLATION OF ENGINE. The installation of either engine is bas­
ically the same procedure, though the routing of some wires. cables. lines. etc.
does vary between engines. Before starting. ascertain that all components of the
engine such as engine mount, turbocharger unit, exhaust stacks. etc., are in­
stalled.

a. ,With a one- half ton hoist (minimum) attached, swing the engine ,in position.
b. Align the mounting bolts in the engine mount with the mounting holes in the

firewall. Install the mounting bolts through from the aft side of the firewall.
I:tstaU washers and nuts, then dry torque to 20Q.240 in. lbs.

c. Attach the air filter box and turbo mounting brackets to the firewall using
bolts, washer and nuts .

d. Connect the throttle and mixture control cables to the injector unit, install
cable clamps and rig per paragraph 8A -38.

e. Connect the governor control cable to governor. Install cable clamps and
rig per paragraph 8A -17 .

f. Connect the exhaust waste gate control cable to the gate control lever.
g. Connect the alternate air door cona-ol cable to the air door control arm

and adjust the cable end on the control arm so when the control knob in the cockpit
i~ full in, there will be approximately one-eighth inch clearance between the
control arm and the door hinge arms.

h. Connect the turbo oil line to the fitting at the bottom of the turbo oil filter .
i. Connect the fuel line and heater fuel line (right engine only) to the fittings

on the firewall.
j. Connect the vacuum hose to fitting on the firewall.
Ie.. Connect the breather hose to the breather tube attached to the firewall and

connect the turbo oil line to the engine accessory housing.
1. Connect the magneto "P" leads to magneto 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 fittings on the

firewall.
o. Connect the oil temperature electrical lead to the oil temperature bulb in'

the accessory housing and connect the tachometer cable to the accessory housing.
p. Connect the cowl flapremrn spring to the engine mount and flap control arm.
q. Connect electrical leads to the generator or alternator. cylinder head tem­

perature bulb in Number 3 cylinder and exhaust temperature probe. and secure
cable with clamps to prevent chafing.

r. Connect electrical cable to starter and secure cable to engine with clamps
to prevent c~fing.

s. Ascertain that the magneto switches are OFF and install propeller per
paragraph 8A -11 .

POWER PLANT
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•
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Figure SA -5. E¥ne Installation•

1. BOLT ASSEMBLY
2. AIR FILTER BOX
3. ENGINE MOUNT
4. TURBOCHARGER TOP MOUNT
5. ENGINE SHOCK MOUNT (SEE SKETCH AI
6. OIL FILLER
7. fUEL DISTRIBUTOR VALVE
8. INJECTOR NOZZLE FUEL LINE
9. SPARK PLUG LEAD

10. BAFFLE. FRONT
11. STARTER RING GEAR
12. PROPELLER ASSEMBLY
13. TURBOCHARGER OIL FILTER
14. TURBO OIL PRESSURE SENDER

Issued: 11/19/71
2823

16. BOLT ASSEMBLY
16. EXHAUST STACK
17. ALTERNATE AIR DOOR
18. TURBOCHARGER TURBINE SECTION
19. TURBINE INLET
20. EXHAUST WASTE GATE ASSEMBLY
21. TURBOCHARGER COMPRESSOR SECTION
22. COMPRESSOR AIR DUCT
23. COMPRESSOR DISCHARGE CHECK VALVE DOOR
24. COMPRESSOR INLET DUCT
25. TURBOCHARGER OUTSIDE MOUNT
26. INDUCTION AIR SCOOP
27. SPARK PLUG
2B. ALTERNATOR ASSEMBLY
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32
2t 3D

3330 31 32

29. NUT
30. SPACER
31. SHOCK MOUNT. SILVER
32. SHOCK MOUNT. GOLD
33. WASHER
34. BOLT
35. SPACER

29

C241

34

32 33

31

30
31

29

34 35

SKETCH A

Figure 8A-S. Engine Installation (cont.) •
Revised: 4/6/81
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t. Connect the battery ground cable at the battery.
u. Turn on the fuel valve. open the throttle full. and turn on the electric fuel pump and check the fud

lines for leaks.
v. Install access panels on the engine nacelle and cowling per Paragraph 8A-7.
w. To prevent possible high speed bearing failure due to lack of lubrication during the start. refer to the

latest revision of Lycoming Service Instructions No. 1241.
x. Perform an engine operational check.

8A-20a. PROTECTION OF ENGINE MOUNT. The lower engine mount tubes which are next to the
turbochargers have been painted with a special heat resistant paint. Should the mount need repainting. the
following procedure must be followed to insure the heat resistant quality:

a. Strip all old paint from the lower engine mount tubes.
b. Sand the full length of the tubes and remove all grease and oil.
c. Apply three brush coats of extra high H-170 Heat Rem. paint, or Krylon high heat aluminum paint

111402, or Randolph products heat resistant coating IIK3760 or 3761.

NOTE

The engine mount tubes should be warm during the paint
application, but not hot.

d. Allow twelve hours between brush coats.

8A-21. ENGINE SHOCK MOUNTS.

8A-22. REPLACEMENT OF ENGINE SHOCK MOUNTS. Refer to Figure 8A-5 for the proper
arrangement of the engine shock mount assemblies. The top shocks are assembled so the gold colored shock is
aft and the silver colored shock is forward. The lower shock mounts are installed opposite of the top shol:k
mounts. Torque shock mount bolts to 450 to 500 in. Ibs. and safety.

8A-23. ENGINE TURBOCHARGER. The turbocharger system requires little attention between turbo
overhauls. However, it is recommended that the items outlined in the Inspection Report of Section III be
checked during required inspection intervals. Should trouble occur, refer to the Troubleshooting Table in this
section and seek out the possible cause. Do not break the clamp sealjoining the turbine and compressor units.

8A-23a. TURBOCHARGER NOMENCL.ATU RE. Many unfamiliar terms may appear on the following
pages ofthis manual. An understanding of these will be helpful, if not necessary, in performing maintenance
and troubleshooting. The following is a list of commonly used terms and names as applied to turbocharging
and a brief description.

•

TERM

Supercharge

Supercharger

Turbo-Supercharger

MEANING

To increase the air pressure (density) above or higher than ambient conditions.

A device that accomplishes the increase in pressure.

More commonly referred to as a "Turbocharger," this device is driven by a
turbine. The turbine is spun by energy extracted from the engine exhaust gas.

Revised: 10/28/82
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Compressor

Turbine

Waste Gate and Actuator
(Exhaust By-Pass)

Density Controller

Differential Pressure
Controller

Ground Boosted or
Ground Turbocharged
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The portion of a turbocharger that takes in ambient air and compresses it •
before discharging it to the engine.

The exhaust driven end of the turbocharger unit.

The waste gate is a butterfly type valve in the exhaust by-pass which. through­
out its travel from open to closed. allows varied amounts of exhaust gas to
by-pass the turbine. controlling its speed. hence the output of the compressor.
The actuator is operated by a hydraulic piston operated by engine oil and
cylinder with the piston linked to an arm on the butterfly valve shaft.

The density controller is designed to allow the engine to develop full rated
power no matter what ambient temperature and pressure conditions are.
This controller regulates waste gate bleed oil only at full throttle position to
maintain a constant air density at the injector inlet. The pressure and temp­
erature sensing bellows of the controller react to pressure and temperature
changes between the fuel injector inlet and the turbocharger compressor. The
bellows. filled with dry nitrogen gas. maintains a constant density by allowing
the pressure to increase as temperature increases. Movement of the bellows
re-positions the bleed valve. causing a change in quantity of bleed oil. which
changes oil pressure to the wastegate piston.

NOTE

The density controller is designed to keep the air density constant at the in­
jector entrance. As ambient air temperature increases or density decreases due
to change in altitude a higher manifold pressure is required to maintain a con-.
stant density. also resulting in a higher injector inlet temperature. This is why
wide open throttle manifold pressure increases with either altitude or outside
air temperature. In a full throttle climb. a gain of 3 to 4 inches of manifold pres-
sure between sea level and critical altitude will be seen.

This controller uses a diaphragm rather than a bellows as is found in the den­
sity controller. It is used in conjunction with the density controller. Its function
is to override the density controller so that the compressor discharge pressure
is not held at an unnecessarily high level when lower manifold pressure is being
used. The differential controller will usually maintain a compressor discharge
pressure (deck pressure) approximately 6.S" Hg above the selected manifold
pressure. In this system. the density controller is only effective at wide open
engine throttle conditions.

These phrases indicate that the engine depends on a certain amount of turbo­
charging at sea level to produce the advertised horsepower. An engine that is
so designed will usually include a lower compression ratio to avoid detonation .

Added: 10/28/82 2H2 •POWER PLANT
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Deck Pressure

Manifold Pressure

Normalizing

Overboost

Overshoot

Bootstrapping

Critical Altitude
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..
The pressure measured in the area downstream of the turbo compressor dis~

charge and upstream of the engine throttle valve. This should not be confusc:d
with manifold pressure.

The pressure measured downstream of the engine throttle valve and is almost
directly proportioned to the engine power output.

If a turbocharger system is used only to regain power losses caused by de­
creased air pressure of high altitude. it is considered that the engine has been
"normalized."

An overboost condition means that manifold pressure is exceeding the limits
at which the engine was tested and FAA certified and can be detrimental to the
life and performance of the engine. Overboost can be caused by mal­
functioning controllers or improperly operating waste gate in the automatic
system or by pilot error in a manual controlled system.

Overshoot is a condition of the automatic controls not having the ability to
respond quickly enough to check the inertia of the turbocharger speed increase
with rapid engine throttle advance. Overshoot differs from overboost in that
the high manifold pressure lasts only for a few seconds. This condition can
usually be overcome by smooth throttle advance. A good method for ad­
vancing the throttle is as follows. After allowing the engine oil to warm up to
approximately 1400 F. advance the throttle to 2S" to 30" manifold pressure.
hesitate I to 3 seconds and continue advancing to full throttle slow and easy .
This will eliminate any overshoot due to turbocharger inertia.

This is a term used in conjunction with turbo machinery. If you were to take
all the air coming from a turbocharger compressor and duct it directly back
into the turbine of the turbocharger. it would be called a bootstrap system and
if no losses were encountered. it would theoretically run continuously. It would
also be very unstable because if for some reason the turbo speed would change.
the compressor would pump more air to drive the turbine faster. etc. A turbo­
charged engine above critical altitude (waste gate closed) is similar to the
example mentioned above. except now there is an engine placed between the
compressor discharge and turbine inlet. Slight system changes caused the ex­
haust gas to change slightly. which causes the turbine speed to change slightly.
which causes the compressor air to the engine to change slightly. which in turn
again affects the exhaust gas. etc.

A turbocharged engine's waste gate will be in a partially open position at sea
level. As the aircraft is flown to higher altitude (lower ambient pressures) the
waste gate closes gradually to maintain the preselected manifold pressure. At
the point where the waste gate reaches its full closed position. the preselel:tcd
manifold pressure will start to drop and this is considered critical altitude.

•
SA-24. REMOVAL OF TURBOCHARGER.

a. Remove engine cowling per Paragraph SA-5.
b. Remove the turbocharger compressor and turbine assembly by the fol1owing procedure:

Revised: 10/28/82
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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 attaching 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-2S. INSTALLATION OF TURBOCHARGER.
a. Position turbo unit with gaskets on exhaust inlet and outlet ducts and secure with

..v.. band clamps.
b. Slide the induction air and compressed air flexible ducts on the air inlet and

outlet ports of the 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 mount 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 parting surfaces with two bolts, washen 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
twbocharger be conducted by an authorized overhaul facility.

8A-27. INDUcnON SYSTEM AIR FILTER.

8:\·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.

POWER PLANT
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8A-:9. CLEANING INDUcriON AIR FILTER. The air filter should be cleaned at least
every 100 hours; however, under dusty conditions it should be cleaned daily.

a. Oean mter thoroughly with a dry type cleaning solvent or kerosene.
b. Allow fllter to dry thoroughly then dip in SAE-lO weight oil and allow to drain

for four hours.

SA-30. INSTAlLATION OF INDUcrION AIR FILTER.
a. Wipe excess oil from air filter and install it in the filter box.
b. Place cover on ruter box and secure with wing nuts.
c. Safety nuts with MS2099-NC3210ckwire.
d. Install side access panel and secure with fasteners.

SA-3l. ALTERNATE AIR DOOR. The alternate air door, located in the induction system
on the left side of the air ruter plenum between the air ruter and the fuel injector inlet. is to
provide a source of air should there be an air stoppage through the mter system. The
following should be checked during inspection:

a. All door seals are tight and hinges secure.
b. Actuate the door to 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 ann and the door hinge arms
when full closed.

SA-32. FUEL INJECTOR.

SA-33. FUEL INJECTOR MAINTENANCE.
a. In general, little attention is required between injector overhauls. However, it is

recommended that the fonowing items be checked during periodic inspection of the engine.
I. Check tightness and lock of all nuts and screws which fasten the injector to

the engine.
., Check all fuel lines for tightness and evidence of leakage. A slight fuel stain

adjacent to the air bleed nozzles is not cause for concern.
3. Check throttle and mixture control rods and levers 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 the internal metal parts. This condition, however, does not occur during normal
operation of the injector where fresh fuel is being constantly circulated.

POWER PLANT
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SA -34. LUBRICATION OF FUEL INJECTOR.
a. There is very little need for lubrication of the injector in the field between

regular overhauls. However. the clevis pins used in connection 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 throttle shaft bushings.

8A-3S. REMOVAL OF FUEL INJECTOR.
a. Remove the cowling per paragraph SA-S.
b. Remove clamps securing throttle and mixture control cables to cable

brackets.
c. Disconnect throttle and mixture control cables from injector unit by re­

moving nut and washer from ball joints.
d. Remove the safety wire and cap bolts attaching the air plenum to the injector

unit.
e. Disconnect the fuel lines at the injector unit.
f. Remove the pal-locknuts and nuts securing the injector to the engine.
g. Pull the air plenum back to allow the injector unit to be removed .

8A-36. PREPARATION FOR STORAGE. Any unit taken out of service. or units
being returned for overhaul. must be flushed with preserving oil (Specification
NtIL-O-6081, Grade 1010) using the follOWing procedure:

a. Remove plug·s and drain all fuel from the injector. If available, apply 10
to 15 psi, air 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 at
13 to 15 psi to the injector fuel inlet until oil is discharged from the outlet.

c. Replace fuel inlet shipping plug.

CAUTION

Do not exceed the above air pressures as internal
damage 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 as climatic conditions
at the point of storage require. In most cases. storing the unit in a dry area
will be sufficient .

POWER PLANT
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e. If the unit is to be stored near or shipped over salt water, the following precautions
should be observed:

1. Spray the ex terior of the injector with an approved preservative oil.
:!. Pack in a dustproof container, wrap the container with moisture and vapor-proof

material. and seal. P:lck the wrapped unit ina suitable shipping case. Pack a one-half pound
bag of silica gel crystals in the dustproof container with injector. The bag must not touch
the injector.

CAUTION

Extreme caution should' be o::\ercised when handling or
working around the injector to prevent oil or fuel from
entering the air sections of the injector. As explained
previously. damage to 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 engine, such as washing down the engine and air scoop,
servicing the air filter (surplus oil on the element), or when
injecting preservative into the engine prior to storing or
shipping.

8A-37. INSTALLATION OF FUEL INJECTOR.
a. Move the injector air plenum aft enough to allow the injector with gasket to be

installed. Install mixture control cable bracket on Injector mounting studs and secure
br:lcket and injector to engine with nuts and pal locknuts.

b. Secure inlet air plenum to injector with cap bolts and safety.
c. Connect fuel lines to injector unit.
d. Connect throttle and mixture control cables to injector unit.
e. Oamp control cables to cab~ brackets and adjust per paragraph 8A-38.
f. Adjust idle speed and mi."(ture per paragraph 8A-39.
g. Instill cowling per paragraph 8A-7.

POWER PLA~"T
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8A-38. ADJUSTMENT OF THROTTLE AND MIXTURE CONTROLS. The throttle and
mixture controls are adjusted when the throttle arm on the injector is rotated forward
against its full throttle stop and the mixture arm is rotated forward against its full rich stop:
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 and/or mixture control cable end from its
control arm.

b. Loosert the jam nut securing ~he 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 to its control arm and secure jam nut.
e. Pull the throttle and mixture control lever in the cockpit fuD aft to ascertain that

the injector idle screw contacts its stop and the mixture control arm contacts its lean
position.

8A-39. ADJUSTMENT OF IDLE SPEED AND MIXTURE.
a. Start the engine and warm up in the usual manner until oil and cylinder head

temperatures are nonnal.
b. Check magnetos. If the "mag~rop" is normal, proceed with idle adjustment.
c. Close the throttle to idle. If the RPM changes appreciably after making the idle

mixture adjustment during the succeeding steps, readjust the idle speed to the desired RPM.

NOTE

The idle mixture must be adjusted with the fuel boost
pump ON.

d. When the idling speed has been stabilized, move the cockpit mixture control lever
with a smooth, steady pull toward the Idle Cut.()ff position and observe the tachometer for
any charging during the "leaning" process. Caution must be exerCised to return the FuD
Rich position before the RPM can drop to 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 too lean.

e. If the above indicates that the idle adjustment is too rich or too lean, tum 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 the
adjustment is changed, the engine should be run up to 2000 RPM to 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 at 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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Figure 8A -8. Fuel Injector Figure 8A-9. Fuel Air Bleed Nozzle

•
8A40. FUEL AIR BLEED NOZZLES.

8A-41. REMOVAL OF FUEL AIR BLEED NOZZLES. The nozzles must be carefully
removed as they or the cylinders may be damaged.

a. Remove the side access panels from the engine nacelle.
b. Disconnect the fuel line from the nozzle.
c. Remove the spring retainer and spring from the nozzle stem.
d. Disconnect the nozzle shroud from the vent hose and remove it from the nOlzle.
e. Carefully remove the nOli.k, using the correct size'deep socket.
f. Clean and inspect the nozzle as given in paragraph 8A-42.

8A42. CLEANING AND INSPECTION OF FUEL AIR BLEED NOZZLE.
a. Clean the nozzle with acetone or equivalent and blowout all foreign particles with

compressed air in the direction opposite that of fuel flow. Do not use wire or otherhard objects
to clean orifices, (Refer to the latest revision of Lycoming Service Instruction No. 1275.)

b. Inspect and replace nozzle "0" rings if found to be cracked brittle or distorted.
c. A test procedure for air bleed nozzles is described in the latest revision of Lycoming

Service Instruction No. 1275. .

•

8A-43. INSTALLATION OF 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.

POWER PLANT
Revised: 6/4/81
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c. Ascertain "0" rings are properly installed on the nOlzle stem and install nOlzle
shroud. (Refer to Figure 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. IGNmON SYSTEM MAINTENANCE.

8A-4S. MAGNETO.

CAtITION

Ascertain.. that the primary circuits of both magnetos are
grounded before working on the engine.

•

8A-46. INSPECTION OF MAGNETO. At the time of engine inspection or when a magneto •
has been removed from the engine, the following checks may be perfonned:

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-II. 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 .10.391200 oil.

NOTE

Refer to the latest revision of Bendix Service Bulletin No. 551
or Lycoming Service Bulletin No. 343 for further information
on new distributor block lubricant.

POWER PLANT
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NORMAL POINT IS SMOOTH
AND FLAT. SURFACE HAS

DULL GRAY "SANDBLASTED"
APPEARANCE

MINOR IRREGULARITIES ­

SMOOTH ROLLING HILLS

AND DALES WITHOUT ANY
OEEP PITS OR HIGH PEAKS.

THIS IS A NORMAL CON­
DITION OF POINT WEAR.

WELL DEFINED MOUND

EXTENDING NOTICEABLY

ASOVESURROUND ING
SURFACE.

•
Figure SA-lO. 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 wear or burning. Figure 8A·IO shows
how the average breaker point will look when surfaces are separated for inspection. Desired
contact surfaces have a dull gray, sand·blasted (almost rough) or frosted appearance. over
lUI: area where electrical contlct is made. This means that points are worn in and mated to
each other. thereby providing the best possible electrical conUct and highest efficiency of
~fu~an~ .

f. Minor irregularities or roughness of point surfaces are not harmful (Refer to
Figure 8A-IO center). Neither are small pits or mounts, if not too pronounced. If there is a
possibility of pit becoming deep enough to penetrate pad, Figure SA·IO, right, reject
breaker assembly.

NOTE

No attempt should be made to stone or dress breaker points.
Should breaker assembly have bad points or show excessive
wear, the complete breaker assembly should be replaced.

g. Look for frayed insulation or broken wire strands in leads in back of magneto.
See that terminals are secure. Be sure wires are 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.

• 2U13
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MEASURE BODY
THICKNESS HERE

•

Figure SA -11. Contact Spring
. Inspection

Figure 8A-12. Impulse Coupling

i. Adjusanent of breakers mustbe correct for proper internal timing of mag­
neto. (See Paragraph 8A-48.)

j. Check if breaker cam is clean and smooth, if cam screw is tight (25 in. lbs.) .
If new points are installed, blot a little oil on cam.

k. Inspect impulse coupling flyweights for excessive looseness on the axles. •
Desired couplings having 0.927 of an inch thick body should be checked with 1/8
inch drill. Couplings with 0.974 of an inch thick body are checked with a Number
18 drill. U drill fits between cam and flyweight, the fit is too loose and coupling
should be replaced. (Refer to Figure 8A-12.)

l. Check impulse coupl1.ng for excess wear on the contact edges of body and
flyweights.

m. Check that the impulse coupling flyweight axle rivets are tight and there
are no cracks in body.

n. Look at the lead conduits. A few broken strands won't hurt, but if the in­
sulation looks tired. you may be in for trouble. The special high temperature
coating used on lightweight harnesses is prOVided chiefly for vibration resistance
and mechanical protection. The integrity of the harness is not sacrificed if small
areas of the braid show peeling or flaking of this coating.

o. Check the springs for breaks, corrosion, or deformation. U possible,
check continuity from block with tester or light.

p. Check insulators for cracks, breaks, or evidence of "old age·'. Be sure
they are clean.

POWER PLANT
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q. Timing and ventilator plugs. Ventilator has drilled holes and should be in
lowest hole in magneto to serve also as drain for excess water or oil. Solid plug
is used in other hole - or in location exposed to rain or water.

NOTE

The magneto service instructions in this manual are
to cover minor repairs and timing. For further re­
pairs and adjusanents of the magnetos, it is recom­
mended that the magneto manufacturer's service in­
structions be followed.

8A-47. REMOVAL OF MAGNETO.
a. Remove the side 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

attaching screws.
d. Remove the two nuts and washers securing the magneto to the engine acces­

sory housing.
e. Pull the magneto from the engine .

8A-48. TIMING PROCEDURE. (INTERNAL TIM1~.) When installing new or
adjusting breaker points and before timing the magneto to the engine, it is im­
portant that the internal timing of the magneto be correct.

a. To internally time the magneto, ,.....--R-E-O-QR-·------------,

it should. be removed from the engine WHITE TOOTH

to determine "E" gap.
b. To determine "E" gap, find neu­

tral position of the magneto drive by
rotating drive coupling in a left hand
direction until the red or white cham­
iered tooth on the distributor gear ap­
pears 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
a left hand direction 10 degrees. Ap­
pearing through timing hole, when the
white or red tooth aligns with the white Figure SA -13. Magneto Timing Marks

POWER PLANT
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line of the distributor block, the magneto is set at "E" gap. (Refer to Figure
SA -13.) Alignment may not vary over ± 4 degrees.

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 ± 0.006 of an inch with the
point opening set at "E" gap. If breaker points do not come within tolerances,
they should be replaced.

SA-49. INSTALLATIONAND TIM1NGPROCEDURE. (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 in­
temal' timing of magnetos.

a. Remove cowling per paragraph 8A -S.
b. Remove the top spark plug from Number one cylinder. Place the thumb of

one hand over the spark plug hole and rotate the crankshaft in direction of normal
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 Number one cylinder are
closed. Turn the crankshaft opposite to its normal direction of rotation UDtil it
is approximately 3S degrees BTC on the compression stroke of Number one cyl­
inder. Rotate the crankshaft in its normal direction of rotation until the 25 de­
grees mark on the back starter gear and the crankcase parting flange 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 8A -14.)

c. Rotate the drive gear on the magneto until the chamfered tooth on the dis­
tributor gear inside the magneto aligns with the white pointer as seen through
the inspection hole in the magneto housing. (Refer to Figure 8A -13.)

d. Without allowing the gear to turn from this position, install the magnet.)
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. Ascer­
tain that the primary ground spring is not touching the magneto case.

POWER PLANT
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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 tum magneto in opposite direc­
tion until the timing light just goes out.
Secure the magneto housing in this po­
sition.

NOTE

Some timing lights operate
the opposite of the one men­
tioned.

Figure SA -14. Engine Timing Marks i. Rotate the crankshaft opposite
normal rotation until it is approximately

35 degrees BTC on compression stroke Number one cylinder.

NOTE

The crankshaft should not be rotated more than 10
degrees in direction opposite normal rotation from
the 25 degree 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 normal di­
rection until sharp "click is heard; this will indicate
that the impulse coupling has .passed thro.ugh firing
position. Turn crankshaft in direction opposite nor­
mal rotation to approximately 35 degrees BTC and
proceed with timing check.

j. Turn the crankshaft very slowly in direction of normal 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 -14, or the timing mark on the back. of the ring
gear aligns with the crankcase parting surface. A t this point the. light :should go
uut.

k. If the light does not go out at this point, align timing marks and rotate mag­
neto on mounting flange in the desired direction and repeat the procedure until the
light goes out at 25 degrees before top dead center .

POWER PL-\NT
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l. Tighten the two mounting nuts and replace the inspection plug.
m. After tightening magneto mounting nuts, check timing to make sure it is

s till correct. I

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 normal rotation to approximately 35
degrees BTC with Number one cylinder on the compression stroke.

p. If the magnetos are timed correctly, both timing lights will go out simul­
taneously when the crankshaft is nJrned in the normal direction aligning the 25
degree mark with either the drilled bole in the starter housing or the crankcase
parting surfaces.

q. Disconnect timing light. Ascertain that the inspection plugs and breaker
cover is installed and secure.

r. Install harness plate and secure with screws.
s. Connect "P" leads and safety.
t. Install COWling per paragraph SA -7 .

8A-50. HARNESS ASSEMBLY.

SA -51. 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 or stripped threads on coupling nuts. Check
compression spring to see if it is broken or distorted. Inspect grommet for
tears. Check all mounting brackets and clamps to see that they are secure and
not cracked.

b. Using an ohmmeter, buzzer, or other suitable low voltage device, check
each lead for continuity. II continuity dOes not exist, wire is broken and must
be replaced.

c. For electrical test of harness assembly, use a high voltage, direct current
tester such as the TA KK Model 86 or 86A or an equivalent direct current high
voltage tester capable of delivering a test potential 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 la, 000 volts. The insulation re­
sistance should be 100 megohms minimum: Proceed to check other leads of har­
ness in same manner.

d. Minor repair of the harness assembly, such as replacement of contact
springs. spring retainer assemblies, insulating sleeves or of one lead assembly.
can be accomplished with the harness assembly mounted on the engine. However,
should repair require replacement of more than on~ lead assembly or of a cabLe

POWER PLANT
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outlet plate, the harness should be re­
moved from the engine and sent to an
overhaul shop

Figure SA-IS. Removing Spring
From Lead Assembly

SA-52. REMOVAL OF HARNESS.
a. Disconnect the clamps that se­

cure the wires to the engine and acces­
sories.

b. Loosen the coupling nuts at the
spark plugs and remove the insulators
from the spark plug barrel well. Use
caution when withdrawing the insulator
not to damage the insulator spring.

c. Place a guard over the harness
insulators.

d. Remove the harness assembly
terminal plate from the magneto .

e. Remove the harness from the airplane .

SA-53. MAINTENANCE OF HARNESS.
a. To replace contact springs, spring retainer assemblies or insulating

sleeves, proceed as follows:
1. Using a Scintilla 11-7073 Needle or a mechanical pencil with the lead

retracted, hook the end of the contact spring as sh~wn in Figure SA -15.
2. Using the needle or pencil, unscrew the spring.
3. Slide insulating sleeve and spring retainer assembly off end of lead

assembly.,
4. Replace defective component and reassemble as follows:

(a) Fabricate a tool as shown in Figure SA -16 for installing the insu­
lating sleeves over cable terminals.

(b) Push the tool thru insulating sleeve and spring retainer assembly
as shown in Figure SA -17. Secure the cable terminal into the tool.

(c) Work insulating sleeve and spring retainer assembly into position
over the cable and unscrew the tool. Install contact spring on cable terminal.

•
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•
/
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DRILL NO. 47 1 IN. DEEP
TAP 3-48

BLEND 0.0. TO 1.0.
POLISH 0.0.

12.000 IN.

MAT: NO. 30 DRILL ROO OR EQUIVALENT

Figure 8A-16. Assembly Tool

SPRING RETAINER ASSY

•Figure SA -17. Using Assembly Tool

NOTE

It may be necessary to lubricate the cable and insulat­
ing sleeve with a thin film of MC 200 (200,000 centi­
stokes) or commercial grade alcohol to facilitate as­
sembly.

b. To replace one of the lead assemblies, proceed as follows:
1. Remove clamps and brackets from applicable lead assembly. Cut cable

ties from assembly and discard.
2. Cut off .condemned lead flush with outer surface of cable outlet plate.
3. Grip eyelet of lead with a pair of pliers and pull short length of con­

ductor out of grommet and cable outlet plate.
4. Using a 3 inch long, 0.270 of an inch diameter drift, applied at outer

surface of plate, drive out tapered ferrule and remaining pieces of insulation and
shielding.

POWER PLANT
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~r'=·2=5~=c!===:ll ,1Ioo. ~.

1~.--------REQUIRED LENGTH ----------1

Figure SA-IS. Measuring Lead Assembly Length

5. To determine what length the new lead assembly should be cut to, pro­
ceed as follows:

(a) Measure the length of the condemned lead assembly. Move coupling
nut back on lead assembly and measure from outer end of ferrule .at spark plug
end. (Refer to Figure 8A -18.)

(b) To the. length determined in step (a), add 1-3/4 inches.

NOTE

Spare part leads are supplied in various lengths. Use
a lead which is loriger than, but nearest to, the desired
length.

•
Figure8A -19. Cutting Metallic

Braid From End of Lead
Figure SA -20. Unbraiding

Metallic Shielding

POWER PLANT
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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 or rubber stamp to correspond
with correct cylinder number.

7. Starting at spark plug location, thread new cable thru grommets and
clamps, as necessary, for correct routing of cut end of cable to magneto location.

8. Using electrician's scissors, carefully remove 1.250 inches of outer
braid from end of lead. (Refer to Figure SA-t9.)

9. Using a scribe or similar pointed tool, unbraid 3/8 inch of braided
shielding. (Refer to Figure 8A - 20.) Wrap a single thickness of electrical tape
around unbraided strands to facilitate insp.rtion of lead end thru hole in cable
outlet plate.

10. Remove cable outlet plate from magneto. Support plate securely and,
using suitable cutting pliers, split and remove eyelets from leads adjacent to lead
being replaced. When splitting eyelet, make certain that wire strands are 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
electrical tape from lead and install tapered end of ferrule under the unbraided
strands of shielding: Form strands of shielding evenly around tapered ferrule
as 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 seating tool with a hammer or by using an arbor press.

12. Measure 1/2 inch from capered ferrule and strip remaining insulation
from wire. (Refer to Figure 8A - 24 .)

RED COATING

POSITION OF

FERRULE UNDER

SHIELDING

Figure 8A -21. Forming Shielding Around Ferrule

POWER PLANT
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2.750

2.37

0.250

MATERIAL - BRASS

Figure 8A -22. Ferrule Seating Tool Figure 8A - 23. Needle

•

13. Insert Scintilla 11-7073 Needle (Refer to Figure 8A -23)thru small hole
of grommet and over stripped 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 grom.met outlet (Refer to Figure SA -25).
Double wire over as shown in A of Figure 8A -27. Slide eyelet over doubled wire
until it is firmly seated in recess of grommet outlet.

15. Using the "AS" 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 S of Figure 8A -27.)

•

....--t.....--- 0.50

Figure SA -24. Measuring Wire
From Top of Ferrule

11 - 7073 NEEDLE

Figure SA-25. Installing Grommet
Over Lead Assemblies

POWER PL~(\'T

Issued: 11/19/71

2823



PIPER TWIN COMA NCHE SERVICE MA NUA L

Figure 8A-26. Lead Assembly
Installed in Grommet

A

8

Figure SA-27. Wire Doubled Over
For Installation of Eyelet

•

NOTE

U the crimping tool is not available, a satisfactory
connection can be made by soldering with Kester Flux
709 or equivalent and a non-corrosive solder. After
soldering, clean solder joints using denatured alcohol.

16. Install clamps and cable ties, as necessary. to secure lead to the engine.

SA-54. INSTALLATION OF HARNESS. Before installing harness on magneto,
check mating surfaces for cleanliness. Spray entire face of grommet with a light
coat of Plastic Mold Spray, SM-O-O-TH Silicone Spray or equivalent. This will
prevent harness grommet from sticldng to magneto distributor block.

a. Place the harness terminal plate on the magneto and tighte~ nuts around
the plate alternately to seat cover squarely on magneto. Torque nuts to 18 to 22
inch pounds.

b. Route ignition wires to their respective cylinders.
c. Clamp the harness assembly in position.
d. Connect the leads to the spark plugs.

POWER PLANT
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SA-55. SPARK PLUGS.

SA-56. R&\10VAL OF SPARK PLUGS.
a. Loosen the coupling nut on the" harness lead aDd remove the terminal insu­

lator from the spark plug barrel well.

NOTE

When withdrawing the ignition cable lead connection
from the plug, care must be taken to pull the "lead
straight out and in line with the center line of the plug
barrel; otherwise, a side load will be applied which
frequently results in damage to the barrel insulator
and connector. (f the lead cannot be removed easily
in this manner, the resisting contact between the neo­
prene colUlr and the barrel insulator will be broken
by a rotary twisting of the collar. Avoid undue dis­
tortion of the collar aDd possible side loading of the
barrel insulator.

b. Remove the spark plug from the engine. (n the course of engine operation,
carbon and other combustion products will be deposited on the end of the spark
plug and will penetrate the lower threads to some degree. As a result, greater
torque is frequently required for removing a plug than for its installation. 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 as in installation since it cannot stretch the threaded section. It
does, however, impose a shearing load on this section and may, if sufficiently
severe, produce a failure in this location.

NOTE

Torque indicating haDdle should not be used for spark
plug removal because of the greater torque require­
ment.

c. Place spark plugs in a tray that will identify their position in the engine as
soon as they are removed.

POW ER PLA l'l"T
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•NOTE

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 at the apex just large enough to
accomm,odate the fwmel of a C02 bottle.
(Refer to Figure SA-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-28. Removing Frozen
the funnel of the C02 bottle inside the Spark Plug
funnel adapter and release the carbon
dioxide to chill and contract the spark plug. Break the spark plug loose with a
wrench. A warm cylinder head at the time the carbon dioxide is applied will aid
in the removal of an excessively seized plug.

e. Do DOt allow foreign objects to enter the spark plug hole. •

8A-57. INSPECTION AND CLEANING OF SPARK PLUG.
a. Visually inspect each plug for the follOWing non-repairable defects:

1. Severely damaged shell or shield threads nicked up. stripped or cross-
threaded. .

2. Badly battered or rounded shell hexagons.
3. Out-of-round or damaged shielding barrel.
4. Chipped. cracked or broken ceramic insulator portions.
5. Badly eroded electrodes worn to approximately 50% of original size.

b. Clean the spark plug as required. removing carbon and foreign deposits.
c. Test the spark plug both electrically and for resistance.
d. Set the electrode gap at 0.15 to 0.21 of an inch.

POWER PLANT
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8A -58. IN:iTALLATION OF SPARK PLUGS. Before installing spark plugs, as­
certain that the threads within the cylinder are clean and not damaged.

a. Apply anti-seiZe compound sparingly on the threads and inscall gasket and
spark plugs. Torque 360 to 420 inch pounds.

CAUTION

Make certain the deep socket is properly seated on the
spark plug hexagon as damage to the plug could result
if the wrench is cocked to one side when pressure is
applied.

b. Carefully insert the terminal insulator in the spark plug and tighten the
coupling nut.

SA - 59. LUBRICATION SYSTEM.

8A-60. ADJUSTMENT OF OIL PRESSURE RELIEF VALVE. Engines are fur­
nished with either a non-adjustable or adjustable oil pressure relief valve located
to the rear of No. 3 cylinder. A brief description and setting procedure for both
types follows:

a. Oil Relief Valve (Non-Adjustable): The function of the oil pressure relief
va lve is to maintain engine oil pressure wiOun specified limits (60 psi, min. to
90 psi, max.). This valve is not adjus table; however, the pressure can be con­
trolled by the addition of a maximum of three STD 425 washers under the cap [0

increase pressure or the use of a spacer (Lye. PIN 73629 or 73630) under the
cap to decrease pressure. Particles of metal or other foreign matter lodged
between the ball and seat will result in a drop in oil pressure. It is advisable.
therefore, to disassemble. inspect and clean the valve if excessive. pressure
fluctuations are noted. The oil pressure relief valve 1s not to be mistaken for
the oil cooler by-pass valve, whose function is to permit pressure oil to by-pass
the oil cooler in case of an obstruction in the oil cooler.

b. 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.). U the pressure under normal operating conditions should con­
sistently exceed the maximum or minimum specified limits, adjust the valve as
follows:

With the engine warmed up and running at approximately 2000 RPM, observe
the reading on the oil pressure gauge. If the pressure is above maximum or

•.-
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Figure 8A -29. Turbo Oil Flow Check
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below minimum specified limits, stop engine and screw the adju::iting scr~w out
to decrease pressure and in to increase pressure. Depending on installation. the
adjusting screw may have only a screwdriver slot and is turned with a screw­
driver; or may have the screwdriver slot plus a pinned 0.375-24 castellated nut
and may be turned with either a screwdriver or a box wrench.

8A-61. OIL SCREENS AND FILTERS. Cleaning and inspection of oil screens
and filters can be found in Section n.

8A-62. TURBO OIL FLOW CHECK. (Refer to Figure 8A-29.) Should an indi­
cation of low turbo oil pressure or flow occur. the follOWing system checks may
be accomplished.

a. Inspect turbo oil filter for restriction due to dirt accumulation. (Refer to
Turbo Oil Filter Cleaning Procedure, Section II.)

b. To check oil pressure, use the follOWing procedure:
I. Install a pressure gauge with a range of 0 to 80 psi pressure in the

pressure line after the turbo oil filter.
2. Start the engine and warm up in the usual manner until oil temperature

is normal .
3. Idle engine at 1000 Rl'r\.1 and observe pressure gauge. It should indicate

a minimum of 30 psi.
c. To check turbo oil flow, use the follOWing procedure:

1. Ascertain that the engine oil sump is full as indicated on the dipstick.
2. Start the engine and warm up in the usual. manner Wltil oil temperature

is normal.
3. Stop engine and disconnect inlet oil line at the turbo oil scavenger pump.
4. Install test line. approximately four feet long, on inlet fitting of turbo

oil scavenger pump.
5. Set two clean one gallon capacity containers Wlder the engine.
6. Allow the turbo oil drain line and test line to bang in one container.
I. Start engine and idle at 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 start timing Jor one
minute.

9. When one minute has passed, direct the oil flow into the scavenger
container and stop engine.

10 . ~1easure the oil in the tes t container. It should be a minim urn of 0.5
quart .

• 215
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TABLE VllIA-II. TROUBLESHOOTING CHART
(ENGINE-TURBOCHARGED)

•
Trouble

Failure of engine to

start.

POWER PLANT
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Cause

Lack of fuel.

Water in fuel injector.

Insufficient prime.

Overprtm ing •

Lack of sufficient
fuel flow.

Incorrect throttle
setting.

Defective spark plugs.

Defective ignition wire.

Improper operation of
magneto to breaker
points .

216

Remedy

Check fuel system for
leaks.

Fill fuel tanks.
Clean dirty lines,
screens, or fuel valves.

Drain water from fuel
system.

Increase prime .

Open throttle and engage
starter.

Clean fuel strainers
and screens. Check
fuel pump.

Open throttle to one­
tenth of its range.

Clean and adjust or
replace spark plug
or plugs. Refer to
Table II-I for spark
plug gap adjustments.

Check with electric
tester and replace
any defective wires.

Check internal tim iog
of magnetos.

Clean- and set points.

•

•
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TABLE VIllA-II. TROUBLESHOOTING CHART (cont.)
(ENGINE-TURBOCHA RGED)

••••

•

Trouble

Failure of engine to

start. (cont.)

Failure of engine to
idle properly.

Cause

Internal failure.

Magnetized impulse
coupling.

Frozen spark plug
electrodes.

Shorted ignition switch.

Incorrect idle
adjustment.

Idle mixture.

Leak in the induction
system.

Uneven cylinder
compression.

Faulty ignition
system.

Improper spark plug
gap setting .

217

Remedy

Check oil sump screen
for metal particles.
II found, complete
overhaul of the engine
may be indicated.

Demagnetize impulse
couplings.

Replace spark plugs or
dry out removed plugs.

Check and replace or
repair .

Refer to paragraph
SA-39.

Refer to paragraph
SA-39.
Tighten all connections

in the induction sys­
tern. Replace any
parts that are defec­
tive.

Check cylinder com­
pression.

Check entire ignition
system.

Regap spark plug.

POWER PLo\NT
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TABLE VIllA-II. TROUBLESHOOTING CHART (cont.)
(ENGINE-TURBOCHARGED)

•
Trouble Cause Remedy

Failure of engine to Clogged injector nozzle. Remove and clean,
idle properly. (cont.) paragraph 8A -42.

Dirty air filter. Check and clean.

Insufficient fuel Clean fuel strainer and
pressure. check fuel pump.

Induction drains open Clean or replace drains.

Low power aDd uneven ~fixture too rich: in- Check injector. Adjust
running engine. . dicated by sluggish mixture control.

engine operation,
red exhaust flame
and· black smoke.

Mixture too lean: in- Check fuel lines for dirt
dicated by overheat- or other restrictions.
tng or backfiring. Check fuel supply.

Clogged injector Remove and clean·,
nozzles. paragraph 8A-42.

Leaks in induction Tighten all connections.
system. Replace defective

parts.

Dirt in injector inlet Remove screen and
screen. clean.

Defective spark plugs. Clean or replace spark
plugs.

Improper grade of Fill tank with recom-
fuel. mended grade.

-

POWER PLANT
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TABLE VIllA-U. TROUBLESHOOTING CHART (cant.)
(ENGINE -TURBOCHA RG ED)

Trouble Cause Remedy

Low power and uneven Magneto breaker Check internal timing
running engine. points DOt working of magneto ;.:
(cant.) properly.

Defective ignition wire. Check wire with electtic
tester. Replace de-
fective wire.

Defective spark plug Replace connectors on
terminal connectors. spark plug wire.

Improper ignition Check magnetos for
timing .. timing and synchro-

nization.

Flow meter reads high. Clogged nozzle. Remove and clean.
paragraph 8A -42.

Defective fuel injector. Repair or replace fuel
injector.

Failure of engine to Throttle lever out of Adjust throttle lever.
develop full power. adjustment.

Leak in induction Tighten all connections.
system. and replace defective

parts.

Mixture too lean Injector must be re-
ar too rich. calibrated.

Resttiction in Examine air inlet and
induction air. remove restriction.

Improper fuel. Fill tank with recom-
mended fue I .

POWER PLANT
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TABLE VUlA-n. TROUBLESHOOTING CHART (cont.)
(ENGINE -TUR BOCHA RGED)

•
Trouble Cause Remedy

Failure of engine to Propeller governor put Adjust governor.
develop full power. Out of adjustment.
(cont.)

Propeller out of Adjust propeller low
adjustment. pitch stop.

Resttictions in inlet Examine air scoop and
air scoop and filter. filter and remove

resttictions.

Faulty ignition. Tighten all connections.
Check ignition system.
Check ignition timing.

Rough running engine. Cracked engine mOUDts. Repair or replace
engine mIJunt.

Unbalanced propeller. Remove propeller and
balance.

Bent propeller blades. . Replace propeller.

Defective mounting. Install new shock
mounts.

Lead deposit on spark Clean or replace plugs.
plug.

Malfunctioning engine. Check entire engine.

Low oil pressure. Insufficient oil . Fill oil sump to proper
level.

Dirty oil screens. Remove and clean oil
screens.

POWER PLANT
Issued: 1~/~9/7~
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TA BLE VIlIA -li. TROUBLESHOOTING CHA RT (cont.)
(ENGINE-TURBOCHARGED)

Trouble Cause Remedy

Low oil pressure. Relief valve out of Adjust valve.
(cont.) ad jus tmer:.( .

Defective pressure Replace gauge.
gauge.

Air lock or dirt in Remove and clean oil
relief valve. pressure relief valve.

Leak in suction line Check gasket between
or pressure line. accessory housing and

crankcase.

High oil temperature. See ''High Oil Temper-
ature" in Trouble
Column.

Stoppage in oil pump Check line for obstruc-
intake passage. Cion. Clean suction

screen.

Worn or scored Overhaul.
bearings .

High oil temperature. Insufficient air Check air inlet and
cooling. outlet deformation

or obstruction.

Insufficient oil supply. Fill oil sump to proper
level.

Clogged oil lines or Remove and clean oil
screens. screens.

Clogged oil cooler. Remove and clean oil
cooler.

POWER PLANT
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TABLE VIDA-II. TR.OUBLESHOOTING CHART (cant.)
(ENGINE-TURBOCHA RGED)

•
Trouble Cause Remedy

High aU temperature. Failing or failed Examine sump for
(cant.) bearing. metal particles and,

if found. overhaul
engine.

Defective thermo- Replace.
stats.

Defective temper- Replace gauge.
ature gauge.

. Excessive blow-by. Usually caused by weak
or stuck rings. Over-
haul.

Low grade of oil. Replace with oil con-
forming to specifi-
cations.

Improper engine Check entire engine.
operation.

Excessive oil con- Failed or failing Check sump for metal
sumption. bearing. particles and. if found,

overhaul of engine is
indicated .

Worn or broken piston Install new rings.
rings.

Incorrect installation Install new rings.
of piston rings.

POWER PLANT
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TABLE V1llA-U. TROUBLESHOOTING CHART (cont.)
(ENGIN E-11JRBOCHA RG ED)

Trouble Cause Remedy

Excessive 011 con- External 011 leakage. Check engine carefully
sumptioD. (cont.) for leaking gaskets,

"0" rings or sand
holes.

Failure of rings to seat. Use mineral base oil .
(New nitrided Climb to cruise al ti-
cylinders. ) tude at full power and

operate at 75% cruise
power setting until oil
consumption stabilizes.

Low grade of oil . Replace with oil con-
forming to specili-
cations .

.

e··

•
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TABLE VIllA-II. TROUBLESHOOTING CHART (cant.)
(ENGINE-TURBOCHA RGED)

•
Trouble

Inaccurate pressure
readings.

Loss of. reductio. of.
orfluctuatton of
manifold pressure
while turbocharging.

POWER PLANT
Issued: 1'!./'19/72

Cause

Cold weather.

Malfuncttoning 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.

2114

Remedy

High and low pressure
readings due to ex­
tremely cold weather
are notnecessartly a
malfunction. Small
and long oil' lines will
not transfer pressure
readings accurately un­
til eogine is quite warm

Repair or replace
gauge. NOTE: If the
engine changes in
power level or the air­
speed changes. then
actual change in MA P
has occurred due to
one of the reasons
listed below:

Check ducting and re­
move obstruction.

Connect or replace
ducting.

Replace defective part.

Replace Turbocharger.

••
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TABLE VIIU-Il. TROUBLESHOOTING CHART (com.)
(ENGINE-TURBOCHARGED)

Trouble Cause Remedy

Loss of, reduction of, Ruptured manifold Repair leak.
or fluctuation of gauge line or fitting.
manifold pressure
while turbocharging.
(cont.)

Broken waste-gate Replace control cable.
control.

Air inlet check valve Inspect, repair or
not fully sealing or replace as needed.
blocked partly open.

Loss of reduction of Out of fuel. Refuel.
fuel pressure when
turbochargmg.

Partial fuel vapor lock Turn on boost pumps
at high altitude due to and/or reduce power.
hot fuel and high power
settings .

Malfunctioning fuel Turn on boost pumps
pressure regulating and/or reduce power.
valve or fuel pump.

Ruptured fuellme or Shut off fuel shut-off
leaking fitting or valve. full ri"ch mixture
pump shaft seal. until fuel forward of

firewall is consumed by
engine. Secure engine

•

• 2115
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TABLE VInA-U. TROUBLESHOOTING CHART (cant.)
(ENGINE-TURBOCHA RG ED)

•
Trouble Cause Remedy

Loss or reduction of Ruptured boost pres- Continue operation until
fuel pressure when sure reference line next landing if engine
.turbochargiDg. to fuel pressure is smooth; otherwise,
(cont .) regulating valve. return engine to natu-

rally aspirated power.
Ground check fuel
system.

Turbocharger oil Low engine speed: This is normal.
pressure warning 1.e. idle RPM.
light on. .

Low engine oil Take necessary meas-
pressure. ures to restore engine

oil pressure.

Clogged Turbocharger Clean and replace
oU filter. Turbocharger oil filter

(See illustration.)
NOTE: Clogging can
occur very rapidly ~

detergent and non-
detergent oils are mix-
ed indisCriminately.

Shorted oil pressure Replace switch.
warning switch.

Ruptured Turbocharger Replace oil supply line.
oil supply line or leak- Tighten or replace
ing fitting. faulty fitting.

POWER PLANT
Issued: 12/29;72
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TABLE VIllA-II. TROUBLESHOOTll':G CHART (cant.)
(ENGINE -TURBOCHA RG ED)

Trouble Cause Remedy

Turbocharger oil Malfunctioning Turbo- Replace pressure re-
pressure warning charger oil pressure duction valve. NOTE:
light on. (cant.) reduction valve. To check valve, install

a pressure gauge at
the Turbocharger inlet
Normal pressure
should be 40 to 60 psi.
Discopnect turbo oil
drain line and measure
oil flow into a con-
tainer. Flow at 40 to
60 psi inlet pressure
should be 1 to 2 quarts
per minute per turbo .

Engine runs hot (5000 May be due to extreme Reduce power or open
or more) when turbo- hot weather. cowl flaps.
charging or naturally
aspirated. Cracked or loose cyl- Repair or replace as

inder cooling air required.
baffles.

During climb. Reduce power or open
cowl flaps or increase
Indicated AirS peed.

Over-boost or RPM Reduce MAP or RPM.
too higb.

Fuel mixture too lean Enrichen mixture.
during very hot
weather.

Mis-timed ignition, Check ignition timing,
either retarded or adjust as necessary.
pre- ignition .

POWER PLANT
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TABLE VIlIA-II. TROUBLESHOOTING CHART (cont.)
(ENGINE-TURBOCHA RGED)

•
Trouble

Engine runs hot (5000

or more) when turbo­
charging or naturally
aspirated. (cont .)

Airplane performance
is reduced from
normal.

POWER PLA~'T

Issued: I ~/:917'2

Cause

Detonation due to too
low octane fuel or
item above.

Faulty cylinder head
tern pera ture gauge.

Defective oil cooling
system.

Combinations of above.

May be due to hot
weather.

Tired engines. or out
of tune.

Airplane may have
additional drag due
to radio antenna.
sagging gear or flaps.
out of rig, etc.

2118

Remedy

Fuel mixture set too
lean or fuel octane too
low. Check mixture
and fuel grade.

Replace instrument.

Inspect and repair as
required.

Systematically elimi­
nate by above steps.

Speed for the Turbo
Twin Comanche will be
reduced 2 to 4 mph for
100 Frise in temper­
ature above standard
day. This is because
Turbochargers, like
turbines. are heat
sensitive as to per­
formance.

Repair engines as re­
quired.

Inspect airframe ar.d
repair as necessary.

•
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TABLE VIllA -II. TROUBLESHOOTING CHART (cant.)
(ENGINE -WRBOCHA RGED)

Trouble " Cause Remedy

Fuel consumption is Mixture set too rich. Develop proper leaning
higher than normal. technique.

Leak in fuel system. Locate and repair leak.

Prolonged high power Reduce power and lean
at full rich mixture. for ·fuel economy.

Hot weather. Hoe weather will natu-
rally increase fuel
consumpeion 2 to 4
GPH depending on
power, leaning and
temperature of the air
This is due to less

• dense air for the same
MAP. AIso it has been
found from tests that
slightly richer mixture
should be used for ex-
ttemely warm weather
to maintain a lower
head temperature.
This will insure good
engine life.

Oil leaking out of Oil sump or intake Repair or replace sump
engine inlet drain. valve guide leaking or valve guide.
NOTE: care should into induction
be taken to make sure system.
oil is from inside
engine inlet drain. not Failed Turbocharger Replace Turbocharger.
on the outside from bearings and compres- NOTE: The Turbo-
some other point on sor seal. charger seal will have
engine. to be in very poor con-

dition to oerm it oil to•.-

POWER PL-\NT
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TABLE VIlIA-n. TROUBLESHOOTING CHART (cont.)
(E~INE-nJR BOCHA RG ED)

•
Trouble

Oil leaking out of engine
inlet drain. NOTE:
care should be taken to
make sure oil is from
iDS~de engine inlet
drain. not on the out­
side from some other
point on engine. (cont.)

Noisy Turbocharger
rotating assembly.

POWER PLANT
Issued: 11/29/72

Cause

Failed Turbocharger
bearings and compres­
sor seal. (cont.)

Turbocharger drain
line misrouted or
plugged.

Damaged bearings.

Rotating unit rubbing
housing as a result
of damaged bearings.
distorted housings.
dirt accumulation on
impeller. carbon
build-up on turbine
or foreign object
damage.

2120

Remedy

pass the compressor
impeller seal.

Reroute for clear flow
or remove obstruction
from line.

Replace unit.

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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9-6. Cleaning. Inspection and Repair of Fuel Cel1s .
9-7. Fuel Cell Compartment .
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SECTION IX

FUEL SYSTEM

9-1. INTRODUCTION. The fuel system com ponents covered in this section con­
sist of fuel cells, fuel selector valves. electric auxiliary fuel pumps. tip tanks.
tip tank solenoid valves and fuel selector electrical switches.

This section prOVides instructions for troubleshooting the system. and re­
moval. cleaning. repair. testing. installation and adjustrnentof system components.

9-2. DESCRIPTION. The fuel system is contained in two independent units that
allow each engine to have its own fuel supply. The systems are connected only
by a crossfeed that will allow fuel to. be drawn from one set of fuel cells to the
engine of the opposite side. in the event of an emergency.

The fuel cells are 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
(auxiliary) cell holding a capacity of 15 U.S. gallons. Optional wing tip tanks
hold a capacity of 15 U. S. gallons each.

For each engine. fuel is taken from each cell through a screen located in
the cell outlet fitting and then on to a shut-off selector valve. From the selector
valve. fuel is drawn through an electrically operated au.xi1iary fuel pump and on
to an engine driven pump where it is pumped to the injector unit. Fuel from the
tip tanks enters the auxiliary fuel line at the soleaoid valve located in the cabin
at the main spar.

Drains and fuel screens are located in the fuel selector valves which are
accessible through an access panel located just ahead of the main spar between
the pilot seats or. for service purposes. in the bottom of the fuselage.

The fuel valves are operated through controls located in a panel. just ahead
of the main spar. between the pilot seats. Fuel gauges will indicate the quantity
of fuel in each cell from which the fuel is being selected.

9-3. TROliBLESHOOTlNG. Troubles peculiar to the fuel system are listed in
Table IX - I at the back of this section. along with their probable causes and sug­
gested remedies. When troubLeshooting. check from the fuel supply or from the
power supply to the item s affected. If no trouble is found by this method. the
trouble probably exists inside individual pieces of eqUipment; they may then be
removed from the airplane and overhauled, or identical unit or units tested and
known to be good installed in their place. The electrical system diagram for the
system may be found in Section XI. Electrical System.

• FUEL SYSTEM
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Figure 9-1 .. Fuel System Schematic .(PA -30)
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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. If the main fuel cell is to be removed. it will be necessary to remove the

nacelle cover aft of the engine firewall.
c. If removing the main cell, remove the wing butt fairing from that wing. If

removing the auxiliary cell. remove the access plate from 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. Discormect 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 two countersunk screws attaching the sender unit plate to the

top wing skin.
i. Push the plate down and puUforward. disconnecting it from the vent(18) and

fuel drain hose (19) .
j. Remove the sender unit plate and ga~ket (9) from the fuel cell compartment.
k. If removing the auxiliary cell. remove the cap bolts (14) from around the

filler neck. Remove the circular bolt plate (16) from the top of the filler neck
and the gasket (17) from between the fuel cell and filler neck.

I. 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 by exerting pressure downward manually. After releasing all upper clips.
release lower clips securing the bottom of the cell to comparanent.

m. Fold the fuel cell neatly within the wing and pull it gently through the oval
opening at the top of the wing.

•

•

9-6. CLEANI~, INSPECTION AND REPAIR OF FUEL CELLS.
a. Fuel cells may be cleaned by the following procedure:

I. New Cells: It should not be necessary to clean new cells upon removing
them from their containers. if they are installed in the airframe cavities promptly.
If. for any reason. the cells are not installed immediately and become dirty. they
should be cleaned with soap and warm water to remove foreign material prior to
installation in a clean cavity.

2. Used Cells: Prior to removal. the cells are to be drained of fuel, purged
with fresh air and swabbed out to remove all traces of fuel. FollOWing removal,
the cells are to be cleaned inside and out with soap and warm water ..

2J2

FUEL SYSTEM
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CAUTION

Use a vapor-proof light for inspection.

b" Fuel cells may be inspected by the follOWing procedure:
1. New Cells: Inspect the cell surface inside and outside tor cuts. abraded

(scuffed) areas, and accessory damage. Also. inspect the fitting seals for nicks.
scratches and foreign material.

2. Used Cells: Cells removed from the airframe cavity for inspection and
repair. or cells being returned to service from storage, should be inspected as
outlined above.

c" Due to the length of the fuel cell repair procedures, this information will
be found in paragraph 9-11 .

9-7. FUEL CELL COMPARTMENt'.
a. Cell comparnnent must be thoroughly cleaned of all filings. trimmings,

loose washers. bolts or nuts, etc.
b. AU sharp edges of the cell compartment should be rounded off.
c. Cell compartments should be inspected just prior to the installation of the

cell.
d. Tape over all sharp edges and rough rivets.

9-8. MOLDED NIPPLE FITTINGS. The molded nipple fitting is a lightweight
fitting developed for ease in installation in certain locations in the airplane. In
order to get the best service from this type fitting,. it is necessary to exercise
certain precautions at the time of installation. The specific precautions, other
than the general care in handling, are as follo".vs:

a. Insert the flow tube into the fitting until the end is flush with the inside edge
of the nipple.

b. The hose clamp must be clear of the end of the iitting by one-qua.rter inch
where possible.

c. Locate the hose clamp on the fabric reinforced area of the nipple.
d. Tighten hose clamp snug. Do this once" Do not re-tighten unless ho:;e

claI:1p is loosened completely and allowed to setior 15 minutes bef.:>re retightening.
e. Do not use se3.ling paste or gasket compound.
f. Apply a thin film of Simonize wax to metal t10w tubes to f.::.cilitate insta!la­

tion and removal.

• FL"EL SYSTE~l
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Figure 9-3. Fuel Cell Installation (Main/Inboard)
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Figure 9-4. Fuel Cell Installation (Auxiliary/Outboard)
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1. COUNTERSUNK SCREW
2. COVER PLATE
3. GASKET. COVER PLATE
4. GASKET. SENDER UNIT PLATE
5. CEU FASTENER
8. CAP BOLT
7. SENDER UNIT PLATE
8. FUEL CELL
9. GASKET. FUEL CELL

10. FUEL CELL COMPARTMENT
11. FILLER ACCESS DOOR

FL'EL SYSTEM
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12. GASKET. FILLER DOOR
13. FILLER PWG
14. CAP BOLT
111. SENDER UNIT
18. BOLT PLATE
17. GASKET. PUEL CEU
lB, HOSE. VENT TUBE
19. HOSE. DRAIN TUBE
20. VENT TUBE
21. DRAIN TUBE
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9-9. INSTALLATION OF FUEL CELL. (Refer to Figures 9-3 and 9-4.)
a. Inspect the cell compartment as explained in paragraph 9-7 .
b. Should the cell be in its shipping container. do DOt remove until ready for

ins tallation.
c. Check to be sure that the cell is warm enough to flex. Do not use sharp

tools such as screwdrivers. files. etc. for installation purposes.
d. Place tape or another protective material over the edges of the elongated

access opening to prevent damage to the cell.
e. Roll the cell into the shape and size which can be inserted through the ac­

cess opening of the cell compartment.
f. Unroll the cell and establish correct relationship of the cell to the com­

paronent.
g. Secure the cell within the compartment by pressing the fasteners (5) into

their brackets until they snap lock into place.
h. Insert the nipple fitting through the bole in the butt rib. slide fuel line into

ni~ple and clamp. Secure the wmg fairing with attaching screws. If an auxiliary
cell is being installed; 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
insert the fuel line in the nipple and clamp. Reinstall access plate and secure
with screws.

i. If the auxiliary cell is being installed. secure the cell to the filler neck by
the follOWing procedure:

1. Place a gasket (17) between the 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 the filler

neck and torque bolts to 25 inch pounds.
4. Ins tall filler cap (13) and lock in place.

j. Wipe the inside of the cell clean of all dirt 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 (7) is damaged or com­
pressed beyond sealabiUty. replace the gasket and cement a new one in place with
No. EC847 3M cement or its eqUivalent. .

1. Install gasket (9) and sender unit plate on fuel cell and attach with cap bol ts
(6) and lockwashers.

m. With gasket (4) cemented to the top of the sender unit plate. pull the plate
with fuel cell up to the top wing skin. slide the fuel drain and vent tubes into their
hoses (18 and 19) and attach sender plate to top wing skin with two countersunk
screws.

•

•
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n. Install the remainder of the cap bolts (6) and loc}.,"washers and torque bolts
to 25 inch pounds.

o. Connect electrical wires to sender unit.
p. Place Presstite tape 1/32 x 1/2. No. 590.5. around the oval ·opening in the

wing skin to take up spaces that the cover plate gasket (3) may not seal.
q.. Cement gasket (3) to cover plate (2) and install over sender unit plate.

Secure cover with countersunk. screws (1) and install filler plug (13).

9-10. HA~'DUNGAND STORAGE OF FtJEL CELLS.
a. Cells should be removed from the shipping container only at time of instal­

lation.
b. Inspection of the cell and shipping container. after the cell has been re­

moved from the container. should be made for any damage which may have oc­
curred due to crating or removal from crate.

c. In transporting the cell from storage or inspection. it must not be pick.ed
up by the fittings. Under no circumstances should a cell be dragg~. nor should
cells be stacked. except in their original shipping containers.

d. Do not allow bladder type cells to remain longer than absolutely necessary
in any strong light. When working inside cell. do not allow hot light bulb to come
in contact with liner. Fluorescent inspection lights are recommended for use
with fuel cells .

e. When the gasoline is drained from the fuel cell. the plasticizing effect on
the gasoline is.lost and the inner liner of· the cell begins to dry out and subsequent
cracking or checking will occur. This cracking or checking may penetrate
through the inner liner permitting gasoline to diffuse through walls of the cell
after the cell has been re-fueled. To prevent this f~ilure, a thin coating of light
engine oil should be applied to the inner liner of all serviceable fuel cells, which
have contained gasoline, when it is evident that the cells will remain withol:t fuel
for more than ten days, whether installed in airplanes or in storase. Tl:e oil will
act as a temporary plasticizer and will prevent the inner liner I:t:"om drying out
and cracking.

f. Cells should be stored only at room temperature and with no more [tan
normal humidity. Cells should not be stored except in their original shipping
containers .

• FeEL SYSTEM
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~-ll. REPAIR OF FUEL CELLS.

CAUTION

No repairs are to be made on the radius of a ,-=ell or
in the fitting area of a cell. Cells with such damage
are to be returned to the factory for repairs. No dam­
aged areas, such as cuts and tears larger than one
inch, are 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
side repair material) large enough to cover damage at least two inches from cut
in any direction. Buff this material lightly and thoroughly with garnet paper and
wash with Methylethylketone (U.S. Rubber Co. 3339 solution) to remove buffing
dust.

2. Cement buffed side to patch with two coats of U.S. Rubber Co. 3230
cement or ~1innesota Mining Co. EC-678. Allow each coat to dry 10 to 15 min­
utes.

J. Buff ~ell area to be patched lightly and thoroughly with garnet paper and
·.vash with J:3JIJ solution to remuve buffing dust. •

4. C~ment buffed area with two coats of U.S. Rubber 3230 or Minnesota
~lining Co. EC-07B cement. Allow each coat to dry 10 to 15 minutes.

5. Freshen cemented area of patch and cemented area of cell with 3339
solution.

b. While still tacky. apply' edge of patch to edge of cemertted area on the
~ell. With:l roller or blunt instrument. roll or press the patch to the cemented
;J rea and roll or press it down a half-inch across at a time so as not to trap air
l'etweenpatch and I.'ell. Lay a 50 pound shot bagover patch which is protected by
piece of Holland Cloth to prevent sticking. Weight should not be removed for six
Ihlurs.

i. Seal coat edge of patch one-half inch with one coatof U.S. Rubber 3230
or \linnesota ~hning Co. EC-678 cement and allow the cement to dry thoroughly.

b. Inside of Cell.
1..~fter the damaged area has been patched on ,the outside of the cell and

the repair allowed to stand a minimum of six hours. the cell is then ready to have
the patch applied on the inside of the cell.

2. Lightly amI thoroughly buff a piece of cured U.S. Rubber5200/~1::;7

ll~'lon sandwich material la.rge enough to cover damage at least two inches from

2J8
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cut in any direction. Wash butfing 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 or Minnesota Mining Co. EC-678. and allow each coat to dry
10 to 15 minutes. :

4; &1.ff cell area. to be patched lightly and thoroughly with fine sandpaper
Number 0 and thell wash off buffing dust with Methylethylketonesolution (U.S.
Rubber 3339).

5. Coat buffed area with two coats of black rubber cement. U.S. Rubber
3230 or Minnesota Mining Co. EC-678. and allow each coat to dry 10 to 15 min­
utes.

6. Freshen cemented area of patch and cemented area of cell with Methyl­
ethylketone solution (U.S. Rubber 3339).

7. While still tacky. apply edge of patch to edge of cemented area. cen­
tering patch over cut in cell. With a. roller or blunt instrument. roll or press
the patch to the cemented area on the cell. Hold part of patch off the cemented
area and roll or press it down a half-inch to an inch across at a time so as DOt
to trap air between patch and cell. Apply a 50 pound shot bag to repaired area
and do DOt disturb for six hours.

8. Seal coat patch and one-half inch from edge of patch with two coats of
U.S. Rubber 3230 or Minnesota Mining Co. EC-678 cement. Allow the first coat
to dry one hour or more. Wipe patch and cemented area lightly with Number 10
oil. so that when the cell is in its original position the patch area will not stick
to other areas of the cell.

c. Scuffed Fabric.
1. Buff area surrounding scuffed fabric.
2. Wash buffing dust from area with 3339 sol~tion.

3. Apply two coats of U.S. Rubber 3230 or Minnesota Mining Co. EC-678
cement to the buffed area. allowing 10 mlnutes drying time between coats.

9-13. TESTING FUEL CELLS. Either of the follOWing test procedures may be
used to detect leaks in the bladder cells.

a. Soap Suds Test.
1. Attach test plates to all fittings.
2. Inflate the cell with air to a pressure of one-quarter psi maximum.
3. Apply a soap and water soLution to all repaired areas and any areas

suspected of leakage. Bubbles will appear at any point where leakage occurs.
4. After test, remove all plates and wipe soap residue from the exterior

of the cell .

• - FUEL SYSTEM
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b. Chemical Test.
I. Attach test plates to all fitting openings except one .
2. Pour ammonia on an absorbant cloth in the ratio of 3c:c per cubic foot

of cell capacity. Place the saturated cloth inside the cell and install remaining
test plate.

3. Make up·a phenolphthalein solution as follows: Add 15 grams phenol­
phthalein crystals in one-half gallon of alcohol, mix. then add one-half gallon of
water.

4. Inflate the cell with air to a pressure 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 cell. Press th~

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 until the
entire 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.

7. The solution and test cloth are satisfactory only as long as they remain
clean. Indicator solution that is not in immediate use should be stored in a closed
container to prevent evaporation and deterioration.

After the test. remove all plates and test equipment. Allow the cell to air
out. [n conducting the test outlined above, the cell need not be confined by a cage
or jig. providing the one-quarter psi pressure is not exceeded.

NOTE

The chemical test is the more sensitive and preferred
t~st.

9-14. FU EL QUA NTITY INDICA TING SYSTEM.

~-I.i. CHECKING AND ADJUSTMENT OF FUEL QUANTITY I~nICATING SYS­
TE\t.

a. General checking of system.
I. Completely drain the main and auxiliary fuel cells that relate to the

gauge that is to be checked. (Refer to Draining Fuel Cells, Section II.)
2. Level the airplane longitudinally and Laterally. (Refer to Leveling.

Section II.)
3. .l\ scertain that the fuel crossfeed is closed.

•

•
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4. Connect a 14-volr power supply to the airplane: ele\,;trical syst~1ll and
observe the fuel quantity gauge. It ~hould read empty with the respective fuel
selector lever at both the main and auxiliary ON positions.

5. Add fuel to each cell in the amount of 3. is U.S. gallons to the auxil iary
cell and 7.5 U.S. gallons to the main cell. to bring each ~ell to one-quarter its
'full capacity.

6. Again move the selector lever to both ON positions and observt: the
gauge. At either position the quantity pointer should align with any part IIi me
one-quarter full gauge index.

7. Continue to add fuel in increments of 3.75 and 7 .5 U .S. gallon:; ro the
auxiliary and main cells respectively for each quarter capacity of the celllS: At
each quarter increment, until full, check that the quantity pointer aligns with any
part of the corresponding index, with the selector lever at either ON positiun.

8. Should the gauge and the amount of fuel in the cell not correspond. the
procedure in steps b thru d may be necessary to isolate the trouble in the sY::it~m .

b. Sender Check:
1. Remove the fuel sender to be checked. (Refer to Paragraph 9-16.)
2. Secure the sender in the appropriate position on the fabricaEed jig as

shown in Figure 9-5. (The jig may be fabricated from dimensions given in Fig­
ure 9-15.)

3. With the float arm against the bottom stop, the float should be just
touching the base of the jig. if the float arm is not touching the base of the jig
or the bottom stop, adjust the float by bending the arm at a position shown in Fig­
ure 9-5.

Figure 9-5. Checking Sender Unit

IZV

- TQQTHU
CAUCES

SUI'P\.T •• VQLT\

'cu"c;e

IS llIl. lIlSlSTClR

10 llIl. lI!SISTQIl

Figure 9-6. Checking Fuel Gauge
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4. After the sender has been adjusted, ~hcck for the proper amount of
resistance by the following procedure:

(a) Connect an ohmmeter to the sender unit.
(b) Position the float arm against its bottom Stop and ascertain the ohm­

meter indicates 0.00 to a.50 ohms resistance.
(c) Slowly move the float arm from the bottom stop to the top stop

watching the ohmmeter indicator. The ohmmeter needle should steadily move
up, without fluctuation, as the float arm is moved.

(d) With the float arm against its top stop, the ohmmeter should indi­
cate 29.6 to 31.3 ohms resistance.

U incorrect resistance or fluctuation is found, the sender should be re­
placed.

c . Wiring Check.
I. Check all ground connections throughout the indicating system for cor­

rosion or loose connections that may cause excessive resistance in the circuit.
2. Check all splices and terminal connections for corrosion and security.
3. Check wiring between connections for excessive resistance due to frayed

or broken strands.
d. Gauge Check.

I. Sender Method:
(a) Position and secure a calibrated sender to the fabricated checking

jig.
(b) Connect the sender directly to the gauge being checked using Num­

ber 16 or larger wire. (Refer to Figure 9-6.)

CAUTION

Make certain the sender resistor is connected to the
proper side of the gauge. .

(c) Connect a I4-volt power supply to the electrical system of the air-
plane.

(d) Operate the power supply and move the sender float arm through its
travel. .1\ scertain that the empty and full positions of the sender and the gauge
correspond. If not, the gauge should be replaced.

1. Resistor Method:
(a) Connect a IS-ohm resistor to the s~nder unit terminal of the gauge

bemg checked. (Refer to Figure 9-6.)
(b) Connect a I4-volt power supply to the electrical system of the air-

plane.

FUEL SYSTEM
Issued; 1:',':'9/7:

2J12

•



)!o, ~ +.. I • , ,'~

~",
, '. ~ I,' ~" ,/,

PIPER TWIN COMANCHE SERVICE MANUAL_._- --------------

•

(c) Operate the power supply and ascertain the gauge indicates one-half
full.

(d) Repeat the procedure using a 30-ohm resistor which should cause
the gauge to indicate full.

(e) If the gauge does not indicate properly, it should be replaced.

9-16. REMOvAL OF FUEL SENDER.
a. Remove screws attaching the oval cover plate to the top of the wing.
b. Disconnect electrical leads from the sender unit.
c. Remove screws and washers attaching sender to mounting plate and remove

sender.

9-17. INiTALLAnON OF FUEL SENDER.
a. Place the sender unit gasket on mounting plate and install sender.
b. Secure sender to mounting plate with washers and screws.
c. Connect electrical leads to sender.
d. Install cover plate and secure with screws .

• Fl'EL SYSTEM
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Figure 9-7. Fuel Indicating System Wiring Schematic.
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1. rUEL DISTRISUTION LINES

2. rUEL OISTRISUTOR, LE!"T

3. rUEL !"LOW PRESSURE LINE, LEq

4. rUEL PUMP, LEI"T
5. I"UEL INJECTOR UNIT, LEI"T

I. AUXILIA"Y I"UEL CELL. LEI"T
7. ACCESS HOLE

I. rl LLEII
e. 1"1 Nt!R SCREEN

10. I"ILLER

II. ACCESS HOLE

12. MAIN !"UEL CELL. LE!"T

13. !"INGER SCREEN

14. ENGINE rUEL SUPPLY LINE, LE!"T

". rUEL LINE MAIN CELL OUTLET, LE!"T
II. I"UEL LINE AUXILIARY CELL OUTLET, LEI"T

17. SELECTOR VALVE AND STRAINER, RIGHT

la. SELECTOR VALVE ANO STRAINER, LEFT

'e. AUXILIARY rUEL PUMP. LE!"T

20. AUXILIARY rUEL PUMP. RIGHT

21. ENGINE !"UEL SUPPLY LINE. RIGHT

22. FUEL !"LOW GAUGE

23. !"INGER SCREEN

24. FUEL LINE MAIN CELL OUTLET, RIGHT

25. !"UEL LINE ,!\UXILIARY CELL OUTLET, RIGHT

26. "LLER
Z7. ACCESS HOLE

za. ",AIN !"UEL CELL. RIGHT

29. !"UEL !"LOW PRESSURE LINE, RIGHT

30. !"UEL DISTRIBUTION LINES

31. FUEL DISTRIBUTOR. RIGHT

32. FUEL PU"'P, RIGHT

33. !"UEL INJECTOR UNIT, RIGHT

34. HEATER FUEL SUPPLY LINE

35. FUEL FLOW GAUGE VENT LINE

36. 1"1 NGER SCREEN
37. ACCESS HOLE

38. FILLER

39. AUXI.IARY FUEL CELL. RIGHT

Figure 9-8. Fu;l System Installation
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37. FUEL DISTRIBUTOR VALVE, RIGHT

38. FUEL INJECTOR UNIT, RIGHT

39. FUEL FLow GAUGE VENT LINE

40. HEATE.R FUEL SUPPLY LINE

~'. AUxiLIARY rUEL CELL, RIGHT

'+2. TIP TANK, RIGHT

~3. fiNGER SCA£EN

44. ACCESS HOLE

~5. FILLER

2J18

28. FU::t.. LINE AUXILIARY CELL OUTL£"'r, RIGrlT

29. Tl? T'ANK SOLENOiD VALVE, RIGHT

30. ACCESS HOLE

31. FILLER

32. FUEL LINE r1P TANK OUTLET, RIGHT

33. MAIN FUEL CELL, RIGHT

34. FUEL PUMP, RIGHT

35. FUEL FLOw PRESSURE LINE, RIGHT

35. F'UEL Q1STRteuT10N LINES

19. FUEL LINE .:..UXILIARY CE_L iJUTLET, LEFT

20. SELECTOR VALVE AND S'7=AINER, LEFT

21. SELECTOR ',';"LvE AND ST:<A1NER, RIGHT

22. AUXILIARY FUEL PUMP, ! SfT

23. AUXiLIARY ~U£L PUMP, ~·IGHT

24. ENGINE FUEL SUPPLY Llt.~, RIGHT

25. ,UEL FLOW GAUGE

25. FINGER SCR£E.l../

27. FUEL LINE ...'AI ...., CELL Ot TLET, RIGHT

Figure 9- 9. Fuel System Jnsrallation {Turbo)
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t. TIP TANK, LEFT

2. FUEL FLOW PRESSURE LINE. LEF·

3. FUEL OISTRIBUTION LINES

4. FUEL OISTRIBUTOR VALVE, LEFT

5. FUEL PUMP, LEFT

6. FUEL INJECTOR UNIT, LEFT

7. AUXILIARY FUEL CELL, LEFT

B. ACCESS HOLE
9. FILLER

10. FINGER SCREEN

'1. C'un. LINE TIP TANK OUTLET, L!::F"T
12. FILLER

13. >CCESS HOLE

14. MAIN FUEL CELL, LEFT

15. ENGINE FUEL SUPPLY LINE, LEFT

16. 'INGER SCREEN

17. FUEL LINE MAIN CELL OUTLET, LEFT

lB. ~IP ;ANK SOLENOID VALVE, LEFT

19. FUEL LINE AUXILIARY CLL OUTLET, LEFT

20. SELECTOR ItALVE AND S'r='AINER, LEF'T

21. SELECTOR VALVE ANO SHAINER, RIGHT

22. AUXILIARY FUEL PUMP, lEFT

23. AUXILIARY C'UEL PUMP, qGHT

24. ENGINE FUEL SUPPLY LIt'E, RIGHT

25. FUEL FLOW GAUGE

26. FINGER SCREEN

27. FUEL LINE MAIN CELL Ol TlET, RIGHT

28. FUEL LINE AUXILIARY CELL OUTLET, RIGHT

29. TIP TANK SOLENOID VALVE, RIGHT

30. ACCESS HOLE

31. FILLER

32. FUEL LINE rlP TANK OUTLET, RIGHT

33. MAIN FUEL CELL, RIGHT

34. FUEL PUMP, RIGHT

35. FUEL FLOW PRESSURE LINE, RIGHT

36. FUEL OISTRIBUTION LINES

37. FUEL DISTRIBUTOR VALVE, RIGHT

3B. FUEL INJECTOR UNIT, RIGHT

39. FUEL FLOW GAUGE VENT LINE

40. HEATER FUEL SUPPLY LINE

4'. AUXILIARY FUEL CELL, RIGHT

42. TIP TANK. RIGHT

43. FINGER SCREEN

44. ACCESS HOLE

45. FILLER

Figure 9-9. Fuel System J.nstallation {Turbo)
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9-18. FUEL SELECTOR VALVES.

9-19. REMOVAL OF FUEL SELECTOR VALVES.
a. Remove the access panel from the bottom of the fuselage forward of 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 control console.
c. If removing only one fuel valve, turD the other valve to the off position and

drain the fuel from the tanks of the one being removed.
d. If both selector valves are to be removed, drain the fuel from both wings.
e. Remove the selector valve using the following proc~e:

I. Disconnect the control rod from the valve arm by removing nut, washer
and bolt.

2. Disconnect electrical leads at qUick disconnect.
3. Disconnect all fuel lines at the valve.
4. Remove the three bolts'anaching the valve mounting plate to the floor­

board support channel and remove valve through access hole in the bottom of the
fuselage.
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Figure 9-10. Fuel Strainer Assembly
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9-~O. 'CLEANING, INSPECTION AND REPAIR OF FUEL SELEClOR VALVE
ASSEMBLY. (Refer to Figure 9-10.)

a. Remove the screws securing th~ fuel bowl (5) and separate the bowl from the valve
housing.

b. Remove the nIter disc assembly (2) from stem by compressing falter retainer spring
(3)· and removing retainer washer (4).

c. Clean filter by plUgging open ends of nIter disc to prevent dirt from entering.
d. Wash the dis~ ...·jth acetone, carbon tetT:1chloride, trichloroethylene or Bendix

cleaner. Heavy 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 nIter for damage and replace if necessary.
g. Repair is limited to replacement of only those parts offered in the PA-30 Pans

Catalog.

9-11. INSTALLATION OF FUEL SELECTOR VALVE. (Refer to Figure 9-11.)
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, washet"S and nuts.
b. Connect fuel lines to valve asSembly.
c. Connect electrical leads and install shielding over connecting terminals.
d. Connect the control rod to the valve ann and secure with bolt. washer and nut.
e. Install access panel on the bottom of the fuselage and secure with screws.
f. Adjust fuel selector valve. (Refer to Paragraph 9-22.)

NOTE

Ascertain that valve handle roU pin lock (furnished in Kit
"760 444) is in place b~fore installing fuel selector valve.
( Refer to Figure 9-12.)

Q·::2. ADJUSTMEm OF FUEL SELECTOR VALVES. (Refer to Figure 9-12.)
a. With the left fuel selector valve handle in the crossfeed position and the right handle

in auxiliary position. adjust right hand linkage so that the valve arm is positively in the
d~tent when the handle is moved to the main position. and just clears the crossfeed link.

b. Adjust the .left hand linkage ina similar manner with the right fuel selector valve
handle in the cTossfeed position and the left handle in the auxiliary position.

..:. Adjust handle to center in correct hole when valve ann is in mating detent. This
shclI.lld be adjusted as closely as possible.

d. Tum on the electric fuel pumps and check selector valve for leaks and proper
o;'er:llion.

2 J21
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9-23. FUEL SELECTOR ELECTRICAL SWITCHES.

9-24. REMOVAL OF FUEL SELECTOR SWITCHES.
a. Open the selector valve access door located on the cabin floor just aft of

the fuel selector control console.
b. Remove the access panel from the bottom of the fuselage forward of the

main spar by removing attaching screws.
c. Remove electrical switches from fuel selector valve by removing screw

and nut attaching switch bracket to valve assembly.
d. Remove electrical leads from switch terminals.

9-25. INSTALLATION OF FUEL SELECTOR ELECTRICAL SWITCHES.
a. Install switches on mounting bracket with attaching screws and nuts.
b. Solder electrical 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.

9-26. ELECTRIC AUXILIARY FUEL PUMP.

9-27. REMOVAL OF ELECTRIC FUEL PUMP. To remove the electric fuel
pumps, located beneath the floor panel forward of the fuel selector valves. use
the follOWing procedure:

a. Remove the two front seats and seat tracks .
b. Remove the seat belts from their brackets on the floor.
c. Turn the fuel selector valves to the OFF position.
d. Remove the selector control handles from the control console by loosening

the set screws and pulling each handle from its shaft.
e. Remove the three screws and plate from each selector valve control and

remove the cover by unhooking the crossfeed guard link spring.
f. Roll the carpet back from the spar to the landing gear retr3.ction trans­

mission compartment.
g. Remove the center access panel located between the retraction transmission

and main spar by removing pal nuts and 10ckWashers from control posts and panel
attaching screws.

•

•

FeEL SYSTE~

lssued: I ~/'~9/7~

2 J24 •



•

•-

PIPER TWIN COMA NCHE SERVICE MA NUA L

h. Remove the access panel on the bottom' oi the fuselage directly under the
fuel selector valves.

i. DiscoDIlect the control rod from the rightL:ontrol assembly by removing
cotter pin. washer and pin.

j. Remove right control assembly. noting washer on the control handle shaft.
by removing attaching screws. washers and nuts.

k. Disconnect the fuel lines from both fuel pumps and remove the fittings from
the left pump.

I. Turn the fitting on the port marked OUT of the right fuel pump clockwise
90 degrees to facilitate removal.

m. Disconnect the pump motor ground leads from the floorboard support chan­
nel.

n. Remove the access panel to the right of the fuel pumps and disconnect the
pump electrical leads.

o. Remove the four bolts attaching the fuel pump mounting bracket to the floor­
board support channels. Two bolts are located in the fuel selector compartment
a~d two in the landing gear retraction transmission compartment.

p. Remove pumps and bracket assembly by pulling it up from between the
support channels.

q. Remove pumps from mounting bracket by cutting safety wire and removing
attaching bolts .

9-28. DISASSEMBLY, REPAIR AND ASSEMBLY OF FUEL PUMP. (Refer 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 returned to the
Weldon Tool Company, 3000 Woodhill Road, Cleve~and, Ohio 44104. However,
some minor repairs may be accomplished as follows:

a. Replacement of shaft seal.
I. Separate the pump end assembly from the motor by removing the four

llIachine screws. Note the relationship of the pump to the motor before separa­
tion.

2. The shaft seal is assembled with a light press fit into the insert. It can
be pried loose from the insert without disassembly of the pump.

3. Check the shaft for burrs, scratches. or any defects which may cause
the seal to wear. Any defect would be a cause for pump replacement.

4. Position a new seal on the shaft and press into place.
5. Assemble the pump end assembly to the motor in the original position

and secure.with screws and safety.

2Kl
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Figure 9-13. Weldon Rotary Fuel Pump
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b. Repair of relief valve.
1. Remove the adjusting screw from the pump end assembly. Do not change

the position of the jam nut.
2. Remove the valve plunger and spring.
3. Inspect the valve seat, plunger and spring for condition and wear. If

me valve seat is damaged, the pump should be replaced.
4. Reassemble the plunger, and spring. and adjusting screw on the pum p.
5. Adjust the pump pressure as described in paragraphs 9-30 and 9-31.

9-29. INSTALLATION OF ELECTRIC FUEL PUMP.
a. Install pumps on mounting bracket and secure each pump with four bolts

and safety.
b. Install the 90 degree fitting on the out port of the right pump and position

it pointing toward the port marked in.
c. Install th.e pump assembly in the compartment between the fuel selector

valves and the landing gear retraction transmission.

FeEL SYSTEM
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d. Ascertain that grommets are installed between the pump mount bracket and
the two support channels at each bolt hole.

e. Secure the pump assembly to the support channels with bolts.
f .' Connect motor electtical leads and install access panel to the right of the

fuel pumps.
g. Secure the ground wires to the forward support channel with a screw. washer

and nut.
h. Turn the 90 degree fitting so it points down and install the remaining three

fi ttings on the pumps and connect fuel liDes.
i. Install the' fuel selector valve conttol assemblies and secure with screws.

washers and nuts. (Refer to Figure 9-12.)
j. Attach selector conttol rods to control arm with pin. washer and cotter pin.
k. Place an AN960-7I6 washer on the right conttol handle post only.
I. Install the center access panel and secure with screws.
m. Install lockwashers and pal nuts on the conttol handle posts.
n. Roll back the carpet and install conttol cover.
o. Ascertain that the crossfeed guard link spring is hooked to the bracket on

the access panel and secure conttol cover with plates and six screws.
p. Install handles on conttol posts and secure with set screws.
q. Adjust fuel selector controls. (Refer to Paragraph 9-22.)
r. Operate fuel pumps and selector valves to insure proper operation and that

there are no fuel leaks .
s. Install access panel on the bottom of the fuselage and secure with screws.
t. Install seat belts and secure with bolts, washers and nuts.
u. Install seat tracks and seats. '

9-:30. ADJUSTMENT OF ELECTRIC FUEL PUMP (BENCH TEST).
a. Ascertain that the pump is sufficiently lubricated to prevent damage if run

dry for a period greater than five minutes.
b. Connect the electric leads to a 14-volt DC power source.
L:. Using a SUitable container with the proper octane fuel, connect a fuel line

from a container to the inlet side of the pump.
d. Connect another line from the outlet side of the pump to a pressure gauge

and by-pass valve and back to the container.
e. Run the pump with the by-pass valve open until a steady flow of fuel is ob­

ta ined. Then, close the by- pass valve and check the pressure gauge for the proper
reading of 26 psig maximum. no flow. Do not keep the by-pass valve closed for
more than one minute during pump operation and adjusonent .

• "
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f. Loosen the locknut and turn the adjusting screw unrit there is a reading of
26 psig maximum. no flow. on the gauge. Repeat steps e and f until the proper
pressure is obtained ~

g. Disconnect the power source from the pump and lock the adjusanent screw
with the locknut. Remove the fuel lines from the pump.

9-31. ADJUSTMENT OF ELECTRIC FUEL .PUMP (IN AIRPLANE).
a. With the access panel removed and the fuel selector in the OFF position.

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 pump.
c. Place a container below the pump to 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 is obtained. close the by-pass valve and check

the reading on the pxessure gauge. It should read 26 psig maximum. no flow.
Do not keep by-pass valve closed for more than one minute dUring pump operation
and adjusnnent.

f. Loosen locknut on adjusting screw and turn screw to obtain the proper
pressure of 26 psig maximum. no flow. Repeat steps d and e until adjusanent is
complete .. Lock adjusting screw with locknut.

g. Turn off fuel pump and close fuel selector. Remove the test line from the
pump.

h. Reconnect 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.

9-33. REMOVAL OF TIP TANKS.
a. Drain fuel from tank by removing drain plug located in the bottom of tank.
b. Loosen filler cap to aid dra~ng.

c. Remove screws attaching tank to wing tip.
d. Pull tank away from wing enough to disconnect electrical wires and flexible

fuel hose.
e. Install drain plug in tank.

•
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9-34. INSTALLATION OF TIP TANKS.
a. Hold the tank up to the wing tip and connect electtical wires [0 fuel sender

gauge and navigation light.
b. Install clamp on fuel hose and slide hose on tank outlet. tighten clamp.
c. Slide the tank on wing tip and align screw holes.
d. Secure tank to wing tip with countersunk screws.

9-35. TIP TANK SOLENOID VALVE.

9-36. REMOVAL OF SOLENOID VALVE.
a . Place the fuel selector cona-ol to the auxiliary position and drain the aux-

iliary tank of the wing that the solenoid valve is to be removed.
b. Remove drain plug from the bottom of the tip tank and drain tank.
c . Slide the two pilots seats to the forward most position.
d. Lift the carpet up from ~e front of the main spar.
e. Remove the floor shield from in front of the main spar by removing attach­

ing screws.
f.. Disconnect the electticallead at the quick disconnect terminal.
g. When the fuel tanks are completely drained. disconnect fuel lines from the

solenoid valve.
h. Remove valve by removing bolt, washer and nut attaching it to the spar.
i. Install the drain plug in me bottom of the tip tank.

9-37. CLEANING. IN5PECTION AND REPAIR OF SOLENOID VALVE.
a. The valve may be flushed with Standard Oil Company stoddard solvent or

equivalent. Do not exceed 3 psi during flushing operation.
h. A fter flushing. check valve for seal or setting using the follOWing proce­

dure:
l. .~ ttach a line to the tip tank fuel line connection of the valve and apply

:stoddard solvent or equivalent at a pressure of 3 psi and check for leaks.
:.!. Attach the line to the auxiliary line connection and attach the valve

dc~trical leads to a 12 -vol t source.
3. Apply solvent through the .line under a pressure of 3 psi and check for

leaks.
c. Overhaul of the valve is not recommended. If overhaul is necessary. the

valve should be returned to the Brittain Industties. Inc .• 2700 Skypark Drive.
T0rrance. California 90505 .

•
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Figure 9-14. Solenoid Valve
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9-38. INSTALLATIO~pF SOLENOID VALVE.
a. Position the valve on the main spar web and secure valvt:: am.! grlJund wire

wim bolt. washer and nut.
b. Connect fuel lines to valve assembly.
c. Connect electrical lead and install terminal shielding.
d. Fill the auxiliary and tip tanks with fuel and operate system fu check for

leaks and proper operation.
e. Install floor shield and secure with screws.
f. Lay the carpet over the spar.

9-39. CLEANING FUEL SYSTEM.
a. To flush fuel tanks and selector valve. disconnect fuel line at the fuel in­

jector unit.
b. Select a fuel tank. turn on the electric fuel pump and flush fuel through the

system until it is determined that there is no dirt and foreign matter in the fuel
valve. lines or tank. During this operation. agitation of the fuel within the tank
will help pick up and remove any dirt. Repeat this procedure for each tank.

c. When all tanks are flushed. clean the filter assembly and injector unit inlet
screen .

. -
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TABLE IX-I. TROUBLESHOOTING CHART (FUEL SYSTEM) •
Trouble Cause Remedy

Failure of fuel to flow. Blockage in fuel line" Flush fuel system

Failure of mechanical Check and replace if
or electrical fuel necessary.
pump.

Failure of fuel selector Check position of
to be in proper posi- selector and adjust
tion. if required.

Damage of fuel Replace fuel valve.
selector valve .

.
Dirty fuel strainers Clean.

and screens.

Fuel gauge fails to Broken wiring. Check and repair.
indicate.

Gauge not operating. Replace.

Float partially or Replace float.
completely filled
with fuel.

Circuit breaker out. Reset and check.

Fuel gauge indicates Incomplete ground. Check ground connee-
full when tanks are tions at fuel trans-
not full. miner in wings.

FL"EL SYSTEM
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TABLE IX-I. TROUBLESHOOTING CHART (FUEL SYSTEM) (cont)

Trouble Cause R.:medy

No fuel flow indication. Fuel valve stuck. Check valve.

No fuel in tanks. Check fuel. fill.

Defective fuel pump. Check pwnp for pres-
sure build up . Check
di~phragm and relief
valves in engine pump.
Check for obstruction
in eleca-ic pump.
Check by-pass valve.
Air leakin intake lines.

Defective gauge. Replace gauge.

• Fuel flow low or Obstruction in inlet Trace lines and
surging. side of pump. remove obstruction.

Faulty by-pass valve. Replace.

Faulty diaphragm . Replace or rebuild
pump.

Dirty fuel strainers Clean.
and screens.

•

lJnidentified lea k .

Fuel valve leaks.

Fuel lines damaged
or leaking fitting.

Worn "0" rings.

2 Kg

Locate and repair or
tighten.

Replace valve.
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SECTION X

INSTRUM ENTS

10-1. INrRODUCTION. This section contains procedures for removal and in­
stallation of the various instruments and system components installed in the
PA - 30 Twin Comanche. AIso contained in this section is a description of each
instrument along with minor adjusanents. tests and maintenance. Maintenance,
other than described in this section. shall be done by the instrument manufacturer
or an authorized repair station .

10-2. DESCRIPTION. The instrumentation of the PA -30 is designed to provide
for most all conditions of flight. The instruments give a quick and actual indica­
tion of attitude. performance and condition of the airplane. They are divided into
four groups: Vacuum Gyro, Pitot-Static, Electrical and Miscellaneous. Some
of the instruments are components of indicating systems that indicate conditions
at remote parts of the airplane. A few of the instruments, however, are self­
contained and merely have to be correctly installed to give an indication. Warn­
ing lights are installed to indicate unsatiRfactory or dangerous conditions in some
systems. Instruments requiring power from the electrical system are provided
with circuit breakers to isolate the individual systems in the event of trouble.
For night operation, each instrument is individua.lly lighted by shielded post
lights or a light incorporated as part of the instrUment.

The panel has been arranged to accommodate flight instruments on the left
side. in front of the pilot, electronic equipment and some engine instruments in
the center. and the remaining engine and miscellaneous instruments to the right.
All flight instruments have been shock mounted to minimize vibration and shock .

I~"STRCMENTS
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•
1. CLOCK
2. AIRSPEEO
3. OIRECTIONAL GYRO

4. ARTIFICIAL HORIZON
5. AUTOPILOT
6. ADF INDICATOR

7. ADF RADIO
t. TACHOMETER
II. INSTRUMENT CLUSTER

2 3 4 6 8 7 8 8 9

•
242322 21 20 1918 1718 16 14 13 12 11 10

Figure 10-1. Instrument Panel
Serial Nos. 30-1 to 30-852 incl. and 30-854 to 30-901 incl.

15. OMNI INDICATOR
"iii. VERTICAL CLIMB
17. VACUUM GAUGE
II. GEAR CONTROL
19. TURN AND BANK

Issued: 11/19/71

20. STALL WARNING INDICATOR
21. ALTIMETER
22. MARKER BEACON INDICATOR·
23. FLAP POSITION INDICATOR
24. DISTAMCE SPEFD INDICATOR

2K16

10. GLOVE BOX
11. FUEL FLOW INDICATOR
U. MANIFOLD PRESSURE
13. VHF RADIO
14. AMMETER
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1. CLOCK
2. A1RPSEED
3. DIRECTIONAL.GYRO

4. ARTIFICIAL HORIZON
5. AUTOPILOT
6. AOF INDICATOR

7. AOF RADIO
8. TACHOMETER
9. INSTRUMENT CLUSTER

•
24 23 22 21 20 11 \I II 1& IS 14 IJ 12 11 ID

10. AMMETER
11. FUEL FLOW INDICATOR
12. MANIFOLD PRESSURE
13. VHF RADIO
14. SUCTION GAUGE

15.0MNIINDICATOR
16. VERTICAL CLIMB
17. MIXTURE MONITOR
18. GEAR CONTROL
19. TURN AND BANK

20. STALL WARNING INDICATOR
21. ALTIMETER
22. MARKER BEACON INDICATOR
23. FLAP POSITION INDICATOR
24. DISTANCE/SPEED INDICATOR

•• . Figure 10-2. Instrument Panel
Serial Nos. 30-853, 30-902 to 30-1716 inel. and 30-1718 to 30-1744 inel.
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,. RATE OF TURN INDICATOR
2. AIRSPEED INDICATOR
3. STALL WARNING LIGHT
4. GYRO HORIZON
5. GIS COUPLER LIGHT
6. DIRECTIONAL GYRO
7. ALTIMETER
8. RATE OF CLIMB
9. OMNI BEARING SELECTOR

10. MARKER BEACON
11. TRANSPONDER
12. RADIO SELECTOR PANEL
13. ADF RADIO
14. COMM/NAV TRANSCEIVERS
15. ALTIMATIC III B
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 LIGHTS •
25. ROTATING BEACON

26. PARKING BRAKE
27. POST LIGHTS SWITCH
28. LANDING LIGHT L
29. LANDING LIGHT R
30. GYRO SUCTION GAUGE
31. PITOT HEAT
32. MAP LIGHT SWITCH
33. AMMETER
34. NAV SELECTOR SWITCH
35. LANDING GEAR SELECTOR
36. AUTOFLITE
37. ALTERNATOR TEST BUnONS
38. MIXTURE CONTROL INDICATOR
39. FLAP INDICATOR
40. NAVI 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

•
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Figure 10-1 Instrument Panel
Serial Nos. 30-1717.30-1745 to 30-2000 incl.
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10-3. INSTRUMENTS.

10-4. VACUUM GYRO INSTRUMENTS. The directional gyro i~ a flight instru­
ment incorporatin.1! an air driven gyro stabilized in the vertil.:al plane. The bryro
is rotated at a hillh rate of speed by air which enters the instrument against the
gyro' buckets. Air from the instrUment is routed through Hnes to the vacuum
pump located on the engine. Due to gyrosco!Ji~ inertia, the spin axis continue:;
to point in the same direction even though the airplane yaws to me right or Idr.
This relative motion between the gyro and the instrument ~aSE: is shown on the
instrument dial which has a 360 degree direct reading. The dial, when set to
agree with the airplane magnetiC compass, provides a posiuve il\uication fn:.::
irom swing and turning error .

The attitude gyro is essentially an air driven gyroscope rotating in a hor­
izontal plane and is operated by the same principle as the directional gyro. £c­
cause of the gyroscopic inertia, the spin axis ~ontinues to point in the vern·::al
direction. providmg a constant visual reference to the attitude of the airplane
relative to pitch and roll axis. A bar a~ross the face of the indicator represents
the horizon. A miniature adjustable airplane is mounted to the case, and aligning
the miniature airplane to the horizon bar simulates the alginment of the airplane
to the acrualhorizon. Any deviation simulates the deviation of the airplane irom
the true horizon.

The vacuum gauge indicates system vacuum at the attitude gyro. The gauge
will also indicate an inoperative vacuum pump by a red left or right indicator
button which becomes visible against the vacuUll"! gauge glass.

10-5. PlTOT-STATIC INSTRUMENTS. The airspeed indicator provides a means
of indicating the speed of the airplane passing through the air. The airspeed in­
dication is the differential pressure readiDg between pitotair pressure and static
a ir pressure. This instrument has the diaphragm vented to the pitot (pressure)
air source and the case is vented to the static air system. As the airplane 10­

creases speed, the pitot air pressure increases. causing the diaphragm to move.
A mechanical linkage picks up this motion and moves the instrument pointer to
the indicator speed. The inStrUment dial is calibrated in knots and miles per
hour. and also has the necessary operating range markings for safe operation
speed of the airplane.

The altimeter indicates pressure altitude in feet above sea level. The indi­
cater has three pointers and dial scale. The long pointer is read in hundreds IJi
feet. The middle pointer is read in thousands of feet and the shorter pointer in
ten thousand ieet. A field pressure window is located on the right side of the in-

INSTRU~1ENTS
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dicator dial and is set by the knob located on the lower left corner of the instru­
ment. The altimeter consists of a sealed diaphragm thatis connected to the point­
ers through a mechanical linkage. The instrument case is vented to the static air
system. and as static ak 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 turD and bank indicator is an instru­
ment operated electrically and is used for making correctly controlled turns.
The turn portion of the indicator·is an electrically driven gyroscope. while the
bank portion is a ball sealed in a curved glass tube filled with damping fluid.

The ammeter will indicate the electrical outpUt-input of the battery. On
serial numbers 30-1717. 30-1745 and up. the ammeter is also equipped with two
selector switches whi<:h enables an independent output check of each alternator.

The two fuel quantity gauges are calibrated in fractional divisions of one­
fourth. one-half. three-fourths and full. Dual transmitter units are installed in
series in each fuel cell. This unit contains a resistance strip and a movable con­
trol arm. The position of this arm is controlled by afloat in the fuel cell and this

p

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 quantity 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 in­
stalled in the exhaust stack. (See Figure 10-5)

The oil pressure. oil temperature and cylinder head temperature is a com­
binatiQn gauge. each a 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 temperatures utilize a ratiometer to con­
trol each unit. both of which are connected with the airplane electrical system.
The wing flap indicator is a separate instrument with its respective rheostat type
sender unit.

Il\STRL~IENTS
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10-7. ~IISCELLA~EOUSINSTRUMENTS. 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 lo­
cated in the card holdel .nounteci above the compass.

The clock is a hand wound. 8-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 revolu­
tions per minute for each engine. The tachometers connect to each engine acces­
sory section by flexible drive cables. The drive operates a magnetic drag mech­
anism 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 Jecreases. the evacuated diaphragms con­
tract or expand. moving the respective pointers through a mechanical linkage.

The dual fuel flow ins"trument is a differential pressure gauge comprised
of diaphragm sensing units with sector and pinion movementto amplify diaphragm
movement. The gauge indicates fuel pressure in pounds per square inch by meas­
uring differential pressure between the injector inlet versus deck pressure .

10-3. TROUBLESHOOTING. For troubleshooting of the vacuum system. refer
to Table X-I: for various instruments, refer to Table X-II in this section.

10-9. RE~10VALOF INSTRUMENTS. All instruments are mounted in a similar
manner and can be removed by the follOWing procedure:

a. Remove the instrument access panel located on top of the instrurr,eni: panel
by removing attaching screws and lifting it from panel.

h. If a Royalite cover panel is installed. remove attaching screws and pull it
aWJ~1 from instrument panel. The post light electrical leads maY!1e disconnected
at quick disconnect terminals. if necessary.

c. Disconnect the plumbing and/or electrical leads from the back vi the instru­
ment. Where two or more lines connect to an instrument. ide~.tj:'y each li!1e ~o

faCilitate reinstallation. Attach a dust cap or plug to the instrument and line
fir:ings.

d. Remove the screws that secure the instrument to the par~:.

e. Remove the instrument from the panel .

INSTRCMEms
Issued: 1~!"~9/7'~
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I().I O. INSTALLATION OF lNSTRUMENT.
a. Place instrument in its panel cutout and secure with screws.
b. Connect the plumbing and/or electrical leads to the back of the instrument.
c. If a Royalite cover panel is installed, connect post lilht 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.

I()'II. GYRO SERVICE PROCEDURE.

1()'12. GYRO INSTALLATION INSPECTION. The following inspections should be made
before removing a suspected IYro instrument from the airplane:

a. Visual Examination:
1. Has the instrument been modified?
2. Has the instrument been damaged?
3. Does the instruItlent show any signs of abuse?

b. Installation 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 started or stopped?
S. Are unused ports correctly sealed against air leaks?
6. Is the system pressure correct, :md does the pressure gauge give an accurate

reading?
7. Is the pressure regulator adjusted correctly and functioning properly?

10-1 3. 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 ports properly sealed immediately after removal from the aircr:1ft instrument panel.
The instrument must also be accompanied by factory copies of the warranty and credit
claim forms. These forms and the special containers should be available at any Piper Dealer
and/or Distributor. Should any gyro instrument be received by the factory in :m unapproved
container or if the ports 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 I S days following discovery of defect).

•

•
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10-14. GYRO VACUUM SYSTEM.

10-1 S. PRINCIPAL 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. :1 central air mter, a suction gauge and necessary tUbing and fittings.

Due to suction from the vacuum pumps. air enters the central air filter, located on the
forward cabin bulkhead, and passes over the instrument gyros causing them to tum. The air
is then routed to the vacuum manifold where 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.

The 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 puge indicates the amount of vacuum at the attitude gyro as created by
the engine driven vacuum pump. Also included in the puge are a right and left indicator
button which become visible when the corresponding pump is inoperative.

10-16. REMOVAL OF VACUUM PUMP.
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.
c. 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 will be necessary

to pull the pump aft as the nuts are being removed before the nuts can be completely
removed.

10-17. INSTALLATION OF VACUUM PUMP.
a. Oean 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.
c. With the vacuum pump in position, slide the pump aft enough to install washers

and :itart mounting nuts. 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

turn fasteners.

INSTRliMENTS
Issu~d: I :'/29/7~
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1~17a. REPLACING PUMP FII lINGS. •
a. The handling procedures for securing the pump while instaJling or removing fittings

are as fonows:
I. Use two soft wood blocks in a vise to protect pum p from vise jaws.
2. The pump square mounting flange must be held between the wood blocks at

right angles to the vise jaws. (Refer to Figuie 1~3a.)
3. Use only enough vise pressure to hold pump fumly.

CAunON

Do not apply vise pressure to outside diameter or overall
length of the pump.

b. Thread lubricant, if required, should be applied SPariDllY to the external threads of
the fittinl only. Use a powdered moly sulfide or graphite in dry form or in an evaporating
vehicle, or employ a silicone spray.

CAurION

Do not use pipe tape, thread dope, hydrocarbon oil or grease,
as these c:an contaminate pump and cause malf\Ulction.

Co Use the fonowing steps for fitting installation:
I. Secure pump as noted above.
2. Insert fittings in pump ports and hand tighten fumly.
3. Using a wrench, tiihten each fitting from one-half to two additional turns•

•

Figure I~3a. Securing Pump

2K24
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Figure 10-4. Vacuum System Installation
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10-18. REMOVAL OF VACUUM MANIFOLD.
:l. Rt:nlove top nose access pant:! by loosening the quarter turn fasteners.
h. Remove vacuum manifold by removing the spring clamps and hoses.
c. Plug or cap the ho~es to prevent contamination.

10-19.. INSTALLATION OF VACUUM MANIFOLD.
a. Position the manifold in place at the forward cabin bulkhead and connect

vacuum hoses securing tht=m with spring clamps.
b. Install top nose access panel and secure with quarter turn fasteners.

10-10. REMOVAL OF VACUUM REGULATOR.
a. Remove the side 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 is located in front of the firewall and one aft of the firewall.
d. Cap hoses to prevent contamination.
e. Remove the four screws and nuts attaching the regulator to firewall and

remove regulator.

•

lo-:!l. INSTALLATION OF VACUUM REGULATOR.
a. Position regulator back of the firewall and insert tube fitting and adjustment •

screw through firewall.
b .. Place placard plare and. gasket over tube fitting and adjusting screw . Secure

assembly to firewall with screws and nuts.
c. Connect vacuum hoses to regulator fittings and secure with spring clamps.
d. Install nacelle access panel and side access panels.

10-~:!.. ADJUSTMENT OF VACUUM REGULATOR.
a. With a qualified pilot or other responsible person at the controls. start

engine on same side as regulator to be adjusted and allow time lor warm up.
b. With the engine running at medium RPM. the vacuum llauge should indicate

between 4.8 to 5. I inches of mercury. If the vacuum reading fails to fall within
this range. shut down the engine and adjust relief valve by loosening the jam nut
from valve adjusting screw located on the firewall. Move the valve adjusting
screw clockwise to increase the vacuum and counterclockwise to decrease the
vacuum.

c. Start the engine and repeat the check.
d. When regulator is adjusted properly. tighten jam nut and repeat the check.
e. Repeat the above procedure for the opposite engine.

INSTRUMENTS
Issued: I~::9172
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10-23. VACUUM SYSTEM AIR FILTERS.

10-24. REPLACEMENT OF CENTRAL AIR FILTER. After each 100 hours of operation. the central air
filter. located just forward 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.
c. Remove nut from stud attaching filter to mounting bracket.

10-25. REPLACEMENT OF INSTRUMENT AIR FILTERS. Remove the filter assembly and replace
during the 500 hour inspection of the airplane.

a. Remove screws attaching ait 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.

10-26. REPLACEMENT OF VACUUM REGULATOR FILTERS. After each 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.

10-27. EXHAUST GAS TEMPERATURE GAUGE (RADAIR).

10-28. GENERAL. This dual instrument. which is commQnly referred to as EGT. is used to aid the pilot in
setting the most economical fuel-air mixture for cruising flight at a power setting 75~ or less. It is a sensing
device to monitor the temperature of exhaust gases leaving the engine cylinders. If it is found defective aftc:r
checking with the troubleshooting chart. it should be replaced. If the leads to the gauge are defective in any
way. they must be replaced. When replacing leads. it is necessary to use the same type and length of wire.
because the resistance ofthe leads is critical for the proper operation of this gauge. When troubleshooting this
instrument be certain the system being checked coincides with the system on the indicator.

10-29. CLEANING AND INSPECTION. If mechanical damages other than broken glass. bent or brokc:n
pointer or broken case are evident. the following checks should be performed before removing the instrument:

a. The thermocouple probe should be removed and cleaned at each 100 hour inspection. This will
insure good and rapid response to temperature changes. The following procedure should be used:

1. Detach the thermocouple leads from the extension lead if necessary. (Do not detach if the
probe can be removed and cleaned with leads attached.) (Refer to Figure 10-5.)

.- Issued: 12/29/72
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., Unscrew the attaching damn: and wit'" lev~ragc applied to the CLAMP ONLY.
lift out the thennocouDI~ assembl\" v~ry carefully from the manifold. (Do not attempt to
pull the thennocouple by squ~cling the spacer washers with vke-gril"l pliers.)

3. Clean probe with solvent and check for broken weld at tip end or burned off
end.

4. Replace the assembly carefully and retighten the damp. If leads are
disconnected. reconnect them using a new pair of Thomas and Bdts USta-Kon" connectors,
make certain connections are tight.

b. Examine the extension lead wires for any evidence of chafing on sharp edges. This
could cause erratic fluctuation of the EGT indicator.

~. Ascertain that the connectors which mate the extension Icads to the thennocotl!,le
are I'rorerly seated. Poor contact may cause indicator fluctuation also.

CAUTIONS

I. DO NOT cut off any access lead wire from the
thennocouple to the indicator, at any time. This will
cause the system to be inaccurate.
NEVER attempt to check indicator ol"leration or
resistahce with an ohmmeter. A special bridge is required
which is accurate and will not damage the instrument.

3. DO NOT attempt to adjust the indicator. The system was
accurately calibroted at the factory.

NOTE

Local instrument shops C:1n replace broken glass in the bezel
and check operation and calibration of the indicator. It is
recommended that the indicator be returned to Radair for
re-calibration.

J. If trouble still exists after making the above checks, REMOVE the leads from the
indicator and using an ohmmeter ~heck the extension cables and themlocouple for the
following:

•

•

PROBE RESISTANCE:
EXT. LEAD RESISTANCE:
TOTAL RESISTANCE:
INDICATOR IMPEDANCE:

I ohm
70hrns
80hrns
8 ohms

INSTRUMENTS
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102&+25---f
WASTE GA~ ASSY I

THERMOCOUPLE LOCATION ON

TURBO-eHARGED ENGINE

IU.USTRATION A

NUMBER 1 CYUNDER
EXHAUST PIPE
BOTH ENGINES

SEE IU.USTRATION A WHEN
TURBOCHARGER IS INSTAU.ED

.188 HOLE
(IN EXHAUST STACKI - UP

EXHAUST STACK

THERMOCOUPLE

NO~

Q..AMp

•

ASSEMBLE SMAU. AND LARGE SPACERS ON THERMOCOUPLE
PROBE SO AS TO CENTER TIP OF PROBE IN EXACT CENTER OF

EXHAUST STACK.

Figure 10-50 EGT Thermocouple
Installation

INSTRUMENTS
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TAGLE X-I. TROUIJLESI-IOOTIN(; CIIAHT (VACUUM SYSTEM) •
Trouble

No vacuum pressure
gauge indication.

No vacuum pressure
gauge indication at
instrument.

No vacuum suction
gauge indication at
either instrument or
source.

Low vac uum system
pressure.

Normal pressure in­
dication' but slug­
gish operation of
instruments.

INSTRUMENTS
Issued: 12/29/7~

Cause

Pumps inoperative. Dis­
connected, broken or
restricted lines.

Hose from instrument
to gauge leaking or
restricted.

Faulty gauge. Mal­
functioning, regulator
valve, or vacuwn
pump.

Vacuum regulator
valves incorrectly
adjusted. Leaking
of the system lines
or fitting.

Instruments air filter
elements dirty.

2L6

Remedy

Replace pumps. Locate
trouble and correct.

Check all lines and
connections.

Check operation of in­
struments. U oper­
ation is normal, re­
place gauge. If in­
struments are inop­
erative, 'check oper­
ation of vacuum pump
or re!:trulator valve.

Adjust regulator valves
in accordance with
"Adjustments" of this
section.

Check all1ines and
fittings.

Remove and clean or
replace.

•
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TABLE X-I. TROUBLESHOOTING CHART (VAU 1.:\1 SYSTI·:~1) (cont. )

Trouble Cause Rem(.'tly

High system pressure. Vacuum regulator Adjust in accordance
valves incorrectly with "Adjustments" of
adjusted. this section.

Vacuum regulator Clean and check oper-
valves sticking ation of regulator
or diny filters. valve .

.

INSTR UMENTS
Issued: 1'l/'l9/7~

2 L7



PIPER TWIN COMANCHE SERVICE MANUAL

TABLE X-II. TROUBLESHOOTING CHART (INSTRUMENTS) •Trouble

Bar fails to respond.

Bar does not settle.

Bar oscillates or shimmies
continuously.

Excess d rift in either
direction.

Issued: 12/29/72

Cause

GYRO HORIZON INDICATOR

Insufficient vacuum.

Excessive vibration.

Insufficient vacuum.

Defective instrument.

Excessive vibration.

Vacuum too high.

Defective mechanism.

DIRECTIONAL GYRO INDICATOR

Excessive vibration
with amplitude more
than 0.006 inch.

2L8

Remedy

Check pump and tubing:

Check shock mounts.
Replace if necessary.

Check line and pump.
Adjust valve.

Replace.

Check shock mounts.
Replace if necessary.

Adjust valve.

Replace instrument.

Check shock mounts.

INSTRUMENTS
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TABLE X-II. TROUBLESHOOTING CHART (INSTRUMENTS) (l:ont. )

Trouble Cause

DIRECTIONAL GYRO INDICATOR (cont. )

Rcmeuy

Dial spins continuously. Defective mechanism.•

•

Excess drift in either
direction. (cont.)

Pointer does not set
on z~ro.

Pointer fails to re­
:;pond.

Insufficient vacuum.
If vacuum below
required inches, check
for the following: .
a. Regulator valve im­

properly adjusted.
b. Incorrect gauge

reading.
c. Pump failure.
d. Vacuum line kink­

ed or leaking.

Defective instrument.

RATE OF CLIMB INDICATOR

Aging of diaphragm.

Obstruction in static
line.

2L9

a. Adjust.

b. Recalibrate.

c. Repair or replace.
d. Check anu repair.

Check for collapsed
inner wall of hose.

Replace instrument.

Replace.

Reset pointer to zero by
means of setting screw.
Tap instrument while
resetting.

Disconnect all instru­
ments connected to the
static line.

Check individual instru­
ments for obstruction
in lines .

INSTRUMENTS
Issued: 1'2/29/7'2
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TAl3LE X-II. TROUBLESHOOTINC, CI IAHT C1NSTHI1MI':NTS) (cont. )

Trouble Cause Remedy

RATE OF CLIMB INDICATOR (cont. )

Pointer oscillates. Leaks in static lines. Disconnect all instru-
ments connected to the
static line. Check in-
dividual instruments
for leaks. Reconnect
instruments to static
line and test installa-
tion f01" leaks.

Defective mechanism. Replace instrument.

ALTIMETER

Excessive scale error. Improper calibration Replace instrument.
adjusttnent.

Excessive pointer Defective mechanism. Replace instrument.
oscillation.

High reading. Improper venting. Eliminate leak in static
pressure system and
check alignment of
airspeed tube.

Setting knob is hard Wrong lubrication of Replace instrUment.
to turn. lack of lubrication.

Inner reference marker Out of engagement. Replace instrument.
fails to move when
setting knob is rotated.

INSTRUMENTS
Issued: 11/29/71
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TABLE X-II. TROUBLESHOOTING CHART (INSTRUMENTS) (cant.)

Trouble Cause Remedy

ALTIMETER (cant.)

Setting knob set screw Excessive vibration. Tighten instrument
loose or missing. screw. if loose. Replace

instrument. if screw is missing.

Cracked or loose Excessive vibration. Replace instrument.
cover glass.

Dull or discolored Age. Replace instrument.
luminous markings.

Barometric scale and Slippage of mating Replace instrument.
reference markers parts.
out of synchronism.

Barometric scale and Drift in mechanism. Refer to AC 43. 13-1.
reference markers out of
synchronism with pointers.

AIRSPEED TUBES AND INDICATOR

Tube does not heat or Circuit breaker open. Reset.
clear itself of ice with
switch "ON", (Heated Open circuit. Repair.
pitot tubes only.)

Loose connections Check continuity of
or broken wires. wiring.

Heating element burned out. Replace pitot head.

Revised: 4/6/81
21..11
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PIPER TWIN COMANCHE SERVICE MANUAL

TABLE X-II. TROUI3LESHOOTING CIIART (INSTRUMENTS) (cont. ) •
Trouble Cause

AIRSPEED TUBES AND INDICATOR (cont. )

Remedy

Pointers of static in­
stroments do not
indicate properly.

Pointer of in~rument
ment oscillates.

Pointer fails to
respond.

Incorrect sensitivity.

Pointer does not set
on zero.

Leak in instrument case
or in pitot lines:

Leak in instrument
case.

TURN AND BANK INDICATOR

Foreign matter lodged
in instrument.

No electrical circuit.

Misadjustment of
sensitivity spring.

Gimbal and rotor
assembly out of
balance.

Pointer incorrectly
set on its staff.

Sensitivity adjusttnent
pulls pointer off zero.

Check {or leak and seal.

Check for leak and seal.

Replace instrument.

Check for voltage at
instrument.

Adjust -by means of
sensitivity spring
screw. If this pulls
the pointer from zero,
replace instrument.

Replace instrument.

Replace instrument.

Replace instrument.

•

INSTRUMENTS
Issued: I ~/~9/72 •
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TABLE X-lIe TROUBLESHOOTING CHART (INSTRUMENTS) (cont. )

Trouble Cause Remedy

TURN AND BA.!"JK INDICATOR (cont. )

Vibrating pointer. Gimbal and rotor Replace instrument.
assembly out of
balance.

Pineci or worn pivots Replace instrument.
or bearings.

In low temperature Oil has become too Replace instrument.
pointer fails to thick.
respond or does so
sluggishly and with Insufficient bearing Replace instrument.
insufficient deflec- clearance.
tion.

Pointer sluggish in re- Oil or dirt between Replace instrUment.
turning to zero and damping pistons
does not set on zero and cylinder.
when stationary.

Excessive clearance Replace instrument.
between rotor and
rotor pivots.

Ball in inclinometer Instrument out of Correct alignment.
does not center. alignment on panel.

INSTRUMENTS
Issued: 12/'19/72
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TABLE X-II. TROUBLESHOOTING CHAHT (INSTRUMENTS) (cont. )

Trouble Cause Remedy

MAGNETIC COMPASS

Excessive card error. Compass not properly Compensate instrument.
compensated..

External magnetic Locate magnetic inter-
interference. ference and eliminate

if possible.

Excessive card Improper mounting on Align instrument.
oscillation. instrument panel.

Insufficient liquid. Replace instrument.

Card sluggish~ Weak card magnet. Replace instrument.

Excessive pivot fric- Replace instrument.
tion or broken jewel.

Instrument too heavily Remove excess com-
compensated. pensation.

Liquid leakage. Loose bevel screws. Replace instrument.

Broken cover glass. Replace instrument.

Defective sealing Replace instrument.
gaskets.

Discolored luminous Age. Replace instrument.
markings.

INSTRUMENTS
Issued: I 2/19/71
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TABLE X-II. TROUBLESHOOTI~GCHART (1~STRLJ~tE~TS)kont. )

Trouble Cause Remedy

,
MAGNETIC COMPASS (cont. )

Defective light. &.lrned out lamp or Check lamp or continuity
broken drcuit. of wiring.

ENGINE OIL PRESSURE GAUGE

Excessive error at Pointer loose on shaft. Replace instrument.
zero. Overpressure or

seasoning of bourdon
tube.

Excessive scale Improper calibration Replace instrunlent.
error. adjusanent.

Excessive pointer Improper damping or Disconnect line and
o 5cillation. rough engine re- drain. Check for leaks.

lief valve. lftrouble persists,
Clean and adjust relief
valve.

Sluggish operation of Engine relief valve Check and clean.
pointer or pressure open.
iails to build up.

FUEL FLOW GAUGE

:--!o fuel pressure Fuel valve stuck. Check valve.
indication.

No fuel in tanks. Check fuel, fill.

INSTRUMENTS
Issued: 11/19/7'1
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TAGLE X-II. TROUBLESIIOOTING CflART (lNSTRUiv1ENTS) (cont. ) •
Trouble

No fuel pressure
indication. (cont.)

Pressure low or pres­
sure surges.

Cause

FUEL FLOW GAUGE (cont. )

Defective fuel pump.

Defective gauge.

Obstruction in inlet
,side of pump.

Faulty bypass valve.

Faulty diaphragm.

Remedy

'Check pump for pres­
sure tJJild up. Check
diaphragm and relicf
valves in engine pump.
Check for obstruction
in electric pump.

, Check bypass valve.
Air leak in intake lines.

Replace gauge.

Trace lines and locate
obstruction.

Replace.

Replace or rebuild
pump. •

MANIFOLD PRESSURE INDICATOR

Excessive error at
existing barometric
pressure.

Excessive error when
engine is running.

Sluggish or jerky point­
er movement.

Pointer shifted.

Line leaking.

Improper damping
adjustment.

2 L16

Replace instrument.

Tighten line cOlmections.

Adjust damping screw.

INSTRl'Mt-=NTS
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TABLE X-II. TROUBLESHOOTING CHART (1:-.iSTRU~·IE:'\:TS) h;ont. )

Trouble Cause Rt:'m~y

MAl'UFOLD PRESSURE INDICATOR (cont. )

Broken or loose cover Vibration or exces- Replace glass and re-
glass. sive pressure. seat case.

Dull or discolored Age. Replace instrument.
luminous markings.

Incorrect reading. Moisture or oil in Disconnect lines and
line. blowout.

TACHOMETER

);0 reading on indicator Broken shaft. Replace instrument.
either permanent or
interminent. Springs weak. Replace instrument.

Pointer oscillates Rough sP9t on, or Repair or replace.
excessively. sharp bend in shaft.

Excess friction in Replace instrument.
instrument.

FUEL GAUGE

Fuel gauge fails to Broken wiring. Check continuity and
indicate. repair.

Gauge not operating. Replace panel unil.

Float is filled with Replace sender unit.
fuel.

INSTRUMENTS
Issued: 12/19/72
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TA13LE X-II. TROUnLESHOOTING CHART (lNSTRUMEf\'TS) (cont. )

Trouble Cause Remedy

Fuel gauge fails to Cir~uit breakel" out. Check for possible short
indicate. (cont. ) drcuit then reset

bre:lker.

Defective selector Check switch inst:lllu-
switch. tion, replace !:l"Witch if

necessary.

Fuel gauge indicates Incomplete ground. Check wiring. sender
full' constantly. unit and gauge.

Repair or replace.

Fuel gauge indicates Fuel selector in·· ..OFF .. Normal.
zero. position.

Shorted connection Check switch :lnd
at selector switch wiring.
or other wiring.

OIL TEMPERATURE INDICATORS

Instrument fails ·to Wiring open. Check engine unit and
show any reading. wiring to instrument.

Excessive scale· Improper calibration. Replace.
error.

Pointer fails to move as Wiring open. Check engine unit and
engine is warmed up. wiring.

Dull or discolored Age. Rcpl~l.:e instrument.
luminolls m~rking.

•

•

INSTRUMENTS
Issued: I :/"29/7:' •
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PIPER TWIN COMANCHE SERVICE MANUAL

TABLE X-II. TROUBLESHOOTING CHART (INSTRU~fNTS)(cont.l

Trouble Calise Rem~d'·

EXHAUST GAS TEMPERATURE GAUGE

GJuge inoperative. Master Switch OFF. Tum switch ON.

Circuit Breaker OUT. Push breaker IN.

Defective gauge, probe Check probe and lead
or wiring. wires for chafing,

breaks or shorting
between wires andlor
metal stmcture.

Adjustina potentio- Reset potentiomder.
meter turned off scale.

Flllctu;lting reading. Loose, frayed or broken Clean and tighten
electrical leads or connections. Repair
faulty connections. or replace defective

leads.

.

i

INSTRUMENTS
Issued: 1:/19/i1
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WARNING
The inforqtation contained in this manual is
periodicaUy revised. Piper Aircraft Corporation
urges all users of this manual to keep it current.
Contact your nearest Piper. Aircraft Corporation
distributor to arrange for a subscription to future
revisions.

NOTE
Revision service is available in aeroficbe format only.
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A~ROFICHE EXPLANATION AND REVISION STATUS

The Service Manual information incorporated in this set of Aerofiche cards has been arranged in
accordance with the general specifications of Aerofiche adopted by the General Aircraft ManufactlJra's
Association. (GAMA). The information compiled in this Aerofiche Serivce 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 lhe set.

Conversion of Aerofiche alpha! numeric code numbers:
First number is the Aerofiche card number.
Letter is the horizontal line reference per card.
Second number is the vertical line reference per card.

Example: 2J 16 =Aerofiche card number two of given set. Grid location J 16.

To aid in locating the various chapters and related service information desired. the following is provided:

I.
2.
3.
4.

5.

•
6.

A complete manual Table of Contents is for all fiche in this set.
A complete list of Illustrations is given and follows the Table of Contents.
A complete list of Tables is given for all fiche in this set and follows the list of Illustrations.
A complete list of paragraph titles and appropriate Grid location numbers is given at the beginning of
each Chapter relating to the information within that Chapter.
Identification of Revised Material:

Revised text and illustrations are indicated by a black vertical line along the left-hand margin of
the frame. opposite revised. added or deleted material. Revision lines indicate only current revisions
with changes and additions to or deletions of existing text and illustrations. Changes in
~apitalization. spelling. pun~tuation. indexing. the physicallo~ationof the matcrial or wmpletc page
additions are not identified by revision lines.
Revisions to this Service Manual issued are as follows:

Revisions

PR740131
PR760628
PR771006
PR780426
PR790910
PR8 I0406
PR821028

Date

January 31, 1974
June 28. "1976

October 6, 1977
April 26, 1978

September 10, 1979
April 6, 1981

October 28. 1982

Aerofiche Card Effectivity

I, 2 and 3
I and 2

I, 2 and 3
I and 2

I. 2. 3 and 4
I. 2. 3 and 4

• The date on Aerofiche cards should not be earlier than the date noted for the respective card effectivity.
Consult the lastest card in this series for cum:lIl Aerofiche card effectivity.
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SECTION XI

ELECTRICAL SYSTEM

II-I. INTRODUcnON. 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.
nus does not include electronics installations such as Autopilot or radios. For information
concerning electronic equipment refer to Section XII, Electronics.

11-2. DESCRIPTION. 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 furnish
power for starting and as a reserve power source in case 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 50-ampere generator or' 7o-ampere
alternator is supplied with the left engine as standard equipment. An additional generator or
alternator of' equal amperage may be supplied with the right engine as optional equipment.

Electricall switches and rheostats are located at the left side of the cockpit under the
instrument panel. The circuit breakers 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 p3nel 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..[ 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
stopped. Therefore, to complete some checks or adjustments.
it will be necessary to remove these units from the airplane
and be placed on a test stand.

. -
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ll-·L GENERATOR SYSTEM.

11-5. DESCRIPTION OF GENERATOR SYSTEM. Th~ generator is o( the two
brush. shunt typ~ 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 is the regulator aSlS(;m­
bly. composed of a voltage regulatorand current regulator. to prevent overload­
ing of the battery and electrical circuits. Also with the regulator i::i a reverse
current cutout to prevent the generator from being motorized by the battery when
the generator output drops below the batteryvoltage-. Where dual gene rators are
used. a paralleling relay is used to connect the two generators. The generator
is located on the front lower right side of the engine and utilizes a belt drive from
the engine crankshaft. The generator VOltage regulator is located on the engine
firewall. The best assurance of obtaining maximum service from the gent'rator
with minimum trouble is to follow a regula r inspection and maintenance proce­
dure.

11-6. DESCRIPTION OF GENERATOR PARALLEUNG SYSTEM. Whendualgen­
erators are installed, the generators will be identical and the regulators involved
are 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 portion of the electrical load.

The cut -out relay, current regulator and voltage regulator unit of the reg­
ulators function in the same manner as standard regulators. The paralleling coil.
located on the voltage regulator unit of each regulat!or. is connected into the cir­
cuit so that it either aids or opposes the voltage regulator 5 hunt winding. depend­
ing 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 paralleling coils
from the regulator with the higher setting. The paralleling coils are connected
so that this current flow lowers the VOltage of the regulator with the highest set­
ting. The amount of current which 110ws through the paralleling coils is the amount
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 thlP paralleling coils of the two regulators. Each set of contacts in
the external two -unit paralleling relay (Refer to Figure 11-3.) close when the
voltage of each respective generator reaches the value for which the relay is 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 charging system open. breaking the circuit be-

.-
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tween the paralleling windings. If the other generator and regulator are not de­
fective, they will operate as a nonnal single generator charging system.

11-7. CHECKING GENERATOR SYSTEM. lnanalyzingcomplaints of generator­
regulator operation. any of several basic conditions may be found.

a. Fully Charged Battery and Low Charging Rate: This indi.cates normal gen­
erator -regulator operation. Regulator setting may be checked as outlined in para ­
graph 11-24.

b. Fully Charged Battery and a High Charging Rate: This indicates that the volt ­
age regulator is not reducing the generator output as it should. A high charging
rate to a fully charged battery will damage 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 field circuit (in either generator. regulator or wir-

ing).

•

4. Poor ground connection at regulator.
5. High temperature which reduces 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 is not due to high temperature. determine the cause of trouble •
by disconnecting the lead from the regulator "F" terminal with the generator op­
eratingat medium speed. If the output remains high. the generator field isground-
ed either in the generator or 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 Charging Rate: This is normal generator- regulator
action. Regulator settings may be checked as outlined in paragraph 11-24.

d. Low Battery and Low or No Charging Rate: This condition could be due to:
1. Loose connections. frayed or damaged wires.
2. Defective battery.
J. High circuit resistance.
4. Low regulator setting.
5. Oxidized regulator contact points.
6. Defects within the gene rator.
If the condition is not caused by loose connections. frayed or damaged \vires.

proceed as follows to locate cause of trouble.
To determine w~ether the generator or regulator is at fault. momentarily

ground the "F" terminal of the regulator and increase generator speed. If the
output does not increase, the generator is probably at fault and it should be check­
ed as outlined in paragraph 11-9. If the generator output increases, the trouble

3 A17
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is 'due to:
1. A low voltage (or current) regulator setting.
2. Oxidized regulator contact points which insert excessive resistant.:e inlO

the generator field circuit so that output remains low.
3. Generator field circuit open within the regulator at the cormections or

in the regulator Wiring.
e.Bumed Resistances. Windings or Contacts: These result from open circuit

operation or high resistance in the charging circuit. Where burned resistances.
Windings or contacts are found, always check wiring before installing a new reg­
ulator. Othexwise the new regulator may also fail in the same way.

f. Burned Relay Contact Points: This is due to reversed generator polarity.
Generator polarity must be corrected as explained in paragraph 11-22 after any
checks of the regulator orgenerator or after disconnecting and reconnecting leads.

11-8. ADJUSTMENTS, TESTS AND MAINTENANCE OF GENERATOR SYSTE~l.

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 overhauling of the generator at pe­
riodic intervals are desirable as a safeguard against failures from accummula­
tions of dust and grease and normal wear of parts. This is particularly desir­
able on installations where maintenance of operating schedules is ot special im­
po rtance . In addition to the generator itself. the external circuits between the
generator. regulator and battery must be kept in good condition since defective
wiring or loose or corroded connections will prevent normal generator and reg­
ulator action. At times it may be fOWld necessary to adjust the voltage regulator
or if dual generators are installed. the voltage regulators and paralleling relay.
~lore detailed instructions may be found in the paragraph to follow.

11-9. TEST AND MAINTENANCE OF GENERATOR (DELCQ-REMY).

11-10. INSPECTION OF GENERATOR.
a. At periodic intervals the generator should be inspected to determine its 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 or dirt.
high temperatures and operating the generator at or near full output most of the
time are all factors which increase bearing, commutator. and brush wear. Gen­
erally speaking. the units should be uspectedat approximately 100 hour intervals.

• ELECTRICA L SYSTEM
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Figure 11-2. Sectional View of Generator

The inspection procedure follows.
b. First inspect the tenninals. external connections and wiring, mounting,

pulley and belt. Then remove the cover band so that the commutator, brushes
and internal connections can be inspected. If the commutator is dirty it may be
cleaned with a strip of No. 00 sandpaper. Never use emery cloth to clean the
commutator.

c. The sandpaper may be used by holding it against the commutator with a wood
stick while the generator'is rotated. moving it back and forth across the commu­
tator. Gum and dirt will be sanded off in a few seconds. All dust should be blown
f rom the gene rator after the commutator ha s been cleaned. A brush seating stone
can also be used to clean the commutator.

d. If the commutator is rough. out of round. or has high mica. the generator
must be removed and disassembled so that the armature can be turned down in a
lathe and the mica undercut.

e. If the brushes are worn down to less than half their original length. they
should be replaced. Compare the old brush with a new one todetennine how much

ELECTRICAL SYSTEM
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it IS worn. New brushes should be seated to make sure that they are in good con­
tact with the commutator. A convenient tool for seating brushes is a brush seat­
ing or bedding stone. This is a soft abrasive material which. when held against
a revolving commutator. disintegrates so that particles are carried under the
brushes and wear their contacting faces to the contour of the commutator in a few
seconds. All dust should be blown from the generator after the brushes are 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 spring tension can be checked with a sp ring
gauge hooked on the brusharm or brush attaching screw. Correction can be made
by bending" the brush spring as required. If the brush spring shows evidence of
overheating (blued or 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 be checked to make sure that it is in good condition and has
correct tension. Low belt tension will permit belt slippage with a resulting rapid
belt wear and low or erratic generator output. Excessive belt tension will cause
rapid belt and bearing wear. Check the tension of a new belt 25 hours after in­
~tallation. Proper adjustment is given in paragraph 11-74.

11-11. SHUNT GENERATOR OtJrPUT. The maximum output of shunt gene rators
is determined by the current setting of the current regulator with which the shunt
gene rator is used. Checking of this setting is discussed in the applicable regula­
tor bulletin.

11-12. CHECKING DEFECTIVE GENERATORS. lfthe generator-regulator sys­
tern does not perform according to specifications (generator does not produce
rated output or produces excessive output), and the trouble has been isolated in
the generator itself by following the procedure outlined in paragrap~ 11-7. the
generator may be checked further as follows to determine the location of trouble
in the generator.

11-13. NO OtJrPUT.
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 or gummy commutator (Refer to Paragraph 11-21.) or poor connections may
prevent the generator from producing any output. Thrown solder on the ~over

band indicates that the generator has been overloaded (allowed to produce exces­
sive output) so it has overheated and melted the solder at the. commutator riser
bars. Solder thrown out often leads to an open circuit and burned commutator

• ELECTRICAL SYSTEM
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bars. If the brushes are satisfactorily seated and are making good contact with the commutator.and the cause
of trouble is not apparent. use a set of test points and a test lamp as follows to locate the trou ble (leads must be
disconnected from generator terminals).

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. it 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 shoulJ
light when one test point is placed on the field terminal or grounded fieldlead and the other is placed on the
brush holder to which the field is connected. Ifit does not light. the circuit is open. If the open circuit is due 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 specifieJ
voltage and an ammeter in series with the 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. If the 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.

Issued: 12/29/72
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•dn:uited commutator bars will arc every time they pass under the generator
bntshcs 50 that they \I;'illsoon become burned. If the bars are not too badly burn­
~d and the open circuit can be repaired. the armature can usually bt:' savl:'d. In
addition to repairing the armature. generator output must be hrought down to
specifications to prevent overloading by readjustment of the regulator.

f. Shorr circuits in the armature are located by use of a growler. The ar­
mature is placed in the growler and slowly rotated (while a thinstripoi steet"such
as a hacksaw blade is held above theannaturecore). The steel strip will vibrate
above the area of the armature core in which shorr circuited armature coils ar':
located. If the short circuit is obvious. it can often be repaired so that the ar­
ma tu re can be saved.

11-1~. Ur-..'STEADY OR LOW OUTPUT. If the generator produces a low or un­
steady 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 \"'ill pre­

vent 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 com­
mutator.

c. If the commutator is dirty, out of round. or has high mica, generator out-
put is apt to be low and unsteady. The remedy here is to turn tlie 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 ro Para-
graph 11-13.)

11-15. EXCESSIVE OUTPUT.
a. When a generator produces excessive output on an application. the proce­

du re for determining whether the trouble is in the generator, regulator. or else­
where is outlined in Paragraph 11-7. If the generator output remains high. even
with the "F" te~inalleaddisconnected. then the trouble is in the generator it­
self. and it must be further analyzed to locate the source of trouble.

b. In the system which has the generator field circuit grounded externally. ac­
cidental 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 inte rnally 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 commu­
tator 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

3 A23
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away, repair can be made by reinsulating th~ lead. It is also pussible to make
r~pair where the ground has occurrCd at the pole shoes by removing the field coils
and reinsulating and reinstalling th~m. A ground at the ,oF" terminal stud can bt:
repaired by installing new insulating washe rs or bushings.

"

NOTE

If battery temperature is excessive. battery over­
charge is apt to occur. even though regulator settings
are normal. Under this condition, it is permissible
to reduce the voltage regulator setting as explained in
the applicable bulletin pertaining to the regulator used
on the application.

11-16. NOISY GENERATOR. Noise emanating from agenerator may be I.:aused
by a loose mounting. drive pulley. or gear; worn or dirty bearings: or improp­
erly seated brushes. Dirty bearings may sometimes be saved by cleaning and
relubrication. but worn bearings should be replaced. Brushes can be seated as
explained in Paragraph 11-10. If the brush holder is bent. it may be diificult to
reseat the brush so that it will function properly without excessive noise. Such
a brush holder will requi re replacement.

11-17. DISASSEMBLY, REPAIR AND REASSEMBLY. i':ormally, disassembly
should proceed only so far as is necessary to make repair or replacement ot" tht:
defective parts. For example. the field (;oils shoula be checked for opens. shorts.
or grounds before being removed from the field frame. They should be removed
only if they require repair or replacement.

11-18. FIELD COIL REMOVAL. Field coils can be removt:d from the field frame
most easily by use of a pole shoe sc rew driver. It is also advisable to use a pole
sh~ spreader 0 since this prevents distortion of the field frame. The pole sho~

sc rew driver permits easy loosening and removal of the pole shoe sc rews so that
the pole shoes and field coils can be taken out of the field frame-. The pole shue
sc rew driver and spreader should be used on reassembly of the t"ield frame. Ca re­
ful reassembly is necessary to prevent shurting or grounding of the fi~ld coi Is as

the pole shoes are tightened into place .
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Li-ilL INSPECTION AND REPAIR OF PARTS. The armuture or field should not
be cleaned in any degn:asing tank or hy use of degreasing compounds. since litis
might damage insulation so that a short or ground would subsequently develop.
Sealed ball bearings do not O require cleaning or rt:lubricatlon. Other generator
parts oshould be cleaned and carefully inspel.:tcd [or wear and othe r damage. Any
defective parts should be repaired or replaccd. On reassembly all soldered elec­
trical connections soould be made with rosin flux. Acid ilux must never be used
on electrical connections.

11-20. FIELD COIL SERVICE.
a. The field coils should be checked for grounds, opens or shons as already

explained in Paragraph 11-13.
b. Grounded field coils may sometimes be repaired by removing them so th~y

can be reinsulated. Care must be used to avoid excessive bulkiness when ap­
plying new insulation. since this might cause the pole shoe to cut through and
cause another groul}d when the coils are reinstalled.

c. Usually if a field coil is open or shoned internally it will requir~ replace­
ment. since it is difficult to repair such a defect.

d. To remove or replace field coils in the field frame, the U:4C of a pole shoe
spreader and screw driver is recommended.

•

•LI-21. AR~tATURE SERVICE.
a. The armature should becheckedtoropens. shorts and grounds as explained

in followingparagraphs. If the annaturecommutator is worn. dirty. out of round,
or has high mica. the armature should be put in a lathe so the commutator can be
turned down and the mica undercut. The mica should be undercut .031 of an inch
and the slots cleaned out carefully to remove any trace of dirt or copper dust ..-\s
a tina1 step in this procedure, the commutator should be sanded lightly with ~o.

00 sandpaper to remove any slight burrs that might be left as a result of the un­
dercutting procedure.

b. Open circuited armatures can oftcn be saved when the open is obvious and
repai rable. The most likely place an open will occur is at the commutator riser
bars. This usually results from ov~r1oadingof the generator which causes over­
heating and meltingof the solder. Repair can be effected by resoldering the leads
in the riser bars (using rosin flux) and turning down the commutator in a lathe to
remove the burned spot and then undercutting the mica as explained in the pre­
vious paragraph. In some heavy-duty armatures. the leads are welded into the
riser hars and these cannot be repaired by rcsoldering.

c. Short drcuits in the annature are located by use of a growler. When the
armature is rcvolv<.>(} in the growler. with a steel strip such as a hacksaw blade

3 B1
ELECT.UCA L SYSTEM

Issued: 12/29/72 •



•

•

PIPER TWIN COMANCHE SERVICE M.',NUAL

held above it. the blade will vibrate above the area of th<.: annature core in. which
the shon is located. Copper or brush dust in the slots bt:tw~cn th(.· 1,;lllllll1utalor
bars sometimes \.. ..HJS~::i shorts between bars which can be ~liminatt:d hy c..:leaning
out the slots. Shorts at cross -overs of th~ coils at the I,; 0 r<.: cnl.kan oit~n ht: dim ..
inated by bending wi res slightly and reinsulating the ~xpost.:d ha rt- w i r~ .

d. Grounds in the armature are detected by usc ot a tt-st lamp and test points.
U the lamp lights when one test roint is placed on th~ commutator with the uthc.:r
point on the core or shaft. the annature is grounded. Grounds occur as a r~sult

of insulation failure. which is often brought on by overloading and consequ~nt

overheating of the generator. Repairs can sometimes be made if grounds an: at
core ends (where coils come out of slots) by placing insulating strips betwet-n
core and coil which has grounded.

11-22. POLARIZING GENERATOR. After a generator has ht:~n r·.:pairt:d and
reinstalled or at any time after a generator has been tested. it must be repular­
ized to make sure that it has the correct polarity with respect to tht: battery it is
to charge. Failure to repolarize the generator may result in hurned ,relay con­
tact points. a run-down battery and possibly serious damage to tht: generator it­
self. The procedure to follow in correcting generator polarity dcpt:nds upon the
gene rator-regulatorwiring circuits; that is, whether the generator iit:ld is inter­
nally grounded or is grounded through the regulator.

11-23. GENERATOR SERVICE TEST SPECIFICATIONS
(DE LCo.REMY). Specifications for l4-volt generators installed on PA-30 airplanes are as
follows:

Generator 1101915

(DELCo.REMY).
Ref. Servic~ Bulletin IG-150

Brush Spring Tension 24 oz.

Field Current (80 0 F)
Amps 1. 62 -1.72
Volts 12

Cold Output
Amps 50
Volts 14.0
Approx. RPM J~()O

• ELECTRICA L SYSTEM
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COLD OuTPUT: Cold output data applies to generators at 80 degrees F. and with brushes well seated.
Variations in temperature and brush seating as well as the condition of the generator may cause deviations
of 100 RPM or more from rated speed.
HOT OUTPUT: Hot output is maximum output as controlled by current regulator.

11-2-l. REGULATOR.

11-25. DESCRI PTION OF REG ULATOR. The regulator shown in Figure 11-4 consists of a cutout relay. a
voltage regulator and a current regulator unit. The cutout relay closes the generator to battery circuit when the
generator voltage is sufficient to charge the battery. and it opens the circuit when the generator slows down or
stops. The voltage regulator unit is a voltage-limiting device that prevents the system voltage from exceeding a
specified maximum and thus protects the battery and other voltage-sensitive equipment. The current regulator
unit is a current-limiting device that limits the generator output so as not to exceed its rated maximum.

11-26. CUTOUT RELAY.
a. The cutout relay (Refer to 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 are assembled into
a frame. A nat steel armature is attached to the frame by a nexible 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 nat spring riveted on the side of the armature.

b. When the generator voltage builds up a value great enough to charge the battery.. the. magnetism
induced by the relay windings is sufficient to pull the armature toward the core so that the contact points close.
This completes the circuit between the generator and battery. The current which nows from the generator to
the battery passes through the series winding in a direction to add to the magnetism holding the armature dOW.
and the contact points closed.

c. When the generator slows down or stops. current begins to flow from the battery to the generator .

•Issued: 12/29/72
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Figure 11-4. Current/Voltage Regulator

d. 1ltis reverse flow of current through
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 annature away from the core so that
the points separate; this opens the circuit
between the generator and battery .

•••
11·27. VOLTAGE REGULATOR.

a. The voltage regulator (Refer to Figure 114) has two windings assembled on a single
core, a shunt winding consisting of many turns of fme wire which is shunted across the
generator. and a series winding of a few turns of relatively heavy wire which is connected in
series with the generator field circuit when the regulator contact points are closed.

b. The windings 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.

• ELECTRICA L SYST8.1
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11-2S. CURRENT REGULATOR.
a. The current regulator (Refer to Figure 11-4.) has a series Winding of a few

turns of heavy wire which carries all generator output. The Winding core is as­
sembled into a frame. A flat steel armature is attached to the frame by a flexible
hinge so that it is just above the core. The armature has a contact pointwhich is
just i>t:lowa stationary contact point. When the current regulator is not operating,
the tension of a spiral spring holds the armature away from the core so that the
points are in contact. In this position the generator field circuit is completed to
ground through the current regulator contact points in series with the voltage reg­
ulator contact points.

b. When the load demands are heavy, as for example, when electrical devices
are turned on and the battery is in a discharged condition, the voltage may not in­
crease to a value sufficient tocaUSe the voltage regulator to operate. Consequen­
tly. generator outp~t will continue to increase until the generator reaches rated
maximum current. This is the current value for which the current regulator is
set. Therefore. when the generator reaches rated output, this output. flOWing
through lhe current.regulator winding, creates sufficient magnetism to pull the
cu rrent regulator armature down and open the contact points. With the points
open. resistance is inserted into the generator fieldcir~uit so that the generator
output is reduced.

c. As soon as the generator output starts to fall off, the magnetic field of the
cu rrent regulator winding is reduced. the spiral spring tension pulls the arma­
tli re up. the l:onract points close and directly connect the generator field to ground.
Output inl: reases and the above cycle is repeated. The cycle continues to take
place while the current regulator is in operation 50 to 200 times a second, pre­
venting the gtmerator from exceeding its rated maximum. When the electrical
load is reduced (electrical devices tumedoff or battery comes up to charge), then
th~ voltage inc reases so that the voltage regulator begins to operate and tapers
tht: gtmerator output down. This prevents the current regulator from operating.
Either the voltage regulator or the current regulator operates at anyone time ­
the two do not operate at the same time.

11-2~. RESISTANCES. The current and voltage regulator circuits use acommon
resistor which is inserted in the field circuit when either the current or voltage
regulator operates. A second resistor* is connected between the regulator field
terminal and the cutOUt relay frame, which places it in parallel with the generator
field coils. The sudden reduction in field current occurring when the current or
voltage regulato r contact points open, is accompanied by a surge of induced volt­
age in the field coils at the strength 01 the magnetic field changes. These surges

•

•

385
ELECTRICA L SYSTEM

Issued: 12/'19/72 •



•

•

PIPER TWIN COMANCHE SERVICE MANUAL

are panially dissipated by tht: two resistors. thus preventing excessive arcing at
tht: contact points.
"(Th~ second resistor is not pr~sent on all regulators. Many airl: rait rt:gula[Ors
have this resistor omitted.)

ll-JO. TEMPERATURE COMPENSATION. Voltage regulators art: compensated
for temperature by means of a bimetal thermostatic hinge on the armature. This
causes the regulator to regulate at a higher voltage when colu which partly com­
pensates for the fact that a higher voitage is required to charge a <.:old battt:ry.
Many current regulators also have a bimetal tht:rmostatic hinge un the armature.
Thispennits a somewhathighergeneratoroutput when tht: unit is cold. but causes
the output to drop off as temperature increases.

11-31. ·REGULATOR POLARITY. Somt: r~gl.l1ators are designed roruse with
negarive grounded systems. while other regulators are designed for use with iJO­
sitive grounded systems. Using the wrong polarity regulator on an insta llation wi 11
cause thl: regulator contact points to pit badly and give short li fe. As a silCcguard
against. installation of the wrong polarity regulator. all regulators of this type
have the model number and the polarity dearly stamped on the end or tht: regu­
lator base. (Refer to Paragraph 11-33. step e.)

11-32. REGVL\TOR MAINTENANCE.

11-:3:3. MAINTENAr-:CE INSTRUCTIONS.
a. Mechanical checks and adjustments (air gaps. point opening) must be made

with battery disconnected and r~gulator prcferabl~' off ttle aircrilit.

CAUTION

The cutout relay contact pointS must never he closed
by hand with the batt~ry connected to th~ regularor.
This would cause a high cu rrent to flow through tht:
units which would seriously damage them.

b. Electrical checks and adjustments may be made elthcr on or orf the air­
plan~. The regUlator must always be operated with the type gen~r•.Hl)r ior which
it is designed.

\,;. Thc regulator must be mounted in the operating poSition when elC:l:trical
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TO CLEAN CONTACT POINTS

Figure 11-5. Use of Riffle.r File
to Clean Contact Points

CONTACT
MOUNTING SCREWS
(LOOSIN TO so All OAP'

Figure 11-6. Voltage Regulator
Air Gap

settings are checked and adjusted and it must be at operating temperature.
d. Specified generator speeds for testing and adjusting.

1. Voltage Regulator
(a) Operating speed •

2. Current Regulator
(a) All generators must be operated at a speed sufficient to produce
current in excess of specified setting.
(b) Voltage of the generator must be kept high enough to insure suffi·
cient current output, but below the operating voltage of the voltage reg­
ulator unit.

e. After any tests or adjustments the generator on the airplane must be polar­
i zed after leads are connected, but before the engine is started, as follows:

After reconnecting leads. momentarily connect a jumper lead between the
"GEN" and "BAT" terminals of the regulator. This allows a momentary surge
of current to flow through the generator which correctly polarizes it. Failure to
do this may result in severe damage to the equipment since reversed polarity
causes vibration, arcing and burning of the relay contact points.

11-34. CLEAl\'lNG CONTACT POINTS. The contact points of a regulator will
not ope rate indefinitely without some attention. It has been found that a great
majority of all regulator trouble can be eliminated by a simple cleaning of the
contact points, plus some possible readjustment. The flat points should be clean­
ed with a spoon or ritner file. On negative grounded regulators which have the
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ilat contact point on the regulator armatures. loosen the contact bracket mount­
ing screws so that the bracket can 'be tilted to one side. A flat file cannot be used
successfully to clean the flat contact points since it will not touch the center or
the flat point where point wear is most apt to occur. Never use emery cloth or
sandpaper to clean the contact pOints. Remove all the oxides from the contact'
points but note that it is not necessary to remove anycavity that may have devel­
oped.

•

III.
J filii .....a
1I 1·1 011I-11 WOlf

Figure 11-7. Checking Voltage
Setting Fixed Resistance Method

Figure 11-8. Checking Voltage
Setting Variable Resistance Method.

11-35. REGULATOR CHECKS AND ADJUSTMENTS.

11-36. VOLTAGE REGULATOR. Two checks and adjustments are required on
the voltage regulator; air gap and voltage setting.

a. Air Gap: To check air gap. push armaruredown until the contact points are
just touching and then measure air gap. (Refer to Figure 11-6.) Adjust by loosen­
ing the contact mounting screws and raising or lowering contact bracket as re­
quired. Be sure the points are lined up and tighten screws aiter adjustment.

b. Voltage Setting: There are twO ways to check the voltage s«;,ning; the fixed
resistance method and the variable resistance method. (Reier to Figures 11-7
and 11-8.)

1. Fixed Resistance Method.:
(a) Connect a fixed resistance between the battery terminal and ground
as shown in Figure 11-7 after disconnecting the batte ry lead trom the
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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
within 1/4 inch of regulator
cover to measure regulator
ambient temperature.
(d) Operate generator at
specified speed for 15 minutes
with regulator cover in place
to bring the voltage regulator
to o.pet:ating 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 voloneter lead back to "BAT" terminal of
regulator. Bring generator back to specified speed and note voltage
setting.
Method 2: Connect a variable resistance into the field circuit as 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 setting (with voltmeter connected as in Figure 11-8).
Regulator cover must be in place.

(0 Note the thermometer reading and select the Normal Range of Volt­
age for this temperature as listed in specifications paragraph 11-4·L
(g) Note the voltmeter reading with regulator cover in place.
(h) To adjust voltage setting. turn adjusting screw. (Refer to Figure
11-9.) Tum clockwise to increase setting and counterclockwise to de­

c rease setting.

•
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C.\UTIO~

If adjusting screw is turned down (clockwise) beyond
range. spring support may not return wht:n S~ rcw is
ba~ked off. In such case, turn screw ~ountt:n.:lo~k·

wise until there is ample dearance between screw head
and spring support. Then bend spring support up care­
fully until it touches the screw head. Final setting of
the unit should always be made by increasing spring
tension. never by reducing it. If setting is too high.
adjust unit below reqUired value and then raise to eX­

act setting by inc reasingthe spring tension. After each
adjustment and before taking reading, replace the reg­
ulator cover and l:ycle the generator.

2. Variable Resistance Method:
(a) Connect ammeter and 1/4 otun variable resistor in series with the
battery as shown in Figure 11-8.

NOTE

It is very important that the variable resistance he
connected at the "BAT" terminal as shown in Figure
11-8 rather than at the "GEN" terminal even though
these terminals are in the same d rcuit. An examin'
ation of the wiring diagram. Figure 11-3, will show
that regulation begins at the point where tht: shunt
Windings are connected to the series circuit. Any
small resistance added to the circuit between the gen­
erator and this point will simply be offset by a rise in
generator voltage without affecting the output shown at
tJ:1e ammeter .

(b) Connect volttneter between "BAT" terminal and ground.
(c) Place thermometer within 1/4 inch of regulator cov~r to measure
regulator ambient tempe rature.
(d) Operate generator at specified speed. Adjust variable resistor un­
til current flow is 8 to 10 amperes. Ii less current than is rt:qulrc:d
above is flowi~g, it will be necessary to turn on airplane lights to per­
mit increased generator output. Variable resistance can then be USed
to decrease current flow to the reqUired amount.

Allow generator to operate at this speed and curr~nt ilow roJ.: I:;
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V
ADJUSTING SCREWS
ILOOSIH TO sn All 010"

Figur~ 11-10. Cutout Relay Ai r Gap
Ched and Adjustment

.,

POINT OPENING

Figu re 11-11. Cutout Re lay Point
Opening Check and Adjustment

•

minutes with regulator cover in.place in order to bring the voltage reg­
ulator to operating temperature.
(e) Cycle the generator hy either method listed in "Fixed Resistance
Method" of "Voltage Setting" procedure. •
(f) Note the thermometer reading and select the "Nonnal Range" of
voltage for this temperature as listed in specifications paragraph 11-44.
(g) Note the voltmeter reading with regulator cover in place.
(h) Adjust voltage regulator as requi red as desc ribed in step (h) of" Fix­
ed Resistance Method of "VOltage Setting Procedure. ,. In using the va ri­
able resistance method. it is necessa ry to readjllst the variable resis­
tance after each voltage adjustment to assure that 8 to 10 ampe res are
flowing. Cycle generator after each adjustment before reading voltage
regulator setting with cover in place.

11-.17. CUTOUT RELAY. The cutout relay requires three checks and adjust­
ments: ai r gap. point opening' and closing voltage. The air gap and point open­
ing adjustments must be made with the batte ry disconnected.

a. Air Gap: Place fingers on armatllredirectly above core and move armature
down unt i 1pOints just close and then measu re ai r gap between a rmaw re and center
of l:ore. (Refer to Figure 11-10.) On multiple contact point relays, make sure
that all points close simultaneously. If they do not. bend spring finger so they
do. To adjust air gap. loosen two screws at the back of relay and raise or lower
the armature as required. Tighten screws after adjustment.
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Figu re 11-12. Checking Cutout Relay
Closing Voltage

Figure 11-13. Adjustment of
Cutout Relay Closing Voltage

'.
b. Point Opening: Check point opening and adjust by bending the upper arma­

ture stop. (Refer to Figure 11-11.)
c. Closing Voltage: Connect regulator to proper generator and battery. Con­

nect voltmeter between the regulator "GEN" terminal and ground. (Refer to Fig­
ure 11-12.)

Method I: Slowly increase generator speed and note relay closing voltage.
Decrease generator speed and make sure the cutout relay pOints open.
Method 2: Make connections as in Step c; but. in addition. add a va riable
resistor connected into the field circuit. (Refer to Figurell-12.) U~e a
25 ohm - 25 watt resistor. Operate generator at medium speed with va ri­
able resistance turned all in. Slowly decrease (turn out) the resistance un­
til cutout relay pOints close. Note closing voltage. With cove r in place.
slowly incre?se (turn in) resistance to make sure pOints open.

d. Adjust closing vOltage by turning adjusting screw. (Refer to Figu re 11-13.)
Turn screw clockwise to increase setting and counterclockwise to decrease set­
ting.

11-38. CURRENT REGULATOR. 1\vo checks and adjustments are requi red on
the: current regulator: air gap and current setting.

a. Ai r Gap: Check and adjust in exactly the same manner as for the VOltage
regulator.

b. Current Setting: Current regulatC'r setting on current regulators having
temperature compensation should be checked by the follOWing method:

ELECTRICAL SYSTEM
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base before replacing the cover. The gasket prevents entrance of moisture. dust
and oil vapors which might damage the regulator.

g. The proper testing equipm~ntin the hands of a qua lHicd mechanic is nee­
essary to assureproperand aCl,;unlte regulator st:ttings. Any attempt on the part
ot untrained personnel to adjust rt:gulators is apt to lead to serious damage to the
dectrkal equipment and should therefore be discouragt:d.

h. After any ~neratoror regulat0r tests or adjustrnents, the generator must
b~ polarized as explaint:d in paragraph 11-33. step e. in order to avoid damage
to the equipm~nt.

i. It is recommended that folloWing replacement or repair of a generator or
regulator they be adjusted on a test bench as a matched unit.

11-44. REGULATOR SERVICE TEST SPECIFICATIONS
I.DElCo-REMY). Specifications for 14-volt regulators installed as standard equipment on
model PA-30 airplanes are as foUoW"!;:

R~gulator :\1odd 1119246 111

(DElCQ.REMY).
RI..·(' St: rvke Bulletin IR-llbA

Cutout Relay:
Air Gap .020 in.
Point Opening .020 in.
Closing Voltage 11.8 - 1.'3.5 volts

Voltage Regulator
Air Gap .075 in.
Cu rnmt Setting 65 c F - 14.2-15. i volts

85 c F - 14.4-15.4 volts
105 c F - 14.2-15.0 volts

Current Regulator:
Air Gap .075 in.
CU rrent Setting 48 - 52 amps

" Paralleling: With no load on battery terminal. add 5 amp lead at
P-terminal - voltage regulator to operate 2 to 3 volts
lower.
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UPPER ARMATURE STOP
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•
Figure 11-16. Checking and

Adjusting Relay Air Gap

11-~5. PARALLEUNG RELAY.

Figure 11-17. Checking and

Adjusting Relay Point Opening

..

11-46. RELAY CHECKS A1'l'D ADJUSTMENTS. The cutout relay requires three
checks and" adjustments: air gap. point opening and closing vOltage.:. The ai r g-.Jp
and point opening adjustments must be made with the battery disconnel.:ted. (Re­
fer to specifications given in paragraph 11-50.)

11-4i. AIR GAP. With the armature pushed down so the points are closed. check
the air gap between the armature and core. (Refer to Figure 11-16.) To adjust.
loosen the two adjusting screws and raise or lower the armature as required. Be
sure the points align and tighten the screws after adjustment.

11-48. POINT OPE~'Ii':G. Check point opening and adjust by bending the upper
armature stop as illustrated in Figure 11-17.

1l-~9. CLC6ING VOLTAGE. To check the closing voltage ot the cutout relay.
connect a voltmeter from the "GEN" terminal of the relay to the relay base or
ground as shown in Figure 11-18. Slowly increase the generator spet'J until the
contact points dose and read the voltage on the meter. To adjust the dosing
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rigu re 11-18. Checking Relay
Closing Voltage

Figure 11-19. Adjusting Relay
Closing Voltage

voltage. Shut down the engine and bend the armature spring post (Refer to Figure
11-19.) up ro increase the closing voltage and bend down to decrease the closing
volta~e. After each adjustment for both armatures, stop the generator and then •
sluwly ine rease its speed and check the s<:tting.

11-50. RELAY SERVICE TEST SPECIFICATIONS CDELCQ-REMY). Specifications for
14-volt relays installed as standard equipment on the model PA-30 airplanes areas follows:

Rday ~·lodel 1116887

(DELCO-REMY), Ref:, the latest revision of
Service Bulletin 1RlOO

Ai r Gap at Core. Points Closed .022 ± 10% in.
Puint Opc::ning .028 in.
Closing Voltage (Range) 10.3 to 12.5
Opening Voltage (Range) 8 minimum
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11-51. ALTERNATOR SYSTEM.

11-52. DESCRIPTION OF ALTERNATOR SYSTEM. For t:adl altt:rnacor, the
alternator output circuit is connecte(t'in the following order: to an inline filter,
to reduce radio interference, to an inline shunt, to monitor alternator output,
and fiDally to a 90 a.mp magnetic circuit ~eaker on the airplane::' s main di~tri­

bution bus.
Two independent field control circuits are provided. One circuit is iden­

tified as the main voltage regulator and the second as the auxiliary voltage reg­
ulator. The 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 state
voltage regulator. iwine filter, and an over-voltage cutout relay.

Each field circuit for the alternator is routed through the airplane's master
switch and through a ganged switch on the rear of the 90 amp circuit breaker so
that when the respective alternator output is interrupted, the field circuit is 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. CHECKlr-JG ALTERNATOR SYSTEM. The ammeter is equipped with a
selector switch which enables an independent output check of each alternator, as
well as 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. U 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 are off and the battery is fully charged.
c. Disconnect the battery lead (+) at the alternator.
d. Disconnect the field leads (FI and F2) at the alternator.
e. Turn the master switch on.
f. To check the alternator output circuit, connect a voltmeter or 14 -volt test

light to the battery lead and to ground. If a reading of approximately 14-voLts
registers on the voltmeter or the test light lights, the battery circuit is opera­
tional. Should there be no indication of voltage, traceback through the /Iutput
circuit until voltage is indicated. (Refer to Figure ll-:W.) A component that
allows no voltage to pass through it should be replaced.
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Figure 11-20. Alternator Wiring System Schematic
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g. To check the field circuit, connect a voltmcter or 14 -volt tl:st light to ea~h

field lead and to ground, and separately chcck as follows:
1. A check ot the F I circuit will give a variable voltage: if any voltage is

indicated on the voltmeter or it any filament glow is indicatel1 on the test light,
the circuit i.S operational.

2. The check of the F2 circuit should give a reading of approximately 14­
volts on the voltmete~or the test lamp should glow normally ior an operational
circuit.

3. Both the main and auxiliary field circuits may be checked in a like man-
nero

4. If indication shows a possible malfunction of the voltagc regulator and
before installing a new regulator, refer to paragraph 11-65. For the overvCJltagt:
control, refer to paragraph 11-71 .

h. If voltage is indicated at both the battery lead and field lead. the alternator
should be checked for possible malfunction. (Refer to paragraph 11- 61 .)

11-54. ADJUSTMENTS. The only adjustments necessary to maintain the alter­
nator system is the adjustmem of the voltage conttol on the voltage regulato r. A
voltage of 14-volts is maintained. All other control adjusanents are made at time
of installation and need not be reset.

IMPORTANT

Since the alternator and regulator are designed to r us~
on onlyone polarity system, the fol1c?wing precautions
must be observed when working on the chargfng unit.
Failure to observe these precautions will re~ult in
serious damage to the electrical equipment.

a. When installing a battery, always make absolutely sure the ground polal-ity
of the battery a.!ld the ground polarity of the alternator are the same.

h. When connecting a oooster battery, make certain to connect the negative
battery terminals together and the positive battery terminals together.

l:. When connecting a charger to the battery, connect the charger positive lead
to the battery po sitive terminal and the charger negative lead to the battery neg­
ative terminal.

d. Never operate the alternator on open circuit. Make absolut.:ly certain ~1l

-:onnections in the circuit are secure.
~. Do not short across or ground any of the terminals on the alternator or reg'­

uli.aor.
i. Do not attempt to polarize the alternator.
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Figure 11- 21. Exploded View of Alternator

11-55. ALTERNATOR AND COMPONENTS.

•

•
11-56. DESCRIPTI~N OF ALTERNATOR. (Refer to Figure 11-21.) The prin­
cipal components of the alternator are the brush holder assembly (l), 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 recti­
Her mounting plate, output and auxiliary terminal studs, and the brush and holder
as:sembly. The slip ring end head contains a roller bearing and outer race as­
scmbly and a grease seal.

c. The rectifiers used in these units are rated at 150 peak inverse voltage (PIV)
minimum 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 of rectifiers is connected to a stator lead with
high temperature solder. The st:ltor leads are anchored to the r~ctifier mount­
ing plate with epoxy cement for vibration protection.

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 contains the slip ring end bearing inner race and spacer on the
slip rmgendof the shaft. The rotor winding andwinding leads have been specially
treated witha high temperature epoxy cement to provide vibration and temperature
resistance characteristics. High temperature solder is used to sel.:ure the wind­
ing leads to the slip rings.

f. The drive end head supports a sealed, prelubricated ball bearing in whil.: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 are required to effect the repair. However, in
this section, the complete overhaul is covered step-by-step to provide detailed
information on each operation. In actual service practice, these operations may
be used as required.

11-58. DISASSENffiLY OF ALTER:-.lATOR.
a. Remove the two Number 10-24 screws holding the brush holder assembly

in the slip ring end head. Remove the brush and holder assembly from the end
head.

b. Remove the safety wire from the through oolts. Hold the pulley with a strap
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 oolts and tap the drive end head lightly to separate
the drive end head and rotor, as a wtit, from the stator and slip ring end head.

d. Remove the nuts, lock washers, flat washers and insulators from the output
and auxiliary terminal studs. Note carefully the correct a~semblyof 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. The 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 or 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 Bearing

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
Drive End Head

3 823

Figure 11-25. Removal of
End Head Bearing

ELECTRICAL SYSTEM
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Figure 11-26. Testing Rotor
For Grounds

Figure 11-27. Testing Rotor
For Shons

•
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
distonion of the end head or stripping of the retainer plate screws. Remove the
three retainer 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 and visually inspected for cracks, wear
or distonion and any signs of overheating or mechanical interference.

a. Rotor: The rotor should be tested for grounded or shoned Windings. The
ground test can be made with test probes, connected in series with a 110-volt test
lamp, an ohmmeter or any type of continuity tester. (Refer to Figure 11-26. )
There must not be any continuity between the slip rings and the rotor shaft or
poles. To test for shorted turns in the rotor winding, connect a voloneter, 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 or a low ohmmeter reading indicates shorted Windings. No
current draw or an infinite ohmmeter reading would indicate an open Winding.

b. Rectifiers: A diode rectifier tester will detect and pinpoint open or shorted
rectifiers without going through the operation of disconnecting the stator leads.
However, if a tester is not available, test probes and a No. 57 l1J.1b, connected
in series with a 12-volt. battery, can be used in the follOWing manner. Touchone

• ELECTRICAL SYSTEM
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Figure 11- 28. Installation of Bearing Figure 11-29. 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 directioa. If the test
bulb lights in both directions, one or more of the rectifiers in &At 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 rolb, by disconnecting the stator leads. The
test txllb will fail to light in either direction if the recTifier is open.

c. Stator: The stator can be tested for open or grounded Windings with a 12­
volt test bulb, described in the rectifier section, or an ohmmeter, in the follow­
ing manner. Separate the stator from the slip ring end head just far 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 rolb lights, or the ohmmeter indicates con­
tinuity, 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
are almost impossible to locate. However, shorted stator windings will usually
cause the alternator to "growl"or be noisy during operation and will usually show
some signs of overheating. If all other electrical checks are normal and the al­
ternator fails to supply its rated output, the stator should be replaced to deter­
mine whether or 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

3 Cl
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Figure 11-30. Terminal Assembly Figure 11-31. Slip Ring End Bearing
Assembly

•
appear to be in. good condition. A faulty s~al 9an cause an alternator to fail w ith­
in a very short period of time.

11-60. ASSErvlBLY 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 or the
bearing. Install the retainer plate. With the snap ring and retainer c~p in place
on the rotor shaft, use a tool that fits over the shaft and against th~ 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 in the slip ring end head or rectiiier mount­
ing plate by supporting the unit and using the special tools illustrated in Figure
11-29.

CAUTION

Use an arbor press, do not hammer. Reconnect the
stator leads to the rectifiers. When soldering these
connections, 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 mounting plate studs and insulator~. making sure

• ELECTRICAL SYSTEM
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Figure II -32. Testing Alternator

•

,,
~ T!S1~Ll~ ..

they are in the ~orrect orlle 1". (Rdt: r
to Fib'Ure 11-JO.)

U. After the slip ring end hl..' ..tu 1:-0

completely assemhled. the statllt" ...lIlli
rectifier leads must be sel.:llr~d to thl..'
rectifier mounting plate w ilh epoxy.
Make sure the stator. leads are po:s i ­
tioned so that they do not interfere with
the rotor.

e. Install the slip ring end bearing
and oil seal. Make sure the lip of the
oil seal is toward the bearing. Cor­
rect assembly of bearing, seal, inner
race and spacer is show n in Figure
11-31.
. f. Assemble the alternator and in­
stall the through oolts. Spin the rotor

to make sure there is no mechanical interference. Torque the through oolts to
30 to 35 inch pounds. Safety wire should be installed after the unit has been bench
tested for output. Install spacer, woodruff key, fan, pulley, lockwasher and nut.
Torque the nut to 35 foot pounds, using a strap wrench to hold the pulley. Do not
install the blast tube assembly until alter the unit has been bench tested.

g. Install the brush and holder assembly and retaining screws. Spin the rotor
and check for interference between the brush holder and rotor. Check across the
field terminals with an ohmmeter. The ohmmeter must indicate the'amount of
rotor resistance listed on the individual specifications page.

11-61, TESTING OF ALTERNATOR.
a. Wiring connections for bench testing the alternator are :shown in Figure

11-32. Reier to the individual specification pages for output test figures. Ad­
just the caroon pile, if necessary, to obtain the specified voltage.

LJ. After bench testing the alternator, install the safety wire and blast tube
and install the alternator on the engine.

NOTE

.~ Iways refer to the wiring diagram (Refer to Figure
11- 20 when installing the alternator or testing the
alternator.

ELECTRICAL SYSTE:-'I
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Figure 11 -3;~. Brush Installation
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11-62. PRECAUTIOi\:S. TIle (ollowing
precautions are to be observt:t.I wht:n
testing or servicing the electrical sys­
tern.

a. Disco~ect the l:attery hdore
connecting or disconnecting te~t instru­
ments (except voloneter) or before re­
moving or replacing any unit or wiring.
Accidental grounding or shoning at the
regulator, alternator, ammeter or ac­
cessories, will cause severe t.lamage
to the units and/or wirtng.

b. The alternator must not be oper­
ated on open circuit with the rotor wind-
ing energized.

c. Do not attempt to polarize the al­
ternator. No polarization is required.
Any attempt to do so may result in damage to the alternator, regulator or cir­
cuits.

d. Groundingof the alternator output terminal may damage the alternator and/
or circuit and components.

e. Reversed battery connections may damage the rectifiers, wiring or other
components of the charging system. Battery polarity should he checked with a
voltmeter before connecting the battery. Most aircraft are negative ground.

f. If a booster battery or fast charger is used. its polarity must be connected
correctly to prevent damage to the electrical syste!Il components.

•
11-63. ALTERNATOR NOMENCLATURE.

a. Bearings: These units have a sealed ball bearing at the drive end and a.
two-piece roller bearing at the slip ring end. The inner race is pressed onto the
rotor shaft and the rest 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: The slip ring end bearing should be lubricated whenever the
alternator is disassembled. The bearing should be thoroughly ..:lcaned and re­
packed with Shell Alvania No. 2 or an equivalent bearing luhril.:anc. The ~avity

behind the bearing should be packed one-third toone-half full with the ::iamt: lub­
ricant.

. -
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Figure 11-34. Internal Wiring Diagram

c. Brushes: These units have a separate brush holder assembly that is instal1ed after the alternatorha~
been asse~ble~. The brush holder has a small h~le that intersect~the brush cavities. Use a pin.or a piece ofwir~
as shown In Figure 11-33. to hold the brusheS·1n 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 this cover when bench testing the alternator.

•
Issued: 12/29/72
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11-64. ALTERNATOR SERVICE TEST SI)L::ClflCATION~

(PRESTOLlTE). Spl'dticutior1:i for till' l4-volt alternator installeu as standard equipment
on PA-JO and PA-J9 airplanes are as follows:

Alternator Model ALX8403

Voltage 14-volts

Rated Q1tput iO amper~s

Ground Polarity Negative

Rotation Bi - Directional

Rotor:
Current Draw (77° F) 2. 9 to 3. 3 amps @ 12.0-volts
Resistance (77° F) 3. 7 to 4. 1 ohms

.
Q1tput Test (77° F)

Volts 13.0 14.2
Amperes Output 10.0 71. 5
Field Amperes 2.85 3. I';
Alternator RPM 1780 min. 5000 min.

or
Engine RPM SSO IS40

• ELECTRICAL SYSTE:yr
Issued: I '1/29/7: 3 C6



PIPER TWIN COMANCHE SERVICE MANUAL

11·64a. ALTERNATOR PARALLELING SYSTEM.

11·64b. DESCRIPTION OF ALTERNATOR PARALLELING SYSTEM. Th~ positive
Olltput t~rminal of each alternator is .:onneded to the ain.:r.lft de.:tril.:al bus through
s~p:1rate 9O-ampere circuit breaker switches. Each alternator has a shunt installed between
aircraft d~drical bus and its positive output terminal in order to monitor output current on
an ammet~r.

The field circuit for each alternator is wired through a section of a Dual Master Switch
(L or R as appropriate), an auxiliary switch which is ganged to the circuit breaker switch. an
overvoltage relay and a voltage regulator. Field voltage can be manually disconnel.:ted from
either alternator by turning off the appropriate section (L or R) of the Dual Master Switch.
Turning both sections of the Master Switch off completely disconnects all electrical power
from the aircr:lft Bus Bar. Field voltage will be automatically removed from an alternator
wh~n~ver its overvoltage relay actuates or its circuit breaker switch trips.

11le system has one ammeter installed to measure system currents. The output current
of either alternator may be checked by pressing the appropriate button "Left" or "RighI"
located bdow and to either side of the ammeter. A shunt is installed betwe~n aircratt
~Iectrical bus and the positive terminal of the battery to allow measuring of th~ battery
charg~ and discharge current with the ammeter.

An alt~rnator inoperative ("INOP") warning light is provided for each alt~rnator. 11le
appropriate light will illuminate whenever its respective alternator fails to provide output
voltage.

111e 9Q-ampere circuit breaker switches should not be turned off when their associated
alt~rnator is oper.lting 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 th~ semiconductor equipment attached to it.

11·64c. DESCRIPTION OF ALTERNATOR. For a complete description of the alt~rnator.

ref~r to Par.lgraph II-56.

11·64d. CHECKING ALTERNATOR PARALLELING SYSTEM. The alternator paralleling
syst~m incorporates an ammeter which provides for an independent check of ~adl

alt~rnator, as well as the charge/discharge current of the battery. In the ev~nt ~ith~r

AlTERNATOR INOPERATIVE light begins to glow or the ammeter check for eith~r

3lt~rnator fails to indicate an output, check the appropriate alternator circuit breaker
switch. also the voltage regulator circuit breaker.' If the circuit breakers are in their norma!
op~rating position a further check of the alternator system should be accomplished. I Refet:
to Figure 11-34a.)

3. Verify that the ammeter is operating properly.
b. Disconnect the output (+) lead at the alternator.
c. Disconn~ct the fidd F-1lead at th~ alternator.

•

•
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CAUTION

DO NOT ALLOW THE FIELD LEAD TO COME IN
CONTACf wrrn AIRFRAME GROUND WHEN mE
MASTER SWITCH IS ON AS THE VOLTAGE
REGULATOR WILL BE DAMAGED.

d. Verify that all electrical units are off and the battery is fully charged.
e. Tum ON the section of the master switch for the alternator being 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. Cleck 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 test light glows, the output circuit is operational.

g. 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 does not indicate voltage
at both its input and output terminals should be replaced.

h. Cleck the field circuit by connecting a voltmeter to previously disconnected field
(F-2) lead. If a re3ding of approximately 14 volts is obtained on the voltmeter, the field
circuit is operative. .

i. If voltage is present at both the output and field leads, the alternator should be
checked for a possible malfunction. (Refer to Paragraph II-57.)

11·65. REGULATOR.

11-66. REGULATOR COMPONENTS (PREsrOLITE). Alternator output voltage can,
within the limits of the design capability of the alternator, be controlled by properly varying
the average level of current flow in the rotor winding and the (PREsrOLITE) full electronic
solid state regulator is well suited for this purpose. The (PREsrOUTE) alternator, due to
its design, has self-limiting current characteristics and needs no current-limiting unit in the
regulator.

a. Transistor: The transistor is an electronic switch which can tum 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 maybe compared to a one-way 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.

•

•
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11-06a. REGULATOR COMPONl:..NTS ILAMAlh Alternator outpul vOltage ~an. within
limits of the design capability of the alternator. be I.:ontrollcd hy properly varying the
average level of \.·urrent flow in the rotor winding. The LAMAR ~olid state eledroni~

regulator is wdl suited for this purpos~. 11le alternator. due to its design. has self-limiting
current ~har.ll.:teristil:sand therefore ncc~h no ~urrent-limitingekment in the regulator.

a. Trans:stor: The transistor (Symbol "Q") is an elel.:tronil: device which can ~on tcol
the flow of current in an elel:tril: circuit. It has no mel:hanical or moving pans to wear Olll.

b. Rectifier Diode: Th~ rectifier diode (Symbol "0") will pass ~urrent in only on\.'
direction (forward direction): and in this respect it may be l:ompared to a check valve.

c~ Zener Diode: The zener diode (Symbol "Z") in addition to passing I.:urrent III lit\.'
forward direction. will also pass current in the reverse direction when a partil:ular valli\.' 01

rev~rse voltage is applied..This propcrt}' makes it useful as a voltage rc:fen.'nl:e devi~\.· in tlt~·

regulator.
d. Capacitor: The capacitor (Symbol "C') is a device which will ~tore electrical en~rgy

for short periods of time. ll1is 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 ~urren t 110\\,

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 "I"

terminal of the regulator.
b. The npn (negative-positive-negative) power transistor, T3, is turned on by current

flow from the ignition terminal through R6 and the coDector emitter junction of T:!
through 01 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
Ilow from the ignition terminal through the Held winding, through the collector - emitter of
T3 to ground.

d. With the ignition switch on, current will tlow from the "I" terminal regulator
ground through a voltage dividing network consisting of R I. R1 and P I. This network
determines the system operating voltage relative to the Zener diode. Z I, reverse condul:ting
voltage.

e. When the system voltage connected to "I" terminal reaches a value at which th~

Zener diode connected to the divider network conducts, current will flow from the "I"
terminal through R I through Z1 and through the base emitter junction of T1 to ground.
This ~auses the collector emitter junction of TI to I:onduct which diverts the base ~urr~nt of
T:flowing from "ro' terminal through R4 to ground. turning off T1 whid1 turns off T3.
de-energizing the rotor winding; then, when the alternator output voltage falls to a valu~

which permits Z I to cease conduction. T1 will tum off which turns on T::! and T3.
re-energizing the rotor winding.

f. 11tis sc:qu~nce is performed so rapidly that the rotor I.:urrent av~r..lg~ appears as a
valu~ usually less than full rotor current depending on rotor RPM :md system load
connected.

ELECTRICAL SYSTE~f
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g. Each time the power transistor, T3, is turned off. .:urrent now in the rotor windinl!
is reduced. This causes lile rotor magnetic tield to collapse which would gener.lte high
voltage at the power transistor, T3, if a path were not provided so that the field cum:nt can
decay at a slower rate. The field suppression diode, 01, provides this palh. thus protct.:ling
lhe system and regulator from possible damage.

h. Temperature compensation is nat which means the regulator will hold the alternator
output voltage constant with temperature incre~ or decrease after initial warm-up.

i. The (PRESTOLlTE) solid state regulator uses three NPN silicon transistolS.
j. Capacitor. CI, is used to filter ri!"plc and alternator diode switching spike when

operating batteryless. .
k. Neon lamp. L1, provides transient voltage protection acting as a surge suppressor.
I. Control PI is used to provide a limited range of voltage adjustment.

11·67a. OPERATION OF REGULATOR (LAMAR). (Refer to Figure 11-35a.)
a. When the alternator is turned on, battery voltage is applied to the "BUS" tenninal

of the regulator and via 04 through the "FIELD" tenninal of the regulator to the alternator
!ield lenninal F2. The 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 now thrbugh R6 and Z I establishes a reference voltage across Z I.
c. Resistors RI and R2/R3 comprise a voltage divider which is adjustable by means of

tht variable portion R3. Voltage at the junction of R I and R2 and the reference vo~tage

a.:ross Z I are applied to comparison transistor Q I. R3 is adjusted so that these voltages are
balanced with the desired alternator output voltage present on the "BUS" terminal of the
regulator.

d. Thert:after. whenever alternator output voltage (as applied to the "BUS" terminal)
faJis below lhe desired regulation value, the comparison transistor QI will supply in~leased

current to driver transistors Q2/Q3, which in tum will drive power transistor 04 to a higher
value of tield current. ntis will result in alternator output voltage increasing to a value
which will restore balance between the two voltages applied to Ql.

e. Conversely. if alternator output voltage (as applied to the "BUS" terminal) in.:reases
due to a greater engine speed or reduced loading of the electrical system, the comparison
Iransistor Q I will act to reduce current flow to the driver transistors Q2/Q3, and thus
reduce the drive to power transistor 04. This will result in a reduction of alternator field
current and automatically restore balance between the two voltages applied to comparison
transistor·Q 1.

f. Capacitors CI and C2 function, together with their related transistors, in a way to
!:mooth alternator output ripple 'and voltage spikes so that the alternator field current is
..:ontrollc:d at a steady value.

g. The LAMAR solid state regulator controls alternator field current to a steady value
J:> required by the electrical load conditions and engine speed. It does not continuously
switdl field current between high and low values as do mechanical regulators Jnd lhe
switdlin~ type of electronic regulators.

h. nu~ design of this unit is such as to provide an alternator output voltage that does
not vary with ambit:nt temperature.

•

•
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•11-67b. BALANCING CIRCUIT OPERATION (LAMAR). (Considering two identical
alternators and regulators having the "PAR" tenninals of the regulators connected.)

J. BJlan~ing drcuit operation is initiated within one regulator wh~never individual ~lcll!

\"o(tages deli\wed by the regulJtor units to their related altemator3 are not equal.
b. When a difference in individual field voltages OCCUr3. one-half the differL'ncl? i~

impressed across R I ~ within each regulator and is thus applied to the input of QS.
~. In that regulator which is delivering the lower field voltage. the polarity of RIl

volt:lge drop causes QS collector current flow.
d. QS collector current flow results in conduction occurrinS in the collector ~ircuit of

Q6.
e. Q6 ~ollector current nows from regulator divider R I/R:!+R3 through limiting

r~sistor R I 7 to ground.
f. Conduction through R 17 effectively alter3 the ratio of the regulator di\ ider

R I jR:!+R3 in the direction to increase QI collector current now.
g.' As described above under REGULATING CIRCUIT OPERATION. increased QI

~lIrrent results in increased output from the regulator to the field of its related alternator.
h. Feedba.:k action results in Q6 collector current stabilizing at a value that results in

11~;lrly I:qual field voltage being delivered by the two regulator3 to their re~pective alternator
fidds.

i. The balancing ~ircuit will thus automatically maintain. at a low value. the difference
voltage applied to the alternator fields. In a parallel system having identkal alternators
\)I'erating at the same RPM. the output currents of the alternators will thus be maintained
nearly equal.

j. In whichever regulator of a pair is set to deliver the highest voltage. the balancing
drcuits :lre inactive. TIlUS system voltage is detennined by the regulator of a pair which is •
set to higher voltage. The lower set regulator will adjust itself automatic:llly. as described
above. to deliver the same field voltage as the one which is set higher. within the limits of its
d~ign cap:lbility.

k. The ba1:lncing regulator system as described provides for automatic load balancing 01
parallel operated alternators having independent field excitation circuits. The pilot ~an.

while in night, remove either alternator system completely from the aircraft system and
maint:lin operation of the other system.

11·68. PREPARATION FOR TESTING. (Regulators may be tested usinS the aircraft's
alternator or an alternator tcst stand.)

CAUTION

Do not interchange regulator leads. This will destroy
regulator and void warranty.

3 C15
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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 dectrical system.

b. Voltmele:rs with test probes or clips are not recommended. Fully insulated bolted terminal
connections areb.:st. and these should be attached when all power is removed as de:scribed above.

c. When installing a battery in an aircraft, be sure that the battery negative terminal is in a pusition so
that this terminal can be conne~ted 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 scre:ws
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. 10

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 LA MAR regulator is intended for use with alternator systems having one field terminal
grounded to the aiit:rnator. The other field terminal F2 of the alternator is connected to the "FI EL D" terminal
of the regulalOr. NEVER UNDER ANY CIRCUMSTANCE PERMIT A GROUND TO CO:'liTACT TH IS
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 alte:rnator
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 (PRESTOLlTE).
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 tim'e while the system is operating.
c. The voltmeter will not indicate the true regulator setting until the regulator has bee:n operating in the

charging system or on the test bench for at least one minute. at a charge rate of from 10 to 15-ampe:n:s.
d. Connect the voltmeter and the ammeter as shown iii Figure 11-36. Start the: engine anI.! adjust the

spce:d to approximately 920 to 1250 RPM to obtain 3.000 to 4.000 alternator RPM. Turn on a~~essories as
needed lO establish 10 to IS-ampere electrical load, or use a carbon-pile across the battery to obta int his charge
rate.

Issued: 12/29/72
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Figure 11-36. Testing Regulator (PRESTOLlTE)

e. After one minute operating time. check the regulator operating voltage as indicated by th.
voltmeter. Refer to Alternator Service Test Specifications. Paragraph 11-64 for the correct operating voltag
The operating voltage is shown for the ambient temperature in which the regulator is operating.

f. If the voltmeter reading indicates that the operating voltage .is not within limits, lift the plastic plug
from top of regulator and adjust the voltage to the desired value. Replace the plug after adjustment. Before
condemning the regulator. recheck the alternator and the battery; making sure that they are in good condition.
Recheck all circuit connections and all wiring for unwanted resistance (voltage drop test). Recheck the volt­
meter for accuracy and repeat the engine operating test.

11-69a. TESTING REGULATOR (LAMAR).
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 11-36a.
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 five minutes. at a charge rate of from 10 to 15 amperes.
d. With the connections made as shown in Figure 11-36a. start the engine and adjust its speed to

approximately 920 to 1250 RPM to obtain 3.000 to 4,000 alternator RPM. Turn on accessories as needed to
establish a 10 to 15 ampere load value. Note that the battery charge current is indicated by the ammeter.
Therefore. the current valve may change downward at the beginning of a test run. This will be especially true if
the battery was used for engine starting.

•Issued: 12/29/72
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Figure 11-36a. Testing Regulator (LAMAR)

e. After five minutes operating time, check the regulator operating voltage as indi~ah:d

by the voltmeter. Refer to Alternator Service Test Specitications as outlined in Paragraph
11·64 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 insert a small screwdriver (Phillips #0) in the voltage adjustment 3~cess hole on
top of the regul:.ltor and adjust voltage adjustment slo~ly to obtain desirl.:d value. Beiorl.:
condemning the regulator. recheck the alternator and the battery: making sure that they arc:
in good condition. Recheck all circuit connections and all wiring for unwanted resistan~,'

(voltage drop test). Recheck the voltmeter for accuracy and repeat the entire operating k~l.

g. Balance circuit operation is confinned by closing the pres:>-to-test swir~h

momentarily and observing that the alternator output current increases abruprly to J higher
level. Upon release of this switch. the alternator output will be restored to ,£:, previous levI.:!.
except that minor differences may be noted which are due to battery charge' conditions.

11-70. ADJUSTING REGULATOR (PRESTOLITE).
3. Adjustment: These units have an external adjustment lo~atl.:d Linda the. rlJ.sri~ plug

on rop of the regulator. The regulator has an adjustment spread rJngin~ Irum 13 .O-vol ts to

15.~volts. Output is increased by turning the adjustment clockwise.

ELECTRICAL SYSTEM
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D. e. IUS

BUS GND
REGYUTOR-.-'IELD PAR

•~-----{ v
z SUG8UT!D M£TEIt

SIMPSON -210 OR EQUV.
RAHGE o·~va 0-5V DC

CAuTION:
FIEl.D VIM CIRCUIT MUST NOT

lOUCH GROUND.

NOTE:
THIS DIAGRAM SHOWS ONl.Y BASIC
CONNECTIONS FOR THE PURPOSE OF
EXP\.AIN'NG ADJUSTMENT PAOCEDURE.

Figure I 1-36b. Adjusting R.:gulator (LAMAR)

b. Operating Voltage: The regulator should be adjusted to 14.:-volts when I.:ontrolling
a load of 10 to IS-amps after one minute operation. These units are not affe~ted by ambient
temperatures. The voltmeter must be connected from the "1" or switch terminal to ground.

~. Caution Notes:
I. Use only with insulated (ungrounded) field alternators.
~. Regulator base must have a good ground connection.
3. Do not conne~t ground power to aircraft until voltage regulator "I" terminal has

bt:t:n disconnected from electrical system. "
~. Do not (t:ven momentarily) connect the two voltage regulator terminals

together.
, 5. Do not ~onnect battery into system with polarity reversed.

6. Do not force tht: voltage adjustment screw.
7. This is a sealed unit and not repairable. Replace with a new unit.

ELECTRICAL SYSTEM
Issued: I ~r~9/7~
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11-70a. ADJUSTING REGULATOR (LAMAR).
a. These regulators are normally used in parallel alternator ~ystems of mLllli~n~rjllc

aircraft. Their fmal adjustment should be made in actual op.:ration in the aircrafl 'iystl.:m
with test equipm.:nt l.:onnc\:h:d as shown in Figure 11-36b. The balan<.:c adjustment i~ maUl:
while operating only one engiOl:. either left or right. The engine to b.: operated mll::.1 he
selel.:ted SO as to permit the tedmician a completely safe access to both of the rl:glliator~. ::.0

that they may be adjusted while the engine is operating without danger. We silall uesignate
the engine selected to be operated as "LEFT" and the inoper.1tive engin.: as "RI( ,liT" ior
purposes of discussion.

b. Lift the wire from the "PAR" terminal of either regulator and insulate the free end
so it will not contact other circuits or ground during the adjustment procedure. urcaking
this circuit disables the balancing circuits in both regulators.

c. Tum off the "RIGHT' alternator field switch. All thc "LEFT" alternator swit..:hes
are to be on. .

d. Operate the "LEFT' engine and alternator system with a load of at least IS-amperes
and" the engine speed at 920 to 1250 RPM to obtain 3,000 to 4.000 alternator RPM for at
least one minute. If required, carefully set the "LEFT" regulator voltage aujustment to the
correct voltage value as measured with the precision voltmeter I.:onnectedto the regulator
terminals. Replace the snap plug in the "LEFT" regulator adjustment acl.:CSS hole.

CAlITION

DO NOT MAKE ANY FURlliER ADJUSTMENT OF THE
"LEFT" REGULATOR.

e. While l.:ontinuing "LEFT" engine operation with electrical load the same as before.
tum on the "RIGHT" alternator system switches. (The "RIGHT" engine. however. i::. 'OT
operating.)

f. Now very slowly rotate the "RIGHT' regulator vbltage adjustment while ob~~r\'lll~

the field circuit voltmeter. (Suggested range o-SOV.) If a reverse (down:,cale) r~auing is
obtained, tum the "RIGHT' regulator adjustment counterclockwise to bring the meter lip
scale. Then, very slowly tum the "RIGHT" regulator adjustment dOl.:kwise to make til.:
field voltmeter read near zero. A stable reading should not be expecteu. A ..:orrcd
adjustment has been achieved when the meter will remain bricfly in the vicinity of UfO.

swinging both upscale and downscale. The use of a low r.1nge on the voltmd~r i:-.
rCl.:ommended for the final adjustment. (o-SV is suggested.)

g. Replace the snap plug in the "RIGHT" regulator adjustm~n'thole.
h. Shut down the engine and master switch. then replal:e th~ ~onnl:ctlon to the "PAl{"

t~rminal which was removed in step b. Remove all voltmeter lead::. and tc:st ..:ql\lpm~nt.

• ELECTRICAL SYSTEM
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Figure 11-37. Application of
. Overvoltage Concrol

Figure 11-38. Testing Overvoltage
Concrol

i 1-71. OVERVOLTAGE CONTROL.

Il-"~. PURPOSE AND OPERATION.
J. The o\"~rvolt:1ge control is used to protect de~trical circuits and d~~trolli~

~qllipmcllt from excessive voltage in the event of a charging circuit malfunction.
h. T~~ ov~rvoltage control consists of a mechanical relay and a solid !ltate triggering

d~\i ..·I.". The solid state triggering device activates the mechanical relay. when the voltag~

rt::l\.:llI."S a preset value. thereby opening the r~lay contacts and disconnecting the lield ~in:lIit

01 lh~ alternator.
1.:. nle r~Jay conta~ts will remain open until the alternator switch is turned oir. Figure

I J-37 illustrates the overvoltage control connected in a typical (PRESTOLITE) insulated
field alternator.

11-73. TEST PROCEDURE. Connect the relay as shown in Figure 11-38. Use a I00-0hm
potentiomder of IS-watt rating, or more, to adjust the voltage. The voltmeter is used to
read the voltage until the relay opens. at which time the voltmeter reading will drop to zl:ro.
See tabulation for voltage reading. Test figures are at 75 degrees Fahrenheit. Relay ~onta~ts

open betwe~n J6.2 and 16.S-volts. Use 18-volts to test.

NOTE

These units are not adjustable. Replace the overvoltage
:.:ontrol if it does not test to specifications.

ELECTRICAL SYSTE~1
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11-73a. OVERVOLTAGE RELAY OPERATIONAL CHECK. (NON-PARALLELING SYSTEM). This
check should be made at each 500 hour inspection. per the following instructions:

a. Pull out (OFF) all circuit breakers except the main and auxiliary voltage regulators (5-amp).
b. Turn off the right and left alternator output circuit breaker switches (9O-amp).
c. Set t he voltage regufator selector switch to MA IN.
d. Obtain a variable D.C. voltage power supply and set it to zero output.
e. Connect the power supply to the aircraft through the external power receptacle. On aircraft without

an external power receptacle. disconnect the battery cables and connect the power supply to the cables.
f. Obtain a volti ohmmeter and set it to 60 volts D.C. Connect the meter YOM lead to the output

(REG.) terminal of the MAIN overvoltage relay. Connect the meter COM lead to the airframe ground.
g. Turn the aircraft master switch ON.
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 the relay operates and the YOM needle must dmp to zero volts.)
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.S-volts.

i. Reduce the power supply voltage to zero. Open the master switch. Another click will be heard when
the overvoltage relay resets itself for normal operation.

j. Change the voltage regulator selector switch from MA IN to AUX. Reconnect the volt ohm metl: r til

the AUX. overvoltage relay and repeat steps g thru i.

11-73b. OVERVOLTAGE RELAY OPERATlONAL CHECK. (PARALLELING SYSTEM). This chcck
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 voltl ohmmeter and set it to 60 volts D.C. Connect the positive lead of the YOM 10 the

output (LOAD) terminal of the LEFT overvoltage relay. Connect the negative lead of the YOM 10 airframc
ground.

f. Increase the output voltage of the variable D.C. power supply until the LEFT overvoltage relay trips
out. (An audible click will be heard when the relay operates and the YOM 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 I5. 50-volts - Max. 16.So-volts.

g. Reduce the power supply to zero. Turn OFF 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 of the Dual Master Switch. Reconnect the volti ohmmeter to
the right overvoltage relay and repeat steps f and g.

Issued: 12/29/72
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11-74. CHECKING GENERATOR OR ALTERNATOI~ BELT TENSION. If properly
install~d. t~nsioned and dH:l.:ked pl:riodieally. the gtlleralor or alternator drive belt will give
v~ry satisf:ll.:tury service. How~vcr. an improp~rly tensioned belt will wear rapidly and may
slip and reduce generJtor or alternator output. ("onseqll~ntly. a belt should b~ ~h~cli.~d for
proper t~nsion at the time it is installed. again after 24 hours of operation and eaeh 100
hours th~reafter.

'ntere are two satisfactory methods of checking gencrJtor or alh:rnator helt tension:
however. the first method described will be found preferJble., by most maint~nancc

personnel because it is technically simple and requires little time for accomplishment.
a. Torque Method: This method of checking belt tension consists of measuring torque

required to slip the belt at th~ small pulley and is accomplished as follows:
I. Apply a torque indicating wrench to the nut that attaches the pulll'y to the

generator and alternator and tum 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 following
chart. Adjust belt tension accordingly.

Width of Torque Indicated at Generator
Belt Condition or Alternator Pulley

3/8 inch New II to 13 ft. Ibs.
3/8 inch Used 7 to 9 ft. Ibs.
1/2 inch New 13 to 15ft. Ibs.
1/: indt Used 9 to II ft.tbs.

NOTE

The high~r tension specified for a new belt is to compensate
for the initial stretch that takes place as soon as it is
operated. These higher tension values should not be applied
to belts which previously have been used.

b. Deflecti.on Mdhod: Belt tension may be checked by measuring the amount of
ddlection caused by a predetennined amount of tension. This is accomplished in the
following manner:

I. Attach the hook of a small spring-scale to the belt at the approximate mid-point
between the rear gear support and the generator or alternator.

2. Pull on the scale until a reading of 14 pounds is obtained. (10 pounds for used
bdts.1

3. M~asure the distance the belt has moved with the 10 or 14 pound load applied.
The distance (deflection I should be 5/16 inch. If less than 5/16 inch. the belt is too tight.

•

•
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11-75. STARTING MOTOR (DELCo.REMY).

ll-i6. OPERATION OF STARTING ~10TOR. When the starting motor switch
is closed. the armature begins to rotatt:. The drive pinion, being a loose· fit on
tht: drivt: sleeve lc.x:att:d on the armature shaft. docs not pkk up speed ,1:-i rast iJS
the;: armaturt:. Therefore, tht: drive pinion, having. internally matcl",..d splinl.'s
with rt:spect to thesplined drivt: sleeve. moves t:ndwisc on theshali and inwmt:sh
with the l1ywheel. As the pinion hits the pinion stop. it begins til rutiJte with the
armature and cranks the engine.

Wh~n tht: engine starts, the flywheel begins to spin the pinion taste r than
the armature. Again, becauseot tht:splined action of the pinion and drivt: slt:<:ve
assembly. rhe pinion backs out of mesh with the flywheel ring gear protecting the
arma~re from t:xcessive speeds.

Some Bendix drivt:s incorporate a small anti -drift spring betwc:en tht: drivt:
pinion and the pinion stop which prevents the pinion from drifting into mesh when
theengint: is running. Others use a small anti-drift pin and spring inside tht: pin­
ion which prOVides enough friction to keep the pinion from drifting intu mesh.

Never operate the motor for more than 30 sE:\:onds without pausing lor two
minutes to allow it to cool.

ll-ii. CHECKING STARTING MOTOR. Several checks, both visual and elec­
trical, should be made in a defective starting circuit to isolate trouble before
rt:moving any unit. Many times a component is removed from the airplant: onl~..
to find it is not defective after reliable tests. TIlerefore. betore removing a unit
in a defective starting system, the follOWing checlCs should be made:

a. Determine the condition of the battery.
b. Inspect the wiring tor frayed insulation or other damage. Replace anywir­

ing that is damaged. Inspect all connections to the starting motor, solenoid
switch, starting switch or any other control switch, and battt:ry, including all
ground connections. Clean and tighten all connections and wiring as requ i n:J.
The engine manufacturer specifies allowable voltage drop in the starting circuit.
For this information, refer to the manufacturer's shop manual.

~. Inspect starting and solenoid SWitches to determine their ~ondition. Con­
nect a jumpt:r lead around any switch or solenoid suspected of being deit:~tive.

If the system functions properly using this method. repair or replal:e the bypa::isc::d
unit.

d. If specified battery voltage can be measured at the motor tl:" rminal ur th~

starting motor, allOWing for some volta~ drop in the circuit and the engine is
known to be functioning properly, remove the motor and fullow the test pro~t:­

dures outlined below.

•
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Figure 11-39. No-load Test Hookup

•11-78. TEST AJ.'ID MAINTENANCE OF
STARTING MOTORS.

CRAHIONG
MOTOR

{o.1 VOLTMETER

~
11- i9. I!':SPECTION. With the start­
ing motor removed from the engine, the
pinion should be checked for freedom
or operation by turning it on the sc rew
shaft. The armature should be cht:ck­
ed for freedom of operation hy turning
the pinion. Tight. diny, or w.)rn bear­
ings. bentarmatur~shaft. or IUOSE: polt:
shoe screw will cause the armatu re to

drag and it will not turn freely. If thl:"

armature does not turn freely. the mu"
tor should be disassembled immedi­
ately. However. if the armature does

the motor should be given electrical tests bEdore disassembly.

VARIABLE
IIISISTANa

~ AMMETER

l~~-~

operate freely.

11-80. NO LOAD TEST. (Refer to Figure 11-39.) Connect the starting motor
in se ries with a fully charged battery of the specified vOltage. an ammete r ca - •
pable of reading several hundred ampe res, and a variable resistance. Also con-
nec.:t a voltmeter as illust rated. from the motor terminal to the motor frame. An
RP~I indicator is necessary to measure armature speed. Obtain the specified
voltage by varying the resistance unit. Then read the current draw and the ar-
mature speed and compare these readings with the values listed in paragraph
11- 86. Interpret the test results as follow s:

a. Ra ted current draw and no -load speed iodicate normal condition of the start­
ing motor.

b. Low tree speed and high current draw indicate:
L. Too much friction - tight, dirty, or worn bearings, bent armature shaft

I) r loost:' pol~ shoes allOWing armature to drag.
:2. Shorted armature. This can be furtherchecked on a growler after dis­

assembly.
c. Failure to operate with high current draw indicates:

:. A direct ground in the terminal or fields.
2. '0 Frozen" bearings (this should have been determined by turning the ar­

matu re by hand).
d. Failure to operate with no current draw indicates:

1. Open field circuit. This can be checked after disassembly by inspec­
ting internal connections and tracing circuit with a test lamp.

3 01
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AMMITB·

2. Open armature coils. Inspect the commutator for badly burned bars
after disassembly .

.'3. Broken brush springs, worn brushes, high insulation between the com­
mutator bars orothercauses which would prevemgoodcontact between the brush­
es and commutator.

e. Low no-load speed and low current draw indicate high internal resistance
due to poor connections, defective leads, dirty commutator and causes listed unde r
step d.

f. High free speed and high current draw indicate shorted iield:;. Iishorted
fields are suspected. replace the field coil assembly and cheekior improved per­
formanl.:c.

• "
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Figure 11-40. Lock -Torque
Test Hookup

SIC\IllIL., LOCXID
IIlAItI AAM

CUNJ(ING MOTOI

Figure·11-41. Resistanl.:t:
Test Hookup

11-81. LOCK -TORQUE TEST. (Refer to Figure 11-40.) The lock -torqut- test
requi res the equi pment illustrated. A va riable resi stanc e with a high eu rrem
capac~ty should be used. The starting motor should be securely mounted and a
b rakc a rm hooked to the drive pinion. Use extreme caution during this test to
makt: sure tht: ~nd of the brake arm does not slip oif the piniun when current is
applied. When s peciiied current is applied. the to rquecan be com !'llted irom the
rt:ading on tht: scale. A one ioot brake arm will directly indkate pound -ieet.
Compart: the pound-feet of torque as read on the scale with that listed in para­
graph 11-86. If the torque is low, the mocor must be disassembled for further
tests and repair.

ELECTRICAL SYSTE:\1
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11-82. RESISTANCE TEST. (Refer to Figure 11-41.) This test requi res ~qu ip­
mem similar to the lock -torque test, with the exception that the pinion i::; lo~ked

securely so it cannot rotate. When the specified voltage is applied. tll,-' current
should fall in a range as inuicated in paragraph 11-86. A high current indicatE'S
grounded or shorted conductors, and a low current indicates ~xcessive resistance.

11-83. DISASSEMBLY. U the motor does not perform in accordance with pub­
lishe::d specifications, it may need to be disassembled .for further te::sting of the
components. Normally the starting motor should be disassembled only so far
as is necessary to make repair or replacement of the defective parts. As a pre::­
caution, it is suggested that safety glasses be worn when disassembling or as­
sembling the starting motor. Following are general instructions for disassem­
bling a typical Bendix drive starting motor.

a. Remove the cover banu. if present. and detach the field coil leads from the
brush holders.

b. If gear reduction. remove the drive housing and reduction housing.
c. Rl.:move the:: bolts atta~hing the drive housing and commutator end frame to

the lield frame assembly. Discard the tang lock washers.
d. Separate the commutator end frame, armature assembly, field frame and

drive housing.
e. Remove and disassemble the drive from the armature shaft by first iden­

tiiying the type Bendix' 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 so the pilot

sc rew or pin can be removed.

NOTE

Some Folo-Thru drives use a rubber cushion in place
of a drive sp·ring. To remove from shaft, screw pin­
ion 'out to drive. poSition, then force pin from shaft
through screw sleeve holes.

CAUTION

Do not disassemble this drive, service is bycomplete
replacement.

•
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11-84. COMPQ\JENT INSPECTION AND REPAIR.
a. Brushes and Brush Holders: Inspect the brushes for Wea r. If they a n: worn

down to one -hall thei r original length. when compared with a n~w bnlsh. they
should h~ replaced. Mak~ sur<: th~ brush holders are clean and the brushc:s arc
not hinding in the holders. Th~ full brush surface should ride on th~ commutator
with proper spring l,,'nsilln (Refc'r to Paragraph 11-86. ) to give good. fi rill con­
ta~t. Brush leads and screWS should be:: tight and clean.

b. Armature: The annature should.be checked for short circuits. opens and
grounds: .

l. Short circuits are located by rotating the annature in a growlc:r with a
steel strip such as a hacksaw blade held on the annature. The sted strip will
vibrate on the 3 r~a of the short circuit. Shorts betwe~n ba rs are sometimes pro­
duccd hy brush dust or copper between the bars. Undercutting the insul3tion will
eliminate these shorts.

2. Opens: lnspect the points where the conductors are joined to the com­
mutatur for loose connections. Poor connections cause arcing and burning of the
commut3tor. If th~ bars are not badly burned. re~older th~ le3ds in the riser
bars and turn the commutator down in a lathe. Then undcrl.:ut the insulation be­
tw~en the commutator bars .031 of an inch .

.1. Grounds in the armature can be detected by the use of a t~st lamp and
prods. It the lamp lights when one test prod is placed on the commutator and th~

other test prod on the annature core or shaft. the armature is grounded. If the
commutator is worn. dirty. out of round. or has high insulation. the commutator
should b~ turned down and undercut as previously described.

c. Field Coils: The field coils should be checked ior grounds and opens using
a test lamp.

1. Grounds: Disconnect field coil ground cOnnections. Connect one" [(:::)[
prod to the field frame"and the other to the field connector. U th~ lamp lights.
the field coils are grounded and must be repaired or replaced.

2. Opens: Connect test lamp prods to ends of field coils. U lampdoes not
light. the field coils are open.

U the field coils need to be removed ior repair or replacement. a pole shoe
spreader and pole shoe screw driver should be used. Car.e should be exercised
in replacing the field coils to prevent grounding or shorting them as th~yare tight­
ened into place. Where the pole shoe has a long lip on one side, it should be as ­
sembled in the direction of annature rotation.

-• ELECTRICAL SYSTEM
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11-85. ASSE:\IDLY. To reassemWe the motor follow the disassembly procedures
in reverse. Install new tang lock washers where removed.

CAUTION

If Folo-Thru drive is manually rotated to locked posi­
tion, do not attempt 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
meshed position.

I I· 8 6 . STAR TIN G M0 TO R S E R V ICE TEST SP E C I F I CAT ION S
fOE LCQ-REMY). Specifications for I4-volt starting motors installed as standard equipment
on the PA-30 airplanes are as follows:

•

Motor Mode~ 1109511

(DELCO-REMY). Ref:. the latest revision of
Service Bulletip IM-110

Minimum Brush Tension 24 oz. min.

Na-Load Test
Volts 10.6
Min. Amps ----
Max. Amps 60
i\.Iin. RPM 3000
Max. RPM ----

Lock Test
Amps 300
Torque (ft. -lbs. ) 18 min.
Approx. Volts 7.3

Resistance Test
Volts
Min. Amps
Max. Amps

305
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11·87. STARTING MOTORS (PRESTOLITE).

11-88. DESCRIPTION. The gear reduction starting motor consists of six major
components:. The Commutator End Head Assembly. The Armature, The Frame
and FieldAssembly. theGear Housing. The Pinion Housing. and The Bendix Drive
Assembly. Refer to Figure 11-42.

11-89. OPERATION. When the starting circuit is energized. battery current is
applied to the starting motor terminal. Current flows through the field coils.
creating a strong magnetic field. At the same time, current flows through the
brushes to the commutator. through the armature windings to ground. The mag­
netic force created in the armature combined with that created in the field wind­
ings begins to turn the arma ture .

~;::7::::::=:=c.E. HEAD .A5SY.
-8RUSH SET

-----8RUSH SPRING SET
,..---COVER BAND

II'/rSEALED BALL 8EARING .

r
ARMATURE ffiBRUSH SET

NEEDLE 8EARING
FRAME & FIELD ASSY.

, 'CEAR HOUSINC ASSY.

'r fie"
~.. 01°
"!!Y' G

• THRUST WASHER PKG.

Figure 11-42. Exploded View of Gear Reduction Starting Motor
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The gear cut on the drive end of the armature shaft extends through the gear
housing. where it is supported by a roller bearing .. The gear mates with the teeth
of the reduction gear that drives the bendix shaft. The shaft is keyed to the re­
duction gear. The Bendi:< drive is held in position on the shaft by a "spirol" pin.
The shaft is supported in the gear housing by a closed end roller bearing and in
the pinion housing by a graphitized bronze bearing.

When the armature turns the reduction gear, the Bendix drive pinion meshes
with the flywheel ring gear by inertia and action of the screw threads within 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, centrifugal action forces
the detent pin out of the notch in the screw shaft and allows the pinion to demesh
from the flywheel.

11-90. tvlAINTENANCE. The starting circuit should be inspected at regular
intervals, the frequ~ncy of which should be determined by the amount of service
and the conditions under which the airplane is operat~d. It is recommended that
such inspection be made at least twice a year and include the following:

a. The battery 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. U dirt 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 cells.

b. The starting circuit wiring should be inspected to be sure that all connec­
tions are clean and tight and that the insulation is sound. A voltage loss test
should be made to locate any high-resistance connections that would affect start­
ing motor efficiency. This test is made with a low-reading voloneter while crank­
ing the engine or at 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 starter frame - O.I-volt
maximum.

NOTE

If voltage loss is greater than the above limits, add­
itional tests should be made over each part of the cir­
cuit to locate the high-resistance connections.

•

•
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c. No lubrication. is required on the starting motor except at the time of over­
haul. Then lubricate the entire shaft under Bendix Drive. fill grooves in arma­
ture shaft at drive end and pack gear oox with 1. 3 to 2.0 ounces of Lithium Soap
Base Grease # 1925 Molytex "0" or equivalent.

d. The starting motor should be o'perated for a few seconds with the ignition
switch off to make sure that the pinion engages properly and that it turns freely
without binding or excessive noise. Then the engine should be started two or three
times to see that the pinion disengages properly when the engine is turned off.

11-91. OVERHAUL. If during the above ins~ection any indication of starting
motor difficulty .is noted. the starting motor should be removed from the engine
for cleaning and repair .

11-92. RE..\10VAL. To remove the starting motor from the engine. first dis­
connect the ground. cable from the battery post to prevent short circuiting. Dis­
connect the lead from the starting motor terminal. then take 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 screw~ from the commutator end head and pull end head

and armature from frame. Lift the bru~hes and lock in elevated position with
brush springs. Use a puller to remove the end head from the armature. L'se a
special bearing puller to remove the sealed ball bearing from the armature shaft.

b. Remove the frame screws that secure the g~r housing to the frame. Re­
move oolts and nuts holding the gear housing to the pinion housing and separa[~

the two units. Pull Bendix shaft from pinion housing. Do not lose th~ steel spa~cr
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 it locks in the extended poSition. Locate"spi­
rol" pin and use a punch to remove. Slide drive assembly off the shaft. Do not
attempt to disassemble the drive and do not dip it in cleaning solvent.

d. To remove the roller bearings from the gear housing. use an arbor press
and the correct bearing arbor. 00 NOT HAMMER OUT. Each part should be
cleaned and inspected for excessive wear or damage. Bearings should be checked
for proper clearance and evidence of roughness or galling. Oil and dirt should be
removed from insulation and the condition of the insulation checked .

•- ELECTRICAL SYSTEM
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11-94. BRUSHES. Check the brushes to see that they slide freely in their hold­
ers and make full contact on the commutator. If worn to half their original length
or less, they should be replaced,

11-95. ARMATURE.
a, Check the commutator for uneven wear, excessive glazing or evidence of.

excessive arcing, If only slightly dirty, glazed or discolored, the commutator
can be cleaned with 00 or 000 sandpaper. If the commutator is rough or worn, it
should be turned in a lathe, Refer to Figure 11-43, The armature shaft should
be inspected for rough bearing surfaces and rough or damaged splines.

b. To test the armature. for grounds, a set of test probe~ connected in series
with a HO-volt light should be used. Touch one probe to a commutator segment
and the other to the armature core, If the test lamp lights, the armature is
grounded and should be replaced,

c. To test for shorted armature coils, a growler is used. (Refer to Figure
11-44.) The armatl!re is placed on the growler and slowly rotated by hand while
a steel'strip is held over the core so that it passes over each armature core slot.
If a coil is shorted, the steel strip will vibrate.

d. A quick check for opens can be made by inspecting the trailing edge (in di­
rection of rotation) of the commutator segments for excessive discoloration. This
condition indicates an open circuit.

•

•
-'.0 -?

Figure 11-43. Turning Starting
Motor Commutator
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Figure 11-44. Testing Motor
Armature for Shorts
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11-98. GEAR AND PINION HOUSING. Inspect housings for cracks and bearings
for excessive wear. Remove rust, paint or grease from mounting surfaces.

Figure 11-45. Testing Motor
Fields for Grounds

•~'

11-96. FIELD COILS.
a. Check the field coils tor grounds

(Reier to Figure 11-45) by placing one
test probe on the frame and the othe,r
on the starter terminal. Be sure the
brushes are not accidentally touching
the frame. If the lamp lights, the fields
are grounded. Repair or replace.

b. Inspect all 'connections to make
sure they are clean and tight and in­
spect insulation for deterioration.

11-97. BRUSH HOLDERS.
a. To test brush holders. touch one

test probe to the brush plate and the
other to each brush holder.

b. The test lamp should light when
the grounded brush holders are touched and should not light when the
brush holders are touched .

insulated

11-99. BENDIX DRIVE. The Bendix Drive should l!le wiped clean with a dry cloth.
The pinion should turn smoothly in one direction and should lock in the other di­
rection. Replace drive if it fails to check as above or if the pinion teeth are ex­
cessively worn or damaged.

11-100 . ASSEMBLY.
a. When assembling the starting motor, always use an arbor press and the

proper bearing arbor for installing graphitized bronze and roller bearings. The
Bendix shaft should have a thin film of Lubriplate #7;7 or equivalent on the BendLx
portion of the shaft. End play should be .005 to .050 of an inch.

b. New brushes should be properly seated when installing by wrapping a strip
of 00 sandpaper around the commutator (with the sanding side out) 1-1/4 to 1-1/2
times maximum. Drop brushes on sandpaper covered commutator and turn the
armature slowly in the direction of rotation. Dust should be blown. out of the
motor after sanding.

-• ELECTRICA L SYSTEM
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Figure 11-46. No-Load
Test H~kup

NOTE

Figure 11-47. Stall-Torque
Hookup

The spring tension is 32 to 40 ounces with new brushes.
This tension is measured with the scale hooked under
the brush spring near the brush and the reading is taken
a t right angles to the line of force exerted by the brush
spring.

c. Check the position of the pinion to be sure the unit wUl mesh properly with
the flywheel ring gear. See specifications for unit for correct dimensions. Re­
fer to Paragraph 11-103.

11-101. BENCH TESTS.
a. After the starting motor is reassembled, it should be tested to see that the

no-load current at a certain voltage is within specifications as given in paragraph
1I - 103. To make this test. connect as shown in Figure 11-46. If current is too
high. check the bearing alignment and end play to make sure there is no binding
or interference. Two or three sharp raps on the frame with a rawhide hammer
w ill often help to align the bearings and free the armature.

b. If no difficulty is indicated in the above test, a stall torque test may be made
to see if the starting motor is producing its rated cranking power. Make test
connections as shown in Figure 11-47.

".
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c. If torque and current are not within speclficatiol1£, check the seating of the
brushes and internal connections for high resistance. If these checks are made
and found to be in good order, replace frame and field assembly and r:etest starter.

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 volrage loss across the switch contacts during normal starting.
U loss is in excess of 0.2 volts per 100 amperes, the solenoid should be replaced.

c. U solenoid fails to operate when the manual is turned on or if it faUs to re­
lease when the manual switch is released. it should be removed and tested to

specifications. If either opening or closing voltages are not specified. replace
the solenoid .

ELECTRICA L SYSTEM
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11-103. STARTING MOTOR SERVICE TEST SPECIFICATIONS
(PRESTOlITE). Specifications for 14-volt cranking motors instaUed as standard ~qllipment

on the PA·30 and PA·39 are as follows:

Motor Model MZ-4206

Min. Brush Tension 32 oz.
Max. Brush Tension 40 oz.

No-Load Test (770 F)
Volt 10
Max. Amps 75
Min. R.P.M. 2000

Stall Torque
.Amps 560
Min. Toruqe, Ft. lbs. 38.0
Approx. volts 4.0

Pinion Position-
Drive at rest 1. 748" - 1.855"
Drive extended 2.388" - 2.495"

-This dimension is measured from the centerline of
the mounting hole nearest the drive end head to the
edge of the pinion.

•

•
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11-104. BAITERY.

II-lOS. SERVICING BAITERY. The battery is located just aft of Ute baggage
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 :iteel bo~ with a vent
system and a drain. The vents allow fresh air to enter the box. and draw offfumes 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 or 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 perfonned to detennine
the percent of charle in the battery. All connections must be clean and tight. If the battery
is not up to normal charge, recharge starting with a charging rate of four-amperes and
finishing with two. A fast charge is not recommended.

HYDROMETER READING AND BATIERY CHARGE PER CEN't

••• Hydrometer Reading

1280
1250
1220
1190
1160

1130 or below

Per cent of Charge

100
75
50
25

Very little useful capaCity
Discharged

11-106. REMOVAL OF BAITERY. 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 I:o"'er.
b. Disconnect the battery cables.

ELECTRICAL SYSTEM
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•NOTE

Always remove the ground cable first and install last to
prevent accidental short circuiting or arcing.

c. Lift the battery from the box.

11-107. INSTALLATION OF BAITERY.
a. Ascert:lin th:1t 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 with

Serial Nos. 30-2 to 30-852 inclusive and 30-854 to 30-901 inclusive, and in the nose section
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 tenninal and secure.
~. Install the battery box cover and secure with wing nuts.
f. Safety wing nuts to bo:\.
g. Install access panel on rear wall of the baggage compartment of airplanes with Serial

Sos. 30-1 to 30-852 inclusive and 30-854 to 30-90 I inclusive, and install nose access panel
on airplanes with Serial Nos. 30-853. 30-902 to 2000 inclusive, and in PA-39 airplanes with
S<rial Nos. 39-1 and up.

11-108. CHARGING BATTERY. If the battery is not up to nonnal charge. remove the •
b:ltt~ry and recharge starting with a charging rate of 4 amps and finishing with 2 amps. A
fast charge is not recommended.

CAUTION

E:ttemal power should not be connected to or removed from
.aircraft with master switch ON.

11·109. BATTERY BOX CORROSION PREVENTION. The battery should be checked for
spilled ~Iectrolyte or corrosion at each SO hour inspection or at least every 30 days.
whichever comes fU"St. Should this be found in the bo:t, on the tenninals or around the
h;ltt~ry. the battery should be removed and both the box and battery cleaned by the
following procedure:

a. Open the clamp on the battery box drain tube and drain off any electrolyte that
may have overflowed into the box. .

b. (lean the battery and the box. Corrosion effects may be neutralized by applying a
solution of baking soda and water mixed to a consistency of thin cream. The application of
this mixture should be applied until all bubbling action has ceased.

3015
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CAUTION

Do not allow soda solution to enter battery.

c. Rinse the battery and box with dean watc:r and dry.
d. As necessary. paint the battery box with an add resistant paint. Allow paint to dry

thoroughly.
e. Close battery box drain tube damp.
f. Reinstall the battery.

11.110. NAVIGATION LIGHTS.

II-Ill. REMOVAL OF WING NAVIGATION LIGHT.
3. To remove bulb, remove the screws securing the plexiglas window.
b. Remove screws securing the lens retainer.
c. Remove lens and bulb.

NOTE

To remove the complete lamp assembly, the wing tir must be
removed.

II-II ~. INSTALLATION OF WING NAVIGATION LIGHT.
J. Install bulb. lens and lens retainer and secure with appropriate screws.
b. Place plexiglas window in position on wing tip and secure with appropriate ~rews.

ll-IU. REMOVAL OF TAIL NAVIGATION LIGHT.
a. To remove bulb, remove the screws securing the light assembly to the nldder tip .md

remove the lens.
b. Remove the bulb.

NOTE

To remove the complete light assembly, unsolder the
~lectrical lead from the base of the light assembly and
dis~onnect the remaining electrical lead at the connector.

11-114. INSTALLATION OF TAIL NAVIGATION LIGHT.
a. Install bulb and lens in light assembly.
b. Place light assembly in position on rudder tip and secure with appropriate screw~.

• ELECTRICAL SYSTEM
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•11·11 S. RE~OVAL OF LAMP IN ANTI-COLLJSION WING TIP STROBE LIGJIT. TIle
li~hts arc locatl:d in both wing tips next to the navigational lights.

a. Remove the screws securing the plexiglas window to the wing tip and remove
window.

b. Rl:move the screw securing the navigational light cover and remov~ I.:llVer.
.:. Remove the three screws securing navigational light bracket asscmhly ;md remove

ligh t assembly.
d. Remove the strobe lamp by cutting the wires on the lamp beneath the mounting

brocket.
e. Remove the defel.:tive lamp.
f. Remove and disc:ard the plug with the cut wires from the electrical sodet.

II-lib. INSTALLATION OF LAMP IN ANTI·COLLISION WING TIP STRODE LIGHT.
3. Route the wires from the new lamp down through the hole in the navigational light

bracket.
b. Insert the 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 bracket.
d. Secure navigational light assembly and bracket with appropriate screws.
e. Install navigational light cover and secure with appropriate screws.
f. Install plexiglas window on wing tips and secure with appropriate screws.

11-117. REMOVAL OF LAMP IN ANTI-COLLISION LIGHT. The light is located on the •
lIpp~r section of the vertical fin.

a. Loosen the screw in the damp securing the light cover.
b. Remove the light cover.
c. Remove the defective lamp from the socket.

11-118. TROUBLESHOOTlN(; PROCEDURE FOR ANTI-COLLISION AND WING TIP
STROBE LIGHT SYSTEMS. The strobe light assembly functions as a condenser discharge
s~ stem. A condenser in the I'ower supply is charged to approl(imately 450 ....olts D.C.. then
discharged across the Xenon flash tube at intervals approximately 45 flashes per millll teo
The conuenser is parallel across the Xenon flash tube which is d~igned to hold off the ~50

volts D.C. :ll'plied until the flash tube is triggered by an external pulse. This purse is
generated by a solid state timing drcuit in the power ~lIpply.

When troubleshooting the strobe light system. it must first be determined if the trouble
is in the flash tube or the power supply. Replaceml:nt of the flash tube will confirm if the
tllhe is uefective. A normal o!'erating power system will emit an audible tone of I to 1.5
K,~c If there is no sound emitted check the system according to the following instnlctions.
",":.\.'!l trnuhle~hontingthe systl:m utilize the appropriate schematic in the manual.

., -\sc!:rtain t11e inrur vClltage at the ""wer sUl"l"lyis 14 volts.

3017
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CAUTION

When disconnecting and connecting the power supply input
connections do not get the connection reversed. Reversed polarity of
the input voltage for just an 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. Ascertain pins I and 3 of interconnecting cable are not reversed.
2. Using an ohmmeter check continuity between pin I and 3 of interconnecting cable. If you

obtain a reading on the meter the cable is shorted and should 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.
1. Disconnect the output cables from the power supply outlets.
2. The following continuity checks can be made with an ohmmeter.
3. Check for continuity between rhe connectors of eacH interconnecting cable by checking from

pin I to pin I. pin 2 to pin 2. and 3 to pin 3. When making these checks if no continuity exists the cable is . hurted
and should be replaced.

4. Check continuity between pins land 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 to airplane ground. If 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 interconnecting cahlc.
2. The following continuity checks can be made with an ohmmeter.

Issued: 12/29/72
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3. Check for continuity between pin I of AMP connector to pin I of tube socket, pin 2 of AMP.
connector to pins 6 and 7 of tube socket and pin 3 of AMP connector to pin 4 of tube socket. When making
these tests if no continuity exists the tube socket assembly is shorted and should be replaced.

11- 119. INSTALLA TION OF ANTI-COLLISION LIGHT.
a. Plug in new lamp using correct number.
b. Replace light cover. .
c. Tighten screw in clamp to secure light cover.

11-120. REMOVAL AND INSTALLATION OF LANDING LIGHT. (Refer to Pages 4-3 and 4-4.)

•
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Figure I 1-48. Electrica! System Components
PA-JO. Serial Nos. 30-\ to 30-85::! inc!. and 30-854 to 30-90 \ i IlC I.
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Figur~ 1149. EI~ctrical System Components. PA-30 Serial Nos. 30-853,
3O-90~ to 30-2000. PA-39 Serial Nos. 39-1 and up
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INTENTIONALLY LEFT BLANK



3023
INTENTIONALLY LEFT BLANK
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3024
INTENTIONALLY LEFT BLANK



3El
INTENTIONALLY LEFT BLANK
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PIPER TWIN COMANCHE SERVICE MANUAL

TABLE XI-I. TROUBLESHOOTING CHART (ELECl RICAL SYSTEM)

Trouble Cause Remedy

GENERATOR

Generator operating If the voltage is iow. the Check for loose or high
within rated speed generator is operating resistance connections;
range but voltage output low. on residual magnetism. clean and tighten.

Loose or high-resistance Clean and tighten all
electrical connections. electrical connections.

Brushes excessively worn. When brush wears down to
1/2 inch, replace with a new one.
The new brush must be seated to
at least 75% of the contact
surface by running the
generator without luad (with
the line switch open) for
at least 15 minutes during
the engine warm up period.

CAUTION

Do not use abrasives of any
description to assist in
seating the brushes.

.

Issued: 12/29/72 3E2
ELECTRICAL SYSTEM
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TABLE XI-I. TROUBLESHOOTING CHART (ELECTRICAL SYSTEt\.1) (\.'(JnL) •
TI·l')uhl~ Cause R~medy

G~n~rator operating Brushes binding in the The: brush~s should be a
within rated speed brush boxes. fr~e fit without eXC8S .
ranil'e hut voltage sive side play in lhe

uutput low. (cont.) brush boxes. Binuing
brushes and the hrush
boxes should be wiped
clean with a doth
moistened in Varsol or
uDdoped gasol ine .

Replace the brushes as
outlined .3 hove .

Brushes not properly Reseat-brushes as out-
seated. lined .3bove.

Low brush spring Brush spring should
tension. hea r ~~ntrall y ..m the

top of the brushes.
insuring full brush
contact with rhe faC~ uf
the cummurator.

Dirty commutator. Clean the commurator
with a cloth muistened
in Varsol Of undoped
gasoline.

Scored or pitted com- Remove and [urn cum-
mutaror. mutator down on a

lathe.

Shurr~d or open arma- Replace armature.
rure coils.

Imprnper operations of Adjust regul.3toI".
rhe vol rage regulator.

3E3
ELECTRICA L SYSTE:-'1

Issued: 1:/:9Ii;'
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TABLE Xl-I. TROUBLESHOOTING CHAHT (ELECTHICA I. SYSTE\I) (~Ollr.)

•-

Trouble

Gener:ltor operating
within rated speed
range but voltmeter
indica tes zero.

Generator operating
within rat~ speed
range, hut voltage
output is erratic.

ELECTRICAL SYSTEM
Issued: 1:/"29/72

Cause

Luose or high rt:s i::itancc
iield coil assembly
terminals.

Wiring not properly
connected.

Grounded field coil
assembly.

Open field coil
assembly.

Unstable operation of
voltage regulator. Same
as "Generator operating
within rated speed range
but voltage output low, "
above. .

3E4

Ih:!lleuy

Ch::ln and Ilght~·n III~

t~rmillals .

St:e airplane wirin~

diagram.

Replace entire yoh..
assembly.

Remove the gener:J III ,

and replace with lIne
known to be in gooJ
condition .

Replace vol tage regula­
tor. Use remedy under
"Generator uperating
within rared speed
r3nge but voltage OUl­

put low... above.



PIPER TWIN COMANCHE SERVICE MA NUA L

TABLE Xl-I. TROUBLESHOOTING CHAHT (I·:I.I':CTRICAL SYSTEM) (,·"III.J ••

Flash the generator field by turning the generator and
battery switch to the "ON" position and momentarily
connect the "Bat" and "Gen" terminals of the r~lator.

Trouble

Generator operating
within rated spe~

range. with line
switch closed. but
system ammeter
indicates low or no
output.

G'-'ncrarur operating
\\' I thi n ra ted speed
range but system am­
meter reads off scale
in Ihl.: wrung direction.

Cause

='Jone.

Improper operation of
the reverse-current
relay.

Generator field de­
magnetized .

Burned~ut ammeter.

Generator field magne­
tized in the wrong
direction.

NOTE

3E5

Re,;:lllcdy

Since the .."llag-l' rq.':I1·

lalur hulds the genet" .

alai voltage at ;.In ;.Ii,

most ~onstanl value.
the I.:urrent oUll"ut de,;:­
pcnus entirely 1I1)l.1l lh~'

conuitiun of Ihe hallery
and the amount of ex­
ternal load. Therefore.
when the battery is
fully charged and (hen.:
is no load un the sys­
tern, the difference in
vol rage hetween the
genera tor and the
battery is so small that
little or no current will
flow between them.

Readjust the relay.

Flash field.

Replace ammeter.

Flash field as explained
above and check to see
tha t· reverse-current
relay is operating
properly.

ELECTRICA L SYSTEM

Issued: I '1r~9f7 ~
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TABLE XI-I. TROUBLESHOOTING CHART (ELECTRICAL SYSTEM) (~on[.)

Trouble Cau~1.: Remedy

System ammeter shows Generator of imprllper Install a generator I)i

full charge but battc::ry capacity installed in larger capacity .
is discharged. the system.

Battery too small for Install a batr"t=ry of
load requirements. sufficient capacity.

System ammeter fluc- Generating system is Check the system for
tuates excessively overloaded . abnormal loads.
when. indicating full
rated load. 1mproper operation of Readjust to operate

generator reverse- properly.
current relay.

Burned-out system Discharged battery . Replace with a fully
ammeter or line fuse. charged battery.

Defective wiring. Replace all defective
Wiring.

ALTERNATOR

No output from alter- Malfunction of alter- Check altc:rnator lIutpU[
nator. nator outpUt circuit· and field ..:ircuits .

or field circuit. (Refer to Paragraph
11 -53.)

Check altc:rnator.
(Refer rll Paragraph
11-53.)

R~duced output from Open diode. Check alternator.
alternator. (Refer to Paragraph

11-53. )

•

• ELECTRICA L SYSTEM
Issued: 12/':.9/72 3 E6
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T.~BLE XI-I. TROUBLESHOOTING CHART (ELECTRICAL SYSTEM) (~()nt.) •
Trouble Cause

STARTER

Rt:mt:tly

Starter fails to operate. Low battery charge.

Defective or improper
wiring or loose
connections .

Defective starter sole­
noid or control switch.

Binding. worn or im­
properly seated brush.
or brushes with
excessive play.

3E7

Check and recharge if
necessary.

Refer to wiring diagram
and check all wiring.

Replace faulty unit.

Brushes should be a free
fit in the hrush boxes
Without t:xcessive side
play. Binding hrushes
and brush boxl::s should
be wiped clean with a
gasoline (undoped)
moistened cloth. A
new brush should be
run in until at least
50% seated; however.
if fac il ities are not
available for running in
brushes. then the brush
should be properly seat­
ed by insertin~ a strip
of No. 0000 sandpaper
between the brush and
commutator with the
sanded side next to the
brush. Pull sandpaper
in direction of rotation.
being careful to keep it
in the same Contour as
the commutator.

ELECTRICA L SYSTEM
Issued: 11/29/7':'
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TABLE XI-I. TROUBLESHOOTING CHART (ELECTRIC..\ L SYSTEM) (cvnt.)

•

•

Trouble

Starter fails to operate.
(cont.)

Starter operates at
proper speed but faUs
to crank engine,

Low starter cranking
speed.

ELECTRICA L SYSTEM
Issued: 11(29/72

Caus~

Binding, worn. ur im­
properly seated brush,
or brushes with ex­
cessive play. (cont.)

Dirty commutators.

Shorted,grounded, or'
open armature.

Grounded or open field
circuit.

Faulty Bendix drive.

Worn, rough. or im­
properly lubricated
motor or starter
~earin~.

3 EB

({ t:n It:(ly

CAI'TION

Do nut USl' coa rSt: :>and
pape::r or l:m~ry doth.

Aftt:r sc;,) tI n~. d ca n

thoroughly to ;'t:nlClVC
all sand and metal
particlt:s ru prev~nt

excessive wear, 1<~l:P

mocur bearing frt:e
from sand or metal
particles.

If commutator is rough
or dirty, smooth and
polish with No. 0000
sandpaper. If too
rough and pitted. rt:­
move andrurn down.
Blow uut all particles.

Remove and replace
with an armature known
to be in good condition.

Test and then repla~l:

new part.

Remuve Ikndix drivt:
assembly. Clean and
check. replace.

Disass~mbl~. dean. in­
spect and relubricate.
replacing ball bearings.
if worn.



PIPER TWIN COMANCHE SERVICE MANUA L

TABLE XI-I. TROUBLESHOOTING CHART (ELECTRIC.~L. SYSTEM) (CUIll.) •
Trouble Cause Rem~dy

Low starter cranking Same electrical causes Sam~ remedies listed
speed. (cont.) as listed under "Motor for these trouhles.

fails to uperate."

Excessive arcing or Binding. worn or im- See information above
s tarter brushes properly seated brush dealing with this

or brushes, with ex- trouble.
cessive side play.

Dirty commutator. Cleanas already out-
rough, pitted or lined above.
scored.

Grounded or open field Test and replace de-
circuit. fective parts.

Excessive wear and Rough or scored Remove and turn com-
arcing of starter com mutator . mutator down on a
brushes. lathe.

A rmature assembly Reface commutator.
not concentric.

BATIERY 12V

Uattery will not hold Battery worn out. Replace battery.
charge.

Charging rate not set Reset.
right.

Discharge too great Reduce use uf starter on
to replace. the ground: use ~xternal

power wherever
possible.

3E9
ELECTRICA L SYSTEM

Issued: 12/:'9/7:'
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TABLE XI-I. TROUBLESHOOTING CHAHT (ELECTRICAL SYSTEM) (cant.)

Trouble Cause Remedy

Battery will not hold Standing too long. Remove and rechargt-
charge. (cant.) battery if left in

unused airplane on~

0." week or more..~

Equipment left "ON" Remove and recharge.
accidentally. (Refer to paragraph

11-108.)

Impurities in electro- Replace.
lyte.

Short circuit (ground) Chec k wiring.
1n wiring.

Broken cell partitions. Replace.

Battery life is short. Overcharge due to level Maintain electrolyte
of electrolyte being level.
below tops of plates.

Heavy discharge. Replace.

Sulfation due to disuse. Replace.

Impurities in electro- Replace battery.
lyte.

Cracked cell. Hold down loose. Replac~ ba~ery and
tighten.

Frozen battery. Repla~e.

•

• ELECTRICAL SYSTEM
Issued: 12/'!.9/7'!. 3 El0
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TABLE XI-I. TROUBLESHOOTING CHART (ELECTRICAL SYSTEM) (com.)
•

Trouble Cause Rt:medy

Compound on top of Charging rate too high. R~ull,,:e.

battery melts.

Electrolyte runs out Too much' water added Drain and keep 3t
of vent plugs. to battery. prulkr level.

Excessive corrosion Spillage frum over- Use care in adding
inside container. fillings. water.

Vent lines leaking or Repair or clean.
clogged.

Battery freezes. Discharged battery. Replace.

Water added and Always recharge bat-
battery not charged tery at least 1/2 huur
immediately. when adding wa tcr in

I freezing weather.

Le3 king jar. Replace.

Ila I [cry polarity C(Jnnected backwards Battery should he slowly
"e"~rsed . on airplane or discharged completely

ch'lTger. and then charged
correctly and tested.

Battery ('onl:ium~s Charging rate too high Correct charging r3 [e.
excc'5Siv~water. (if in all cells).

Cracked jar (one cell Replace battery.
only) .

ELECTRICA L SYSTEM
Issued: 12/29/7'2 3Ell
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TABLE XI-II. LAMP REPLACEMENT GUIDE

•

Location

Tail Navigation Light
Wing Navigation Light
Rotating Beacon
Landing Light
Instrument Post Lights
Gear Indicator Lights
Stall Warning Light
Map Light
Ci.rcuit Breaker Comparonent
Fuel Control Conso1
Dome Lights
Reading Lights
Instrument Panel Light

Piper Part No.

753 431
/;)13Ml
751 44H
472 661
472037
472054
472054
472040
472050
753 472
472036
472026

Lamp No.

107:3
ISU

WRM-44
450~

:330
G. E.J30

JJO
1816
1815
14RM

89
90
93

ELECTRICA L SYSTEM
Issued: 12/-:'9/72 3E12
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TABLE Xl-HI. ELECTRICAL SY~IEM SCHEMATIC INDEX

•
Alternator System
Anti-Collision
Anti-Collision (Strobe)
Cigar Ughter
Cylinder Head Tempet:lture
Dome Lights
Exhaust Gas Tc:mpc:rature
External Power
Flap Motor
flap Motor
Flap Solenoid
Flap Solenoid
Fud Pumps
Fuel Quantity Indicators
Landing Gear Motor
Landing Gear Solenoid
Landing Gear Warning
GenerJtor System
Heater
Hour Meter
Instrument Lights
Landing Lights
Magneto Swih.:hes
Map Lights
Oil Pressure Warning (Turbocharger)
Oil Temperature
Pitot Heat
Posi tion Ugh ts
StaJl Warning
Staner System
Tip Tanks
Tum and Bank Indicator
Windshield Heat

3E13

Figure

11-68
11·50
11-71
II~1

II-59
11-5 I
11·7~

II-51
II~O

11·74
II~O

11-74
11·53
11·73
11-70
11·70
11·70
II~I

11~1

11·73
11~3

11·54
11~6

11~3

11·55
11·59
11·56
11~4

II~5

11~6

11~7

11·57
11·58

Aerofiche
Grid No.

3F19
3E18
3G7
3F6
3F2
3E19
3G8
3E20
3F4
3G9
3F4
3G9
3E21
3G1
3G3
3G3
3G3
3F5
3F6
3G8
3F8
3E23
3F15
3F8
3E24
3F2
3E24
3Fll
3F13
3F15
3F17
3Fl
3Ft

ELECTRICAL SYSTE~1

Issued: 1':./'29/72
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0':' . ...
CURRENT DRAINII:cl !:o .

"'II: zzz PER UNIT (MAX.)
CIRCUIT "II:C ITEM ~ ~ c >

5,0 z ... c ..... IN AMPERES AT
u'" - Oll:::~II:UO

ciS! 12.0 V. 114.3 V.-"'zU .. _
Z ......

GEAR MOTOR 30 LANDING GEAR ACTUATING MOTOR I 14.70 17.50
TURN" BANK 5 TURN a lANK ELEC. GYRO 1 0.25 030

GEAR SOLENOIO 5 GEAR MOTOR CONTROL SOLENOIO 1 2.~ 2.60
GEAR INDICATOR LIGHTS a FLASHER 1 0.01 0.09

INST. LTS. S SPOTLIGHTS 2 0.56 068
ROCKE R SWITCH LIGHTS AS INSTL. 0.01 0.09
GLAR..AN IOLT L1GH". ASINSTL. 001 0.09
MAl LIGHT· CONTROL WHEEL 1 0.28 0.3:1
TRIM INDICATOAILLUMINATING LIGHT 1 0.11 0.15
OMNI COUP\.ER LIGHTS 2 0.01 0.09
ALTIMATIC 1111 PANEL LIGHTS 4 0.01 009
AUTOCONTROL III PANEL LIGHTS 2 001 U09

LEFT FUEL PUMP 10 L. FUEL PUMP MOTOR I 6.04 702
RI~HT FUEL PUMP 10 R. FUEL PUMP MOTOR I 604 10=
NAY LTS. 10 WING TIP POSITION LIGHTS .'5,2 2 1.40 167

TAIL POSITION LIGHT .1073 I '62 193
STARTER SOL. IS LEFT a RIGHT STARTER SOLENOIDS 1 840 1000
PlTOT HEAT 15 PlTOT HEATING ELEMENT I 6.~ 730
LEFT LANDING LIGHT 10 L. LANDING LIGHT::t4509 1 7.13 9.S0
RIGHT LANDING LIGHT 10 R. LANDING LIGHTa4509 1 713 850
VOLTAGE REGULATOR· 10 MAIN·YOLTACE REG. OYERVOLT RELAY

MAIN ALTERNATOR FIELDS L. R 1 SYSTEM 3.03 3.5';
VOL TAGE REGULATOR. '0 AUX.·YOLTAGE REG.. OVERVOLT RELAY.

AUX. AL Tl:RNATOR FIELDS L 10 R 1 SYSTEM 3.03 3.56
WINDSHIELD HEAT l!l WINDSHIELD HE ...TING ELEMENT I 11.54 13.75
ELECTRIC TRIM 5 PITCH TRIM SERVO 1 084 100
TIP TANKS 5 L'" R SOLENOID V"'LvES 2 0.54 0.601

L'" R TIP TANK INDICATOR LIGHTS
2· **1488 BULlS 2 0.25 021

TIC CTL TURBO CHARGER CONTROL "LOW I -xIO
LAMPS) TURBO OIL WARNING LIGHTS" 2 0.08 009

FLAP MOTOR ~ FLAP ...CTUATING MOTOR I 18.30 :180
STALL WARNING 5 FLASHER UNIT, HORN. LIGHT

HORN -0.01 LAMP -0.09 1 SYST1:M 0.78 0.89
FLAP SOL. S FLAP ACTUATING SOLENDOID ... INDICATOR I SYSTEM 2.28 2.69
CYL 10 OIL TEMP. 5 L'" R CYL. HEAD T1:MI'. GAGES 2 0.08 0,07

L'" R OIL TEMP. GAGES 2 008 0,07
FUEL GAGE S L'" R FUEL GAGES 2 0.09 all

GEAR WARNING HORN W/FLASHEA UNIT I 0.70 080

ANTloCOL.· RED 10 ROTATING BEACON· REO 1 4.03 4.80

STROBE LIGHT· REO WIPOWER SUPl'LY I 1.40 2.45
ANTloCOL.. WHITE 10 TIP STROBE LIGHTS WIPOWER SUPPLY IWHITE) 2 3.80 ~ ~5

HEATER· LIGHT1:R ~ CIGAR LIGHT1:R 1 6.60 7.90
CABIN HEATER SYSTEM COMPLETE· GROUND

OPERATION M...X. '1.66 13.80
HEATER IGNITION'" YENT BLOWER I 6.76 8.00
COMBUSTION BLOWER I 4.90 5..80

•

•

.- ELECTRICAL SYSTE~

Issued: 12/29/72
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TABLE Xl-IV. CIRCUIT LOAD CHART
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TABLE XI- IV. CIRCUIT LOAD CHART (cant.)

~;I ~CI CURRENT DRAIN.. c !ZZ PER UNIT (MAX.l
CIRCUIT ~c ITEM ~ c ~aO z ~cl- .. IN AMPERES AT1-- ClC"~

!:di is·! YOUI-_ 12.0 V. 14.3 V.
NAVCC)M , '0 MK·'211 OR MK.'2A XMITT. 8.92 8.25

T'RANSCIIVER ReV. 4.03 4.79

MK." lCMITT. 4.2'· 5.02
TRANSCEiVER RCV. 0.83 0.75
VOA~OMNIINDICATOA 0.38 039
VOA" OMNI INDICATOR 0.36 0.39
VOA~CMI - -
VOA_IMI - -

'fAV COlI 2 '0 SIMILAR TO 'fAV COM , - -
ICING ICR" AOF RECEIVER 0.81 1.04

AOF 5 BENDIX TlX ADF RECEIVER 0.66 0.78
NARCO AOF·3'A RECEIVER 0.56 0.67

GIS 5 HARCO UGR·2 GLIOE SLOPE RECEIVER 0.19 0.23
M/B 15 NARCO MBT·12 MARICER BEACON RECEIVER 0.17 0.20

PM·l "PlR MARKER BEACON 0.17 0.20
ACC IACCESSORYI 5 AUDIO AMPLIFIER. KING I(A·2I I 0.98 1.14

NARCO AUDIO JUNCTION BOX Vf"224 , 0.23 0.21
AlP 5 ALTIMATIC IIIBIAUTOfIILOTl 1.34 1.80

AUTOCONTROL III 0.80 0.98

lCPONOe" 5 TRANSPONDER HARCO ATS·A OR AT&A 1.78 2.01
i'TRANSI'ONDU HARCO UAT.' 3.011 3.83

OME '0 DISTANCE MEASURING eoulP. NARCO UDI" 5.119 8.71

•

•

3E15
ELECTRICAL SYSTEM
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TABLE XI-V. ELECTRICAL WI.RE CODING
>,

P14A 20

CIRCUIT FUNCTION LEITE R-.1 ~
WIRE NUMBER

WIRE SEGMENT LETTER

IRE GAUGE, ~,

~ P 14 A ~~

CIRCUIT
IDENTIFICATION CIRCUITS .

A AUTOMATIC CONTROLS

C CONTROL SURFACE

E ENGINE INSTRUMENT

F FLIGHT INSTRUMENTS

G LANDING GEAR SYSTEL\t

H HEATER, VENTILATING

J IGNITION SYSTEM

L LIGHTI~ SYSTEM

M CIGA R LIGHTER

P PRIMARY POWER

PF ALTERNATOR FIELD

Q FUEL AND OIL

RG RADIO GROUND

RP RADIO POWER

RZ RADIO AUDIO AND INTERPHONE

.-

• ELECTRICAL SYSTEM
Issued: 11/'2.9/7':.
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TABLE XI-VI. ELECTRICAL SYMBOLS

CIRCUIT BREAKERS

~ < \ '(
FUSE PUSH PUSH- PULL SWITCH
TYPE TYPE TYPE TYPE

•

BUS BAR.e:p
LAMP

ft

CONNECTORS

CONDUCTORS

:R:
CONDUCTORS - crouiftl. and junction.
of conductors. Tho dot at tho intersoction
incUcato. a joinin, of conductors.

BATTERY

+flillt-!.

GROUND

l

•
~04

SWITCH

~

RESISTOR "*"DIODE

#-O\.D-I
FUSE

SHIELDED CONDUCTOR

~ '£L'

ALTERNATOR

~
'\J

TERMINAL BLOCK

- -- -
- -- -
- --

3 E17

INSULATED CONNECTOR

~~
GENERATOR

o
ELECTRICA L SYSTEM

Issued: 12/29/72 •
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....
•........

Figure 11-50. Anti-Collision Light

RED
ANTI·COLUSION

IOAMP CIP

•

RED ANn.

COLLISION
SWITCH

~
•............

ELECTRICA L SYSTEM
Issued: I '2/,29/7"1

Figure II-SOa. Anti-Collision Light
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l
TO ....ncOUJSIQl UGIlT

Figure 11·51. Dome light
Serial Nos. 30-2 to 30-1716 inclusive and 30-1718 to 30·1744 inclusive

•

•

Figure 11-51:1. Dome Light. Serial Nos. 30-1717. 30-1745 to 30·2000 inc!.

TO AIITl<OLlJSJOII UGIlT

3E19

TO IIISTltUIIIIIT UGIln

ELECTRICAL SYSTEM
Issued: I1/19/7':' •
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OOMI LIGHT

.0_ C/~

r--o--s
~

•••

TO
,,"IOITAT

q.........
'"

Figure 11-51 b. Dome Light

TO aul UII ,MIl
ITAnn CIIlCUIT

M..•.......
t•......
•...

~

lilA"
OOMl!
LIGHT

Figure 11-52. External Power Supply
Serial ~os. 30-2 to 30-1;!6 inclusive and 30-1;18.to 30-174~ inclusive

• ELECTRICAL SYSTEM
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UTERN"'- POWell rx1'l!IlN.L POWell
1ll!Cl!"ACU I.'l!n IOLl!NOII)

TOIIUS ....~.-IlD-oQ!>---..:;~
SfAIlfU CIlC\IlT ,..tal-=-

Figure 11-5201. Ext~mal Power Supr1y. Serial Nos. 30-1717,30-1745 to 30-1000 indo

~l'
~~.......~
~, p ,

l

•

•
urr 'UIL I .

:'-Jr OlGA ,.

I •

! ;
.r

Figure II-53. Fuel Pumps
Serial Nos. 30-2 to 30-1716 inclusive and 30-1718 to 30-1744 inclu:ilve

3 E21
ELECTRIC.-\ L SYSTEM
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RIGHT FUEL
PUMP SWITCH

~
'----+~i·~~HT -:;-

FUEL PUMP

\{.

3E22

Figure Il-S3b. Fuel Pumps

~.

i .

I ;{o f
FUEL PUMP (LUT I FUEL PUMPCAlGHT)

10 AMP C1P 10 AMP C1P

-.1

LEFT
FUEL PUMP

~------<~,.l}--{09A&r-(E---{ 09& j--_.......
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Figure II-54. Landing Lights
Serial Nos. 30-2 to 30-1716 inclusive and 30-1718 to 30-1744 inclusive
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Figure 'II-59. Cylinder Head Temperature and OU Temperature
Serial Nos. 30-2 to 30-1716inclu.sive and 30-1718 to 30-1744 inclusive
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Serial Nos. 30-1717.30-1745 to 30-2000 incl.
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Figure 11~1. Generator System

ELECTRICA L SYSTEM
Issued: 12/29/72

3 F5

•

•

•



• PIPEIl TWIN COMANCHE SERVICE MANUAL

•

CIG.ut UGHTU

..,------....=J",;.;;,Jf,~

AIIJUSTAIU
oucnTU

sa GIA. CIIlC\IIT
U" LIaIT '.ITCH

'U!L
'lAUe

•
Figure 11-62. Heater (Southwind) and Cigar Lighter

Serial Nos. 30-2 to 30-401 inclusive
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Figure 11-62a. Heater (Janitrol) and Cigar Lighter
Serial Nos. 30-402 to 30-2000 inel.
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Figure 11-63. Insttument and Map Lights
Serial Nos. 30-2 to 30-1102 inclusive
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Figure 11-63a. Instrument and Map Lights
Serial Nos. 30-1102 to 30-1716 inclusive and 30-1718 to 30-1744 inclusive
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Figure 11-63b. Instrument and Map Lights, Serial Nos. 30-1717, 30-1795 to 30-2000 inel.
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Figure 11-64. Position Lights
Serial Nos. 30-2 to 30-1716 inclusive and 30-1718 to 30:'1744 inclusive

•

ELECTRICAL SYSTEM •
Issued: 12/29/72

3Fl1



• PIPER TWi.N COMANCHE SERVICE MANUAL

LIn ~ITIQN LIGIIT
UD

~IGNT P'OSITIClII LIGllT
lOIlI"

UIl l'
~IGIIT w1IlG

TI.MIIlAL ILlICK

U1PTWING
T"MIIlAL ILlICK

"

TAIL 'OSlnClll UG"T
""ITt

_ ...;@[)GJKQ!)@+G!UI[)<IDII~~

•

•
Figure 11-64a. Position Lights, Serial Nos. 30-1717, 30-1745 to 30-2000 incl.
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Figure 11-65. Stall Warning
Serial Nos. 30-2 to 30-1716 inclusive and 30-lila to 30':li44 inclusive
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Figure 11-65a. Stall Warning, Serial Nos. 30-1717,30-1745 to 30-2000 incI.
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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
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Figure 11-71. Anti-Collision (Strobe)

Figure 11-71a. Anti-Collision (Strobe)
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CAUTION

It is very important to never use a substitute trim system component
part. for an original design part. because the fail-safe characteristics
of the system might be compromised. Refer to the POH for ground
check of electric Pitch Trim System before the first night after
servicing. A trim system running the wrong direction is the same as a
run-away. It is possible to experience excessive pilot yoke force in
only 3-4 seconds under such conditions.
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•
SECTION xn

ELECTRONICS

12-1. INTRODUcnON. This section of the manual is divided into two parts. The rust part
consists of the information necessary to perform an operational check of the Piper

. Automatic Locator Transmitter along with the appropriate removal and installation
instructions to facilitate battery replacemenL The second part consists of wiring diagrams of
the various configurations of avionics equipment installations.

12-2. PIPER AUTOMATIC LOCATOR TRANSMITIER.
The automatic locator transmitter when installed is located under the access panel on

the dorsal flO. This unit operates on its'own self<ontained battery. This battery has a service
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 instructions should be used:

a. Remove the access panel located on the dorsal flO.
b. Remove the switch guard and set the ON/ARM/OFF 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 fust. It may be necessary to rotate the battery slightly to get it
seated properly in the transmitter case.

L 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
Electric 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

ELECTRONICS
Issued: 12/29/72

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.
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NOTE

It may be advisable to test the unit operation before
installing the access cover on the dorsal fin. 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 TRANSMIlTER.
Before performing any operational test of the transmitter. the foUowing precautions

should be observed.

CAtrrION

The transmitter operates on the emergency frequencies of
121.5 and 243 MHz. both these frequencies are monitored by
the various FAA installations. 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 tum 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 SUard from the switch and set the
ON/AR.\f/OFF switch to ON. Keep the switch ON for a few seconds only, then set the
switch to OFF.

ELECfRONICS.
Issued: 11/:9rr·'
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NOTE

The test transmission should have been picked up by the
aircraft communications receiver and/or control tower.
Duriitl cold weather there may be a slilht delay before
transmission occun.

d. A transmitter which is functioninl 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 auard, 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 revertinl to the "ARM"
position "apin.

ELECTRONICS
Issued: 12/29/72
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12-4. BATTERY AND REMOVAL AND INSTALLATION (NARCO). (Referto Figures 12-1 and 12-2.)
a. Set the ON/OFF / ARM switch on the transmitter to OFF.
b. Disconnect antenna coaxial cable from ELT.
c. Rl:move EL T from its mounting bracket by releasing the latch on the strap and sliding ELT off the

bracket.
d. Extend the portable antenna.
e. Unscrew the four screws that hold the control head to the battery casing and slide apart.
f. Disconnect the battery by unsnapping the snap-off battery pigtail terminals from the bottom of the

transmitter printed circuit board.
g. Discard old battery pack. (DO NOT EXPOSE TO FLAME.)

CAUTION

The battery pack is shipped with a sealant on the inside lip so that a
water tight seal will be retained. DO NOT REMOVE THIS
SEALANT.

h. Connect new battery pack terminals to the bottom 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 do not line up. rotate the battery pack 1800 and reinsert.
j. Slide the portable antenna back into the stowed position.
k. Place transmitter into its mounting bracket and fasten the strap latch.
I. Connect the antenna coaxial cable to the ELT and ensure that the contact separator is inserted

between the antenna contact finger and the portable antenna. (Refer to Figure 12- L)
m. Press RESET button and set ON/OFF / ARM switch to ARM.
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 to Testing Emergency Locator

Transmitter. )

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 in night.

L.

Added: 4/6/81
3G19
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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.
~4uipmentinstalledin any particular airplane. This includes mechanical service such as; adjusting bridle cable
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 N.W. 62nd Street
Fort Lauderdale, Fla. 33310
(305) 776-4100jTWX 5109559884

Collins General Aviation Division
Rockwell International
Cedar Rapids. Iowa, 52406
(319) 395-3625 Telex: 464-421

Edo Corporation - Avionics Division
Box 610
Municipal Airport
Mineral Wells, Texas, 76067
(817) 325-2517 Telex: 76067

King Radio Corporation
400 North Rodgers Road
Olathe. Kansas. 66061
(913) 782-0400 Telex: 4-2299-Kingrad

Sperry Flight Systems/ Avionics Div.
8500 Balboa Blvrd.
P.O. Box 9028
VanNuys, CA, 91409
(213) 894-8111 Telex: 65-1367

Global Navigation
2144 Michelson Drive
Irvine. CA. 92715
(714) 851-0119

12-8. PIPER A.F.C.S. EQUIPMENT. In the case of early models. Piper Autopilot equipment bears the
Piper name, and the appropriate Piper Autopilot/ Flight Director Service Manual shall be used.

NOTE

If a Roll Axis-only Autopilot is installed, or if no Autopilot is
installed. consult the Piper Pitch Trim Service Manual- 753 771 for
manual electric pitch trim service information.

Added: 10/28/82
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The following is a complete listing of Piper A. F.C.S. equipment service literatur:e. It is imperative to correctlY.
identify the Autopilot system by '"faceplate" model name. in order to consult the appropriate service manual.
Each manual identifies the revision level and revision status as called out on the Master Parts Price List ­
Aerofiche published monthly by Piper. Consult the aircrafts parts catalog for replacement parts.

NAME

AutoControl II II & AltiMatic II II
AutoControl III and AltiMatic III and lIIB
AutoControl lIIB and AltiMatic lIIB-\
AltiMatic mc
AltiMatic V and V-I
AltiMatic V FlO and V F10-1
AltiMatic X F.O.I A.P. & X.A.P.
AutoFlite
AutoFlite II
Piper Pitch Trim (Manual-Electric)

Added: 10/28/82
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PIPER PART NO.

753 798
753 723
761 502
76\ 602
761 525
761 526
761 668
753720
761 481
757 771
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AEROFICHE EXPLANATION AND REVISION STATUS

The Service Manual information incorporated in this set of Aerofiche cards has been arranged in
accordance with the general specifications of Aerofiche adopted by the General Aircraft Manufacturer's
Association, (GA MA). The information compiled in this Aerofiche Serivce 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.

Conversion of Aerofiche alpha/ numeric code numbers:
First number is the Aerofiche card number.
Letter is the horizontal line reference per card.
Second number is the vertical line reference per card.

Example: 2J 16 = Aerofiche card number two of given set, Grid location J 16.

To aid in locating the various chapters and related service information desired, the following is provided:

I. A complete manual Table of Contents is for all fiche in this set.
2. A complete list of Illustrations is given and follows the Table of Contents.
3. A complete list of Tables is given for all fiche in this set and follows the list of Illustrations.
4. A complete list of paragraph titles and appropriate Grid location numbers is given at the beginning of

each Chapter relating 'to the information within that Chapter.
5. Identification of Revised Material:

Revised text and illustrations are indicated by a black vertical line along the left-hand margin of
the frame, opposite revised, added or deleted material. Revision lines indicate only current revisions
with changes and additions to or deletions of existing text and illustrations. Changes in
capitalization, spelling, punctuation, indexing, the physical location of the material or complete page
additions are not identified by revision lines.

6. Revisions to this Service Manual issued are as follows:

Revisions

PR740131
PR760628
PR771006
PR780426
PR790910
PR810406
PR821028

Date

January 31. 1974
June 28, 1976

October 6, 1977
April 26, 1978

September 10, 1979
April 6, 1981

October 28, 1982

Aerofiche Card Effectivity

I, 2 and 3
I and 2

I, 2 and 3
I and 2

I, 2, 3 and 4
I, 2, 3 and 4

•
The date on Aerofiche cards should not be earlier than the date noted for the respective card effectivity.
Consult the lastest card in this series for ~urrent Aerofiche card effectivity.
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WARNING
The information contained in tbis manual is
periodicaOy revised. Piper Aircraft Corporadon
urges all users of tbis manual to keep it current.
Contact your nearest Piper~ Aircraft Corporation
distributor to arrange for a subscription to future
revisions.

NOTE"
Revision service is available in aeroficbe format only.
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•
SEcrION XIII

REATlNG AND VENTILATING SYSTEM

13-1. INTRODUcnON. This section contains instructions for operation, maintenance,
overhaul and adjustments of the different heating and ventilating systems found in the
PA-30 Twin Comanche. In addition, instructions for the inspection and service 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
III of this manual. .

13-2. DESCRIPTION. The flow of air for heating and defrosting the Twin Comanche is
taken through an inlet located in the nose and regulated by controls located in the lower
right side of the instrumtnt panel.

Heated air for the cabin and windshield defrosting is provided by a South Wind (Serial
Nos. 30-1 to 3Q-401 inclusive) or Janitrol (Serial Nos. 3Q-402 and up) heater installed in the
right side of the nose section and is accessible by removing the nose access cowl.

The h~ater uses gasoline from the fuel injector on the right engine. Therefore, anytime
the right fuel selector is off the heater is inoperative. In case 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 closed. 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 cabin 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 dorsal fm. Each individual vent is adjustable for the desired airflow. Located in the aft
section of the cabin is an exhaust 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 XIII-I, along with their probable causes and suggested remedies. Troubles peculiar to
the Janitrol heater are listed in Table XllI-1I at the back of this section.

HEATING AND VENTILATING
Revised: 1/31/74
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Heating and Ventilating System
~-.1os. 30-1 to 30-401 incl.

•

•

4

Figure 13-.1.
Se ria1
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• CAIIN HEATER AIR
.. CAIIN EXHAUST AIR
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r----------------,.
1132

Figure 13-2. Heating and Ventilating System
Serial Nos. 30-402 to 30-852, 30-854 to 30-901 inel.
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•
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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 (SOUTH WIND). Operation of the South Wind heater
is controlled by an Off-Prime -Low -High heat switch whichis located on the lower
right instrument panel. The ventilating fan motor operates and provides air flow
through the heater system whenever the heater switch is in the low or 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 all times.

To tum 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" or "Low"
heat. If the heater does not start promptly, retum the heater switch to "Prime"
position for 15 seconds to prime the heater; then upon 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 the ground may result in excessive exhaust
smoke from the heate~ therefore. high heat should only be used in flight and the
low heat pOSition be used for heating the cabin during ground operation.

To heat the ca1?in - (1) tum the heater switch to high or low heat as desired,
(2) adjust the air flow control as required to heat the rear seat. (3) control the
heat to the from seats with the. adjustable air outlet located below the right and
left corners of the instrument p~el. There is a dump valve arrangement in the
heater bonnet to exhaust excessive heat; thereby. making it possible to operate
the heater with all controls in the closed poSition. •

After the heater switch is turned to the "OFF" position combustion in the
heater stops. both the combustion fan and the circulating air fan continues to op­
erate for about two minutes, while the heater cools slowly and purges itself of
hot ai r and fumes. To obtain best service life from the South Wind heate r com­
ponents. it is recommended that the heater switch be turned off about two minutes
beiore stopping the engines and shutting off the master switch. This should nor­
mally be done dUring taxiing, after landing.

13-4. HEATER OPERATION (JANITROL). Operation of the Janitrol heater is
controlled by a three position switch. labeled "FAN", "OFF";md ·'HEAT". The
"FAN" position will operate the vent blower only and may be used for cabin ven­
tHation on the ground or windshield defogging when heat is not desired.

For heat. the manual heater fuel valve must be on and the three position
SWitch turned to "HEAT". This will start fuel flow and ignite the burner simul­
taneously. With instant staning and no need for priming, heat should be felt with­
in a few seconds.

Regulation of heat. airflow and defroster operation is 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 air through a

HEATING ANO VENrILATIl'KJ
Issued: 12/29/72
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wide-~. Since the air temperature is controllable, 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 defrosting may be regulated by various settings of the defroster lever 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 tum the switch to "FAN" for several minutes to cool the heater and then tum it to the
"OFF" position.

13-5. HEATER SAFETY UMIT 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 section 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 necessary.
b. Check heater for cracks, loose bolts, screws and wiring.
c. Inspect all electrical connections for corrosion; if corrosion is evident. clean affected

components and wipe clean with a slightly oily cloth.

13-7. SOtrrH WIND HEATER.

13-8. REMOVAL OF HEATER. (Refer to Figure 134.) .
a. Tum 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 (II) and hot air dump hose ( I:!) 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 tenninal 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 (IS) 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.

HEATING AND VENTILATI.-lG
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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 mountlng brackets. Extend the exhaust tul:.: (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 screws.
h. If the air heat control cable (10) was disconnected from the air distribution box (8),

connect the cable at the valve ann 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 (1)
and hot air dump hose. ( 12) on the air distribution box and secure with clamps.

j. Connect the electrical leads to the tenninal 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. PRINOPLES 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 through two metal elbows. Gasoline is
obtained from the airplane's fuel system and is supplied to the heater through a safety valve
andfUter 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 enclosed 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 fuelleaJc should develop in the valve or
fuel line connection.

After being metered by the fuel control valve, the fuel passes through a short
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.

HEA T1NG ANO VENTILO\ TING
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Figure 13-6. Fuel Control Valve (Cutaway View)

The fuel is ignited within the heat exchanger by a glow-plug igniter, and the resul ting
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 Figure 13-7.) which also turns on the ventilating air blower at this
time. Since the standpipe is not heated by combustion ~ the heat exchanger, preheating is
no longer required and the preheater is also turned off.
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Figure 13-8. Fuel Safety Valve (Cutaway View)

13-11. SAFETY VALVE. The saietyvalve (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 sustain combustion is pe I'IIiitted to ilow only afte r
the shut-off solenoid of the safety valve is energized dUring a starting cycle. Fuel
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 outlet port into the heater.

When the flame detector switch transfers after combustion starts. the shut·
off solenoid is energized and opens a bypass through which fuel then flows'to the
heater.. Gasoline will continue to flow through this system until the heater is
turned off. The chamber behind the diaphragm will refill dUring heater operation,
as the spring returns the diaphragm to its normal position. This prepares the
safety valve for another start. The safety valve may, be manually recharged at
any time by turning the heater switch to Fan or Prime position for about 30 sec­
0nds.

The saiety valve also acts as a second safety fuel shut -off valve. since it
is energized through the heater relay. In the event of an overheat condition, which
causes the thermal fuse or 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 .

HEATING AND VENTILo\TING
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13-12. LOCKOUT OVERHEAT SWITCH. Federal Regulations for light aircraft
requi re heaters to be equipped with a lockout -type overheat switch which will
shut off ignition and shut off fuel at two points, in the event of an overheat condi­
tion. The heater is equipped with a snap-action type overheat switch with a man­
ual reset button. This switch is connected in series with the thermal fuse so that
functioning of either device will cause a complete shutdown of the heater. In this
event, the fuel control valve solenoid and the safety valve solenoid will bothclose
at the same time. Both of these devices also shut off the igniter.

13-13. THERMAL FUSE. The thermal fuse consists of a special combustionai r
inlet elbow which contains a fusible metal link with electric terminals. The {us­
ible link is connected in series with the hot lead from the heater switch.

An additional requirement of Federal Regulations is that aircraft heaters be
equipped with a device which will prevent operation at any time that combustion
air flow is insufficient for safe operation. This means that the heater must ShUl
down if combustion ajrflow is reversed, since theheaterwilloperatesafclyunder
any other combustion ai t' flow condition.

The special purpose of the thermal fuse is to shut off the heater if the di­
rection of combustion air flow should be reversed. In such a condition, combus­
tion air would enter through the heater exhaust and flow out through the combus­
tion air inlet. It has been demonstrated that this flow can sustain combustion at
a temperature below the overheat switch setting. For this teason, the thermal
fuse has been provided at the combustion air inlet. In the event of reve rse 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 after such an occurrence.

NOTE

The reverse burning described above, can only occur
under unusual conditions caused by improper instal­
lation, or by multiple failure of heater components.
The thermal fuse has no effect on the heater during
normal operation.

13-[4. CYCLING SWITCH. The cycling temperature limit switch is setat a low­
er temperature. Its purpose is to prevent unnecessary operation of the lockout
overheat switch by limiting heater outlet temperature.

HEATING AND VENIlLATING
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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
trical System. These systems are more fully described below.

13-16. FUEL SYSTEM. The fuel system consists of the safety valve (which was
described under Safety Features), the heater fuel control valve, and the stand­
pipe. The heater is designed to operate with a fuel pressure between 20 and 35
psi. Less than 20 pounds may not be sufficient to ope rate 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 fuel control valve (Refer to Figure 13-6.)
provides the proper amount of fuel for high or low heat ope ration, 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
er operation, regardless of fluctuations of pressure in the fuel supply. The flow
of fuel is regulated by an orifice plate which contains holes of the proper si ze to
meter fuel flow for high and low heat.

When the shut -off solenoid is closed or unenergized, no fuel can enter the
standpipe, and the heater is completely shut off. When the shut -off solenoid is
energized, fuel flows through the low heat metering orifice and the heater burns
on low heat. When both the restriction and shut-off solenoids are energized. fuel
r10ws through both the low heat orifice and the restriction orifice, thereby pro­
viding sufficient fuel for high heat operation. After leaving the fuel control valve,
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. Thecombustionairblowerblowsairthrough
the metal elbows into the heat exchanger. Inside the heat exchanger the air passes
through another duct (Refer to Figure 13-5.) and is blown into the burner cone,
where it mixes with the gasoline vapor and the mixture is ignited by the igniter.

The burning gases then swirl around the heat exchanger and exhaust through
the outlet tube.

13-19. VENTILATING AIR SYSTEM. The ventilating air blower is mounted on
the end of the heater by means of bayonet slots. The blower is a mixed -flow type
which discharges axially, due to the design of the housing. It picks up clean air
from outside the heater housing and blows it through the slots of the heat exchanger

HEATI~ AND VENTILATING
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•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 air
is then conducted to the space which is
being heated.

13-20. ELECTRICAL SYSTEM. The
heater electrical system consists of the
combustion and ventilating air 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 igniter and fuel pre- (Cutaway View)
heater as soon as combustion has been
established within the heater. and to provide a "purge" cycle after the heater is
shut off. This switch consists of a hollow probe upon which is mounted a bracket •
and micro swi.tch mechanism. The hollow probe contains a quanz 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 flame causes the metal tube to expand. Since
the quartz rod does not expand, the lengthening tube relieves the pressure on the
micro switch plunger and the switch contacts transfer. The switch will then re­
main in this position as long as the tube remains hot. but will automatically re­
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 has been consumed, and the heater is cooled off.

13-22. IGNITER. The igniter is an electric "glow plug" type of heating element
which glows red hot when energized. (Refer to Figure 13-5.) To prolong the" life
of the igniter, it is shut off by the flame detector switch as soon as combustion
starts.

HE.~TING AND VENrILATING
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,
13-23. CYCLE OF OPERATION. When the heater switch is turned on, several
things occur simultaneously. (Refer to Figure 13-7.)

a. The shut -off solenoid is energized through terminal No. 4 of the te rminal
strip, the overheat switch, and through the thermal fuse. This pennits fuel to
drip into the standpipe and saturate the 'stainless steel wick.

b. The igniter is energized through the flame detector switch which obtains its
energy from tennina1No. 4 of thetenninal-strip(or tenninalNo. 4A of the relay).

c. The fuel preheater heats up, since it is connected in series in the igniter
·circuit.

d. The combustion air motor is energized through the center connection of the
flame detector switch. and the blower stans.

With heated fuel dripping down the standpipe. the igniter glowing red hot,
and the combustion air blower in operation. all requirements for combustion are
present and bunting soon stans in the heater.

The heat of combustion causes the tube of the flame detector Switch assem­
bly to expand and permits the switch contacts to transfer. as preViously desc ribed.

13-24. RUNNING CYCLE. When the flame detector switch transfers, the foi­
lowing events take place:

a. The ventilating air blower motor is ene rgized through tenninal No.2 of the
tenninal Strip (or 2A of the relay) and the flame detector switch and the blower
stan. The combustion air blower continues to run, since it obtains its energy
from the center tenninal of the flame detector switch. Electric energy for both
blowers is now being supplied from the No.3 tenninal which is connected directly
to the battery, and the blowers will continue to run until the flame detector switch
cools and retu ms to its staning position.

b. The igniter and fuel prehea~er are shut off when the flame detector switch
transfers. Since combustion is self-sustaining. they are no longer reqUired.

The heater is now in full operation and will continue to burn as long as fuel,
air. and electric current are supplied. The temperature of the air may be regu­
lated by opening and closing the restriction solenoid of the fuel control valve by
meallS of a thennostat or HI - LO switch mounted in a suitable position in the cabin.

13-25. PURGING CYCLE. When the heater switch is turned OFF. the following
sequence of events takes place:

a. The shut -of! solenoid of the fuel control valve is de-energized, and fuel rlow
stops immediately. .Burning soon stops due to lack of fuel.

b. The combustion air and ventilating air blowers continue to run since the
flame detector switch is still hot and is in its running pOSition. The flow of ven­
tilating and combustion air cools the heat exchanger and purges it of all unburned

HEA TING ANO VEmIL.~ TINe
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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 its cold position and the blowers stop. The fuel safetyvalve so­
lenoid is also de-energized and will Dot open again until the tlamedetector switch
becomes heated on another starting cycle. .

TECHNICAL DATA

Electrical Requirements 12-volts DC

Current Consumption
Starting 12-amp
Running 7-amp

Fuel Pressure 20 to 35 psi

Heat O1tput
High Heat 27,500 BTU/HR
Low Heat 15, 000 BTU/HR

Overheat Switch Operating Temperature 350 0 F

Cycling Switch Operating Tempe rature 220 0 F

HE.o\ TING ANO VENTIUTING
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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 air
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
semblies of the heater. It is not recommended that any attempt be made to repai r
these assemblies without shop facilities. Attempts to repair the ventilating air
blower, fuel control valve, safety valve, or overheat switches, without complete
tools and test equipment, are likely to result in equipment failure or inadequate
operation. The following major subassemblies are specially designed to permit
unit replacement. and this type of maintenance is re,commended fur field service
personnel:

a. Ventilating air 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.

Instructions for disassc::mbly. 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 heate r

operating time and thereafter at SOO-hour intervals.
b. The fuel filter must be cleaned at regular intervals to prevent the conden­

sation 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 firmness or con­
nections and condition of insulation .

HE.~TI~ AND VE~'TILATI~G
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13-29. ADJUSTING FLAME DETECTOR SWITCH. To adjust the flame detector
switch. proceed as.follows:

a. Loosen the two locking nuts so that the switch is held firmly but is not lock-
ed in position,

b, Back off the adjusting screw (Refer to Figure 13-9.) until the switch clicks,
c, Tum the adjusting screw in slowly until the switch just clicks again.
d. Tum the screw an additional J/4 tur.: past the click point.
e. Hold the screws and tighten the switch mounting nuts. Check to 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 cur­
rent at the proper voltage, and an unrestricted supply of ventilating and combus­
tion air for proper operation. External failure of any requirement will cause
failure or 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 from the airplane. or 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 or circuit breaker. through the heater switch and

at te rminal No. 3 of the heater terminal strip. Terminal No, 3 shoul.d 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 are on.

b, Tum the heater switch to FAN or PRIME position and check VOltage through
the switch to the hot terminal of the heater safety valve, It is possible for the
safety valve to lose its charge of gasoline, in which case the heater will not start
until the valve is recharged. A defective heater switch or wiring can. therefore,
result in failure to start even if the heater and valve are in good condition.

c. Check wiring through the heater thermostat to terminal No.5 of the heater,
This tenninal should be hot at any time the heater SWitch is turned on and the
the nnostat is calling for heat. A defective thermostat or wiring can cause the
heater to bum on low heat continuouslyand the output will be insufficient forcold
weather service.

HEATING AND VENTILATING
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13-33. FUEL SUPPLY. The heaters 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, or 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. U fuel pressure at the control valve" inlet is less than 20 pounds,
the pressure regulator ceases to function and the heater will bum at reduced level
of heat output, or may fail to ignite. Any pressure between 20 and 35 pounds will
provide satisfactory operation.

13-34. COMBUSTION AIR SUPPLY. A reduced or restricted combustion air 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 son in the combustion air inlet,
pinching of the combustion air tube, or an installation defect which prevents the
combustion air blower from obtaining a sufficient a~ount of air. Always check
these external causes before changing the combustion air motor. (These same
symptoms can be caused by a high fuel rate.)

NOTE

The heaters require ram air at the combustion air in­
let ,and the symptoms noted above will always appear
if this heater is substituted for one of the other models
without making ram air provision. 'These symptoms
will also appear if these heaters, even when properly
installed, are operated for an extended period on the
ground.

13-35. VENTILATING AIR SUPPLY.
a. The need for ventilating air 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 air flow is impeded, This condition
may give the appearance of inadequate heater capacity when the fault is actually
an obstruction in the ventilating air stream or a duct system which unduly re­
stricts air flow,

b. Symptoms of inadequate air flow are constant cycling on the cycling switch
(or overheat switch) and a relatively high air temperature at the heater outlet.
Test for cycling by connecting a test lamp to terminal No.9 of the overheat switch

HEA TING ANO VENTILo\ TING
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•(or terminal No. 30 of the cycling switch). If the heater cycles constantly, 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 air flow
is inadequate and the load on the ventilating air blower must be reduced by re­
moving an obstruction, or reducing the length of the duct system.

c. In extreme cases where air flow is drastically reduced, or completely shut
off, the lockout overheat switch may operate, shutting the heater completely off.

13-36. CHECK-OUT PROCEDURE FORAN INOPERATIVE HEATER. If a heat­
er fails to ignite, first check external causes previously noted, then proceed as
directed in the Check-Cut Procedure below. This procedure should be followed
through in the order presented, since it is designed to isolate the trouble with a
minimum of disassembly.

a. Press the reset button of the lockout overheat switch.
b. Tum the heater control switch to FAN or 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 are (1) fuel, (2) a flow of combustion
air, and(3) ignition. If the combustion air blower starts when the heater is turned
on, the combustion air requirement is satisfied and the thermal fuse and lockout
overheat switch are also eliminated as 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 air blower fails to start, it is probable that the trouble
is in the thennal fuse, lockout overheat switch, flame detector switch, or the
combustion air blower itself.

e. Since there is more than one possible check of either condition described
above, the heater starting circuit must be checked aut in a methodical way to pro­
gressively eliminate the different components. The Starting Circuit Check as­
sumes 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 terminal No.4 of the terminal strip, with a test light or

voltmeter, then check progressively at both sides of the thermal fuse, at termin­
al 4A of the relay, and at terminal No.6 of the terminal strip. Loss of voltage
at the thennal fuse indicates a defective fuse: at terminal No. 4A a defective lock­
out overheat switch: at terminal No.6, a defective flame detector switch .

HE.o\TI~ AND VENTILATI~
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b. If there is voltage at terminal No.6 and the combustion air blower does not
run, remove the heater and return it to the shop for installation of a new com­
bustion air blower motor.

c. If there is voltage at terminal No. 6 and the combustion air blower runs,
the tro\;~le is caused by ignition failure or lack of fuel. To differentiate between
these possibilities, check voltage at terminal No.7 of the terminal strip. 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 switch and discon­
nect the igniter wire from terminal No.7. Connect anammeter inseries between
terminal No.7 and the igniter wire, then turn on the heater switch. The igt,iter
should draw approximately 10 amperes. If there is no current draw, either the
igniter or preheat resistor is defective. If current draw is nonnal 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, or 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 elements which affect heater operation, after
starting, are as follows:

a. Starting safety devices.
b. Fuel control components.
c. The combustion air supply.

13-39. STARTING SAFETY DEVICES. Failure ot the flame detector switch..to
transfer will be indicated by failure of the vemilating air blower to start after the
heater has burned for a shon time. The fuel safety valve will shut off fuel after
about two minutes, but the igniter will continue to be energized and may burn out
before the condition is detected, since it is not designed for continuous operation.

In all cases where the heater ignites normally and then goes out, it will be
necessary" to differentiate between the flame detector switch and the safety valve.
First. reset the flame detector switch as directed in Paragraph 13-29, prime the
safety valve, and make another trial start. If the heater goes out again. check
wiring from the heater terminal Strip 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 is 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 strip, or between the terminal Strip and relay on heaters so
equipped. If the heater burns 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
air blower starts but heat output is unsatisfactory (too low, too high, or constant
cycling), the trouble will be fouDd in the thermostat, the cycling switch, or the
fuel control valve. Failure of the restriction solenoid to open will cause low heat
output and constant burning, regardless of thennostat setting. Failure of the so­
1enoid to close will cause high heat output and constant cycling. Low heat and
constant cycling are caused by a cycling switch or a thermostat out of adjusonent.
Check these causes and replace the defective component as required.

13-41. COMBUSTION AlR SUPPLY. Since an excess of combustion air (within
limitations of the blower design) does not adversely affect he~ter operation, the
only trouble likely to be encountered with combustion air is an inadequate supply.
The symptoms of combustion air restriction are easy to recognize, and have been
described uDder Ext~rnal Causes of Failure, Paragraph 13-31. If the air supply
is inadequate and the trouble is not caused by rest rtction, replace the combustion
air motor.

NOTE

The combustion air blower must not be subjected to
excessive ram airpressures. The blower needs about
1 to 2 inches of water ram air pressure above the pres­
sure in the heater exhaust, but ram air pressures above
3 inches of water are quite liable to cause blowerwheel
failure.

13-42. TROUBLESHOOTING CHART. The Troubleshooting Chart, Table XlII-I,
is a brief summary of the defects and remedies discussed in this Section. nus
chart may be used as a guide when servicing a heater which fails toperfonn prop­
erly when installed and can be found following Paragraph 13-79.

13-43. DISASSEMBLY, REPAIR AND REASSEMBLY. An overhaul of the heater
consists of a complete disassembly, cleaning, repair, reassembly and test, as
desc ribed in the following pages. The infonnation is presented in ove rhaul se­
quence' but it should be noted that parts are not necessarily removed in the order
shown. When making repair or replacements, it" is possible to remove most sub­
assemblies without disturbing other parts.

The instructions in the following paragraphs cover all models of the 940
Series 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 are used on anyone heater, but
the differences and usage of parts are noted in the text. The procedures outlined
below are applicable to all models, unless othexwise noted.

The following special service tools are 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. Remove the combustion air inlet adapter (1) by removing the sheet-metal

screw (2) in its center (Refer to Figure 13-10.)
b. Remove the shroud adapter (3) by removingtbe six screws (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. U attached to the heater they may have other
installation parts welded or clamped to them. U such
is the case, note positions of such partS before they
are removed.

c. Remove the exhaust extension (5), washers (6), "0" ring (7), and gasket (8)
from the heater exhaust outlet.

13-45. VENTILATING AIR BLOWER.
a. To remove the ventilating air blower (9), disconnect the blower lead from

the heater terminal No.2, or the relay terminal No. 2A, and free the wire.
b. Loosen, but do not remove, the four mIts (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 air inlet louver(ll) from the blower assembly 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 hou'sing by lo<>s,eDing 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. Uft the fuel control valve (20) out of the housing and remove the fuel line

(Ii) 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) from the tenninal strip,

or from terminal strip and relay, according to heater model.
b. Disconnect wires from relay (25) by removing tenninal screws (28). Re­

install screws in terminals.
c. Remove the four screws (24) which secu're the flame detector switch guard

(23) to the heater housing. Remove the guard and relay as an assembly, on heat­
e rs so equipped.

d. On heaters equipped With the relay (25), remove the nut(26) and loeb'.asher
(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 bushlng.

f. Pull the flame detector switch straight out of the heat exchanger, being care ­
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 thennal fuse (57). Remove the overheat switch by removing
the four screws (45).

b. On older model heaters, the leads (91 and 92) are attached to the switch.

13-49. CYCLING OVERHEAT SWITCH. Remove the cyclingoverheat switch (49)
by removing the two attaching screws (50). Also remove the capacitor (93).
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13-'30. COMBUSTION AIR BLOWER.
a. LGosen the clamp (55) which attaches the combustion air elbow (56) and

thermal fuse (57). Disconnect wires from the thermal fuse (if used) and then
work the two pans off the blower outlet and heat exchanger inlet. Separate parts
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),
or screws (63) unless replacement is required.

c. Loosen the set screw in the hub of the blower wheel (64) and slide the wheel
off the motor shaft.

13-51. STANDPIPE AND PREHEAT RESISTOR.
a. Remove the two screws (68) from the fuel line flange (65) and tapping plate

(66). Remove the two plates and the gasket (67). "
b. Disconnect preheater connector strip from the igniter (79) and loosen the

large hex nut (70) 01;1 the bottom of the standpipe (69), one or two turns. Remove
the standpipe by backing off the smaller hex, which is welded to the pipe. When
the threads are clear, the standpipe (69) and preheat resistor (73) can be lifted
out through the opening in the heater housing.

c. Remove the preheat resistor (73) from the standpipe and pull out the knit
cable (72). Discard the cable and the "0" ring (71). These parts must be re­
placed at each overhaul.

13-52. IGNITER.
a. Remove the nut (74) and lockwasher (75) from the ground stud inside the

heater hous"ing, 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 igniter gaSket (81).

13-53. COMBUSTION AIR MOTOR.
a. To remove the combustion air motor, it is necessary to first remove the

combustion air 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 Blower Assembly

13-54. HEAT 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 AIR BLOWER. (Refer to Figure 13-11.)
a. Remove the screw (1) and lockwasher (2) from the end of the motor (i) to

free the motor from the ground strap.
b. Remov~thethreescrews(3),washers(4),grommets (5), and small washers

(6) to free the motor mounting bracket (9), then withdraw the motor (7.), bracket
(9), and blower wheel (8) as an assembly.

c. Loosen the set screw in the hub of the blowerwheel (8) and remove the wheel
from the motor shaft.

d. ~lark p'osition of the mounting bracket (9) on the motor (7) and remove the
bracket by loosening 5C rew (10).

e. Remove the sc rew, lockwashe r, and nut (13, 14 and 15) from the blowe r
housing to free the ground strap (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 for possible damage or leaks. Small cracks in

the header plate or 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, or has burned through
at any point, it must be replaced. When welding cracks, Type 347 weld rod is
preferred, ~lthough 321 or 310 may be used.

NOTE

Before welding, it is very important to clean all com­
bustion deposits away from the area to. be welded, since
the lead compounds in the heat exchanger can contam­
!nate t~ weld to such an extent tbat a tight weld is al­
most impossible. Keep all weld beads as small as pos­
sible, preferably not over 1/8'".

b. Clean combustion residue from inside walls of. igniter housing wi th igniter
housing scraper tool. •

c. Remove combustion residue from inside heat exchanger by soaking this as­
sembly in a 20% by weight solution of ammonium acetate at a temperature of 1800 F
for a period of 5 to 10 hours. Flush out exchanger with water after cleaning, and
dry as well as possible with compressed air. This is the preferred method of
cleaning. An alternate is to tap the heat exchanger lightly with a rawhide mallet
to loosen carbon from the walls. This will loosen most of the residue, which may
then be bloWn out with compressed air.

d. Pressure test heat exchanger by plugging openings and applying 10 psi air
pressure to thefiame detector switch or 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 ASSEMBUES.
a. Clean both blower wheels, housings, and the ventilating air blower motor

mounting bracket with dry cleaning solvent, and blow dry. Wipe off outside of
motors with a cloth dampened in solveD[, but do not immerse motors.

b. Inspect blower wheels for bent blades and cracks. Pay special attention to
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Figure 13-12. Ventilating Air Blower Motor
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the combustion air blower wheel. The slightest evidence of small cracks in or
around the strain relief cutouts near the hub is 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 air blower motors. This
kit contains new bearings, brushes, and other parts reqUired for installation.
To overhaul the motor, proceed as follows: (Refer to Figure 13-12.)

a. Remove the two nuts (1) from the end of the motor and pull the end bell (3)

off far enough to permit unsoldering of the capacitor lead from the eyelet on the
brush holder insulator. Remove the end bell (3).

b. Remove the two nuts (12) from the other end of the motor and pull t he two
long studs (11) out of the stator (16) without disturbingthe two nuts (·n which are
threaded part way down to center the studs in the stator.

c. Pull the brush holder (6) out far enough. to unsolde.r stator leads from the
eyelets, 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
futu re 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 shaft and pull the bearings off the shaft of the rotor (13) with a

bearing puller, using anti-seize compound as a lubricant.
g. Clean all parts with a soft bristle brush arid blow off with compressed air.

Sand commutator of rotor (13) if necessary, or turn down slightly. _Do not at­
tempt to repair a badly worn motor. Replace the entire assembly if major re­
pairs are required.

NOTE

If the commutator is turned, the lathe tool must be
ground for copperand must be extremely sharp. Com­
mutator slots must be cleaned after turning to avoid
shorts between bars. Sand lightly after turn1ng.

h. Press new bearings on the rotor shaft until they bottom against shoulders
on the shaft, using a lubricant.

i. Reassemble the motor parts, using new brush~s, 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 brushes and the 717472 springs with 1/4x 1/4 brushes. Make sure
that stator leads and capacitor lead are securely soldered.

j. No specific test of the motor is required after this repair procedure pro­
vided the rotor turns freely and the motor pe rforms satisfactorily after reassem­
bly into the blower assembly. Extensive repairs that would require perfonnance
testing after completion are not recommended.

13-61. COMBUSTION AIR BLOWER MOTOR OVERHAUL. An overhaul kit, PAC
Part No. 754 307, is available for overhaul of the co~ust1onair blower motor.
To overhaul motor, proceed as 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 holder assembly (9) out far enough to unsolder the stator lead
and remove this entire assembly.

d. Pull the rotor(15) out of the stator(16) with bearings on the shaft. Clean the
shaft and remove the bearings with a bearing pulle r, using a lubricant on the shaft .
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Figure 13-13. Coml:l1stion.'\ir mower Motor

5

,. SCREW 12 REal
2. NUT (2 REal
3. LOCKWASHER 12 REal
4. END BEU
6. END BEU
6. SPACER 14 REal
7. NUT 12 REal
6. LOCKWASHER (2 REal18

9. BRUSH HOLDER ASSY.
10. BRUSH AND CUP ASSY.
11. BRUSH
12. BRUSH SPRING,12 REal
13. BEARING (2 REal
14. SNAP RING
16. ROTOR ASSY.
18. STATOR ASSY.
17. LOAD SPRING 12 REal

-1

~3r4

" • /8 ~• 0. '\

,~~, . . 1/'0
13J' ~.{ ,,2'J,.,1. .........-~,

.~
12-;'~ j "

11

•
e. Clean all parts with a 50ft bristle brush and blow off With compressed air.

Sandpaper commutator of rotor (15) or tum 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 between bars. Sand lightly after turning.

•

f. Rel:l1ild motor using new bearings (13), brushes (10 and 11), and brush
springs (12). When soldering brush pigtails, use long nosed pliers next to the
solder joint to prevent solder from "wicking" into the pigtail.

g. No specific test of the motor is required after the above repair proced~re

provided ~e shaft turns freely and the motor performs satisfactorily when re­
installed in the heater. More extensive repairs than those described should not
be attempted.
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13-62. HEATER HOUSING.
a. Clean inside and out with dry 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. F~\tfE 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 is
not bowed, rot is in a sttaight position, the quartz rod is broken and must be re­
placed. If such is the case, proceed as follows:

a. Loosen the two switch mounting screws.
b. Remove the adjusting screw.
c. Tum microswitch back on the bracket and remove the bow spring. Inspect

condition of the quartz rod.
d. If the quartz rod is broken or chipped on either end., it must be replaced.

If it is in good condition, replace it in the tube, turn the switch back into position
and reinstall the adjusting screw.

e. Back off the adjusting screw until the switch clicks, indicating that the micro ­
switch has transferred.

f. Turn the adjusting screw slowly in, until the switch just clicks again, to
determine point of transfer, then turn the screw exactly 3/4 turn past the trans­
fer 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 contacts. Do not use a file or sandpaper, and do not attempt to bend
the contact arm. These switches are 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 res~t

button of the switch.
b. Slowly raise the oven temperature until the switch contacts open. Note

temperature in the oven at the moment of switch operation. The switch must
open at a temperature of 205 to 245 0 F. If not within limits, install a new switch.
This unit is not adjustable.
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13-66. THERMAL FUSE AND COMBUSTION AIR ELBOWS.
a. Inspect for dents and fit between pans.
b. Clean eloows with dry cleaning solvent and blowout with compressed air.
c. Inspect fusible link of thermal fuse assembly for tightness of attaching

screws and condition of link. The attaching screws may be tightened, if loose,
but the entire assembly must be replaced if the link has been damaged or fused.
Do not use compressed air to clea:l the thermal fuse assembly.

13-67. SAFETY VALVE AND FILTER.
a. To clean filter, remove bowl by loosening bail nut and clean insideof bowl.

Wash filter element in dry cleaning solvent and blow dry by directing compressed
air 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 ~ot disassemble, or attempt to repair
this unit.

c. Replace safety valve if found defective.

13-68. WIRING.
a. Inspect all heater wiring for condition of insulation, and condition of solder

connection of the terminals. Repair, or replace, as 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.-\ 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 within limits.

13-70. REASSENmLY.

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. lnstalllarge flat washers (4), new grommets (5), and small washers (6) on
each of the three motor mounting bracket screws (3), in order illustrated.

HEATING AND VENTILATING
Issued: 12/,:'9/7'1

4 821



PIPER TWIN COMANCHE SERvlCE Mfu"'lUAL

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 are started, drop the small washers
(6) through the holes in the housing and stuff grommets (5) into the holes. Tighten
the screws alternately and evenly to apply a firm pressure to the grommets, and
center the motor in the housing. Do DOt overtighten screws (3), since this will
defeat the pUrpose of the shock-mounting grommets.

d. Reconnect the ground wire (16) to the end of the motor by re-installing the
screw (1) and lockwasher (2).

13-72. HEATER ASSEMBLY. (Refer to Figure 13-10.) Reassembly of the heater
is essentially the reverse of disassembly. If the heater is completely disassem­
bled, reassembly will be simplified by following the procedure "below, instead of
a strict reversal of disassembly.

a. Reinstall the combustion air 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 whe"el for 1/16 inch clear­
ance from housing, and tighten set screw.

b. Replace the blower housing (59) by reinstalling n1De 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 strap (76) with the same
screw and lockwasher (78).

d. Adjust the vaporizer cable (72) in the standpipe (69) so that it extends about
1/2 inch from the threaded end. Smooth the end of the cable and twist strands 50

that loose particles will not break off on threads inside the heat exchanger. Run
the nut (70) up on the threads of the standpipe as far as it will go. Place a new
"0" ring (71) on the threads at 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 attach the preheat conductor to the igniter terminal.

f. Spread the housing and combustion 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. Attach the
free end of the igniter ground wire bonding strap (76) to the s"tud ins ide the hous­
ing. using the nut (74) and lockwasher (75).

g. Fit the tapping plate (66) around the standpipe inside the housing, and place
a new gasket (67) and the old flange (65) on the outside. Reinstall the two screws
(68) to secure and seal the standpipe.

HEA TING AND VENTILA TING
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Figure 13-14. Detail of Exhaust
Extensions Installation
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h. Fit the large combustion air el­
bow (56) and thermal fuse (57) loosely
together, using one of the clamps (55).
Fit these parts on the combustion air
blower outlet and heat exchanger inlet,
using the remaining clamp (55). Adjust
parts to fit. 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 diston the
switch and affect its calibration. Also,
reinstall the lockout overheat SWitch
(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, but avoid excessive crushing of the flame detector
switch tube.. If a new flame detector switch is being installed, use a new ferrule
N3) and out (42). These parts should remain on the tube after the first ins tal­
lation, since the ferrule will be firmly pressed onto the tube. !bis does not at­
feet operation of the switch which may be removed and replaced, 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). Also, reinstall the relay
(25) by installing the loclcwasher on the relay stud inside the guard, then the relay
ground wire and the loclcwasher nut (26). Tighten nu~ securely to obtain good elec­
trica! contact, then reinstall guard (23) over flame detector SWitch, using the four
screws (24).

1. Connect the shan fuel line (17) to the outlet of the fuel control valve (20)

and tighten compression nu~ 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 staIJ.dpipe, then tighten the two compression nuts (18)
very carefully. Fit new grommets (14and 15) into the slots in the valve housing,
then fit the cover (13) on the housing and tighten the four screws (16) into the rue1
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 electri:al components, using the wiring diagram as a
guide. All leads are nwnbered, with the exception of the two push -on terminals
which 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 (1) when the heater is reinstalled in the air­
plane.

13-73. TESTING.

13-74. GENERAL. Any heater that bas been overhauled, or subjected to major
repair, should be tested before being returned to service. The test should in­
clude a '1ead test" and "flow test" of the fUel control valve, a "burn test" of the
assembled heater, and a test of the overheat switch.

NOTE

The heat exchanger should have been leak tested as di­
rected in Paragraph 13-56 prior to reassembly.

13-75. TEST SET UP. The test set up should include the follOWing components:
a. A suitable cradle or bracket for mounting the heater with provision to dis­

pose of the exhaust gases.
b. A source of 12 volts DC. This 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 at least four feet, or by an electric fuel pump.

d. A glass graduate is required for testing the fuel control valve, l,lDless a
flow meter is available in the fuel supply line.

e. A strobo -type tachometer, although not necessary is desirable to time blow­
er speed.

f. An oven and thermometer, for testing the lockout overheat switch.

13-76. TEST PROCEDURE. The heater test should be conducted in the follOWing
order, if possible, since the heater must be cold at the start of the overheat
switch test.

HEATING AND VENTILATING
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13-77 • FUEL CONTROL VALVE LEAK TEST. Remove the fuel control valve
from the heater, or test the valve separately before reassembly, during the over­
haul. Proceed with test as follows:

a. Connect the control valve to the fuel source.
b. Install the short heater fuel line (Refer to 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 will drip into a glass graduate.

NOTE

The 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 will affect the fuel rate and may cause
rejection of good equipment.

c. Ground the oody of the fuel control valve and apply a test voltage to each of
the solenoid leads. A distinct click should be heard when the solenoids are'ener­
gized.

d. Turn on the fuel pressure and energiZe both solenoids at once. Allow fuel
to flow through the valve for a few seconds, then de-energiZe both solenoids.
One or two drops of fuel may fall from the outlet within IS seconds after the so­
1enoids are closed. After IS seconds, a drop of fuel may form, but it should not
fall. If the v3.1ve does not shut off completely it must be replaced.

13-78. LOCKOUT OVERHEAT SWITCH. The test for the lockout overheat sWltch-"
is described in Paragraph 13-64. This test is normally performed during over­
haul, before the switch is installed, but the switch may be removed and tested at
anytime its operation is in doubt.

13-79. BURN TEST. Shut the heateroU and remove the cover from the venti­
lating air blower inlet. Allow time for the heater to cool. Proceed with "burn
test" as follows:

a. Turn on the heater switch and adjust voltage to 12 volts. Start timing heat­
er action from the moment the switch is turned on.

b. The current draw should not exceed 13 amperes.
c. Ignition should occur within 20 seconds from the moment the switch is turn­

ed on.
d. The flame detector switch should close more than 8 seconds, but less than

25 seconds, from the instant the heater ignites .

HEATING AND VENTILATING
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e. Readjust voltage immediately after the flame detector switch transfers, and
allow the heater to run on high heat for at least one minute. If a tachometer is
available. the speed of the combustion air motor should be determined with the
combustion air adapter removed, and with no restriction on the heater exhaust.
The speed should be at least 5000 RPM. 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..exl1aust tube, or com­
bustionchamber, when cleanedduring overhaul. Speed of the ventilating air blow­
er is 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
reduced.

g. Turn off the control switch. Burning must stop within 45 seconds, and both
blowers should continue to run for more than one minute mt less than two min­
utes twenty seconds (time from instant the switch is turned off).
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TABLE XIII-I. TROUBLESHOOTING CHART (SOtJrH WIND HEATER)

Trouble Cause Remedy

Heater will not start, Heater fuel valve not Check valve position.
combustion air blow- "ON".
er does not run.

Defective wiring. Check wiring and con-
nections.

Defective combustion Replace blower.
air blower.

Defective thermal fuse. Replace fuse.

Defective lockout over- Replace switch.
heat switch.

Defective overheat Replace switch.
switch•

Blower runs when switch No fuel pressure. Check fuel supply.
is in HEAT position but
heater will not ignite. Defective igniter. Replace igniter.

Defective fuel. control' Replace valve.
valve.

Defective cycling over- Replace switch.
heat switch.

Defective preheat Replace resistor.
resistor.

Broken quartz rod. Replace rod.

Heate r ignites but ven- Defective or improper- Replace or reset switch
tilating air blower will ly adjusted flame de-
not start . tector switch.

HEATI~ ANO VENTILA TING
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TABLE xm-I. TROUBLESHOOTI~ CHART (SOUTHWlND HEATER)(cont.)

Trouble Cause Remedy

Heater starts and runs, Restricted ventilating Remove restriction.
but goes out later. air flow.

Defective cycling over- Replace switch.
heat switch.

Defective safety valve. Replace valve.

Defective relay. Replace relay.

Heater overheats. Defective fuel control Replace valve.
valve.

Restricted ventilating Remove restriction.
air flow.

Defective cycling Replace switch.
overheat switch.

Defective cycling Replace switch .
switch.

Heat output low. Defective fuel control Replace valve.
valve.

HIGH-LOW switch on Turn to HIGH.
LOW.

Thermostat out of cal- Replace thermostat.
ibration.

Cycling switch out of Replace switch.
calibration .
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TABLE XIII-I. TROUBLESHOOTING· CHART (SOtJrH WIND HEATER) (cont.)

Trouble Cause Remedy

Heater smokes exces- Leaking fuel control Replace valve.
sively. valve.

Slow combustion air Replace motor.
motor.

Defective installation. Correct combustion air
supply.

Blower will not stop Defective flame Replace or reset switch.
when heater is turned detector switch.
off.

Heater "pops" or Leaking fuel control Replace valve.
'bangs" when starting. valve.

.
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13-80. JANITROL HEATER. The following contains information for operation,
service andoverhaul of the combustion heater, Part No. 751 959, and combustion
air blower, Part 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 control 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 air distribution box (3) by releasing the hose attachment clamps.
d.. Disconnect the air outlet control cable (4) and th~ heat control 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 the fuel supply line (10) by first releasing the clamps that secure

the sleeve (16) of the mel supply line shroud (9). Slide the sleeve and shroud up
and disconnect 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 forward end of the heater by re­
leasing the hose attachment clamps.

i. Disconnect the combustionair blower inlet hose (13) from the tube attached
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 (i) 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. Assemble the heater components on the heater. Do not tighten the exhaust

rube shroud clamp thus allOWing the exhaust tube shroud (i) free to rotate.
b. Position the heater on its mounting brackets. Extend the exhaust tube (8)

through the lower end of the exhaust shroud (7) over the fitting that is attached to
the bottom panel of the nose section.

c. Slide the heater fore or aft to obtain best fit of the exhaust tube shroud (7)
and then tighten the shroudclamp. Place the heater clamps (14) around the heater
and bracket flanges and tighten.

HEATING AND VENTILATING
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Figure 13-1.';. :\irplane Heater Assembly and Combustion Air Blowe r•

1. HEAT OUTLET HOSES
2. DEFROSTER HOSE
3. AIR DISTRIBUTION BOX
4. AIR OUTLET CONTROL CABLE
5. HEAT CONTROL CABLE
6. FUEL DRAIN
7. EXHAUST SHROUD
8. EXHAUST TUBE
9. FUEL SUPPLY LINE SHROUD

10. FUEL SUPPLY LINE
11. FUEL DRAIN TUBE

12. AIR INLET HOSE
13. COMBUSTION AIR INLET HOSE
14. HEATER CLAMPS
15. HEATER CONTROL SWITCH
16. SLEEVE
17. LIMIT SWITCH
18. CYCLING SWITCH
19. PRESSURE SWITCH
20. IGNITION VIBRATOR
21. IGNITION ASSEMBLY
22. COMBUSTION AIR BLOWER
23. TERMINAL BLOCK
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d. Connect the combustion air blower inlet hose (13) to the tubeanached 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 air inlet tube (12) to the forward end of the heater and secure

with clamp.
g. Connect the fuel supply line (10) to the heater. Slide the shroud sleeve (16)

and shroud (9) into place and secure with clamps.
h. Attach the air outlet control cable (4) to the air distribution box (3) of the.

heater and secure. Position the cable wire and shroud to allow the valve full
travel in the distribution box. Also, ascertain that the wire rotates freely on the
valve arm.

i. Attach the heat control cable (5) to the heat control 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 terminal block of the heater as shown in
Figures 13-15 and 13-19.

k. Connect the heat outlet hoses (1) and the defroster hose (2) to the air dis­
tribution box and secure with clamps.

1. Check operation of the heater.
m. Install the DOse section access panel.

13-83. DESCRIPTION OF HEATER AND BASIC COMPONEN'IS.

13-84. SPARK-SPRAY IGNITION. (Refer to Figure 13-16.) The controlled at­
omized spray from a specially designed spray nozzle, coup.led with high voltage
spark plug ignition, insures instant firing and continuous burning under all flight
conditions.

Heat is produced by burning a fuel-air mixture in the combustion chamber
of the heater. Aviation gasoline is injected into the combustion chamber through
the spray Dozzle. The resulting cone-shaped fuel spray mixes with combustion
air and is ignited by a spark from the spark plug. Electric current for ignition
is supplied by an ignition unit which converts 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. Comwstion
air 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 combustion under the most adverse conditions because it is whirled
around itself many times. Therefore, ignition is continuous and the comwstion
process is self-piloting. The burning gases travel the length of the comwstion
tube, flow around the inside of the inner tube, pass through cross -over passages

HEA TING ANO VENrILATIOO
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Figure 13-16. Diagramatic Cutaway of Heater to Show Whirling Flame Action

into an outer radiating area, then travel the length of this surface andout the ex­
haust.

Ventilating air passes through the heater between the jacket and combus­
tion tube assembly outer surface and through an inner passage in. the assembly.
Consequ~ntly, ventilating air comes into contact with two or more heated cylin­
drical surfaces.

13-85. FUEL REGULATOR AND SHUTOFF VALVE. (Refer to Figure 13-17.)
This unit provides preset, regulated fuel pressure as 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. (Refer to Figure 13-18.) This switch is installed in the
ventilating air duct downstream from the heater to sense the ventilating air out­
let temperature. To select the desired cabin temperature, the sw itch may be
adjusted manually from a high of 2250 F ± 100 downward through a range of 1460

F ± 60 • The switch has a differential of 100 F ± 50 at any given setting. On
airpianesl with serial numbers 30-1717, 30-1745 and up or when kit number 760 249
has been installed, a micro override switch has been added to a 250 degree duct
switch to override the duct switch at the last portion of tts travel to the high heat

. position cancelling the duct Stat control only at the maximum heat positi.on .

HEATING AND VENTIL.~TING
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•13-87. COMBUSTION AIR BLOWER.
This centrifugal-type blower supplies
com bustion air to the combustion cham­
ber of the heater. Performance of the
combustion air blower is .assisted by
the use of ram air during flight.

13-88. VENIlUTIOO 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 from 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. OPERATh"'lG CONTROLS. (Refer to Figure 13-19.)

NOTE

The schematic diagram (Figure 13-19) shows the heat'­
er circuit, including 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 FAN position which
permits use of the ventilating air blower to circulate cool air through the system
for summer ground operation. With the switch in FA..1'\l position, the heater is in­
operative and only the ventilating air blower is energized.

HEATING AND VENTILATING
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b. The HEATER SWITCH is a normally open switch that supplies power to lock­
in the safety relay through which power is supplied to the ignition and fuel circuits
of the heater.

13-90. OPERATING PROCEDURE. (Refer to Figure 13-19.)
a. Place the HEATER SWITCH in the ON (or HEAT) position. The ventilating

air and combustion air blowers should operate.
b. The heater will ignite and continue to operate.
c. The DUCT SWITCH can beset to regulate the cabin temperature for desired

comfort level. If this switch is set for ground operating comfort, it may be nec­
essary to reposition it after being airborne, since ram air will increase the ven­
tilating air flow and the heater output.

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. Instructions contained in this section consist
of periodic inspection, adjustments, and minor corrections required at normal
designated intervals for the purpose of maintaining the heating system in peak
operating condition. These inspections assume that a heating system includes
accessory components mentioned in preceding paragraphs.

13-92. 50-HOUR INSPECTION.
a. Inspect the ventilating air inlet scoop, combustion air inlet scoop, exhaust

outlet and fuel drain for possible obstructions. Make sure that all of these open­
ings are clear of any restrictions and that no damage has occurred to air scoap
protrusions.

b. Perform an operational check as follows :
1. Place the HEATER SWITCH in the ON (or HEAT) position. The venti­

1ating air blower and combustion air blower should operate.

NOTE

To proceed with the operational check, follow para­
graph 13-90 entitled "Operating Procedure, .. steps a
through e. The above procedure should be repeated
one or more times.

HEATI~ AND VENTILATING
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13-93. 100-HOUR INSPECTION.
a. Perform SO-Hour Inspection check as described in paragraph 13-92.
b. Inspect ventilating air and combustion air inlets and exhaust outlet for re­

strictions and security at the airplane skin line.
c. Inspect the drain line to make sure it is free of obstructions. Run a wire

through it if necessary to clear an obstruction.
d. Check all fuel lines for security at Joints and shrouds, m"lcing sure that no

evidence of leaks exists. Also check for security of attachment of fuel lines at
the various attaching points in the airplane.

e. Inspect electrical wiring at the heater terminal block and components for
loose connections, possible chafing of insulation, and security of attachment
points.

f. Inspect the high-voltage cable connection at the spalrk 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 combustion air blower assembly for security of mounting and
security of connecting tubing and wiring. Tighten any loose electrical tenninals
and air tube connections.

13-94. TROUBLESHOOTING. The service troubles and suggested remedies found
inTable Xm-Uare provided to assist in locating and correcting malfunctions in
the heating system. The follOWing procedure is based upon the use of optional
components. this Table may be found follOWing Paragraph 13-120.

13-95. ELECTRICAL CONTINUITY CHECK. The~e tests are 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 circuitry,
a suggestedaircraftcontrol circuit. For the purposes
of this manual, the circuitry shown in these illustra­
tions will be utilized to describe electrical continuity
checks.

It must be assumed that power, which is furnished through the heater cir­
cuit breaker, is present at the HEA.TER SWITCH at all times. Always check the
circuit breaker before performing electrical continUity checks.

HEATI~ ANO VENTILATING
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AIR BLOWER •Figure 13-20. Primary Power Circuit

13-96. VENT BLOWER POWER CIRCUIT CHECK.
a. With the HEATER SWITCH in the FAN position, electrical continuity (12

volts nominal) should be present at the following locations. (Refer to 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 air motor.
3. Electrical ground circuit for the ventilating air motor is provided from

terminal No.4 of the heater termiDal strip through the LANDING GEAR SWITCH
when the landing gear is down. Ventilating air motor is inoperative when the land­
ing gear is up.
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Figure 13-21. Starting Power Circuit

13-97. HEATER POWER CIRCUIT CHECK.
a. With the HEATER SWITCH in the HEATpositioD, electrical continuity should

be present at the following locations. (Refer to Figure 13-21.)

NOTE

Power for the ventilating air blower is the same as
described above except that power is now supplied
through the HEAT side of the HEATER SWITCH.

•

1. Terminal No. I of the heater tenninal strip.
2. From terminal No. ~ of the heater terminal strip through the radio noise

filter to the comb1stion air motor and to terminal No. 1 ·of the overheat switch.
3. From terminal No. 3 of the overheat switch through the combustion air

pressure switch to terminal No. 2 of the heater terminal strip.

HEAn~ AND VENTILAn~
Issued: 12/29/72

4C15



PIPER TWIN COMANCHE SERVICE MA!'lUAL

4. From tennina1 No. 2 of the heater tenninal strip through the radio noise
filter to the ignition unit; to the shut off valve and through the adjustable duct switch
to tenninal No. 3 of the heater tenninal strip.

5. From terminal No. 3 of the heater terminal strip through the cycling
switch to the fuel solenoid valve.

In the eventtbat electrical continuity is not present at one or more of the
above listed points, the wiring must be traced back to the power source. Ifcom­
ponents are still inoperative after the wiring inspection, check the individual in­
operative components for continuity and, if necessary, replace them.

13-98. GENERAL MAINTENANCE. Instructions in this paragraph pertain to
mamteD&DCe of the tasle beater and components while the heater 1s installed 1n
the airplane. Instructions for removal of components. are included provided the
installation permits accessibility.

NOTE

No spedal service tools are required for normal pe­
riodic ma.U1tenaDCe.

13-99. COMBUSTION AIR BLOWER.
a. Removal.

1. Disconnect wire at quick-disconnect terminal.
2. Disconnect the inlet tubing from the inlet air adapter.
3. Loosen the clamps that hold the combustion air blower assembly in the

support bracket and slide the motor out of the bracket.
b. Replacing Motor Brushes. (Refer to Figure 13-26.)

1. Remove the brush cap at one of the brush locations. Note position of
brush inside the guide and carefully 11ft the brush and brush spring out of the
guide. Be sure to hold the brush so that it can be reinstalled in precisely the
same position if no brush replacement is required.

2. Inspect the brush for wear. A new brush is .531 of an inch long. If
brushes are worn to a length of . 187 of an inch, they must be replaced.

3. Looking through the brush guide, inspect the commutator, which should
be smooth and medium brown to dark broWn in color. Remove all dust from com­
mutator with compressed air. If the commutator is grooved in the brush track,
gouged, scored or shows signs of having rorned spots, replace the complete mo­
tor assembly. If thecor:nmutator is in good condition, 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 as
follows: Connect the motor to a controlled voltage supply (rheostat in a l2-volt
line). Operate the motor at approximately 1/2 its normal speed for the first hour,
then gradually increase the speed until it is rotating at approximately normal
speed. Continue the run-in operation for at least two hours to properly seat the
brushes before installing the blower in the aircraft.

c. Installation.
1. Prior to insta J1ing the combustion air blower, inspect all pans 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 at full speed with­
out binding against the spill plate. Blower 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 as before re­
mova!.

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 attaching strap.

4. Tighten the blower motor mounting strap securely, making cenain the
air tubing 1s in proper alignment.

5. Secure the air tubing by tightening the clamp or installing the sheet metal
attaching screws.

6. Connect the wire lead at the quick-disconnect terminal. Be sure to slide
an insulating sleeve over the connection (or tape it) in order to prevent any pos­
sible shon circuits. Tie the sleeve in place.

7. Connect the ground lead securely to the mounting bracket.
8. Checkmotor operation. By disconnecting the wire at the No.3 terminal

on heater terminal strip, blower 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:<pose the spark plug area of
the heater assembly.

NOTE

Insure that heater electrical circuits are de -energized.
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2. Unscrew and remove the high­
voltage leadconnector at the spark plug.
Exercise care to avoid fouling or 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 ventilatingair passages of the heat­
er. Should this happen, remove the gas ­
ket with a wire hook.

b. Inspection and Seriicing (Spark
Plug).

1. If the spark~lug appears to be in good condition, except for a mild coat­
ing of oxide on the porcelainand electrodes, 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 or 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 insert cavity at the terminal end of the plug with
a piece of paper or cloth to keep out any of the cleaning sand. Wipe this cavity
out thoroughly with a cloth wet with carbon tetrachloride. If, after cleaning, the
spark plug porcelainis white, and the electrodes are not eroded, re-gap the spark
plug by carefully bending the ground electtode until a O.OSS-inch feeler gauge can
be inserted between the end of the center electtode and the ground electrode.

NOTE

If the spark plug fails to clean up properly and/or if
electrodes are badly eroded, it should be replaced.

c. Installation. (Refer to Figure 13-22.)
1. If a new spark plug is being installed, be sure to measure the gap, which

should be between 0.050 and 0.060 inches. Do not bend the center electrode.

HEATING AND VENTILATING
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NOTE

The spark plug can be checked visually for sparking
across the gap prior to installing the plug as follows:
Disconnect the wire from the No.3 terminal on the
heater wiring side of the terminal strip to de -energize
the fuel soleooid valve. Connect the high-voltage lead
temporarily and lay the sparkplug on the heater jacket.

WARNING

Be sure to plug the sparkplug hole in the heater to pre­
vent any possibility of residual fuel blOWing out 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. U the gasket does not
hold on tlie threads and would be likely to falloff during installation, place a small
drop of Aviation Permatex. or similar material, on the gasket to stick it tempo­
rarily 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 heater Jacket opening.
5. Carefully insen the spring connector on the high-voltage lead into the

spark plug shell, press down gently and stan the nut on the threads. Tighten the
nut to 20 foot pounds.

6. Reconnect the wire to the No. 3 terminal on terminal strip. if discon­
nected for above tests.

7. Operate the heater to check dependability and close all access openings.

13-101. VIBRATOR ASSEMBLY. (Refer to Figure 13-25.)
a. Measure the distance the vibrator protrudes out of the ignition assembly to

determine when the new unit is insened properly. Grasp the vibrator (19) and
with a slight back-and-fonh 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 ponion. of vibrator. )

b. Carefully rotate the new vibrator until the index marks are 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.

HEATI~ AND VENTILATING
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13-102. IGNITION ASSEMBLY.
a. Removal. (Refer to Figure 13-25.)

NOTE

Make sure heater electrical circuits are de-energized.

•
1. Disconnect the primary wire (5) from the primary terminal of the igni­

tion assembly (18).
2. Carefully unscrew and disconnect the high-voltage ignition cable at the

spark plug. Exercise care to avoid fouling or damaging the connector.
3. Remove the four attaching screws (20) and lockwashers (21) and lift the

ignition assembly (18) off the mounting brackets on heater jacket.
b. Installation. (Refer to Figure 13-25.)

1. Place the ignition assembly in position on the brackets attached to the
heater jacket, with the high-voltage ca~le 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 terminal on the ignition unit
(18) and tighten the nut securely.

5. Check for proper heater operation. •

13-103. CYCUNG SWITCH AND LIMIT (OVERHEAT) SWITCH. (Refer to Fig­
ure 13-25.)

a. Removal.
1. If the limit switch (27) is damaged or defective, disconnect the two elec­

tricalleads from the switch terminals. Be sure to mark the leads forproper re­
assembly. (The switch terminals are identified by nwnbers "1, " "2, " and "3.")

2. Remove the two attaching screws (28), loclcwashers (29) and plain wash­
ers (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"
tricalleads, 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 test instructions.)

b. Installation. (Refer to Figure 13-25.)
1. Install the limit switch (27) and spacer (gasket> (31) by placing them in position

in the heater jacket opening and installing two screws (28), lockwashers (29) and plain
washers (30).

2. Tighten 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, Figure 13-25) by placing it in position in the
heater jacket opening and securing it with the two screws (33), lockwashers (34) and plain
washers (35). Tighten screws securely, then reconnect the electrical leads to their respective
tenninals as marked during disassembly. (Refer to wiring diagram, Figure 13-19.)

13-104. COMBUSTION AIR PRESSURE SWITCH. (Refer to Figure 13-25.)
a. Removal.

I. 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
switch cap. Exercise caution not to exert excessive bending of the tube. (It is "tacked" to
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.
I. 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 tenninals 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 operation.
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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 from the inlet and outlet openings. Take note

of these connections for correct installation.
3. Remove the two attaching screws to free the unit from its mounting.

b. Installation.
1. Attach the fuel regulator and shut -off valve to its mounting with the two

attaching screws.
2. Place the fuel regulator and shut-off valve into position between the 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. DUCTSWlTCH.• (Refer to Figure 13-26.)
a. Removal. .

1. Disconnect the electrical leads from the terminals on the exposed face
of the switch and mark to facUitate installation.

2. Remove the two attaching screws and washers from the duct switch
bracket.

3. carefully lift out the switch and gasket (if gasket Is used).
b. Cleaning and Inspection.

1. Brush off any dustor lint from 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 ventilating duct

opening and secure with the two attaching screws and washers.
2. Connect the two electrical leads to their respective terminals on the

face of the switch as marked duriDg 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 setting insauctions .
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13-107. OVERHAUL INSTRUCTIONS. AI. 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 are included for a complete heater overhaul.
In some instances, however, inspections may reveal that it is unnecessary to re­
move certaJ.n 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 11st.

13-108. DISASSEMBLY. (Refer to Figure 13-25.)
a. Remove the screw (4) and slide the elbow adapter (3) off the combustion air

inlet tube.
b. Disconnect and remove electrical wiring andindividual wires from the va­

rious components on the heater. If wires appear to be in good condition, it may
be desirable to remove wire harness assembly intact. First. disconnect wires
at terminal strip and component~. The ventilating air 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. pric)r to removal. to
insure correct connections during reassembly. Cable
straps and clips must be replaced if removed, as 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 this lead with care to prevent fouling or
damage.

d. Remove the four screws (20). lockwashers (21)and cable straps (Ii) to free
the ignition assembly (18) from the heater jacket and remove the ignition assem­
b1y. The vibrator may be removed by exerting a firm pull straight away from the
ignition assembly case.

e. Remove the twos crews (25) and lockwashers (26) to release 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. Make sure the spark plug gasket is removed.

HEATINJANDVENTIL\TI~
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g. Remove the two screws (28). lockwashers (29) and plain washers nO) and
lift out the overheat (limit) switch (27) and spacer gaskets (31).

h. Remove the two screws (33). lockwasher~ (34) and plain washers (15) and
lift out the cycling switch (32).

i. Remove the four screws (3i) and lockwashers (38) to release the terminal
strip (36) and insulator (39) from the jacket (84).

j. Disconnect the tube fittiro.g (40) at the cover of the combustion air pressure
switch (41). (Refer to paragraph 13-104, a, I for precaution on tube bending.)
Unscrew andremove the combustion air pressure switch (41)from the combustion
air inlet tube.

Ie. Remove"ventair inletadapter (50) from the blower housing by removing the
three screws (51) and loclcwashers (52).

1. Loosen the four screws (48) and rotate the blower and motor housing (49)
to disengage the notched end from the four screws in the end of the heater jacket.
Remove the grommet (47) and separate the two electrical quick-disconnects after
sliding back the insulator sleeves on the wire ends.

m. Reach inside tPe inlet end of the jacket assembly (84) with a 3/4 inch open­
end wrench and, while holding the fuel-tube fitting at the jacket. remove the re­
ducing bushing adapter (42). Then, with 3/4 inch deep socket, remove the nut
(44), fue~ 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 combustion tube assembly (86).
Remove the gasket (82).

o. Remove the screws (88, 89 and 90), loclcwashers (91) and remaining cable
straps (Ii), if not previously removed, from the seam of the jacket assembly (84).
Note positions of cable straps as 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 which 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 is very thin and any
sharp blow on the face of the nozzle can distort the spray
pattern and cause malignition or improper combustion.

q. Remove the screw (76), loclcwasher (77), cover (75) and "0" ring (78). TIlen
carefully slide the solenoid coil (79) off the valve assembly. It is not necessary
to remove the base plate (80) unless it is warped.
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r. Loosen the nut (55) and remove the screw (53), flat washer (~5) and rubber
grommet (58) from blower housing.

s. Remove the two screws (54), flat washers (~5) and rubber grommets (58)
at 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 (i l)J.nd blower wheel (60) attached. Loosen the set screw
in the blower wheel (60) and slide it off the end. of the motor swft. The flat wash­
ers (56) and rubber washers (5i) will fall out when the bracket is removed. Then
remove the motor bracket assembly (71). If these parts are in good condition,
they need not be disassembled further.

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 air blower inlet adapter (2) by remov~ three
screws, Iockwashe:,s, cover plate and gasket.

b. Remove the outletadapter (5) by removing the two screws (6) and lockwash­
ers (7).

c. Remove the inlet flange (8) by removing the three screws (9) and lockwash­
ers (10).

d. Remove screws (12 and 16) and lockwashers (13 and Ii), then separate the
back plate (20), with motor (25) attached, from the blower housing (15) and free
the motor leads and capacitor (11) from the tack 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 (22), and

slide the backplate (20) off the motor through bolts. The spacer (2~) will dropout.
g. Install new motor brushes as described in paragraph 13-99, b. If the mo­

tor commutator is 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 contauung switches and

electrical wiring) and the combustion tube assembly, by immersing them in dry­
cleaning solvent, such as Stoddard solvent (Federal Specification P-D-680). A
bristle brush should be used to assist the cleaning process if foreign accumula­
tions are stubborn to remove.
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CAUTION

Do DOt attempt to 1:lJ.ff or scrape off any deposits on
face of spray nozzle. The face of the nozzle is very
susceptible to damage from mishandling. Carefully
repeat cleaning process using only a bristle brush and
repeated applications of solvent to loosen any stUbborn
deposits.

b. Use compressed air or lintless cloth to dry the parts, unless sufficienttirne
is available for them to air dry.

c. Wipe electrical components with a clean. dry cloth. If foreign material is
difficult to remove, moisten the cloth in carbon tetrachloride or electrical con­
tact cleaner and clean all exterior surfaces thoroughly.

•

13-111. CLEANING AND INSPECTING TIiE COMBUSTION TUBE ASSEMBLY.
(Refer to 'Figure 13-25. )

a. Slight scalJng 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.. 1bis con-
dition does not require replacement of the combustion tube assembly, unless se- •
vere overheating bas produced soft spots in the metal.

NOTE

This assembly should be inspected prior to' cleaning .
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 combustion tube as­
sembly and sighting along the outer surface of the inner combustion tube. An as­
5embly that has been obviously deformed should be replaced. Slight deformation
will not affect heater operation unless it is extensive and localized enough 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 combustion tube assembly overnight in an

Oakite M-S Stripper solution, made by mixing one pound of Oakite.salts with each
gallon of water used. The solution should be maintained at a temperature of be-
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tween 190°F and 210°F. After soaking overnight, rinse the comoostion tube as­
sembly thoroughly in water to remove all traces of the Oante solution. In order
to reach all areas of the combustion tube assembly, it is advisable to let it stand
in the rinsing water for as long as 1/2, hour, while occasionally agitating it to cir­
culate the water. All openings should be left open during this operation. Be sure
to dry the combustion tube assembly thoroughly after cleaning.

2. A second method of cleaning ;.3 what is commonly known as hand "twn­

bUng. " Insert shot or other metallic particles through the exhaust outlet opening,
then close all openings and shake the combustion tube assembly vigorously, while
rotating it and changing from end-to-end frequently. Be sure to pour out all of
the particles and loosened material, then with all openings uncovered., direct a
~tream of compressed air into the comoostion tube assembly from first one open­
ing, then the other. Malee sure all loose material is removed.

13-112. INSPECTION OF REMAINING COMPONENTS. (Refer to Figure 13-25.)
a. Dis!=ard all rubber .parts such as grommets, gaskets, etc. These items

should always be replaced at overhaul. Also discard the rope gasket (85).
b. Inspect all wires and wiring harnesses for damage to insulation, damaged

terminals, chafed or cracked insulation and broken plastic 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 installing ter­
minals' rather than solder for all heater wiring connections. U wiring harness
damage is visible, the entire harness assembly should be replaced. U only one
or more wires are damaged, cut the cable ties, make up new wires, install them
in the harnesses, and restore all cable ties and clamps. U heater controls were
operating properly at the time of removal, reinstall them.

c. lnspectall hard parts, consisting of bolts, screws, nuts, washers and lock­
washers. Replace damaged parts.

d. The combustion air 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 at each overhaul.
f. Inspect the ignition assembly (18, Figure 13-25) for dented case, loose or

damaged primary terminal insulator and broken or obviously damaged high -voltage
lead. Give particular attention to the condition of the spring connector at the end
of the lead. U the spring is OOmed off, visibly eroded., or carbon tracked, the
ignition assembly should be rEp laced.
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NOTE

Do not attempt a field repair of the ignition unit, as it
is a sealed assembly.

g. Inspect the termiDal strip (36) for distortion and cracks and replace it if
either condition exists.

h. Inspect radio -noise filters for short circuits by checking from either ter­
minai to ground with an ohmmeter. An open-circuit reading should be obtained.

i. Inspect the spray nozzle (83) with a magnifying glass for any obstructions
in the nozzle orifice and any sign of damage to the slight conical protrusion at the
Dozzle tip. Use compressed air to remove obstructions and re-examine the or­
ifice to make sure it is open. Exercise care when hancD.ing the nozzle to avoid
pressing or rapping on the tip face. Do not buff ,or scrape off deposits on the tip
face. After cleaning, it is advisable to store the nozzle in a polyethylene bag un­
til ready for reassembly.

j. Replace the no~zle at overhaul.

NOTE

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 from fire.

k. Inspect the nozzle holder and solenoid valve assembly for damaged threads
at the fuel-tube fitting and for crimpedor cracked fuel line or distoned housing.
The only pan in this assembly that can be replaced is the solenoid winding. Check
the solenoid for continuity by connecting across each wire lead with an orunmeter.
A reading of between 18 and 22 ohms should be obtained at room temperature. If
not within these limits, or if the solenoid winding shows any form of physical
damage or overheating, it should be replaced.

1. Remove the brushes, one at a time, from the ventilating air blower motor
(66) by removing the brush cap and carefully WithdraWing thebrush from its guide.
Remove foreign material from the brush guide and commutator with a stream of
filtered compressed air. Cleek 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
if the commutator or other parts show damage.
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m. Inspect the combustion air blower motor as described in the preceding step.
n. Inspect the blower wheel for broken or 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 air and comtustion air motors for correct RPM and cur­
rent draw:

1. Connect motor 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. Ifcurrent draw is excessive, or if speed is too low, replace the brushes.
Recheck both current draw and RPM after brushes are 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 attached, for both the ven­
tilating air and combustion air motors.

b. Test the combustion tube assembly (86) for leaks as follows:
1. Fashion a sealing plate from approximately 1/8 inch thick flat stock to

seal the nozzle holder opening in the comtustion 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 air pressure source. (Refer to Figure 13-23.) Use rubber stoppers as
shown. The comtustion air inlet tube can be sealed best with a drilled 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 air pressure
switch tube which protrudes into the exhaust.

3. Install 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
air pressure source; however, the comtustion air pressure switch opening is
usually the most convenient. The drain opening would normally be considered a
second choice. )

4. Connect a regulated air supply to the opening that has not been plugged

HEATII'(J AND VE~TILATING
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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 assem-
bly. .

5. SUbmerge the combustion tube assembly in water for several minutes •
while watching for bubbles, which would indicate leaks. The presence of a small
leak, due to a pin hole in the metal or at welded joints, can be repaired success-
fully, provided it is located in an accessible area and the welder is iamiliar with
stainless steel welds and does not create excessive weld stress concentrations.
Be sure to recheck the assembly for leaks after welding.

c. Test the combustion air pressure switch as follows:
1. COIUlect anadjustable 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 manom­
eter 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 ex­
act instant of switch closing.

3. Apply air pressure allOWing it to build up very slowly from zero. The
switch contacts should close at O. 5 ± O. 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.

HEATING AND VENTILATING
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Figure 13-24. Test Set-Up for
Com1:l1stion Air Pressure Switch
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4. Make several trials to insure
switch reliability. Be sure to increase
and decrease the air pressure slowly in
order to produce accurate indications.

5. If an adjusonent is required,
rotate the adjusting screw clockwise to
increase settings and counte rclockwise
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 assembly in clean water with the fuel inlet and nozzle caVity left
open.

3. .Observe for bubbles which would indicate leakage. If bubbles appear
at either fuel fitting, there is a leak in the fuel tube. If bubbles Cl:ppear 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 ho lder
assembly must be replaced.

e. Spray test the nozzle (83, Figure 13-25) as follows:
1. Install the nozzle in the fuel feed and nozzle holder assembly and con­

nect 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 con­

nected, observe the fuel spray pattern. It should be conical in shape with even
dispersion in all directions.

•

WARNING

Be sure to keep the atomized spray away from fire.

•

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 obstruction and clean the
nozzle as described in paragraph 13-112, i. If this fails to prOVide a normal
spray pattern, replace the nozzle.

HEATING .~ND VENTILATING
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6. If the nozzle continues to dribble, the solenoid valve is not closing prop- •
erly and the fuel feed and nozzle holder assembly must be replaced.

13-114. REPAIR OF COMBUSTION roBE ASSEMBLY.
a. If welding is attempted, clean the area thoroughly with a stainless steel

brush.

CAUTION

Do not use a brush with ord1nary steel bristles, as it
would cause subsequent damage to the metal.

b. Wipe the area to be welded with a 30-percent solution of nitric acid, then
weld with stainless steel rod (SAE Type 309, using Solar No. l6GH flux) if weld­
ing is accomplished with an acetylene torch. If the Heilarc method is used, use
either Solar Type lor Type B flux. If a stainless steel rod is not available, a
piece of scrap heater .may be used as repair material. Make sure severe weld­
ing stresses are not present after welding.

NOTE

After welding, test the comwstion tube asser&1bly for
leaks as outlined in the preceding paragraph.

13-115. 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 loclcwasher (77), then tighten the screw securely. Be care­
ful to avoid pinching the wire leads conn~cted to the solenoid core.

b. insert the" ventilating air motor (';6) into the motor bracket assembly (il),

slide the blower wheel (60) on the en'j of motor shaft and rotate it until the set
screw is aligned with the flat side of the motor shaft. Tighten 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). Malee sure a good electrical ground connec­
tion is made at this point.

d. Insert this asse~bly 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 as­
sembly (71). This is the screw used to secure and align the motor in the bracket.

e. Slide the flat washer (58) and rubber washer (5i) into position between the
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legs of the motor bracket (71) and blower housing (59).
f. Make sure all wires are routed and grommeted as they were prior ':!) dis­

assembly and install the two screws (54), flat washers (45) and new grommets
(58) at the two lower edges securing the motor bracket assembly (71). Then in­
stall the grommet (58), flat washer (45), 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 setscrews and spin dE blower wheel by
hand for a clearance check. Then apply appropriate voltage to run the motor as
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 the 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
ers (91) to secure it at the seam. (Two leads ground under tbase screws. See
notations made during disassembly.) Make sure the tongue and channel at the
seam are in good condition and a tight fit 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 to i5-l00 inch pounds. It is very important to torque
the nozzle to this value as incorrect tightening could cause improper heater op­
eration and "drool. "

CAUTION

The spray -nozzle has a slight protrusion on the nozzle
face. If this area has been struck by any object which
would make a dent or destroy the original contour, the
nozzle must be replaced. It cannot be disassembled
for cleaning.

1. Insert the fitting on endof nozzle fuel tube through the opening in jacket (84)
and attach the nozzle holder to the combustion tube assembly (86) with the two
screws (72) and loclcwashers (73). It may be necessary to place a slight bend in
the shrouded fuel tube to permit alignment of screw holes. Be sure to use a new
gasket (82) and connect the solenoid ground wire under one of these screws. ~'lake
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sure a good electrical ground connection exists at this point.
m. Using a new spark plug gasket, install the spark plug (22) and tighten to a

torque of 28 foot pounds. Install the grommet (23) in the jacketarounci the spark
plug.

n. Install the ignition assembly (18) on the jacket assembly (84) with the four
screws (20)and lockwashers (21). Connect the high-voltage lead to the spark plug
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 lockwashers (26).

p. Attach 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 cycling switch (32) to the jacketassembly (84) with the two screws
(33), lockwashers (34) and flat washers (35).

r. Place the terminal strip insulation (39) in position on the jacket (84), fol­
lowed by the terminal strip (36). Secure both parts by installing the two screws
(37) and lockwashers (38). The two screws are located at two diagonal corners
of the terminal strip. .

s. Center the fuel fitting in jacket opening. Place the fuel fitting shroud gasket
(46) and shroud (43) on the fuel fitting and install the nut (44) finger tight. Insert
a 3/4 inch open-end wrench inside the jacket and hold the fuel-tube fitting 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 the com­
bustlon air tube and tighten it firmly.

u. Slide the grommet (47) over the combustion air tube and connect the tube to
the elbow fitting (40) on the combustion air pressure switch (41).

v. Install the wiring harness and connect all wire leads to their respective ter­
minals. (Refer to the wiring diagram, Figure 13-19.) Place the grommet (4;,
Figure 13-27) in position in the jacket (84), locate the ventilating air blower (49)
at theendof the jacket. Thread thequick-disconnect6n the wiring harness through
the grommet (4i) 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. This operation
is easier if the screws (48) are started into their threads and the blower housing
rotated 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 ASSEMBLY
Z. ADAPTER ASSEMBLY· BLOWER INLET
3. MOUNT· COMBUSTION AIR BLOWER SUPPORT
•. COMBUSTION AIR BLOWER AND MOTOR
5. ADAPTER • OUTlET
8. SCREW· AN530-8R8
7. WASHER· AN938A8
B. FlANGE· INLET
9. SCREW· AN530·8R8

10. WASHER· AN938A8
11. CAPACITOR
lZ. SCREW
13. WASHER· AN938A8
1•. SLEEVE· HIGH TEMPERATURE
15. HOUSING· BLOWER
18. SCREW • AN63O·8R8
17. WASHER AN938A8
lB. GASKET· BACK PLATE
19. FAN· COMBUSTION AIR BLOWER
ZOo PLATE· BACK
Zl. NUT· AN:M6·10

22. WASHER· AN980·1OL
23. WASHER· AN938·310
Z•. SPACER
U. MOTOR ASSEMBLY· COMBUSTION AIR BLOWER
28. BRUSH ASSEMBLY
27. CAP· BRUSH ASSEMBLY
ZB. TERMINAL· PREINSULATED
29. STRAP • CABLE
30. SWITCH ASSEMBLY· ADJUSTABLE DUCT
31. LEVER ASSEMBLY· SWITCH
32. SCREW· AN686DSH3
33. COVER • SWITCH
34. SWITCH. ADJUSTABLE DUCT
36. SPACER
38. T\JBE • FlEXIBLE
37. FUEL REGULATOR AND SHUTOFF VALVE
38. SHROUD· FUEL FITTING
39. HOSE· FUEL FITTING SHROUD
40. CLAMP· HOSE
41. GROMMET. AN931·2·9

•
Figure 13-26. Exploded View - Combustion Air Blower

and ~[otor Assembly No. i53 905

HE..o\ TING ANO VENTIL\ TING
Issued: 12r~9 /i2

4D15



PIPER nvIN COMANCHE SERVICE MANUAL

13-116. REASSEMBLY OF CO~mUSTION 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 two self-locking nuts (21), flat wash­
ers (22) and lockwashers (23).

b. Slide the blower wheel (19) on the motor shaft and tighten the set screw
lightly against the flat portion of the motor shaft.

c. Place. the blower housing (IS) in position on the back plate (20)" and install
screws (16) and lockwashers (17).

d. Attach the radio-noise filter (11) at the pOint shown with the screw (12) and
lockwasher (13). The motor ground lead terminal (28) can be grounded to the mo­
tor support bracket (3).

e. Attach the inlet flange (8) and blower inlet adapter (2) to blower housing (IS)
with three screws (9) and lockwashers (10).

f. Loosen the 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. Tighten the set
screw securely. The blower wheel should just clear the inlet flange when rotated
at full RPM. Spin the blower wheel by band 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 loc:kwashers (7).

13-117. TEST PROCEDURE.

13-118. GENERAL INFORMATION. A test of all components should have been
made after overhaul to insure proper operation. Some shops may not have com­
plete testing facilities for measuring air 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 air to de­
termine if operation is nonna!. In shops where complete test equipment is avail­
able and-a complete functional test can be perfonned, the test routine described
in subsequent paragraphs should be made.

13-119. EQUIPMENT REQUIRED. (Refer to Figure 13-27.)
a. An improvised stand to hold the tEater during test. The heater should be

located far enough awaY' ~om any combustible material 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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Figure 13-27. Suggested Set-Up for Heater Operation Test

c. The combustion air blower 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 to control and indicate the current draw and
voltage output.

e. Two water manometers (zero to 5.0 inch water column) for measuring the
pressure in the ventilating air duct and in the combustion air stream.

f. A piece of duct to be attached to the downstream end of the heater. It should
have a minimwn length of 24-inches and the same diameter as the heater being
tested. A 2. 2S-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 controlled source of compressed air for final leakage test.

13-120. OPERATIONAL TEST. (Refer to Figure 13-27 and 13-28.)
a. Connect the heater to the test setup as shown in Figure 13-27. Make sure

the comwstion air blower is 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 location shown
in Figure 13-27.
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Figure 13-28. Wiring Connections for Heater Operation Test

c. Connect components and heater as outlined in the wiring connection dia­
gram, Figure 13-28. The power supply switch should be open.

d. Connect the power source to the heater.
e. Disconnect wire lead from terminal "3" on the heater side of heater ter­

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 air
blower should operate at full speed with no blower wheel interference. If either
blower fails to run, locate and correct the trouble before proceeding with the test.

f. Connect a voltmeter from open side of combustion air pressure switch ter­
minal to ground to determine if the switch is closed. which would be indicated by
a full voltage reading on the meter. If a full voltage reading is not obtained, the,
combustion air supply is either inadequate or the switch is defective or improp-
erly adjusted. ~1ake necessary corrections.

g. Observe the manometer connected to the ventilating air pressure tap, which
should show a reading of 1. 1 inches of water (minimum) at rated voltage.

h. Observe the manometer connected to the comoo.stion air tube tap, which
should show a reading of 1. 5 inches of water (minimum) at rated voltage.

HEATING ANO VENTIL'\TING
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i . Open the power supply switch and reconnect the tenninal lead disconnected
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 air to be purged from
fuel lines on the first O'i&1).

k. Observe operation of duct switch, which should conO'ol heater operation
a,"cording to the switch setting.

1. U the duct switch falls to conO'ol the temperature according to the· setting,
place the conO'ol lever in high "H" position and notice the control variation. A
high reading of 225°F ± 10° should be obtained (reading will vary in different ap­
plications ).

1. On airplanes with serial numbers 30-1717, 30-1745 and up or when kit
number 760 249 bas been installed, a micro override switch has been installed
on a 250 degree duct switch and can be adjusted by moving the heat conO'ol to the
full high heat position. Slide the micro switch toward the duct switch arm until
micro switch closes and secure in place. This switch 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 control arm .
m. Connect a jumper across the. terminals of the duct switch to make it inop­

erative and observe action of the cycling switch. When .micro override switch is
installed. move the heat conO'ol to the full high position. The cycling switch
should cycle to conO'ol the outlet air temperature at approximately 2500 F (nom­
inal). This is a function of ambient temperature and air flow conditions. If op­
eration is within a range of 19()O F to 2900 F, the switch is operating normally.
If the switch is out of range it cantle reset in the same manner as described for
the duct switch. except that no conO'ol lever or indi~tor stop are used. If ad­
jusanent faUs to restore 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 air
outlet and notice if the overheat switch shuts off the heater. It should open at.
between 3000 F and 4000 F. (This is also a function of ambient temperawre and
air flow.) After the switch shuts of!. remove ventilating air restriction; remove
jumpers from cycling and duct switches and press firmly on the overheat switch
reset button until it "clicks. to 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.

HEATING AND VENrtL.ATING
Issued: 12/29/72
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Figure 13-29. Heater Fuel Valve
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A23513-121. REMOVAL OF HEATER 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 knob.
located on the right side of the instru­
ment panel. to position valve lever in a
horizontal position.

b. Remove top nose access panel by
loosening the attaching fasteners.

c. Remove fuel lines from valve.
d. Remove mounting bracket by re­

moving attaching screws.
e. Slide bracket and valve assembly

to the left toward the center of the air­
plane far enough to cJear 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
ure 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. seat body and threads for possible damage.
d. If any part of the stem assembly (2) is damaged or if the cap nut (6) is not

drilled for safetying purposes. replace the assembly.
e. Reassemble the unit and tighten the cap nut(6) tight enough to 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 with the fuel line from the right engine.

On late model valves the pressure ~ide is marked with a "P" stamped on the valve
body. On early valves that are 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 or seat is visible is the pressure side.

b. Align valve lever with control rod and secure valve assembly and mounting
bracket with screws to the forward cabin bulkhead.

c. Connect inlet fuel line to valve.
d. Turn valve to the off position. Turn on electric 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.

HEATING AND VENnLATING
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TABLE XIU-II. TROUBLESHOOTING CHART (JANITROL HEATER)

•

Trouble

Heater fails to light.

Cause

Heater switch or cir­
cuit breaker oU.

Low vOltage supply.

Fuel cut off from tank.

Regulator not oper­
ating properly.

Restriction in fuel
nozzle orifice.

Fuel heater solenoid
not ope rating.

Fuel lines clogged or
broken.

Remedy

Turn on heater switch
or close circuit break­
er.

Apply external power
supply. Attempt to
stan heater. (Refer to
paragraph 13-89.)

Turn on manual shutoff
valve or master sole­
noid.

Check for low pr~ssure

or replace regulato r .
(Refer to paragraph
13-105.)

Remove the nozzle and
clean or 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, k and
13-115, a.)

Inspect all lines and
connections. It may be
necessary to discon­
nect lines at various
points to determine
where the restriction
is located.

HEATING AND VENTIL.-\TING
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TABLE XIn-il. TROUBLESHOOTING CHART ijANITROL HEATER) (cont) •
Trouble

Heate r fails to light
(cont).

Ventilating ai; blower

Cause

Ignition vibrator inoper­
ative.

Manual reset limit
(overheat) switch
open.

Combustion air pres:'
sure switch open. (De­
fectiveswitch or low
combustion air blower
outpUt.)

Cycling switch open.

Duct switch open.

Heater switch "OFF".
Broken or loose wiring
to motor.

Circuit breaker open.

Remedy

Replace vibrator.
Check for defective
radio noise filter.
(Refer to paragraph
13-101 and 13-112.

Press. reset button firm
ly and recheck to deter
mine reason for switch
opening.

Check for low blower
output due to low volt­
age and correct it. U
switch is defective, re
place it. (Refer to
paragraph 13-104. )

Replace if defective.
(Refer to paragraph
13-103.)

Operate control to see
if switch will come on.
Replace switch if defec ­
tive. (Refer to para­
graph 13-106.)

Energize the heater
switch. Check and re­
pair wiring.

Close circuit breaker.

•

Worn motor brushes.

H EA TING ANO VENTILATIN:;
Issued: I :'/29/72
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TABLE XIII-n. TROUBLESHOOTING CHART OANITROL HEATER) (cone)

Trouble

Ventilating air blower
fails to run (cont.)

Cause

Blower wheel jammed.

Motor burned out.

Defective radio -noise
filter.

Remedy

Remove and check the
ventilating air blower
wheel and realign if
necessary. (Refer eo
paragraph 13-115. g.)

Remove blower assem­
bly and replace motor.
(Refer to paragraph
13-108. I and r thru u;
13-115. b mru g.)

Replace fUte r .

Combustion air blower
fails to run.

Faulty wiring to motor. Inspece and replace
faulty wi ring.

Poor ground connection.

Worn motor brushes.

Blower wheel jammed.
(Usually indicated by
hot motor housing.)

Defective radio -noise
filter.

TIghten ground sc rew .

Replace motor brushes.
(Refer to paragraph
13-99. b.)

OIerhaul the combustion
air blower. (Refer to
paragraphs 13-108 and
13-115. )

Replace filter. (Refer
to paragraphs 13-108
and 13-115.)

• HEATING AND VENTILATING
Issued: 12/29/72
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T ABLE XlII-II. TROUBLESHOOTING CHART OANITROL HEATER) (cont)

HEATING AND VENTILATING
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TABLE xm-II. TROUBLESHOOTING CHART UANITROL HEATER) (cont)

•

Trouble

Heater fires but burns
unsteadily (cont).

Heater starts 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
er or improper spray
angle.

Lack of fuel at heater.

Inoperative or chat­
tering combustion air
pressure switch.

Inoperative overheat
switch.

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.)

Remove nozzle for
cleaning or replace­
ment. (Refer to para­
graphs 13-108. m and
n; 13-112. i and 13-115
k and 1.)

TIghten or replace the
nozzle as required.
(Refer to paragraphs
13-112. 1; 13-115. k.)

Check fuel supply
through all components
from the tank to the
heate r . Make nec­
essary corrections.

Adjust or replace
Switch. (Refer to
paragraph 13-104.)

Replace switch. (Refer
to paragraph 13-103.)

• HEA TING AND VENrlLATl~
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TABLE xm-n. TROUBLESHOOTING CHART ijANITROL HEATER) (cont)

Trouble Cause Remedy

Heater starts then goes Inoperative cycling Adjust or replace the
out (cent). switch. switch. (Refer to

paragraph 13-103.)

Low voltage. Attach external power.

Heater falls to shut Fuel solenoid valve in Remove and replace
off. heater stuck open. solenoid assembly.

(Refer to paragraphs
13-108, q; 13-112, k;
and 13-115, a.)

Inoperative duct and Check and repair.
cycling switch. (Refer to paragraphs

13-103 and 13-106.)

Defective heater Replace the heater
switch. switch.

HEATING AND VENTILATI!'G
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SECTION XIV

ACCESSORIES AND UTIUTIES

14-1. INTRODUCTION. This section covers accessories which are available
in this airplane and are DOt covered in other sections of this Service Manual.
This information provides tnsttuctions for remedying difficulties which may arise
in any of the accessories and the instructions are organized so the mechanic may
refer to whichever component or system he must repair or adjust.

ACCESSORIES AND UTILITIES
Issued: 12/29/72
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I. CONTROL CABLE

Z. OUTLETS

3. LOW PRESSURE LINES
•• PRESSURE ".lUGE

5. lUG" PRESSURE LINE.

II. GIY .. IN CYLINOIR

7. CLAMP.

I. "LLIA VALVI

I. ItrClULATOR

• Figure 14-1. Oxygen System Installation
Serial Nos. 30-2 ro 30-852 incl.. 30-854 to 30-901 incl.
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--- ......-.....
I. COU"OL CAlLI

~ I. OUTLETS

~ J. LOW """IU'" LIIlII
4..."nlu", lIAUlIl

s. "Ill" """IU'" LI"IS ...-
e. 0 111 CYLIIIOI"
1. CLA .

I. ,.LLIlI VAL'"

t. ""ULATO"

•

•

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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Figure 14-3. Oxygen System Installation
Serial Nos. 30-1717.30-174S to 3~2000 incI.
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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 ON/OFF 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
sprinl-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 PRECAtrrIONS. 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 Qil, grease, gasoline and all readily combustible material. Never allow electrical
equipment to come in contact with the oxygen cylinder. Keep file 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 foUowing 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(1CC or DOT 3AA 1800) must be hydrostatic tested
at the end of each 5 year period. The lightweight cylinder (lCC or DOT 3HT 1850) must be
hydrostatic tested every 3 years and retired from service after IS years or after 4.380
pressurizations. whichever comes first. The month and year of the last test is stamped on the
the cylinder beneath the ICC or DOT identification.

b. The outlets should be checked for leakage both in the non-use condition. and for
le:lkage 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 accW'3cy.

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
plu~ed 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 pennissible le:lkage
through the 1/16 diameter vent hole in the side of the upper regulator housing is 10 ccl min.
maximum. when the regulator .is turned on. There shaU be no extemalleakage anywhere on
the regulator when it is turned off. All fittings shall be leak free.

ACCE-SSORIES AND UTILITIES •
Revised: 4{6{81
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PARTS INSPECTION OVERHAUL

Regulator 300 Flight Hrs. S Yrs.
Pressure Gauge 300 Flight Hrs. S Yrs.
High Pressure Lines 300 Flight Hrs.
Low Pressure Lines 300 Flight !irs.
Outlets (Cabin) 300 Flight Hrs. S Yrs.
External Recharge Valve Each Use Replace Every S Yrs.
Masks Each Use Replace as Necessary

14-7. TESTING FOR LEAKS. Apply detector fluid type CD-I 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 pressure, further test 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.

14-8. MAINTENANCE.
a. Check that all lines have sufficient clearance between all adjacent structures 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 (Permacel 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 lines.

g. Refer to FAA Manual AC 43.13-1 for more details.

ACCESSORIES AND UTILITIES
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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 . First Method:
1. A vapor degreasing with stabilized trichlorethylene conforming to

specification MIL-T-7003 shall be used.
2. Blow tubing clean and dry with a stream of clean, dried, filtered air .

Care shall be taken to insure that the interior of the tubing and fittings are thor­
oughly cleaned.

b. Second Method:
1. Flush with naptba conforming to specification TT-N-95.
2. Blow clean and dry off all solvent with water pumped air .
3. Flush with anti-icing fluid conforming to specification MlL- F -566 or

anhydrous ethyl alcohol.
4. Rinse thoroughly with fresh water.
5. Dry thoroughly with a stream of clean, ~ied, water pumped air or by

heating ata 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 as follows:
(a) Evaporate 100 milliliters of the liquid to dryness in a weighed glass

dish. Evaporation may be accomplished by heating at 2000 F for one-half hour.
(b) After evaporation, cool and weigh the residue. The solvent shall

not be used if the residue exceeds 100 milligrams in weight. •
c. Third Method:

l. Flush with hot inhibited alkaline cleaner until free from oil and grease.
2. Rinse thoroughly with fresh water.
3. Dry thoroughly with a stream of clean, dried, water pumped air or by

heating at a temperature of 2500 to 3000 F for a suitable period.

1~-10. REMOVAL OF OXYGEN CYLINDER AND REGULATOR. The cylinder is
located in the left side of the fuselage aft of the baggage area at station 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 rear wall of the baggage compart­
ment. In airplanes with Serial Nos. 30-853 and 30-902 and up, remove the rear
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
Issued: l2/~9/72
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b. Disconnect the control cable from the regulator.
c . Disconnect 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 regulator attached to the cylinder. place itinto 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 regulaL r
aligns with control cable and pressure lines.

c. Secure cylinder in place by connecting and tightening the two clamps.
d. Connect the pressure lines and control c;able to the regulator.
e. Install access panel on the rear wall of the baggage area.

14-12. REMOVAL OF FILLER VALVE.
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 rear
seats. if installed. and the back access panel.

b. Open the valve access door located on the left side of the fuselage and re­
move the cap from the valve.

c. Be sure the cylinder valve is 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. l!'05TALLATION OF FILLER VALVE.
a. Place the valve into position 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 area.

ACCESSORIES AND UTILITIES
Issued: 12/2917~
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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. Disconnect the connector from the back of the pressure gauge.
b. Loosen and remove the retainer nut and clam p holding the gauge in place.
c. Pull the gauge out from the front of the panel.

14-15. INSTALLATION OF PRESSURE GAUGE.
a. Place the gauge into the panel from the front and replace the clamp and re­

tainer nut on the back of the gauge. Be sure the gauge is positioned properly be­
fore tightening the clamp.

b. Reconnect the connector at the rear of the gauge.

14-16. REMOVAL OF OUTLETS.
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 Dow be removed from the low pressure line.

14-17. INSTALLATION OF OUTLETS.
a. Apply sealant to the male end of the fitting. •
b. Connect the outlet to the low pressure line.
c. Position the trim panel and secure with screws.
d. Position the outer balf outlet and secure with a suitable spanner wrench.
e. Torque the fittings into the outlets apprOXimately 30 inch-pounds. Do not

over torque as this could damage the outlet.

l~-l8. PURGING OXYGEN SYSTE1'vf. The system should be purged whenever the
cylinder pressure falls below 50 psi or if any lines are left open Jor any length
of time. Also. whenever there are any offensive odors present. it will be nec­
essary to purge the system. Use the follOWing procedure:

a. Park the airplane in a NO SMOKING area.
b. Keep all doors and windows open.
c. Be sure all electrical systems are 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 or more hours. If the odor persists after the second purging. replace
the cylinder.

ACCESSORIES AND UTILITIES
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14-19. CLEANING OF FACE MASKS. The disposable masks are designed for
one-time use and require no maintenance. The pilots and co-pilots masks can
be cleaned as follows:

a. Remove the microphone from the mask.
b. Remove the sponge rubber discs from the mask currents. Do not use soap

to clean sponge rubber discs. as this would deteriorate ~e rubber and give off
u~leasant 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 all traces of soap.
e. Make sure the sides of the breathing bag do not stick together while drying.

as this may decrease the life of the rubber in the bag. The mask can be steril­
ized with a solution of 70 percent ethyl alcohol.

TABLE XIV-I. TROUBLESHOOTING CHART (OXYGEN SYSTEM)

Trouble Cause Remedy

No indication of pres- Cyl inder empty or leak Charge system and
sure on pressure in system has ex- check for leaks.
gauge . bausted pressure.

Pressure gauge defective. Replace pressure
gauge.

Pressure indication Oxygen cylinder reg- Replace regulator
normal but no oxygen ulator assembly assembly.
flOWing. defective.

Offensive odors in Cylinder pressure below Purge the oxygen
oxygen. 50 psi. system. Refer to

Foreign matter has Paragraph 14-18.
entered the system
during previous
servicing .

ACCESSORIES AND UTILITIES
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Figure 14-3a. Oxygen Tubing Installations

SKETCH C

CLAMP WIRE BUNDLES
EVERY 2" AT CROSS·OVERS

NEOPRENE HOSE MAY BE
SLIT TO FIT OVER TUBING.
SECURE WITH MS3367
CABLE TIES. POSITION SLIT
AWAY FROM WIRES. ECT

Added: 10/28/82
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1~20. ENGDNESYNCHROPHASER

1~21. DESCRIPTION OF SYNCHROPHASER SYSTEM. (Refer to Figure 14-4.)
This system consists of a pulse ge.i~tor, a strobe sensor, a computer, and an electrical

control solenoid.
The pulse lenerator~ located on the master LEFT engine supplies timing information 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 tum 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 driven by the cams.\aft 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 .':ring 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 are operated and cO!'tPQlled in the conventional manner.
After manually synchronizinB engines, the selector switch can be set to thephasc position.
This permits the synchrophaser to hold engines in RPM agreement and also in the
preselected phase relationship. .

1~22. 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 full throttle and full RPM the governors should be set
within the synchrophasinl range, if not consult Section VIII
or VillA of this Service Manual for high RPM setting
adjustment.

The propeller RPM should be manually adjusted as close to synchronization as possible
for cruise, and the quadrant friction control set. Tum 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 within 25 to 30 RPM of each other and return the
selector switch to the phase position.

Keep the function swftch in manual position except when desiring automatic control.
The engine synchrophaser will bringJnto phase, engines with an RPM difference of over 30
RP~. However, the closer the RPM is set manually the sooner automatic phasing will be
established.

ACCESSORIES AND UTILITIES
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Note the lack of an audio beat when the propellers are in phase; this should be checked
in flight. When an audible beat is heard with the system operating, it is undoubtedly not
holding the slave engine in phase with the master engine. Return the selector switch to its'
manual position for 4S seconds and readjust engine RPM manually to operating RPM. Set
selector switch to phase position for automatic operation. If the phasing is not established
after the above procedure, it is possible that some unit of the system is not operating
properly, and further ground 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 perform 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 scale to the meter jack on the front panel of
computer amplifier. Refer to Figure 14-8 . Use a suitable cable and 1/4 inch phone plug to
connect to the computer.

NOTE

When fabricating this test box, it is advisable to make the
connectinl 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

Short lengths of wire (8 to 10 inches) can be connected to
the A and B pins in the plug to facilitate connectinl 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
detennine if various units are working properly.

d. Connect the phone plug from the test box to the computer and observe the
ammeter, it should show a reading with the master switch ON. This will confll't11 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 UfILmES •
Issued: 12/29/72
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Figure 14-4. Synchrophaser Installation•

1. TACH SHAFT
2. MASTER ENGINE
3. COMPUTER
4. NOSE LANDING GEAR MOUNT
5. SLAVE ENGINE
6. DUAL DRIVE ADAPTER. RIGHT ENGINE
7. EXISTING TACHOMETER SHAFT
8. STROBE SENSOR
9. INSTRUMENT PANEL

10. WIRE HARNESS

11. DUAL DRIVE ADAPTER. LEFT ENGINE
12. EXISTING TACHOMETER SHAFT
13. FIREWALL
14. NACELLE BULKHEADS
15. PULSE GENERATOR
16. SWITCH
17. CIRCUIT BREAKER
18. ADAPTER
19. GOVERNOR
20. SOLENOID

Issued: 12/29/72
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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 current on the ammeter. A
stabilized read}ng should be I ampere ±.2 ampere.

NOTE

When first selecting the manual operation, the meter current
maybe near zero or near maAimum of meter .scale..The
solenoid current is slowly corrected and takes nve 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 LEFT 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 indic:ltes a photo conductor is supplying
a signal to the computer amplifier and must cause the ammeter to increase slowly to a
maximum of approximately 1.75 am~.

g. Wben the above condition is met, rotate the slave RIGHT ensine with the use of the
starter to a position that will cause the zero center reading voltmeter to deflect to left of
center. A full deflection to left must cause a slow amperage decrease to 0 amps. This •
indicates that the other photo conductor is supplying a signal to the computer amplifier.

NOTE

A decrease in solenoid current indicates the slave engine is
incmlSing RPM. An increase in solenoid current indicates the
slave engine is decreasing RPM.
When conditions of step b and i are met, it will confmn that
all components are 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
det1ection of the voltmeter. If it remains to the right decidedly longer than it remains on
left. it confums that the signals from the photo conducton are correct.

i. While still operating the master engine at near cruise RPM. retard revolu tions 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 confums that the signals
from the photo conductors are correct. .

ACCESSORIES AND tmLITlES
Issued: 12/29/i2

4E22 •



•

•

.-•

PIPER TWIN COMANCHE SERVICE MANUAL

NOTE

The voltmeter readings will change from side to side with
RPM and phase changes, but will show a defmite tendency to
stay to right or lc=ft of zero when engine RPM's are not in
phase.

14-24. TROUBLESHOOTING. The foUowing 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 instructions.

CAtrfION

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:

I. 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 beU

housing. No signs of chafmg should be evident.
3. The square ends of the tach cable is fraying. If so, dip the end in silver solder or

braze it. Then me the end square to fit mating unit core.
4. Be certain the core of the· pulse 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 foUowing 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 50 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.

ACCESSORIES AND UTlLmES
Issued: 12/29/72 .
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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 en~es.

(b) Start and run master engine at near cruise RPM. Set selector switch at Prop
Sync.

(c) Oisconnect plug PU at the strobe sensor and measure AC voltage at pins 0
to iround cominl from the computer.

(d) Measure AC voltqe 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 cable junction box may be fabricated to
simplify the foUowing checks. (Refer to Figure 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.

(I) If this test is positive, a bad aircraft harness lead may be present. Check the
harness with a meger ohmmeter. •

(h) Check the resistance and continuity through the pulse generator harness.
Pins 0 and E of the small plug 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 iUumination. 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.)

G> To ascertain that the pulse generator is supplying timing information to
strobe sensor, disconnect plul PL2 from the computer chassis and measure
the AC voltale across contacts E and O"while operating the master engine at
near cruise RPM. A readinl of .2 volts AC:t .1 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 system is switched from
the manual mode to phase mode. The relay is on the bottom deck of the
computer assembly. The use of a 2 amp meter and test plug will sim plify this
check. (Refer to Figure 14-8.)

(b) If no AC voltage is supplied to the strobe sensor as outlined in step 1d, 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 14-30.)

ACCESSORIES AND UTILITIES •
Issued: 12/29/72
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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

strobe sensor plug in the right nacelle.
(b) Slowly rotate the strobe sensor core (if the tach shaft is disconnected) or

propeller and watch for 1 drop in the photo conductor resistance. Check
both A and B lights. The resistance should be 200,000 ohms with the lights
covered and 180 ohms with the lights 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 sourc:e of light and move a fmger or some object back and fonh 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 14-11.) Move the
potentiometer and listen to the computer. The motor should run at
approximately 7 volts.

(e) Adjust the potentiometer just short of motor operation..Move the
pressure-drain switch from ON - Pressure to OFF and then ON again; the
current on the governor coil should be .05 amps.

(0 Move the switch from ON - drain to OFF and then ON again, the current on
the governor coil should be .05 amps.

CAUTION

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 nacelle
aft of the fuewall. (Refer to Figure 14-4.)

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 bracket fastened to the

bulkhead.

ACCESSORIES AND UI1LITIES
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Figure 14-5. Strobe Sensor

I~26. INSTALLAnON AND ADJUSTMENT OF STROBE SENSOR. (Refer to Figure
14-5.)

a. Position the strobe sensor into the mountinl 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.

ACCESSORIES Al'lD UTILITIES
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Fiaure 14-6. Pulse Generator
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b. Install the auxiliary tach shaft to the forward end of the strobe sensor and loosely
connect the knurled nut.

c. Rotate the strobe sensor case counterclockwise (viewed from the rear) until the
photo conductor block is approximately on the bottom and secure the clamp.

CAUTION

Before proceeding any further be certain the Magneto
Switches are OFF.

d. Tum the engine in the direction of rotation to locate No. I 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 rear spinner surface (from the fmt line) 3.25 inches opposite the
direction of rotation and place a pencil 'line, 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.

ACCESSORIES AND UflLITIES
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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 use of an
inspection mirror will be required to view the end of the unit.

i. Secure the clamp 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 I- Check the timing mark alignment.
Reset if necessary.

k. Connect tach shaft to aft end of strobe sensor and secure with knurled nut.
1. Connect the electriCll 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 fuewall. (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.

14-18. INSTALLATION AND ADJUSTMENT OF PULSE GENERATOR. (Refer to
Figure l~.)

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 pulse generator can be defmed 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.

CAlTTION

Before proceeding any further be certain the magneto
switches are OFF.

ACCESSORIES AND tJTILITIES
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d. Tum the engine (in the direction of rotation) to locate No.1 piston at T.D.C. on the
ignition stroke (use ring gear mark or fInt audible magneto impulse click).

NOTE

If you miss this point. do not tum the engine backwards.
start over.

e. Carefully loosen the clamp 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 OF 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 to 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 OF COMPurER ASSEMBLY. (Refer to Figure 14-4.)
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 14-7. Computer Assembly

d. Check the fuse to ascertain that it is in good 'condition and of the proper size (3 amp
• 250 volts). .

e. Install and secure the nose access panel.

14-31. REMOVAL AND INSTALLATION OF GLOW LAMPS.
a. Remove the strobe sensor in accordance with instructions given in paragraph 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 PLJ and visually observe if both glow lamps light with the master
engine turning at near cruising RPM. A pulse generator simulator may be used according to
paragraph 14-24 and Figure 14-13.

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 assembly. 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. Install the strobe sensor in the airplane and adjust it in accordance with paragraph

14-26.

ACCESSORIES AND UTILITIES
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Figure 14-8. Fabricated Test Box

PRESSl.AE

TIP CONNECTOR TO +
SIDE Ot- AMP METER

---==:J 1:0
WIRE MUST BE LONG ENOUGH TO
REACH FROM THE COMPUTER INTO
THE COCKPIT.

1160 !
I
AMMETER

•

STROBE SENSOR
VIEWED FROM
CONDUCTOR SIDE

(BLACK)

GOVERNOR
SOLENOID

MS-3102A-IOSL-4P
lollS- 3106A-IOSL-4S

PHOTO
CONDUCTORS

A

AMPHENOL 191
AMPHENOL 192

STA-ON
DISCONNECT

MANUAL

PL2

AIRCRAFT GRD.

A + 14V DC

MS- 3106A-16S-IS
MS-3102A-16S-IP

A207

Figure 14-9. Electrical Schematic
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Figure 14-iO.Strobe Sensor Internal Wiring Test Unit
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Figure 14-11. Strobe Sensor Simulator
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Figure 14-13. Pulse Generator Simulator
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TABLE XIV-n. TROUBLESHOOTING CHART (ENGINE SYNCHROPHASER)

Trouble Cause Remedy

No indication of Master switch OFF. Tum switch ON.
solenoid current.

Bad fuse in computer. Replace fuse.

Faulty wiring. Check wiring and
connections.

Faulty computer. Replace computer.

System not operating Pulse generator and Perform operational
properly. lamp amplifier sus- check in accordance

peeted of faulty with Par. 14-23.'
. operation.

Tach shafts faulty. Visually check
tach shafts.

Pulse generator and Perform electrical
glow lamp amplifier test in accordance
in computer not with Par. 14-24b.
operating.

Glow lamp or lamps Replace glow lamp or
and/or photo con- photo conductor assem-
ductor or conductors blies. Refer to Par.
defective. 14-31.

Faulty computer. Perform electrical
test in accordance
with Par. 14-24b.

System will not sync. Electrical. Perform electrical
(Note) test in accordance

Unit will not sync. with Par. 14-24b.
on ground.

Mechanical. GIeck tach drive
cables per Par. 14-14a.

Pilot. Refer to Par. 14-2~ for
Engines not set within operating procedures.
range of system.

•

•

ACCESSORIES AND UTILITIES
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PART II
PI·39

Part II (Grid 4G t tbru 413) contains service infonnation
peculiar to PA·39 model only. See Part I (Grid tAlS thru
4F9) for infonnation common to PA·30 and PA·39 models.
When obtaining PA·39 service information from Part I
involving PA·30 serial numbers use infonnation pertaining to

.the bigtiest serial number.
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PIPER TWIN COMANCHE SERVICE MANUAL

SEC1JON 1

INTRODUCTION

1-1. GENERA L. nus manual contains service and maintenance instructions
for the Piper PA-39 Twin Comanche, designed and manufactured as a versatile
airplane in the personal and rosiness aviation field, by the Piper Aircraft Corpo­
ration, Lock Haven, Pennsylvania.

The description of the airplane included in this section is limited to gen­
eral 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 (option­
al 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 sec­
tion , the cabin section, and the tail cone section.

1-4. WING. The laminar flow wing is of all-metal stressed-skin, full-canti­
lever design, consisting of two wing panels bolted together at the center of the
fusetage. 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 trim tab. The rudder and stabUator 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.

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

INTRODUCTION PART II
Issued: I2/29/72
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PIPER TWIN COMANCHE SERVICE MANUAL

1-8. BRAKE SYSTEM. The brakes on the PA-39 are hydraulically operated by toe pedals.

1-9. ENGINES AND PROPELLERS. The airplane is powered by two Avec-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 US" after the hub dash number, such as HC-E2YL-2BS. The US" propeller should not
be intennixed with the other propellers. Each model with its engines and particular
propellers are as follows:

Model Engine Propeller H.P. Octane

PA-39 HC-E2Yl-2
HC-E2YL-2S

Left Engine IO-320-BIA HC-E2YL-2SF 160 100/130

PA-39 HC-E2YL·2BL
HC-E2YL-2BLS

R19ht Engine LIO-320-BIA HC-E2YL-2BLSF 160 100/130

PA-39 Turbo HC·E2YL·2
HC·E2YL-2S

Left Engine IO-320-ClA HC-E2YL-2SF 160 100/130

PA-39 Turbo HC-E2YL-2BL
HC-E2YL-2BLS

Right Engine LIO-320-C lA HC·E2YL·2BLSF 160 100/130

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. pllons, (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.

I-II. 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.

•

•

PART n INTRODUCTION
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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 fairina ahead of the vertical fm.

INTRODUCTION PART II

Issued: 12/29/72
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TABLE n-!. LEADING PARTICULARS AND PRINCIPAL DIMENSIONS

•

-•

MODEL

ENGINE

Manufacturer
Model

FAA Type Certificate
Rated Honepower
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 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

(1) PA.)' ONLY.
(2) PA·n TURBO ONLY.
(3) ALL. RIGHT ENGINB ONL.Y.
(4) REFER TO PART I.

HANDLING AND SERVICING PART n
Revised: 1/31/74

4Gl0

PA-39, PA-39 Turbo

Avco-Lycoming
Left: IQ-320nIACl» •

IO-32OCIA 2)

Right: UQ-320B IAll )
UQ-32OCIA(Z)

IE12
160

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

10.0 gph
8.8gph
8.2gph
1:1
Clockwise, Counterclockwise(J)
5.125 in. .
3.875 in.
319.8 cu. in.
8.50:1
287 lbs., 294 Ibs.l2

)

19.22 tn.
32.24 in.
33.59 in. (4)

Refer to Table II-III
8 quarts
0.010 Ib./bhp/hr.

100/130 Octane
RSA-5ADl
S4LN-21, S4RN-21 UJ

1: 1
Clockwise, Counterclockwise())
25 degrees BTC
0.018:t 0.006



PIPER TWIN COMANCHE SERVICE MANUAL

TABLE II-I. LEADING PARTICULARS AND PRINCIPAL DIMENSIONS (cont.) •
MODEL

ENGINE (cont.)

Spark Plugs (Shielded):
AC
Champion

Spark Plua Gap Settinl (in:}2)

Firinl°rder
Tachometer Drive, Ratio to

Crankshaft
Tachometer Drive, Rotation
Starter:

Prestotite, 12-Volt
Starter Drive, Ratio to Crankshaft
Starter Drive, Rotation
Alternator, Prestolite

Voltage Resulator, Prestolite
Ovel'Yoltage Control, Prestolite

Vacuum Pump
Vacuum Pump Drive, Ratio to
Crankshaft

Vacuum Pump Drive, Rotation
PropeUer Governor Drive
PropeUer Governor Ratio
Fuel Pump

PROPELLER

Manufacturer
Type
Hub.

Blade (2)

(l) PA·n TU RBO ONLY.
121 REFER TO LYCOMINQ SERVICE INSTRUCTION NO. 10.2.
(3) ALL RIQHT ENQINES ONLY.
(.1 PA·J9 TURBO RIQHT ENQINE ONLY.

PA-39, PA-39 Turbo

SR-88D,171(1)
REM40E, REB-37N(I)
0.0 IS to 0.022 in.
0.015 to 0.021 m~l)
1-3-24, 14-2-3(3

O.S: I
Clockwise, Countei-clockwise1J)

Model: MZ4206, MZ4216 13
)

13.55: I
Counterclockwise, Clockwisel3 )

12·volt, ALX 8403
VSF 7203 SA
XI7621
200 cc, 200 cwlJ)

1.30: I
Counterclockwise, Oockwisel3 )

AN200 I0 Type XX
0.S66: I
AC~P6440296

Lear-Siesler RG I 79S011
) .)

Lear-Siegler RG I 79So-K I

HartzeO
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-2BLSF(J)

7663-4 or. F76634
17663-4 or FJ76634

•

HANDLING AND SERVICING PART II
Revised: 1/31/74 •
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TABLE II-I. LEADING PARTICULARS AND PRINCIPAL DIMENSIONS (cont.)

•

•-

MODEL

PROPELLER (cont.)

Diameter
Diameter, Minimum
Blade AnIle, Low:::
Blade Angle, High
Control Governor
Governor Model

FUEL CELL CAPACITIES

Inboard (Main) Fuel CeDs
Capacity (Each)
Unusable Fuel (Each)

Outboard (Auxiliary) Fuel Cells
Capacity (Each)

Tip Tanks
Capacity (Each)

LANDING GEAR

Type
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-In
Turning Radius (Min.)

Wheel, Nose
Wheel, Main
Brake Type
Tire, Nose
Tire, Main
Tire Pressure

111 BLADE ANGU AT 30 IN. RADIUS.
(2) ALL RIGHT ENGINES ONLY.
(J) OPTIONAL ON PM'.
(4) PA·19 TURBO ONLY•

HANDLING AND SERVICING PART n
Revised: 1/31/74
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PA-39, PA-39 Turbo

72 in.
70 in.
12.0 ± 0.015 degrees
78 degrees
Hartzell
F~3S or F~3A,
F~3AL(2)

Two
30 U.8. gallons
3 U.S. 'gallons
Two
15 U.S. pIlons
Two IS)

15 U.S. gallons

Electrically retractable
Combination Air and Oil
Mll.-H·5606 (Red)
2.75 in.
100 psi
9 ft. 9.5 in.
7 ft. 3.625 in.
2S ° Max. 19 0 Min.

(right)
25 °Max. 19 0 Min.

(left)
odegrees
28 ft. 1.S in.
28 ft. 11 in.141

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
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TABLE 0·1. LEADING PARTICULARS AND PRINCIPAL D[MENSIONS (cont.) •
MODEL

OVERALL

Gross Weiaht
Gross Weilht landini
Width (Span)

Lensth
HeiBht (Static Ground Line)
Heilht, Propeller Hub,
11lrust Une Level

Clearance, Propener Tips.
11lrust Une Level

FUSELAGE

Length (lncludinl Tail Cone
Fairing)

Width (Without Stabilator)
HeiBht (Without Vertical Fin)

WINGS

Span (Width)

Chord:
Station 25 inches
Station 62 inches
Station 211 inches

Dihedral (Leadinl Edge)
Incidence
Wing Twist
Lensth of Flap
Length of Aileron

E~PENNAGE

Stabilator Overall Span
Fin Setting, Fixed

It) PA.J9 TURBO ONLv.

PA·39 , PA·39 Turbo

3600 Ibs., 3725 Ibs.U )

3600 Ibs., 3725 Ibs.lU
35 ft. 11.75 in.
36 ft. 9.625 in.m
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.Ul ·

7 ft. I in.
5 ft. 5 in.
3 ft~ 3 in.
5 degrees
2 degrees
odegrees
110.90 in.
75.30 in.

12 ft. 6 in.
odegree centerline

•

HANDLING AND SERVICING PART II •
ReviSed: 1/31/74
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TABLE U-I. LEADING PARTICULARS AND PRINCIPAL DIMENSIONS (cont.)

MODEL

AREAS

Tota! Willi Area (Including Aileron
and Flaps)

Aileron
Flap
Stabilator, including trim tab
Fin
Rudder

PA-39. PA-39 Turbo

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 II.

CONTROL SURFACE CABLE TENSION

REFER TO TABLE V-I, PART n.

HANDLING AND SERVICING PART II
Revised: 1/31/74
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Paragraph Grid No.

4-1. O1eckina and BaJancina Stabilator . ~ . . . . . . . . . . . . . . . . . . . . . . . 4G 17

NOTE

Refer to Part I for Rudder and Aileron.

•
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SEcnONIV

PART II

STRUCTURES

4-1. CHECKING AND BALANCING STABILATOR. (Serial Nos. 39-1 to 39-155
inclusive.) (Refer to Fi&Ure 4-1 .)

a. Whenever a stabilator has been repaired and/or repainted, it must be balanced before
the airplane is fiown.

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 (I)
and tab actuator ann must be disconnected from stabilator tab hom during balancing.
Hardware used to connect the" extension spring cable and stabilator control cables should be
removed. Hardware holding balance ann 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 hom to the stabilator
torque tube, and those holding the stabilator to the torque
tube as wen as the nuts holding the stabilator stop to the
torque tube. Measure the bearing resistance again. When thD
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 fuselase 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.

•

•
Co Master checlc weight (6) (PIN 235~0) (weight 1.58 pounds) should be placed on

top of balance weight (5) (PIN 23594-(0) with the side marked "FRONT' facing forward.
(Refer to Figure 4-1 I.) If this is not enough weight to obtain static balance with the balance
ann level, plates (4) (PIN 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 mare 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 set 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 ~88

pounds will balance the stabilator with the spring scale hooked to the bolt that fastens the
two stabilator-eonnecting tabs (ann of 17 inches). As soon as a master check weight is
available, the balance should be checked for accuracy.

Added: 6/28/76
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Filure 4-1. Balancing StabiJator, Serial Nos. 39-1 to 39-1 SS inclusive

•

••

PIPER TWIN COMANCHE SERVICE MANUAL

J--,~
NOTE: REMOVE
CHECK WEIGHT

AFTER BALANCING.

5

1. BALANCE ARM
2. STABILATOR CONTROL CABLES
3. EXTENSION SPRING CABLE
4. PLATE. PIN 2317~

5. BALANCE ARM WEIGHT
e. MASTER CHECK WEIGHT. P'N2~OO

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.

£. All stabilator and tab controls should be reconnected.'
~ ThestabiJator 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.

11. The operation and feel of the stabilator controls should then be checked for proper
movement.

Added: 6/28/76
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SEcnONV

PARTll

SURFACE CONTROLS

5-1. RIGGlOO AND ADJUSTMENT OF STABILATOR CONI'ROLS.
a. Level the airplane. (Refer to Leveling. Section II of Part 1.)
b. To check and set the correct degree of stabilator travel. the following pro­

cedure may be used:
1. Check the travel by placing a rigging tool on the upper surface of the

stabilator as shownin Figure 5-1. (This tool may be fabricated from dimensions
given in Figure 5-19 of Part 1.)

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 stabil­
ator and determine that when the stabilator contacts its stops. the bubble of me
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 me
stabilator and determine that when it contacts its stops. the bubble of the pro­
tractor is centered.

4. Should the stabilator travel be incorrect in either the up or down posi­
tion. 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 left bearing block of the torque tube in or out (Refer to Figure 5- 5 of Part 1.)
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 PART U

Issued: 12/29/72
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•TABLE V-I. CONTROL SURFACE TRAVEL AND CABLE TENSION

Control Surface Travel
Aileron

E --------~,._ IS' : 1·

Stabilator
Stabilator Trim Tab

5-112° +1° -(J> _________9" ~ 1°

? -I - - 4- s:¢
15-1/2° +1° -1-1/2°

9" : 1·

Rudder

-EO
<:',.

- . -±- - - ~

~'"
(MEASURED PERPENDICULAR TO HINGE <il /

Flaps 27°±1°down

Control Wheel Measured from face of instrument panel ~
88.25' , 88 .25'

.~, LffiJ.t==f ::'.
5.88:1 ~L7.eer ·::.·f:::

1-14.88 .

Rudder Pedals Neutral position 13° aft vertical
Neutral to Fwd 3.51 in. } 6.69 Total
Neutral to Aft 3.l8in.

Cable Tension NOTE
Aileron 26 lbs ± 20%
Srabilator 18 Ibs ± 20% CABLE TENSIONS GIVEN APPLY ONLY

Stabilator Trim Tab 12 Ibs ± 20%
TO AIRPLANES WITHOUT AUTOPILOT
BRIDLE CABLES ATTACHED. REFER TO

Rudder III 25 Ibs. to 40 lbs. APpqOPRIATE AUTOPILOT SEnV ICE

Rudder Trim 10 lbs ± 20% MANUAL FOR PROPER CABLE TENS IONS

III MEASUREMENT TAKEN AT THE ~l..EXIBl..EPORTION Of'
WHEN ATTACHING BRIDLE CABLES.

THE CABl..E NEAR THE FORWARO CABIN BUl..KHEAO.

•

SURFACE CONTROLS PART II •
Revised: 1/31/74
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A229

I. 8U8aLEPROTRACTOR
2. I'AIIRICATm LEVELING BAR
J. ATTACHMENT BOLTS ACcaa HOLD
4. STA81LATOR

•

•

4
,
" ..

SHOllT LKO 0 .. LKVKLINO TOOL
..0"...."0 ON .."ONT .. "C. 0 ...~ ""

.~"""LL.KL. TO ,"0.. "1"CIU"T.

•

•~.

Figure 5-1. Stabilator Rigging Tool

c. To check and set stabUator control tension, and neutral relation of the
control wheels with the stabilator. the follOWing procedure may be used:

1. Ascertain that the stabUator baiance(Refer to Checking and Balanc­
ing StabUator, Section IV.) and travel are correct.

2. Remove the access panel from the rear wall of the baggage compart­
ment or area.

3. P~sition 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 stabilatDr 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 and/or 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 posi­
tioned approximately at station 172.5 to assure turnbuckle clearances.

d. Check and, if required, adjust the stabilator control extension spring lo­
cated in the extreme aft portion of the fuselage to obtain 0.5 inch minimum ex­
tension of the spring with stabilator stops at correct adjusanent and control wheel
at the full forward posit1on. Access to the spring is gained by removing the ac­
cess panel located on the right side of the fuselage just forward of the stabilator .

SURFACE CONTROLS PART II
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e. Check the full travel of the control wheel with relation to the full travel of
the stabUator to determine that the stabilator contacts its stops before the con­
trol 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 INTERCONNECTING 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 neua·al 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 posi­
tion.

g. lfnecessary the left interconnecting spring(25) extension may be increased
up to a maximum of 0.38 inch to allow the aileron cona-ols to spring back to neu­
tral approximately equal amounts from the right and left stops with the rudder
controls held in the neua-al position.

h. Ascertain turnbuckles baveno 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 lubri­
cated.

b. Draw an index line one inch below and parallel to the taU cone skin lap.
c. Attach an accurate spring scale (SO lb. scale) to the stabilator halves con­

nection tabs in such a manner that the scale can be raised vertically. Measure­
ments should be made at average room ~emperature whenever possible.

d. Measure up force by smoothly pulling up on the spring scales and record­
ing measurement as the stabilator leading edge passes through the index mark.

SURFACE CONTROLS PART U
Issued: 12/29/72
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STA.

136.500
21. SPRING

22. COTTER PIN

23. BOLT ASSEMBLY

24. CLEVIS

25. SPRING. LEFT

26. CABLE CLAMP

7. AILERON CABLE. LEFT

8. COTTER PIN. CABLE GUARD

9. PULLEY ASSEMBLY. LEFT

10. INTERCONNECTING CABLE. LEFT

11. RUDDER CABLE. LEFT

12. CONTROL CABLE PULLEY CLUSTER

13. TURNBUCKLE. RIGHT

'",.,; r
~ I

13 14 16 17
1j 1j

= , !1 ~
3 :

~~. "-====:a.•. .
~ ......oJ!. .-.

I 4 5-. ~ .
."

2 5 t::
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~~-
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.~ ~ . ~
~
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..~

~~; ... rf•10 7

1'2
20 21 2223 24 2526

1. PULLEY ASSEMBLY. RIGHT .14. SPRING

2. INTERCONNECTING CABLE. RIGHT 15. COTTER PIN

3. RUDDER CABLE. RIGHT 16. BOLT ASSEMBLY

4. AILERON CABLE. RIGHT 17. CLEVIS

·18. SPRING. RIGHT -.- 5. STABILATOR CABLE 19. CABLE CLAMP

6. STABILATOR CABLE 20. TURNBUCKLE. LEFT
.....-STA.

105.375

•

• Figure 5-2. Interconnecting Control Cable Installation
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•A212

SPIIIC SCALE

Figure .5-3. Checking StabUator Friction

e. Measure pull "relax1Dg"· force by maintaining tension on the spring scale
and allowing the stabUator to slowly return to neuttal and recording the measure­
ment as thestabUator leading edge passes the index mark.

f. Several measurements should be made and the average used in the fric­
tion calculations which are as follows:

1. To determine system friction subttact pull relaxing force from pull
up force.

EXAMPLE

•
Pull up force =
Pull Relaxing force 2

System friction

25 lbs.
-5 lbs.
20 lbs.

2. Maximum permissible system friction is 25 lbs.
3. To determine average down spring force divide the system friction

by 2 and add the pull relaxing force.

EXAMPLE

System friction 20 lbs. + 5 lbs. pull relaxing
2

force 2 15 lbs. Average Down Spring Force.

SURFACE CONTROLS PART IT
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4. Minimwn pennissible down spring force is 15 lbs.
g. Determine minimum pennissible down spring force according to total sys­

tern friction as follows:

Toral System Friction Average Down Spring Force

25 lb. max. 17 lb. min.

22 1/2 lb. 16 lb. min.

20 lb. 15 lb. min.

Example: If the friction Is 25 lb. the down spring must be at least 17 lb.
h. If system friction is more than 25 lbs. check control system for binding

bearings, pulleys and fair1eads, and control wheel tube for sufficient lubrica­
tion.

NOTE

Additional friction resistance checks must be taken
following any adjustment to the primary and/or bridle
cables .

SURFACE CONTROLS PART II
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oj

SEcnONVIU

POWER PLANt'

(Normally Aspirated)

8-1. MAGNETO TIMING PROCEDURE. (INrERNAL TIMING.) When iDstall­
iDg or adjusting breaker points aDd before t1miDg the magneto to the engine. it
is important that the internal timiDg of the magneto be co,rrect.

a. To internally time the magneto, it should be removed from the engine to

determine "E" gap.
b. To determ1De "E" gap, tlDd neutral position of the magneto drive by ro­

tating drive coupliDg of S4LN-21 Magnetos in th.e-Ieft band direction and S~RN­

21 magnetos in the right baDd direction until the red or white chamfered tooth
on the distributor gear appears through the timiDg inspection hole. At the same
location. the drive should feel to have fallen into a uotch or neuttal position.

c. Rotate coupliDgfrom neutral in the direction of rotation 10 degrees .
Appearing through timiDg bole. when the white or red tooth aligns with the white
line of the distributor block the magneto is set at "E·' gap. (Refer to Figuz
8-1.)

Figure 8-1. Magneto Timing Marks

POWER PLANT PART U
Issued: 12/29/72
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d. UslDg the alignment of the chamfered tooth on the distributor gear and
the white IlJle on the distributor block as a reference. adjust the breaker points
to open at this polJlt.

e . Turn the magneto drive until the cam follower is on high polJlt of the cam
lobe. Measure contact clearance, it must be 0.018 ot an inch + 0.006 with the
polJlt opening set at "E" gap. If breaker points do DOt come within tolerances,
they should be replaced.

8-2. MAGNETO INSTALLATION AND TIMING PROCEDURE. (Timing Magneto
to Engine.) The magnetDs can be installed and timed to the engine by the follow­
ing procedure:

Ascertain that the breakers are correct tor proper
internal tlpllJlg otmagnetos.

a. Remove cowllDg per section vm of Part I.
b. Remove the top spark plug from No. 1 cylinder. Place the thumb of one

hand over the spark plug bole aDd rotate the crankshaft in dfrection at 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. I cylinder are closed. Turn the
crankshaft opposite to its direction at rotation until it is approximately 35 de­
grees BTC on the compression stroke at No. 1 cylinder. Rotate the crankshaft
in its direction of rotatioD until the 25 degrees mark aD the back of the starter
gear and the crankcase pRrti.Dg surface are aligned. or the marks aD the frODt
at the starter ring gear and the drUled hole in the starter housing align. (Refer
to Figure 8-2.)

c. Rotate the drive gear OD the magneto until the chamfered tooth on the dis ~

tributor 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. Without allOWing the- gear to turD from this position, install the magneto
with gasket aD the engine and secure with washers aDd nuts.

e. Tighten nuts sufficiently to hold magneto in position and yet allow it to be
rotated.

f. Fasten the ground lead of the timinglight to an unpainted metallic portion
of the magneto and one positive lead to the tenniDal side of the points. Ascer­
tain that the primary ground spring is DOt touchlJlg the magnetD case.

POWER PLANT PART II
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ROTATION

RIGHT ENGINE

Figure 8-2. EDg1ne TlmlDg Mark

ROTATION

•
g. Tum on the tim1Dg light switch.
h. Rotate the map.e1D bous1Dg in direction of the magnet rotation a few de­

grees UDdl Ugbt comes on. Then slowly turD map.e1D in opposite direction un­
til the t1m1Dg light just goes out. Secure the magnetobousing 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 de­
grees BTC on compression stroke No. 1 cyliDder.

NOTE

The crankshaft should DOt be rotated more than 10 degree::.
111 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. U this should happen. rotate crank­
shaft in direction of rotation until sharp click is heard: this
will indicate that the impulse coupling has passed through
flring position. Turn crankshaft in the direction opposite
rotation to approximately 35 degrees BTC and proceed with
timiDg check.

POWER PLANT PART n
Issued: 12/29/72
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•j. Turn 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 start­
er, as shown in Figure 8-2, or the timing mark on the back of the ring gear a­
ligns with the crankcase parting surface. At this point, the light should go out.

k. If the light does DOt 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. Tighten 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 simul­
taneously when the c~nkshaft is rorned in the direction of rotation aligning the
25 degree marks with either the drilled hole in the atarter housing or the crank·
case parting surfaces.

q. Disconnect timing light. Ascertain that the inspection plugs and breaker
cover are installed aDd secure.

r. Install barness plate and secure with screws. •
s. Connect uP" leads and safety.
t. install COWling per section vm of Part I.

POWER PLANT PART n
Issued: 12/29/72 •
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TABLE VIII-I.

PROPELLER SPECIFICATIONS (PA-39)

CHAMBER PRESSURE REQrnREMENTS WITH TEMPERATURE
HC-E2YL-2B, HC-E2YL-2BL or HC-E2YL-2BLF••

Hlade Anile Low Pitch (High RPM)

Hish Pitch (Low RPM)

Propeller RPM Engine Static High RPM
5ettiq EDline Static Low RPM

Propeller Torque Description
Limits

Spinner Bulkhead (Aft)
Propener M9Untiq Bolts
Propeller MountiDa Studs
Spinner Bulkhead Check

Nut
Spinner Attachment Screws

° °12 :J: 0.015 III

780
III

(Feathered)

2700 max
1850 :J: SO min

Required Torque
(Dry)

22 foot-pounds
SO foot-pounds
40-42 foot-pounds
3S-40 foot-pounds

40 inch-pounds

•

Temp. OF Press. (psi) Temp. OF Press. (psi)

100 188 30 165
90 185 20 162
80 182 10' 159
70 178 0 IS4
60 175 -10 152
SO 172 -20 149
40 168 -30 146

HC-E2YL-2BS, HC-E2YL-2BLS or HC-E2YL-2BLSF

Temp. OF Press. (psi)

100 53
70 SO
40 47
10 44

-20 42

NOTE: Do not check pressure or charge with propeller in feather position.

POWER PLANT PART II
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SECTION V1IIA

POWER PLANT

(Turbocharged)

SA-I. MAGNETO TIMIN3 PROCEDURE. (INI'ERNAL TIMING.) When install­
ing ,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, it should be removed from the engine to
determine "E" gap.

b. To determine "E" gap, find neutral position of the magneto drive by ro­
tating drive coupling of S4LN-21 Magnetos in the left hand direction and S4RN­
21 magnetos in the right hand direction until the red or white chamfered tooth
on the distributor gear appears through the timing inspection bole. At the same
location, the drive should feel to have fallen into a DOtch or neutral position.

c. Rotate coupling from neutral in the direction of rotation 10 degrees. Ap­
pearing through timing hole, when the white or red tooth aUgns with the white
line of the distributor block the magneto 1s set at "E" gap. (Refer to Figure
8A-i.)

Figure 8A-1. Magneto Timing Marks

POWER PLANT PART n
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d. Using the alignment of the chamfered tooth on the diseributor gear and
the white line on the disttibutor block as a reference, adjust the breaker points
to open at this point.

e. Tum 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. U breaker points do not come within tolerances.
they should be replaced.

SA-2. MAGNETO INSTALLATION AND TIMING PROCEDURE. (Timing Mag­
neto 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 in­
ternal timing of magnetos.

a. Remove cowling per section vnIA of Part t.
b. Remove the top spark plug from No. I cylinder. Place the thumb of one

hand over the spark plug hole and rotate the crankshaft in direction of rotation
until the compression sttoke is reached. The compression stroke is indicated
by a positive pressure inside the cylinder tending to lift the thumb ofi 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 de­
grees BTC on the compression seroke of No. 1 cvlinder. 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 al ign . (R e­
fer to Figure 8A-2.)

c. Rotate the drive gear on the magneto until the chamfered tooth on the dis­
tributor 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 magnerlJ
with gasket on the engine and secure with washers and nuts.

e. Tighten nuts suffiCiently to hold magneto in position and yet allow it [0 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. Ascer­
tain that the primary ground spring is not touching the magneto case.

POWER PLANT PART II
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ROTATION

RIGHT ENGI NE

Figure 8A-2. Engine Timing Marks

ROTATION

LEFT ENGINE

•

".

g. Turn on the timing light switch.
h. Rotate the magneto housing in direction of the magnet rotation a few de­

grees until light comeos on. Then slowly turn magneto In opposite direction un­
til 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 de­
grees BTC on compression sa-oke No. 1 cylinder.

NOTE

The crankshaft should DOt be rotated more than lO 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 crank­
shaft in direction of rotation until sharp click. is heard: this
will indicate that the impulse coupling has passed through
firing position. Turn cranlcshaft in the direction opposite
rotation to approximately 35 degrees BTC and proceed with
timing check.

POWER PLANT PART II
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j. Turn 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 start­
er. as shown in Figure SA-2, or the timing mark on the back of the ring gear
aligns" with the crankcase parting surface. A.t this point, the light should go out.

k. If the light does DOt 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.

l. Tighten 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 insttuctions 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 sa-oke.

p. U the magnetos are timed correctly, both timing lights will go out simul­
taneously when the crankshaft is turned in the direction of rotation aUgning the
25 degree marks with either the drilled hole in the starter housing or the crank­
case 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 VUlA of Part 1.

POWER PLANT PART 11
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1. RATE OF TURN INDICATOR
2. AIRSPEED INDICATOR
3. STALL WARNING LIGHT
4. GYRO HORIZON
5. GIS COUPLER LIGHT
8. DIRECTIONAL GYRO
7. ALTIMETER
8. RATE OF CLIMB
9. OMNI BEARING SELECTOR

10. MARKER BEACON
11. TRANSPONDER
12. RADIO SELECTOR PANEL
13. ADF RADIO
14. COMM/NAV TRANSCEIVERS
15. ALTIMATIC IIIB
18. 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-COLUSION

WHITE. ANTI-COLUSION

2 3 4 5 8 7 8 9 10 31

=ais

26. PARK. BRAKE HANDLE
27. POST UGHTS SWITCH
28. LANDING LIGHT L
29. LANDING LIGHT R
30. PITOT HEAT
31. MIXTURE INDICATOR
32. MAP LIGHT
33. AMMETER
34. NAV. SELECTOR SWITCH
35. LANDING GEAR SELECTOR
36. AUTOFLIGHT
37. ALTERNATOR TEST BUnONS
38. GYRO SUCTION GAUGE
39. FLAP INDICATOR
40. NAV/APPROACH COUPLER
41. FLAP ACTUATOR SWITCH
42. RUDDER TRIM
43. ALTERNATE AIR CONTROLS
44. COWL FLAPS L • R
45. ALTERNATOR SWITCHES
46. OXYGEN CONTROL
47. CIGAR L.IGHTER
48. CIRCUIT BREAKER PANEL
49. CABIN HEAT CONTROLS
50. DEFROSTER CONTROL

1213 20

.' Figure 10-1. Instrument Panel
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Figure 11-1. Dome lights Schematic
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Figure 11-2. Instrument lights Schematic
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1

Figure 11-3. Red Strobe light Schematic
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Figure 11-4. White Strobe lights Schematic
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. PART II

SE.CTIOI XII

ELECTRONICS

NOTE

For Autopilot and AutoDiatic Trim service and maintenance:
information, refer to the ~ppropriateService Manual:

Subject Manual Part Number •
AutoControl ill and AltiMatic In Service Manual
AltiMatic IIIB-l Service Manual
AutoFlite Service Manual
AutoFlite: II Service Manual
Pitch Trim Service Manual

753723
761 502
753720
761 481
753771

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 XII.
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