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INTRODUCTION

This Handbook is issued for the information and
guidance of personnel who are operating Model V-1710-
F2R, F2L, F3R, F4R, F5R, F5L, F10R, F10L, F20R and
F21R engines manufactured by the Allison Division of
General Motors Corporation. All information necessary
for the operating, routine servicing, and making minor
adjustments is given in this Handbook.

Thesé instructions are the result of our experience
in the design, development, manufacture, and setvice
operation of the Allison engine. Consequently, we urge
that the suggestions outlined be followed closely.

For details of Engine Installation, refer to the In-
stallation Handbook of the airplane manufacturer.

The following definitions shall apply to the nomen-
clature nsed throughout the text:

REAR.—The anti-propeller end is referred td as the
“Rear” of the engine,

RIGHYT AND LEFT.—The terms “Right” and
“Left” are established when viewing the engine
from the rear,

ROTATION.—The direction of rotation is estab-

* lished when viewing the engine from the rear. The
directions of rotation of the accessory drives are
established when facing the mounting pads.

CYLINDER DESIGNATIONS.—The cylinders are
numbered from the rear of the engine toward the
front. The rear cylinder of the right bank is desig-
nated as “1R”, the next cylinder as “2R”, etc., to
“6R"”. The left bank cylinders are designated as
*1L”, “2L", etc. to “6L”.

It should be observed that this system of cylinder
numbering is the opposite to that used in British in-line
engines. See Figure 1,

We desire close co-operation with the users of our
engines, and ideas for the improvement of the engine,
its equipment, and servicing are welcome and will be
given our careful consideration. There may be problems
arising in the operation or care of the engine, in which
case our Service Department will be glad to co-operate
in every way possible toward finding a solution.

Thronghout this Handbook, all references pertain to
all models covered in this Handbook unless specifically
stated otherwise,

Necessary tools for accomplishing the work outlined
_ herein will be found listed in Section X.

The following Commercial Handbooks contain re-
lated instructions and information and will be referred
to when additional information is required:

ENGINE PUBLICATIONS—

*Allison Overhaul Manual for V-1710-"F” Type
Engines. '

*Commercial Overhaul and Service Parts Catalog
for Allison V-1710-F3R Engines.

#Allison Commercial Parts Catalog for Models V-
1710-F5R and F5L Engines.

#Allison Commercial Parts Catalog for Allison V-
1710-F10R, F10L and F4R Engines.

LEFT SIDE
34IS 1H9HY

Figure 1—Cylinder Designation Charf.
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Commercial Overhaul and Serv1ce Tool Catalog for
Allison Engines.

Pilots Notes for Allison Engme Installations.
Operators Manual for Allison Engine Installations.

#NOTE: Similar handbooks are available on the
V-1710-"C” and “E” type engines.

ACCESSORY PUBLICATIONS—

Service Manual and Parts Catalog for Cuno Air-
craft Filters—Distributed by Cuno Engineering
Corporation, Meriden, Conn. =

Service Instructlons — Parts List — D F Type Mag-
neto — Distributed by Sciatilla Magneto Divi-
sion, Bendix Aviation Corp., Sidney, N. Y.

Service Manual — Stromberg Injection Carburetors
for Aircraft—Distributed by Bendix Aviation Cor-
poration, South Bend, Ind., ~ .-

A C Aircraft Spark Plugs — Distributed by A C
Spark Plug Division, Flint, Mich. .

All correspondence with the 'con:lpaﬁy including re-

quests for engine publications should be addressed to

Allison Division, General Motors Corporation, Indian_—

apolis, Indiana. Requests for accessories publications
should be addressed to the accessory manufacturer.

ORDERING PARTS

Whenever possible, parts should be ordered from the
Parts Catalog. Some parts are not furnished individually,
but must be purchased as assemblies. This is due to the
fact that such parts require special and extensive equip-
ment for assembly, and cannot be fabricated except

- when a shop is especially equipped for this work. These.

special parts are appropriately indicated as such in the
Parts Catalog. If an order is received for a detail part
of an assembly coming under this classification, the
assembly will be shipped.

Spare parts for such accessories as vacuum prmps,
starters, generators, and fuel pumps are ordered as out-
lined in the airplane manufacturer’s Handbook. Spare
parts for such accessories as magnetos, spark plugs,
etc., should be ordered from the accessory manufacturer.
See Section IX.

When ordering engine spare parts ‘c'u' requesting serv-
ice information, the setial number and model of the
engine for which the request is made shall be furnished.

CYLINDER HEAD
COOLANT OUTLET
ELBOW

COWLING SUPPORT STUD

SPARK PLUG
GOOLING MANIFOLD -

REDUCTION GEAR
FRONT CASE

Figure 2—Fronf View of V-1710-F10R or F10L Model Engine.
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DISTRIBUTOR WITHOUT GUN SYNGHRONIZER DRIVEﬁ

COOLANT OUTLET

- NOZZLE
ACCELERATING
PUMP

ENGINE MOUNTING PADS GOOLANT PUMP

REDUCTION GEAR REAR GASE

Figure 3—Leff Side View of V-1710-F5R or F5L Model Engine.

OPTIONAL VAGCUUM PUMP OlIL RETURN CONNEGTION

olL
STRAINER

REDUCTION GEAR GASE Ol DRAIN EL.BOW
GCOOLANT PIPE HYDRAULIC ACG. OlL RETURN GONNEGTION

TO R.H. BLOCGK REAR OIL DRAIN ELBOW

Figure 4—-Right Side View of V-1710-F10R or F10L Model Engine.
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FRONT BREATHER

L.H. SPARK PLUG GOOLING MANIFOLD

(FaiiTis v

GOOLANT PUMP ~BOTTOM INLET TYPE
REDUGTION GEAR REAR CASE
REDUCTION GEAR FRONT CASE

Figure 5— % Left Front View of V-1710-F2R, F2L, F5R or F5L Model Engine.

DISTRIBUTOR WITH GUN SYNGHRONIZER DRIVE: .
—EXHAUST FLANGES {WITHOUT STACKS)

GOWL SUPPORT STUDS

MAIN OIL PUMP GHEGK VALVE
OIL. PRESSURE RELIEF VALVE

Figure 6—3% Right Front View of V-I7IOQF3R Modej Engine.
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SECTION 1l
SPECIFICATIONS AND GENERAL DESCRIPTION
1. TABLE OF SPECIFICATIONS ‘
GENERAL FI10R

Model—=V-1710.. .0 vuniunncoiarionrnen F2R and F2I, F3R  F5R and F5L and F10L F4R F20R F21R

TYpPe.eseennes triseine iy e Tractor Tractor Tractor Tractor Tractor Tractor Tractor

Number of Cylinders......... 12 12 12 12 12 12 12

BOre. coavisiannrennrnanans [P 5.50 5.50 5.50 5.50 5.50" 5.50" 5.50"

1T o 0] AU 6.00 6.00 6.00 6.00 6.00" 6.00" 6.00"

Piston Displacement in Cubic Inches.... 1710 1710 1710 1710 1710 1710 1710

Compression Ratio. ... coiviieaicannnne 6.65:1 6.65:1 - 6.65:1 6.65:1 6.65:1 6.65:1 6.65:1

Blower Gear Ratio. .vvevevecancanrarans 6.44:1 8.80:1 7.48:1 7.48:1 8.80:1 9.60:1 7.48:1

Impeller Diameter. . .ocovveaecee eeaaea 914 914" oL4" olg’ 914" 9lg’ 9lg"

Rated Speed, R.P.M.: ] '

" Normal...... e ireasieseearaneans 2600 2600 2600 2600 2600 2600 2600
Take-Off. .. .oiiiiiiariiniiiiennnns ] 3000 3000 3000 . 3000 3000 3000 3000
Military. ;:civicannan A : 3000 - 3000 - . 3000 - 3000 3000 3000 3000

Rated B.H.P. at Sea Level: |
Normal at 2600 R.P.M............. 1000 1000 1000 1100 1000 1000 1100
Take-Off at 3000 R.P.M............ 1150 1150 1325 1325 1325 1200 1325

Rated B.H.P. at Rated Altitude:

Normal at 2600 R.P.M............e 1000 1000 1000 1100 1000 1000 1100
Military at 3000 R. P. M........... 1150 1150 1325 1325 1150 1125 1325

Rated Altitude: ‘

Normal....... vebesasesrasarannans Turbo to 10,800 Turbo to - Turbo to 10.800 14,000 2,500
25,000 25,000 25,000

MilITALY. v tvsvneerencsnannssannnns ‘Turbo to 12,000 Turboto  Turbo 1o 12,000 15,500 3,000
25,000 25,000 25,000

. Propeller Rotation.....ccouvvnseneoaes RH. (F2R) R.H.. R.H. (F5R) R.H. (FioR) RH. B.H. R.H.

L.H. (F2L) L.H. (F5L) L.H. (F10L) : .
Crankshaft Rotation......... teseeesae. LH. (F2R) L.H. LH. (F5R) L.H. (F1o0R} L.H. LH. L.H.
, R.H. (F2L) R.H. (FSL) R.H. (F10L)

Propeller Reduction Gear Ratio........ 2.00:1 2.00:1 2.00:1 2.00:1 2.00:1 2.00:1 2.00:1

Propeller Shaft Spline....cocvviiicanens No. 50 No. 5¢ No. 50 No. 50 No, 30 No. 50 No. 50

Average Wt. of Engine (Complete)..... 1305 1335 1345 1345 1345 1352 1353

Position of Center of Gravity of Complete - :

Engine:
Distance from Front Face of Thrust

Bearing Retainer Nut to Center

Of Gravity.. oo viaiirvneoennnns 344" 3414" 3414 348" 3415" 341" 34147
Distance Center of Gravity is in Back

of Centerline of Center Main

Bearing. ..ooevenivanainiinnaanas 114" . 114 134" 134" 114" 134" 114"
Distance above Centerline of Crank- ‘ :

shaft...coiviiieriinrenaneas . 14" 745" 7" 74" TUs" TUs" "

Overall Dimensions of Complete Engine: '

Length (Maximum)...oovevernensn. 85547 8554" 8554" 8554 853" ° 851" 85%4"
Width (Maximum)...evevsnevenen. 29857 2984”7 299" 2995 29847 29%" 29%40"
Height........... Creesssasiisanaaa 361T5" 361%" 36174" 3634" 36" 3634" 36445

Number of Mounting Bolts...cvivueuees 8 8 8 8 8 8 8

Size of Mounting Bolt Holes. .......... A4375" A375" 4375" A375" A4375" 4375 43757

‘Transverse Spacing of Mounting Bolts..  1834" 1834" 1884" 1834" 1834" 1884" 1884"

IGNITICN

Magneto—Scintilla Double Fixed Timing
B YR DF DF DF DF DF DF DF
Direction of Rotation, Viewing

Mounting Pad........covvevvns RHL R.H. R.H. R.H. R.H. R.H. R.H.
Magneto Speed, Times Crankshaft :

Speed.....eoiviiinann Cesesases 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Magneto Breaker Point Gap........  .012" .012" 012" 012" 012" 012" .012*
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Fl1oR
Model—V-1710. . ciiiiiiiiinnnrnnnnaas F2R and F2L  F3R  F5R and F5L and F10L F4R F20R F21R
Spark Plug Model. ........oiiiunnnnn AC.LS85  AC.LS85  AC-LS85  AC-LS85 AC-LS85 AC.LS85 AC-LS85
Spark Plug Model (Alternate).......... C348 C348 C3458 C348 C348 C345 €348
Spark Plug Model (Alternate)........ .. C358 C358 C358 C358 C3558 C355 €358
Spark Plug Gap (loches)............... .011-.014 .011-014 .011-014 .011-014 .011-.014 .011-014 .011-.014
Spark Timing Advance (Degrees BTC): o '
Intake Side........ hriaeterranaana 28° 28° 28° 28° 28° 28° 28°
Exbaust Side..viciiiiiiinrncniannns 34" 34° 34° 34° 34° 34° 34°
VALVE TIMING DATA
Intake Opens, Degrees B.T.C........... 48° 48° 48° 48° 48° 4g8° 48°
Intake Closes, Degrees A.B.C........... 62° 62° 62° 62° 62° G62° 62°
Exhaust Opens, Degrees B.B.C.......... 76° 76° 76° 76° 76° 76° 76°
Exhaust Closes, Degrees A T.C.......... 26° 26° 26° 26° 26° 26° 26°
Intake Remains Open, in Craokshaft
Degrees........... Wb raar s Ean e 290° 290° 290° 290° 290° 290° 290°
Exhaust Remains Open, in Crankshaft .
Degrees...cvcvviennunnn. . 282° 282° 282° 282° 282° 282° 282°
Valve Lift—Inches....... heeesaer i .533 .333 -533 533 533 .533 .533
Valve Rocker Clearances {cold), Measured
at Valve Stem Tip for Timing and
Running:
" Intake—Inches........cccveennrnnn 015 015 015 015 015 015 015
-Exhaust—Inches........svvvnnvenas 020 .020 020 020 .020 020 020
Valve Spring Loads—Lbs.:
Outer Spring—Valve Closed....... 3% to 37 33 to 37 33 to 37 43 to 47 43 to 47 43 to 47 43 to 47
Quter Spring—Valve Open....v.... 75to 79 753 t0 79 75 t0 79 o2 to 98 92 to 98 92 to 98 92 to 98
Inner Spring—-Valve Closed........ 18t0 22  18to 22 18 t0 22 . 23 to 27 23 to 27 23 to 27 23 to 27
Inper Spring—Valve Open......... 47 to 51 47 to 51 47 to 51 58 to 62 58 to 62 58 to 62 58 to 62
FUEL SYSTEM
Carburetor—Benadix-Stromberg, Model.. PD-12G1 PD-i2K2 PD-12G1 PD-12K3 PD-12K2 PD-12K6 PD-12K7
Fuel Required—Spec. No. AN-VV-F-
781 (Amendment No. 5) Octane 100 100 100 100 100 100 100
Fuel Pressure—Lbs,/8q. In..vvvvuves 12-16 12-16 12-16 12-16 12-16 12-16 12-16
Fue! Pressure (Idling)—Lbs./Sq. In. 10 10 10 10 10 10 10
Fuel Inlet Connection (NPT Tap
SiZe)evererinntnnrnrrnnrnnnnana 3y 3" 34" 3" 3y 34" 35"
Induction System Drain (NPT Tap
ey R M ur yr 14 1 n
Mixture Temperature Connection
(NF Thd. Tap)...cevuvensvarss 3418 5418 5418 5418 54-18 56-18 34-18
Priming System Inlet Connect. (NPT
Tap SIZ€}uuerensennrrrrsrnnnas . 15" " " 8" e" 147 14"
LUBRICATION SYSTEM—ENGINE
Maximum Allowable Qil Consumption,
"U. 8. Quarts per Hour, Approx.:
At Norma! Rated Power at 2600
R M.t iiiinerannnacsnnannas 13.3 13.3 13.3 14.6 13.3 13.3 14.6
British Equivalent—Imperial Pints  -22.2 22.2 22.2 24.4 22.2 22.2 24.4
At Maximum Cruising Power at 2280
RPM. . iciriiairiiecnnnnn. P 10.0 10.0 10.0 11.0 10.0 10.0 11.0
British Equivalent—Imperial Piats 16.7 16.7 16.7 18.4 16.7 16.7 18.4
At Minimum Specific Fuel Flow..... 5-7 5-7 5-7 5-7 5-7 5-7 5-7
British Equivalent—Imperial Pints 8-12 8-12 8-12 8-12 8-12 8-12 8-12
Qil Required, Spec. AN-VV-0-446: :
Summer Grade. .. ..civveiievenenne 1120 1120 1120 1120 1120 1120 1120
Winter Grade....... . [ 1100 1100 1100 1100 1100 1100 1100
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SPECIFICATIONS AND GENERAL DESCRIPTION-Continved
F10R
Model—V-1710...cvinenncnnarrvrrsen F2Rand F2L. F3R  F5R and F5L and F10L F4R F20R F21R
Speed of Oil Pump, Times Crankshaft
Speed............ OO 07 4.1 1.429 1.429 1.429 1.429 1.429 1.429
Minimum Safe Quantity of Oil in Engine
System—U. 8. Gallons.............. 3 3 3 3 3 3 3
Add to this, quantity for oil cooling
system and tank. :
British Equivalent—lmperial Gallons 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Oil Pump Drive Shaft, Direction of Rota-
HOM ettt riiesarsnrsaesnannrann L.H. L.H. LH. L.H. LH. LH. L.H.
*Qil Inlet Connection—Flange Type
(Open Dia}eeurareninnnnnns e 114" 114" 136" 2Y 4 2" 2" 2"
*01il Outlet Connection—Flange Type
(Open Did)eericicnernnnrsenns 114" 114" 115" 114" 134" 115" 115*
Qil Tank Vent Connection (No and )
NPT Tap Size)....... fercaienasaan (2) ¥4 (2) 4" (2) 4" (2) 34 @) . @4 (2) %"
Pressure Oil Supply Hydro Instruments .
(N.P.T. Tap Size)..vvraennrvnneens %" " %" %" %" 35" 34"
Accessory Oil Return Connection (Num-
ber and N.P.T. Tap Size).e.uouans. (3) 3" (3) %" (3) 38" (3) 33" (3) " (3) " (3) %~
Breather Connection (2 Hose Nipples).. 1" O.D. 1" 0D 17 0.D. 1" 0.D. 1" 0.D. 1" O.D. 1”7 0.D.
*Connecting Elbows not supplied with engine.
COOLING SYSTEM
Coolant Required—Ethylene Glycol Con-
forming to A.C. Spec. No. AN-E-2,
which superseded Spec. No. 14108
Coolant Capaciry, Engine Oanly: .
U.S. Gallons. ....... ceeeiaraens 6.7 6.7 6.7 6.7 6.7 6.7 6.7
British Equxvalent—lmperlal Gallons 5.6 5.6 5.6 5.6 . 5.6 5.6 5.6
Coolant Outlet Temperatures: All
Models—Desired (220°—240°F.) or
{105°—115° C)eivvenrvnrsarsnnnas
Max. Allowable (257°F.)or (125°C.)
Min. for Take-Off Flight (185°F.) or
(85°C.)ennieniinciiennnrinnnens
Coolant Outlet Connections (2 Hose :
Nipples)....oovuns teceseeiasrnanns 1347 134" 134" 134" 134" 184" 134"
Coolant Inlet Connections—Flange Type
—(Open Dia).ccvraiicinnrnnenanns 214" 215" 215" 215" ri% 215" 214"
Cylinder Block Vent Connectlons 2 : ‘
NPT Taps)eeeseereeeocasacnns %" W 3" 347 5 34" 3"
Expansion Tank Connectionat Pumplnlet
(Number and N.P.T. Tap Size}..... (1) 3" (2) %" (1) 34" (1) 34" (2) 34" (2) 4" (2) 3"
Speed of Coolant Pump, Times Crank- )
shaft....oovivniians ceriaisenaaneas 1.234 1.234 1.234 1.234 1.234 1.234 1.234
Coolant Pump Rotation (Viewing Engine
Drive)...... tratsieisiassisrsansan R.H. R.H. R.H. R.H. R.H. R.H. R.H.
.ACCESSORY DRIVES AND
INSTRUMENT CONNECTIONS
Qil Temperature Measurement Connec- ol
tion (Thd.}.. . vieereevens 9418 54-18 i4-18 54-18 54-18 5%-18 5g-18 -
Oil Pressure Connectxon (Plpe Tap).... 1g" g g £ Lg” ' g
Fuel Pressure Connection (Pipe Tap)... 5" " 18 4" " Lg" 18"
Fuel Nozzle Pressure Connection (Pipe :
TaP)e v vrannns " 14" 4" 14" 14" %" e"
Fuel Air Thermometer Conn (Thd.)... . 5418 84-18 85-18 54-18 54-18 34-18 3-18
Manifold Pressure Connection (Pipe Tap) 147 14" e 4" 14" Py %"
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F10R
Model =V-1710...cvonvunnn. e reraeene F2R and FzL F3R F5R and FSL and F10L F4R F20R F21R
Fuel Pummp Drive—11 Tooth Spline
N1 220 0 7 T 458" 458" - 458" A58" 458" 458" 458"
Speed, Times Crankshaft........... 864 864 864 864 864 .864 864
Rotation, Viewing Drive Shaft...... L.H. L.H. L.H. LH. L.H. LH. L.H.
Starter Drive—Flange Diameter....... . 6" 6" 6" 6" 6" 6" 6"
Starter DOg..ivectiiiiniennnrnreras 3 Jaw 3 Jaw 3 Jaw 3 Jaw 3 Jaw 3 Jaw 3 Jaw
Speed, Times Crankshaft,.......... 1.00 1.00 1.00 1.00 1.00 - 1.00 1.00
Rotation, Viewing Drive Shafi:
V-1710-F2R, F3R, F4R, F5R,
F10R, F20R and FZ1R..... R.H. R.H. R.H. R.H. R.H. R.H. R.H.
V-1710-F2L, F5L and Fio0L.... L.H. L.H. L.H. L.H. L.H. "LH. LEH.
Generator Drive—Flange Diameter...... 6" 6" 6" 6" 6" 6" 6"
Drive—16 Tooth Spline (P.D.)..... .800" .800" .800" .800" .800" .800" .800"
Speed, Times Crankshaft, .......... 1.440 1.440 1.440 1.440 1.440 1.440 1.440
. Rotation, Viewing Drive Shaft...... R.H. R.H. R.H. R.H. R.H. R.H. R.H.
Accessory Gear Box Drive—Use........ Gen.Dr. Gen.Dr. Gen.Dr. Gen.Dr. GenDr. Gen.Dr. Gen.Dr.
Gun Synchronizer Impulse Generator -
Drives, for AN Type, Speed, Times
Crankshaft........c..cciiiinienens - 0.5 - - -_ - 0.5
Rotation, Viewing Drive Shaft...... - L.H. - — — — L.H.
Propeller Governor Drive—12 Tooth .
Spline (P.D).cvievnnenenarnncnanes 600" 600" L6007 .600" 600" .600* L6007
Speed, Times Crankshaft. .......... .845 845 845 .845 .845 845 .845
Rotation, Viewing Driveshaft....... LH. (F2R) LH. L.H, (F5R) L.H. (F10R) L.H. LH LH.
R.H. (F2L) R.H. (F5L) R.H. (F10L)
Vacuum Pump Drives, AN Type, 12
Tooth Spline Drive (P.D.)....ovevus .600” 6007 600" 6007 .600" .600* 600"
Rotation, Viewing Drive Shaft, Rear
Pump...cociviieieneisnnnnanans R.H. R.H. R.H. R.H. R.H. R.H. R.H.
Rotation, Viewing Drive Shaft, Side
Pump...oisnrnciinincanansas L.H. L.H. LH. LH. L.H. LH. LH.
Speed, Times Crankshaft ........... 1.440 1.440 1.440 1.440 1.440 1.440 1.440
Tackometer Drive—Thread Type Mount
(Thread Size). .. vrvrvinnvirssnnss  W-18 74-18 74-18 %418 74-18 7%-18 14-18
Electric Tachometer Drive—Flange Type
Mount {Square Hole Sizg)...... 2507 .250” 250" 2507 2507 2507 .250"
Speed Times Crankshaft, Both Drives 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Rotation, Viewing Drive Shaft, Both ' -
DEives. .. overneerinneeasrannnns R.H. R.H. R.H. R.H. " RH. R.H. ‘R.H.
Provisions for Hydro- Controllable
Feathering Propeller............... Yes Yes Yes Yes Yes Yes Yes
ACCESSORIES AND WEIGHT—LBS.
Carburetor and Screen..........0vvvun- 35.1 36.0 36.0 36.0 36.0 33.0 33.0
Carburetor Air Duct and Cleaner. ...... None None None None . None None Noge
Domestic Engine Shipping Box......... 800 800 800 800 800 " 800 800
Export Engine Shipping Box...... veees 850 850 850 850 850 850 850
Exhaust Flanges, with Gaskets and Nuts. 9.0 2.0 9.0 9.0 - 5.0 9.0 2.0
- Generator Drive (Weight Added)....... None None None None None Nooe None
Gun Synchronizer. .. oo e vinnnecnenen None None None None None None None
Oil Strainer (Cuno)..eevvcvcenenennnn. 5.6 5.6 5.6 5.6 5.6 5.6 5.6
Magnetos. cvoviussesenessiacnarnarsnens 13.0 13.0 13.0 13.0 13.0 13.0 13.0
Priming Connections and Lines........ 1.0 1,0 1.0 1.0 1.0 1.0 1.0
Radio Shielding Complete.............. 30.1 32.2 31.1 " 3L.1 31.0 31.0 32.2
Tool Kiteveveesvnnnn e raeEveaereannas 4.9 5.1 5.1 5.1 5.1 3.1 5.1
. Spark Plugs...... R R TR R T R TR TR 7.0 7.0 7.0 7.0 7.0 7.0 7.0
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2. DIFFERENCE BETWEEN MODELS.

4. GENERAL. — This Handbook pertains to the
Allison V-1710-F2R Model engine and its associated
Models, V-1710-F2L, F3R, F4R, F5R, F5L, FIOR, F10L,
F20R, and F21R, Basic similarity in design and appear-
ance makes it convenient to include these models in a
single Handbook. Identification of this basic engine type
is readily determined by the characteristic short nose re-
duction gear housing with a high propeller thrust line.
Service information required on other general types and
models of Allison engines will be found in additional
publications which are listed in Section I

5. RELATION BETWEEN MODELS.—The engines
covered in this Handbook are basically similar in ap-
pearance and design. The six Models, V-1710-F2R, F2L,
F5R, F5L, F10R, and F10L are all sea level engines, and
are always installed as pairs in dual installations, in
which one of each pair is a right-hand propeller rotation
engine, and the other, a left hand. These six models
are constructed for adaptation of exhaust turbo super-
charging to maintain full sea level ratings at altitude.
These engines are always paired in one airplane twin
engine installation as follows:

R.H. Rotation  L.H. Rotation

Engine Engine

First Installation ....V-1710-F2R V-1710-F2L

Second Installation ..V-1710-F5R V-1710-F5L
Third Installation ...V-1710-F10R  V-1710-F10L
Normal Take-Off

‘ B.H.P, B.HP.

First Installation ............... 1000 1150

Second Installation ............. 1000 1325

Third Installation .............. 1100 1325

The V-1710-F3R, F4R and F20R Model engines are
altitude rated engines with built in, single speed, single
stage supercharger. Since the V1710-F20R is equipped
with a 9.6:1 supercharger ratio, it has 2 higher normal
and military altitude rating than the V-1710-F3R and
F4R models, whose supercharger ratio is 8.8:1. The
F21R model engine is a sea level rated engine with same
supercharger ratio as the F10R and F10L models but is
used in installations without additional supercharging
of a turbo. This engine is capable of operating at full
rated normal and rated military power at altitudes of
3000 and 2500 feet respectively.

¢. BASIC DIFFERENCES.

(1) EXTERNAL APPEARANCE.—These models
are basically similar in appearance, and positive identi-

" fication of models should be made by consulting the

engine name plate. However, the following tables may
be used for partial identification.

(e) V-1710-F2R AND F2L ENGINES.

1. Distributor housing covers mounted in a
vertical position,

2. No gun synchronizer drives provided.

3. Three-stud type oil pump inlet flange.

4. Small main oil pump.

5. Straight bottom type coolant pump inlet.

6. No connections provided for supercharg-
ing the distributors or magneto.

7. Open type magneto (not supercharged).

(b) V-1710-F5R AND F5L ENGINES.

1. Distributor housing covers mounted in a
vertical position.

2. No gun synchronizer drives provided.

3. Three-stud type oil pump inlet ﬂange

4. Small main oil pump.

5. Straight bottom type coolant pump inlet.

6. Connections provided for supercharging

" the distributors and magneto.

7. Enclosed type magneto, for supercharging.

(¢) V-1710-F10R AND F10L ENGINES.

1. Distributor housing covers mounted in a
vertical position.

2, No gun synchronizer drives provided.

3. Four-stud type oil pump inlet flange.

4. Large main oil pump.

5. Straight bottom type coolant pump inlet.

6. Connections provided for supercharging
the distributors and magneto.

7. Enclosed type magneto, for supercharging.

(4) V-1710-F3R ENGINE.

1. Distributor housing covers mounted in 2
hotizontal position.

2, Gun synchronizer drives are provided.

3. Three-stud type oil inlet flange.

4. Small main oil pump.

5. Elbow type coolant pump inlet.

6. No connection provided for supercharging
the distributor housings or magneto.

7. Open type magneto (not supercharged).
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(e) V-1710-F4R ENGINE.
1. Distributor housing covers mounted in a
vertical position.
2. No gun synchronizer drives provided.
3. Four-stud type oil inlet flange.
4. Large main oil pump.
5. Elbow type coolant pump inlet.

6. No connection provided for supercharging
the distributor housings or magneto.

7. Open type magnreto (not supercharged)

8. Equipped with automatic manifold pressure
regulator

(f) V-1710-F20R ENGINE.

1. Distributor housing covers mounted in a
vertical position.

2, No gun synchronizer drives provided.

3. Four-stud type oil inlet flange.

4. Large main oil pump.

5. Elbow type coolant pump inlet.

6. No connections provided for supercharging
the distributor housings or magneto.

7. Open type magneto (not supercharged).

8. Equipped with Automatic Manifold Pres-
sure Regulator.

(g) V-1710-F21R ENGINE.
I. Distributor housing covers mounted in a
borizontal position.
- 2. Gun synchronizer drives are provided.
3. Four-stud type oil inlet flange.
4. Large main oil pump.
J. Elbow type coolant pump inlet.
6. No connection provided for superchargmg
the distributor housings or magneto.
7. Open type magneto (not supercharged).
8. No flight tubes used.

(2) ACCESSORY DRIVES AND CONNEC-
TIONS.—The accessory drives of all models have the
same direction of shaft rotation, except for the propeller
governor drive and the starter drive of the V-1710-F2L,
F5L, and FIOL engines. All instrument and veut con-
nections are identical and similarly located except for
the coolant pump inlet cover. The cover provides a

* straight bottom inlet on the V-1710-F2R, F2L, F5R, F5L,

F10R and F10L models, while the cover of the F3R,
F4R, F20R and F21R engines provide an elbow inlet
from the rear of the engine.

(3) INTERNAL DIFFERENCES.

(2) REDUCTION GEAR ASSEMBLIES.—The
detail parts of the reduction gear assemblies are
similar on all models. The scavenger oil pump, located
in the reduction gear housing, is so constructed that
its porting can be shifted at assembly to accommodate
either right or left hand rotation. The pump is as-
sembled one way in the V-1710-F2R, F3R, F4R, F5R,
F10R, F20R, and F21R models, but it is assembled with
reverse porting for the V-1710-F2L, F5L, and Fi0L
models. The reduction gear and pinion oiler nozzle is
always located on the out of mesh side of the gears. The
nozzle is assembled on the left of the reduction gears in
the right hand engines, and on the right in the left hand
engines,

(58) CRANKSHAFT AND CONNECTING ROD
ASSEMBLIES.—The crankshaft and connecting rods
are assembled identically on all models. The reduction
gear coupling and dynamic balancer are installed at
the front and rear respectively, on crankshaft, in the
the case of right hand rotation engines. These two
parts are interchanged and the whole crankshaft and
rod assembly turned end for end when installed in
the crankcases of a left hand engine.

(c) ACCESSORY DRIVE HOUSING AS-
SEMBLIES. — The gear arrangement of the wvarious
drives and the supercharger impeller provide the major
differences in the complete accessory housing assem-
blies. The following list in conjunction with the gear.
train diagrams, Figures 24, 25 and 26 indicates these
differences.

1. SUPERCHARGER IMPELLER.

a. Rotating guidé vanes used on all models
except F2R and F2L.

b. No rotating guide vanes used on V-1710-

F2R and F2L. :
2. SUPERCHARGER PINION AND

DRIVE GEAR RATIOS,

Model Supercharger Ratio

V-1710-F2R and F2L engines. .. ........... 6.44:1
V-1710-F5R and F5L engines ............ 7.48:1
V-1710-F10R and F10L engmes ............ 7.48:1
V1710-F21IR engine . ........ ... ........ 7.48:1
V-1710-F3R engine . .... e 8.80:1
V-1710-F4R engine ..................... 8.80:1
. V-1710-F20R engine .................... 9.60:1

w1l -
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3. GENERAL DISCUSSION OF CONSTRUCTION
AND PURPOSES.

a. CYLINDER BLOCK CONSTRUCTION.

(1) The engine has two cylinder blocks of six cyl-
inders each. The cylinder block consists essentially of
three parts: the head, the cylinder barrels and the cool-
ant jacket. The head is a one piece aluminum alloy
casting. Carburized, hardened cylinder barrels are shrunk
into this head. A one piece cast aluminum alloy coolant
jacket encloses the six cylinder barrels and is fastened

to the head by a number of studs. The bottom of the

coolant jacket is secured to each cylinder batrel by a
nut threaded to the clinder barrel, thus completing the
coolant seal for the head-cylinder-jacket unit.

(2) Each head-cylinder-jacket assembly is mounted
on the upper half of the crankcase by fourteen stud bolts
extending through the head. These studs clamp the cyl-
inder barrels securely between the head and the crank-
case and, in addition, transmit all of the power stroke
forces directly to the crankcase. This construction re-

lieves the head-barrel shrink-fit joint of all operating

loads, and provides additional rigidity to the crankcase.

(3) The combustion chamber is of the roof-head
type and provides the rigidity necessary to hold the
shrink fit over the cylinder barrel. Each cylinder is
equipped with two intake valves, two exhaust valves

and two- diametrically opposed spatk plugs. Each pair . '

of valves is set at 221/4° with the cylinder axis permitting
the use of a simple and compact valve actuating mecha-
nism. The combustion chamber presents a relatively
small area to the cylinder gases and the valve passages
are _a,deq'uat_e for high speed operation. Exhaust valve
seats are forged alloy steel, faced with Stellite. Intake

valve seats are alloy steel on late model engines and

aluminum bronze on early models.

FRONT COOLANT OUTLET FLANGE
; /-—GIL DRAIN TUBE FLAMNGE /—SF'AHK PLUG BUSHING

¢ GYLINDER HEAD

—aaiiap

EXHAUST IGNITION SHIELDING MGUNTING STUD

COOLANT INLET MANIFOLD

EXHAUST
VALVE ——=

Figure 9—Angles of Valves and Valve Seafs.

(4) The intake and exhaust valves are sodium
cooled tungsten steel, faced with Stellite. The intake
valve is faced to 2914° and the exhaust valve is faced
to 4414°.

b. VALVE OPERATING MECHANISM.
(1) The valve operating meclianism consists essen-
tially of six rocker arm assemblies operated by a single

camshaft on the top of each cylinder block. Each cam-
shaft is driven through separate inclined shafts by bevel

RIGHT GAMSHAFT GEAR

LEFT GAMSHAFT GEAR

7 THROUGH BOLTS

INSTALLED WHEN -

TIMING CAMSHAFTS CAMSHAFT UPPER
! CRIVE SHAFT

DYNAMIG BALANCER®

Figure 8—Left Hand Cylinder Bank.

«12-

Figure 10—Camshuaff Gear Train (Eur_ly Typel. '
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UPPER RETAINER

SPLIT GONE KEEPER

INNER & OUTER

VALVE SPRINGS 2

X

LOWER RETAINER Qé;‘:.!

VALVE GUIDE ——<»3d

Figure 11—Valve Spriﬁg Arrangement.

gears from the accessory housing camshaft drive gear
which in turn is driven through a spur gear-train from
the crankshaft. Refer to Figure 10.
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(2) The camshaft is mounted centrally over the
cylinder head in eight plain bearings, one of which is a

" large flanged bearing located adjacent to the camshaft

drive gear. This bearing provides axial Jocation for the
camshaft and takes the reaction from the drive gear.

(3) The camshaft gear-is secured to the camshaft by
means of seven bolts. This gear has 36 teeth which, in
combination with the seven bolts, provides a minimum
angular timing increment of 1.4° of camshaft rotation
or 2.8% of crankshaft rotation.

(4) The valve actuating mechanism is lubricated
by oil under pressure received through the camshaft
locating bearing from the inclined shafts. The oil flows
through the hollow camshaft 1o all the camshaft bear-
ings. In addition, a small hole in the heel of each cam
furnishes splash lubrication to the valve stem ends, the
cam follower needle bearings, and the rocker arm bear-
ings. The cylinder heads are provided with drains at
both ends to return the oil to the crankcase sump.

e. CRANKSHAFT CONSTRUCTION.

{1) The crankshaft is a conventional six throw,
seven bearing, counter-balanced type, machined all over.
The counterweights are welded directly to the steel
forging, providing a compact design. At each end of the
shaft is a nine bolt flange, both flanges being identical.

(2) A pendulum type dynamic balancer is bolted
to the flange at the accessory housing end of the crank-
shaft, to minimize the effect of two node crankshaft
torsional vibration. :

CRANKPIN OIL PLUG

OIL TRANSFER TUBE

MAIN JOURNAL OIL PLUG

Figure 12—Crankshaft Oil Plug Arrangement.
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(3) The driving mechanism for all accessoties
mounted on the rear of the engine is connected to the
crankshaft through an internal spline in the dynamic
“balancer hub.

. (£) An internally splined coupling is bolted to the
flange at the propeller end of the crankshafe to provide
a drive connection for the reduction gear assembly.

(5) All crankshaft journals are hollow and ate
fitted with removable aluminum alloy plugs. These pro-
vide a passage for lubricating oil and also permit the
collection of foreign particles and possible oil sludge in
the crankpin plugs.

PROPELLER SHAFT "PROPELLER SHAFT
THRUST- BEARING /- REGUGTION SEAR
: —— PROPELLER SHAFT

GDVEBNDR DRIVE GEAR

GRﬂNKsﬂhFT FRONT
. DRIVE COUPLING
g .
S B IR
_!‘ f L

CRANRSHAFT FRONT-—S -
DRNE :COUPLING FLANGE

REDUCTION GEAR Pinidn

Figure 13—Reduciion Gear and Coupling.

4. CRANKCASE AND OIL PAN'
CONSTRUCTION.

(1) The crankcase consists of two rigidly con-
structed aluminum alloy castings parted on the hori-

. zontal centerplane of the crankshaft, and a magnesium

alloy oil pan. Fourteen long siuds, set in each deck of
the crankcase upper half, hold the cylinder blocks in
place. Long studs are set in the parting face of the
crankcase upper half and are located in the main bearing
weébs on both sides of each main bearing bore. These
studs pass through the lower crankcase half and ate used
to clamp the two crankcase halves.over the main bearing
shells. Hollow dowels through which the main bearing
studs pass locate the two halves with respect to each
other. The. cases are sealed completely around the outer
' partmg flange by 2 series of closely spaced studs. Two

engine mounting bosses are located on each side of the‘f-'-'».

crankcase upper half,

(2) ALl seven main bearings are flanged steel
shells, made in halves, and lined with a thin layer of
bearing alloy. The bearings are located axially by the
steel flanges and ate prevented from rotating by a dowel
in the lower crankcase at each bearing. The center main
bearing is provided with bearing alloy faced flanges
which bear on the center crankcheeks and provide axial
location for the crankshaft.

(3) The magnesium alloy oil pan casting is bolted
to the bottom of the crankcase lower half and provides

UPPER HALF

LOWER HALF

Figure 14—Crankcase Upper and Lower Halves. .

breathing passages between the crankcase compartments.
Oil is scavenged from both ends of the oil pan.

e. CONNECTING ROD CONSTRUCTION.

(1) The connecting rods are of the forked and
blade type, each forged to an “I” section colutmn and
machined all over. The bearing consists of two halves
of a flanged steel shell lined with bearing alloy which
bears on the crankpin journal and a bearing alloy over-
lay on the center portion of the outside diameter. The
overlay acts as a journal for the blade rod. The bearing
shells are clamped in the forked rod by two caps and

- four bolts. A short dowel in each forked rod cap pre-

vents rotation of the bearing, The blade rod fits around
the overlay and is held in place by a single cap and two
bolts. A bronze piston pin bushing is pressed into the
small end of each connecting rod.

(2) The connecting rod bearings are lubricated by
oil under pressure from the crankshafc. The piston pins
are splash lubricated.

GENTER MAIN BEARING .
BRONZE THRUST SURFACES

BEARING SIDE FLANGES

Figure 15—Main Bearing Llower Halves.
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Figure 16—Connecting Rods—Blade, Forked, with
Bearing.

f- PISTON AND PISTON PIN CONSTRUCTION.

(1) The pistons are machined from aluminum
alloy forgings and the underside of the piston heads are
grid ribbed to facilitate cooling. Each piston has three
compression rings above the piston pin and two oil rings
in a single groove below the piston pin. The piston pin
floats in the piston and is retained by two snap rings, one
at each end of the pin.

REDUGTION GEAR AND ROLLER BEARING ON GEAR HUB
PROPELLER SHAFT cacl Ry /
THRUST BEARING —- ) A
) gl - ! :
B

Figure 18—Reduction Gear and Bearings.

g REDUCTION GEAR AND PROPELLER SHAFT.

(1) A two to one reduction between the crank-
shaft and the propeller shaft is provided by two external
spur gears. Both the reduction gear and pinion as well
as the propeller shaft are encased in a short nose section
consisting of two aluminum alloy castings which are
stud mounted to the front face of the crankcase.

(2) The reduction gear is bolted to a flange on the
propeller shaft. The propeller shaft is supported at the
front by a ball thrust bearing in the nose of the reduc-

Figure 17—Piston—Side, Bottom and Sectional Views.
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- tion gear housing, and at the rear by a large roller
bearing. ‘

(3) The pinion gear is mounted between two plain
bearings and is driven from the crankshaft through a
flexible splined coupling. The propeller thrust line is
located 814 inches above the centerline of the crank-
shaft.

(4) A front scavenge oil pump is located inside the
reduction gear housing. A propeller governor drive is
provided on the rear of the housing in the vee between
the cylinder blocks. The housing is also provided with
oil passages tp supply both governor and engine oil
pressure to the propeller shaft for hydromatic propeller
operation. (Refer to Oil Pressure System Diagram,
Figure 20.)

(5) The teeth of the reduction gears are lubricated

by an oil nozzle supplying three jets of oil on the ont of
mesh side of the gears. For engines of right hand pro-
peller rotation, the oil nozzle is located to the left of the
point of mesh of the two gears. For engines of left hand
rotation, the nozzle is placed to the right. '

ALLISON OPERATION AND MAINTENANCE HANDBOOK

h. COOLING SYSTEM.

(1) A centrifugal coolant pump located on the

bottom of the accessories housing supplies coolant to
each cylinder block at two inlets, one located at the
coolant jacket and the other at the rear of the cylinder
head. The outlet scroll of the pump terminates in a tee
with two flanged ends, and is'connected by pipes to the
dual inlets of each cylinder block. The coolant is ad-
mitted to the bottom of the cylinder block through an
inlet manifold which is cast the full length of each
jacket. These manifolds have an orifice at each cylinder
barrel which meters the coolant flow. The inlet at the
rear of the cylinder head provides 2 direct rapid flow
over the combustion chambers. The Coolant System
Diagram, Figure 19, illustrates the cooling principle
used on these engines.

i. LUBRICATION SYSTEM.

(1) The moving parts throughout all engine mod-
els are supplied with oil from a pressure lubrication sys-
tem. A diagrammatic sketch of the pressure system is

o

AN

-'—'_—|—--h —— i P ———

COOLANT OUTLET ELBOWS ’ L™
COOQLANT THROUGH CYLINDER BLOCKS

ST T T T

L

\ ' —_— v w— ]

VENT FROM EACH CYLINDER BLOCK

;

\

COOLANT TO \
“CYLINDER HEADS i

i

J

A

INDIVIDUAL CYLINDERS

[ '
_ B :
. ' METERING ORIFICES‘N INLET . IJ ' I
1 i
]
o Ji
A\

—_—— -

MANIFOLD

COOLANT
PUMP'

LITINI dWNd OL a¥3H MNVL NOISNYdX3

RADIATOR
—_—

—

Figure 19—Typical Engine Cooling System.
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DISTRIBUTOR DRIVE FOR v—I7I0-F3R AND F2IR

CAMSHAFT LOGCATING BEARING

GUN SYNCHROMIZER DRIVE V-I7ID~F3R AND F2iR

DRILLED PRASSAGE
IN HOUSING

CAMSHAFTS
MAGNETO DRIVE

Ol SPRAY TO
VALVE MECHANISM

GOVERNOR DRIVE

VERTICAL CAMSHAFT DRIVE

& . DISTRIBUTOR DRIVE FOR ALL MODELS EXCEPT
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MOUNTING PAD 1:1 8OTH TUBES TO PROP. ACTUATING PISTON.
P; i WITH PLUG REMOVED - ENGINE CIL PRESSURE IS SUPPLIED TO INNER

TUBE AND GOV. OIL, PRESSURE TO OUTER TUBE, .
| FOR ELECTRIC PROPELLER CONTROL: N
THIS PLUG MUST BE INSTALLED AND GOVERNOR OIL BY-PASS MUST
LUBRICATE TRANSFER TUBE GLANDS.

REAR VACUUM
PUMP DRIVE GENERATOR DRIVE FUEL PUMP DRIVE

A

RELIEF VALVE

QIL SPRAY TD | B : ,
REDUCTION GEARS T -
‘
1 T
Y | SIDE VACUUM PUMP;
= - DRIVE PAD
i '~
I oL I R
. f
.
Vol ot T
5 CHECHK
DIL PUMP VALVE I
i " SAFETY VALVE:
OPENS AT
B ook
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ACCESSQORIES
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SECTION -8

Figure 20—Oil Pressure System Diagram.
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shown in Figure 20. Constant pressure is maintained by
a single pressure pump in combination with a pressure
sensitive relief valve. All oil to the engine passes
through the Cuno disc type strainer which incorporates
a safety by-pass valve. Provision for scavenging in both
propeller up and propeller down positions is made by
locating the main scavenge pump at the rear of the
engine and an auxiliary scavenge pump in the reduction
gear housing. The main scavenge pump and the pressure
pump are arranged as a unit on the lower right hand
side of the accessories housing. All pumps are of the
conventional spur gear type.

(2) Oil, supplied to the pressure pump from an
external tank, is delivered to the exterior of the Cuno
oil strainer through a spring loaded check valve which
prevents oil flow from the tank to the system when the
engine is stopped. A pressure of only one pound per
square inch from the oil pump side of the valve is
necessary to provide check valve response in opening.
Static oil pressure from the outlet of the Cuno strainer
is maintained against the piston of the adjustable, spring
opposed, balanced relief valve which by-passes excess
oil directly from the outlet to the inlet of the pressure
pump. This arrangement maintains a constant oil pres-
sure in the engine with increased strainer restriction
within the capacity of the oil pump. The relief valve is

" accessible for cleaning or pressure adjustment without

removal of the oil pump. _

(3) Oil is distributed from the strainer outlet to
the moving parts of the engine. A large tube in the
crankcase upper half connects with a drilled passage in

" each main bearing web, conveying oil to the main bear-

ings. The main bearing and crankpin journals are fitted

Figure 22—Induction System.

with aluminum alloy plugs and are all interconnected
to carty oil to the connecting rod bearings from which
it is thrown to lubricate the cylinder walls and the pis-
ton pins, A continvation of this tube provides oil for
the plain bearings of the reduction gear pinion, the spray
on the reduction gear, the propeller governor, and the
governor drive bearings. From the governor pad, oil is
carried to the propeller shaft to provide the operating
pressures for hydromatic propeller installations.

(4) A branch from the lead to the crankcase tube
carries oil to the inclined shafts of the camshaft drive
and to the magneto drive shaft bearing. Oil is carried
through the inclined shafts to the camshaft locating
bearing where it enters the hollow camshaft for lubri-
cation of the camshaft bearings and the valve mechanism
from a hole in each journal and in the heel of each cam.

(5) Three oil passages distribute oil from the Cuno

- strainer outlet to the supercharger and all accessory

drives contained in the accessories housing,

(6) Oil drains through passages at both ends of the
camshaft compartment to the crankcase. In level or
propeller-end-up positions, all oil drains to the oil pan
and is scavenged by the main scavenge pump from the
accessories end of the oil pan. The second scavenge
pump is located in the reduction gear housing and is
driven by the oil plug of the reduction gear pinion. Its
inlet is located low in the forward portion of the reduc-

‘tion gear housing so that oil will be scavenged in near

vertical positions. The discharge from the forward scav-
enge pump is carried to the outlet of the main scavenge
pump so there is but one oil outlet to the engine.

j- INDUCTICN SYSTEM.

(1) A forced induction system is used to supply
the fuel-air mixture to the cylinders. Carburetion of the
fuel is obtained by use of a single Bendix-Stromberg
two barrel injection carburetor. The carburetor consists
of a throttle body, a regulator unit, and control unit
mounted on the supercharger inlet cover. An external
pipe carries the fuel from the control unit to the injec-
tion nozzle locaied to the rear of the supercharger elbow,
where it is injected directly on the supercharger im-
peller. The location of the carburetor and nozzle adapter
is shown in Figure 22,

(2) The supercharger is contained in the accessories
housing. The impeller unit consists of two parts, one
part having 15 radial blades with strengthening webs
between each blade, and another part made up of 15
matched curved guide vanes. The parts maintain their
matched relation through a common spline on the im:
peller shaft. The fuel-air mixture flows through a dif-
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fuset passage having six curved vanes and then through
a scroll to a single supercharger outlet in the vee of the
cylinder blocks. A branched manifold system distributes
the mixture to all 12 cylinders.

k. ACCESSORIES DRIVES.

(1) All accessories, with the exception of the pro-
peller governor drive and the front oil pump, are
mounted on the rear of the engine. A cast magnesium
alloy accessories housing is stud mounted on the rear
face of the crankcase and contains the supercharger
and drives for the starter, oil pump, camshaft drive,
fuel pump, generator, vacuum pump, two tachometers,
magneto, and the coolant pump. Gear train diagrams
are shown in Figures 24, 25 and 26.

(2) All accessories drives except the starter and
oil pump are taken through a hydraulic vibration
damper. The starter drive is taken off the rigid outer
member of the damper, and is unaffected by damper
operation. The oil pump is driven through bevel geats

from the starter shaft. The outer member of the hy- -

draulic damper is splined to the hub of the dynamic
balancer, on the rear of the crankshaft, An inner mem-
ber is connected to the outer tigid member by a flexible
quill shaft, and reacts against the outer member through
a hydraulic medium to minimize single node low fre-
quency torsional vibration.

(3) Oume spur gear train from the flexible member

of the vibration damper drives the accessory housing
camshaft drive mechanism and the supercharger. In

right hand rotation engines, this gear train is geared
directly to the damper. In left hand rotation engines,
an idler gear is used between the gear train and the
damper. A second gear train is used to drive the gen-
erator, vacuum pump, the fuel pump, and the coolant
pump. In right hand rotation engines, this gear train
is driven through an idler gear from the damper, while
in left hand rotation engines the train is driven directly
from the damper.

L. IGNITION SYSTEM,

(1) Ignition is supplied by a dual high tension
Scintilla magneto driven at 11/; times crankshaft speed.
The voltage from the magneto is distributed to spark
plugs through two separate engine driven high tension
distributors. The magneto timing is fixed and fites the
exhaust plugs 6° before the intake plugs. All high
tension igmition cables are shielded to prevent radio
interference,

{2) Two spark plugs are used for each cylinder.
On all engines except the F21R, the exhaust plugs ate
cooled by a blast of cooling ait conducted from the
airplane slipstream through two aluminum alloy spark
plug cooling manifolds. The exhaust plugs on the F21R
are cooled by airplane cowling design.

(%) The distributor housings of the V-1710-F5R,
F5L, F10R, and F10L engines are provided with connec-
tions for supercharging of the ignition at the distributor
finger. The distributor housings of the other models
covered have no connections for supercharging.

- 20 -
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SECTION 1l

OPERATION AND FLIGHT INSTRUCTIONS )
1. GENERAL. {10) Energize starter.

The following information is of particular interest
to the pilots and the personnel who must be familiar
with the operations of these engines. It is important that
these instructions be closely observed, regardless of any
information furnished by sources other than the engine
manufacturer. Any revisions to these instructions are
applicable only when approved by the engine manufac-
turer, Failure to observe these instructions will void the
contract warranty on these engines.

2. GENERAL OPERATING INSTRUCTIONS.
4. PROCEDURE PRELIMINARY TO STARTING.

(1) Before the engine is started the first time after
installation or whenever the carburetor has been drained,
observe the special procedure for cold weather starting
outlined in paragraph &. (3) and (4) following.

(2) Make certzin the ignition is “Off” and turn
the engine slowly by hand four or five revolutions to
insure that the combustion chambers are clear. If fuel
or oil are present in the combustion chambers, it must
be removed. Be sure the spark plugs are dry before re-
placing them,

CAUTION

Starting the engine with excessive oil or fuel
in the cylinders may result in bent or broken
rods.

(3) Set the oil cooler shutter to the “Closed” posi-
tion. :

(4) Set fuel valves in accordance with airplane
instructions.

(5) Set the propeller to manaal low pitch position.

(6) Set throttle at 1/10 open position correspond-
ing to 1000 to 1200 R.P.M.

(7} Place intercooler shutters in “OPEN" position.
(F2R and F2L Engines only.)

(8) Carburetor air heater should be in “Full-Off”
or “Cold” position.

(9) Next set the mixture control in “Idle Cut-Off”
and operate the wobble pump to obtain a fuel pressure
of 4 lbs./sq. in. The desired normal operating fuel pres-
sure is 12 - 16 lbs./sq. in. However, as fuel begins to
discharge into engine at 4 Ibs./sq. in. pressure, this pres-
sure should not be exceeded when using wobble pump
prior to turning over engine.

(11) On a cold engine, prime with 2 to 4 full
strokes of the priming pump; on a warm engine, 1 to 2
full strokes are sufficient. The priming system is inde-
pendent of the carburetor. Caution must be exercised
not to overprime the engine in view of the extreme
effectiveness of the priming system. No priming action
nor fuel discharge is accomplished by pumping the
engine throttle on a pressure type carburetor.

(12) Turn on ignition switch to “Both On” posi-
tion. '

b. STARTING.

(1) Engage starter and maintain fuel pressure of
4 lbs. by wobbling as propeller begins to turn. When
engine starts firing, move mixture control to “Auto-
matic Rich.”

(2) Avoid excessive operation of the wobble pump
to prevent flooding the supercharger inlet in case the
engine does pot start immediately. If the engine gives
the impression of being loaded in starting, it can be
cleared by moving mixture control to “Idle Cut-Off”
position for brief intervals while the engine is turning
over. In case of definite overloading, turn the engine
over with the switch off, the mixture control in “Idle
Cut-Off” and the throttle wide open.

(3) If, after a cold start, a heavy viscous oil is
indicated by high or fluctuating oil pressure when the
engine R.P.M. is increased -for “warm up”, the oil
dilution valve control switch may be held “On” for
1 to 2 minutes to further dilute the oil and correct this
condition, Over dilution of the oil will result in dan-
gerously low oil pressure, and should be avoided if
possible.

(4) If the engine should stop, return the mixture
control immediately to “Idle Cut-Off” position to avoid
flooding the engine with fuel, as the fuel pressute will
build up to normal operating pressure of 16 Ibs. /sq. in.
when engine starts firing.

(5) ¥ engine is not overloaded, another start can
be made using the same procedure. In case of overload-
ing, the next start should be attempted without priming.

¢. WARM UP AND GROUND TEST
(1) Warm up the engine prior to take off, until
proper lubrication and engine operation are assured
for flight. Do not exceed 1400 R.P.M. untl the engine
maintains. not more than 75 pounds of oil pressure with-
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out fluctuation, with an accompanying definite rise in
oil temperature to at least 40°C (104°F). The cil gage

reading may fluctuate during the start of the warm up, -

but this fluctuation should gradually lessen with increase
of oil temperature until the gage reading remains nearly
steady,

(2) The requirement of 75 pounds of oil gage
pressure applies only when the oil dﬂuuon system is
not in operation.

(3) When the above oil conditions become estab-
lished and with mixture control still at “Automatic-
Rich”, set the propeller for “Take-Off*. Increase the
engine R.P.M. to check the operation of engine and
instruments at the higher speeds. A speed of 2600
R.P.M. and a limit of 37.8 inches of manifold pressure
should not be maintained for periods in excess of
20 to 30 seconds while on the ground.

(4) Under Extreme Icing Conditions, the carbu-
retor air heater should be set for “Heat On™ position
during warm up. This will éliminate an ice formation
developing in the carburetor, with a possible mal-
functioning carburetor in the take-off.

NOTE

Oi engines equipped with intercooler shutters
the shutters should be moved toward the
“CLOSED"” position if there is an indication
of carburetos ice.

(5) After the engine is warm and functioning

propetly, make the single magneto ignition check with
an engine speed at 2300 R.P.M. and not over 30 in.
Hg. manifold pressure. On all engines with automatic
manifold pressure regulators, the r.p.m. drop in speed
should be read on the tachometer immediately after the
switch to single magneto, before the automatic manifold
pressure regulator has had time to compensate for the
drop. The Ioss in speed should not exceed 100 R.P.M.
‘when switching from double to single magneto. The

ignition $witch should be reiurned to the “Both On” -

position before switching to the other single magneto.

CAUTION

Single magneto checks should be made in as
short a time as possible and should not exceed
15 seconds duration.

(6) After each engine warm-up period, two routine
ground checks should be made on the automatic mani-
fold pressure regulator.

(@) The first ground check consists of advéncing
the cockpit throttle control lever very gradually uatil
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the manifold pressure reaches 32 Hg. Note any unusual
operating characteristics at various enginé speeds up to

.the 32” Hg. manifold pressure. If the engine operates

notmally thru this cycle and then retards to idling speed,
it is evident the regulator unit is operating.

{5) The second will be done as follows: Set the
propeller in “AUTOMATIC” position for take-off
R.P.M. Open the throttle control to obtain 2400 R.P.M.,
and note the manifold pressure with this fixed throttle
and manifold pressure setting. Vary the engine speed
from 2400 R.P.M. to 2000 R.P.M. by manuaily increas-
ing the propeller pitch. The manifold pressure should
remain constant within 1 inch Hg.

(7) MANIFOLD PRESSURE GAGE DRAIN.—
When warming up the engine, the shut-off cock for the
manifold pressure gage drain will be opened for a few
seconds to clear the line of liquids and vapors. This will
be done at idling speeds only.

(8) FUEL SUPPLY.——Fuactioning of the fuel sys-

_ tem will be tested in accordance with airplane operatmg

instructions.

4. TAKE-OFF.

(1) Set the propeller in automatic position for 3000
R.P.M. or slightly less. Set mixture control in “Auto-
matic Rich”. The detent stop position on cockpit throt-
tle quadrant should not be exceeded during take-off
except whenr War Emergency Powers are used as speci-
fied in the Specific Operating Instructions and in para-
graph e. (6) below.

(2) Carburetor air heater should always be in the
“Cold” position for “Take-Of”.

(3) Do not start take-off with coolant temperature
above 125°C (257°F).

(4) During take-off, Take-Off power for a maxi-
mum period of 5 minutes is permissible.

CAUTION

War Emergency Rating may be used only if
automatic manifold pressure regulator is in-
stalled (Refer to Par. e. (5) following).

e. FLIGHT.

(1) The engine R.P.M., oil inlet temperature, oil
pressure and coolant outlet temperature give the most
satisfactory indication of the engine’s performance. If
any of these appear irregular, the engine should be
throttled, and if the cause is not apparent, a landing
should be made to investigate and remove the trouble.

(2) Consult the Specific Operating Instructions, in
Section III for maximum and minimum oil temperature
and for coolant temperature limitations.
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(3) If roughness is experienced at high altitude
when flying in " Auto-Rich” at or below maximum cruis-
ing manifold pressure and R.P.M., the mixture control
may be set in “Auto Lean” as 2 means of correcting this
condition,

(4) When cruising under icing conditions, it will
be necessary to set the carburetor air heater in full “Heat
On” position.

{5) When engine power is increased or decreased,
the carburetor mixture control, propeller governor and
throttle must be readjusted in the following order:

(2) INCREASING ENGINE POWER.
1. Adjust mixture control to obtain the fuel air
ratio specified for the power desired.
2. Adjust propeller control to obtain the de-
sired R.P.M.
3. Adjust throttle control to obtain the desired
manifold pressure,

4. Readjust mixture control if necessary.
(b} DECREASING ENGINE POWER.

1. Adjust throttle control to obtain the desired
manifold pressure.

2. Adjust the propeller control to obtain the
desired R.P.M.

3. Readjust throttle if necessary.

4. Adjust the mixture control to obtain the
desired fuel/air ratio.

(6) WAR EMERGENCY RATINGS. — War
emergency ratings have been established in order to
make available to the pilot in combat, a maximum
manifold pressure which can be used for a peried of
five minutes under emergency conditions, within reason-
able safety limits.

(a) These war emergency ratings are consider-
ably in excess of the guaranteed ratings of these engines
and the use of the war emergency ratings will appre-
ciably decrease the service Jife of the engines and will
necessitate special care in servicing. War emergency
rating operation should, therefore, be held for use only
where emergency conditions exist.

(6) War emergency ratings are not guaranteed
power ratings but are maximum manifold pressure
ratings, which may be used for emergency operation only
when certain airplane and engine requirements have
been met as outlined in the following paragraph:

{¢) CONDITIONS - UNDER WHICH WAR
EMERGENCY RATINGS ARE PERMITTED.—War
emergency ratings are to be used only when strict com-
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pliance to each of the following conditions is met:

L. In combat or precombat areas and then enly
when emergency conditions exist,

2. Only when 100 Octane fuel to Specification
No. AN-VV-F-781 amendment 5 is used.

3. The mixture control must be set in either
“Auto-Rich” or “Full Rich” position.

4. The following spark plugs must be used:
Champion Spark plugs C355 or C34S, or A.C. Spark
plugs L8853,

5. Only when an antomatic manifold pressure
regulator is installed on the engine and the regulator
setting modified as required for the particular engine
model. Refer to Section IX paragraph 6 d (3)—Check-
ing Regulator Serting for Required Maximum Emer-
gency Manifold Pressure.

6. The engine throttle quadrant messtz be re-
worked for the incorporation of a “break-through seal”
device. ‘

a. A break-through of the seal mentioned
above will call attention of the crew chief to the fact
that the engine has been operated using war emergency
ratings and he will make such special inspections and
checks to insure that no damage to the engine has oc-
curred.

b. Close coordination between the pilot,
crew chief, and engineering officer will be required to
keep an accurate record of the amount of time any
engine has been operated at war emergency rating so
that the engineering officer may determine when the
engine should be pulled for tear-down inspection and
reconditioning, :

NOTE

The amount of time an engine will stand up
under the use of war emergency ratings will
vary considerably, dependent upon the area in
which the airplane is located; ie., operation
in areas having sandy runways will be less than
from operation off concrete runways. Varia-
tions will also be noticeable between extremely
cold, moderate, and hot climates. The engineer-
ing officer will have to take these factors into
consideration in establishing the time when
engines should be removed. Close correlation
with the experience of engineering officers in
other areas will be valuable.

c. Maintenance personnel must take partic-
ular care to maintain the engines in first class operating
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~ conditions at all times on airplanes that are certified
for W.E.R. operation.

7. All operation for war emergency ratings
must be with the propeller control set in automatic
position to maintain 3000 r.p.m.

IMPORTANT

Never change propeller governor setting from
the 3000 R.P.M. aumtomatic position while
using W.E.R. manifold pressurés. Changing
ptopeller pitch to any setting below 3000
R.P.M. will increase the B.M.E.P, of the engine .
in excess of established safe limits and may
result in detonation with extremely damaging
results to the engine.

8. During the use of war emergency ratings,
the following -oil inlet temperatures must not be ex-
ceeded:

Spec. No. AN- VV—O—446 Grade 1120 95°C (203°F)

Spec. No. AN-VV-0-446 Grade 1100 80°C (176°F) .

CAUTION .

If oil dilution has been used, it is deSIrabIe that
the engine be given 10 to 15 minutes operation
at from 80 percent normal to military power
prior to the use of war emergency ratings,

- 9. During the use of war emergency ratings,
the coolant system should be filled with ethylene glycol
to AN-E-2 specification and the coolant outlet tempera-
ture should not be permitted to exceed 125°C (257°F).

10. Operation at war emergency ratings must
be limited to periods of not more than 5 minutes each.

WARNING
During operation at war emergency ratings
the manifold pressure should be reduced imme-
diately if there is any indication of engine
malfuncuomng such as detonation, rough
“engine, overheating, ete.

. LANDING

(1) When the engine is throttled to make a land-
ing, set the mixture control in “Automatic Rich” posi-

tion and the propeller in “Automatic” control for 2800
R.P.M.

(2) Care should be exercised to prevent rapid cool-
ing of the engine during long glides. If the coolant
temperature falls below 85°C (185°F) in a glide, close
cowl and coolant flaps.

(3) In the event it is found necessary to interrupt
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the glide and make another Janding approach, the throt-
tle will be opened first, and then the propeller controls
placed in high R.P.M. (low pitch) position.

(4) After landing and during taxying, the pro-
peller controls will be placed in the high R.P.M. (low
pitch) position.

g STOPPING

(1) Idle at 600 to 800 R.P.M. to cool. Accelerate
to 1000 to 1200 R.P.M. and set the mixture control lever
in “Idle Cut-Off” position, When the engine ceases
firing, the ignition switch should be turned to the “Off”
position, The mixture control lever should be Ieft in
“Idle Cut-Off” position to prevent accidental starting.
Turn fuel selector valve to the “Off” position.

(2) Before stopping the engine when a cold
weather start is anticipated, hold the oil dilution valve
control “On” for approximately four minutes .with
engine runnmg at 800-1000 R.P.M. and stop the eagine
by moving the mixture control to “Idle Cut-Off” posi-
tion; turn ignition switch “Off”, continue to hold the oil
ditution valve control switch “On” until the engine
stops. Tutn the dilution switch and fuel tank selector
valve “Off”.

(3) If the engine heat is excessive when operating
the oil dilution valve control, the heat may evaporate
the fuel out of the oil, leaving the normal high viscosity
oil in the engine. When this condition is encountered,
the engine should be stopped and allowed to cool for
fifteen ' minutes, then re-started and prepared for
a cold weather start as outlined in above paragraph.

h. OPERATION OF CARBURETOR HEATER.

(1) The carburetor heat control should be in “Heat

Off” or “Cold” position for all normal operatior_i. If ice
is present or forming, it should be used in full “Heat
On™ position.

NOTE

Do not operate engine with the carburetor heat
contiol in any: intermediate positions between
“Full Off” and “Full On”. Since the carburetor
heat control door in carburetor air scoop dis-
turbs the air flow at carburetor venturi and
impact metering tubes when partially open, im-
proper fuel meteririg will result.

(2) In the engines equipped with automatic mani-
fold pressure regulators, icing of the carburetor or in-
duction system will not be apparent by reduced manifold
pressure gage reading or power loss. The regulator will
automatically open the throttle and maintain the selected
manifold pressure and power. Therefore, if tl:lere is any
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suspicion that an icing condition exists, heat should be
applied to the carburetor immediately.

(3) The use of carburetor heat at Iow power (50%,
or below) will result in roughness of the engine when
operating in “Automatic-Rich”. Engine can be smoothed
out by “leaning-out” the carburetor mixture slightly, but
should not be operated at “Auntomatic-Lean”, as this
mixture position is too “lean” when using carburetor
heat.

(4) If a loss of power or critical altitude is encoun-
tered, check the carburetor heat valve door for air
leakage, as the ramming pressure and carburetor air

intake flow will be decreased due to the air flow through

the heat valve door.

(5) F5R, F5L, F10R and F1O0L installations do
not include intercooler shutters, or carburetor air heat-
ers. When operating these installations under icing
conditions, open throttle to obtain operation of the
turbine supercharger until a carburetor air temperature
of 159 to 40°C (59° to 104°F) is obtained.

i. MIXTURE CONTROL.

{1) These engines are equipped with pressure type
carburetors incorporating a mixture control having four
main control settings, namely: “Full-Rich,” “Auto-Rich,”
" "“Auto-Lean,” and “Idle Cut-Off” in the order men-
tioned.

(2) Above desired cruising manifold pressure and
speed, set the mixture control lever at “Auto Rich”.

(3) At or below desired cruising manifold pressure
and speed, the mixture control may be set at “Auto
Lean” if fuel economy is important.

CAUTION

When operating in “Auto Lean” mixture ad-
justment, change to “Auto Rich” immediately
before a rapid change in altitude or a change in
cruising conditions is made.

j- AUTOMATIC MANIFOLD PRESSURE
REGULATOR.

(1) The F4R and F20R engines are equipped
‘with an automatic manifold pressure regulator that auto-
matically maintains, within desirable limits, a selected
manifold pressure from sea level up to the critical alti-
tude of the supercharger.

(2) Engines equipped with an automatic manifold
pressure regulator are operated in accordance with the
same procedure and within the same limits given in the
Specific Operating Instructions in this section. The pilot
simply opens the cockpit throttle lever until the specified

manifold pressure is obtained. The regulator will then
maintain the specified manifold pressure by automat-
ically opening or closing the carburetor throttle as the
altitude is increased or decreased, thus eliminating the
necessity of the pilot’s adjusting the throttle,

(3) The pilot can change the manifold pressure
at any time by operating the throttle lever in thé cock-
pit in the same manner as operating engines not equipped
with the Manifold Pressure Regulator.

CAUTION

If ice forms in the intake system, it will tend
to reduce the manifold pressure, and the aute-
matic regulator will open the carburetor throt-
tle valve wider to maintain the desired pres-
sure. This operation will be so gradual that
the pilot will have no warning of the icing
condition until carburetor throttle reaches wide
open position and the manifold pressure begins
to drop. When atmospheric conditions likely
to cause icing are encountered, heat must be
supplied to the carburetor air in order to pre-
vent ice from forming.

(4) The detent in the cockpit throttle: quadrant
is set at the location which permits the use of the
required take-off manifold pressure listed in the Specific
Operating Instructions. There will be sufficient throttle
travel remaining beyond the throttle detent to permit
the use of maximum emergency manifold pressures.

(5) If the automatic operation of the pressure
regulator does not function properly, the pilot can con-
tinue to control the carburetor throttle through mechan-
ical linkage with the cockpit throttle lever. Further
there is more than ample power available with manual
operation to maintain level flight. However, in an ex-
treme condition, where the regulator malfunctioning is
tending to hold the throttle open, there may not be
sufficient mechanical control for the pilot to close the
carburetor throttle to the idling position. In this case,
it may be necessary to cut off the ignition when landing.

k. TURBO-SUPERCHARGER CONTROL. — (F2R,
F2L, F5R, F5L, F10R and F10L Engines Only.)

(1) The exhaust tutbine dtiven supercharger, used
with these engines is controlled automatically by the
throttle control lever through an automatic regulator,
which opens and closes the turbine supercharger waste
gate. The regulator is connected to the throttle lever by
a linkage which makes the supercharger ineffectual
from closed to approximately 34 full-open throttle
position but takes effect for the last 14 of the throttle
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lever motion when the engine throttle is nearest the
full open position. When operating in this last 14 sec-
tion of the quadrant, where the turbo-supercharger is
effective, the turbine lags behind the adjustment of the
throttle. Care must be exercised therefore to avoid over-
running the desired manifold pressure and r.p.m. This

is particularly true when power is applied suddenly such

as take-off or aerobatics.

(2) The operation of these engines is similar to
-normal internal supercharged engines since the turhine
supercharger control and the ‘throttle are operated by
the same lever. The operation of the throttle is essen-
tially the same as that for engines without a turbine
supercharger except for the lag in turbo-supercharger
boost mentioned in the first paragraph and for the
fact that throttle movement is relatively small for a
given change in power compared to conventional
airplanes.

{. FUEL AND OIL. -

(1) Fuel must conform to Spec. AN-VV-F-781
(Amendment No. 5) when operating at the take-off
and military powers designated in this section (Specific
Operating Instructions). If inferior quality fwel con-
forming to Amendment No. 4 fuel is used, thé take-off
and military power manifold pressures must be re-
duced 10%.

{2) “The grade of oil to be used in these engines
should conform to Spec. AN-VV-0-446, Grade 1120
for summer use and Grade 1100 for winter use.

(a) GRADES OF ENGINE OIL AND USE.

The following table lists the two grades of Lubrica-
tion oil, Grade 1120 and Grade 1100, with recommended
operating temperature ranges to allow for selecting the
most suitable grade of oil to be used under various

conditions. The overlap of ground temperatures is in-

" -tentional to avoid setting up a requirement for changing
from one grade to another unnecessarily, particularly
when frequent temperature changes occur locally.

GRADE OIL 1120 1100
*Air Temp.
At Ground **%4°C (40°F) —7°Cto27°C
and above (20° F to 80° )

**Zafe Maximum
“Qil In” Temp. 95°C (203°F)

*##*Qafe Minimum
*0il In” Temp, 20°C (68°F)

85°C (185°F)

#*The low temperatures listed for each grade in this
column are sufficiently high that even under severe con-
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ditions, starting or warming-up difficulties should not
ordinarily result. Under ordinary conditions of airplane
storage, etc., the two grades specified may be used
without starting difficulties at lower temperatures than
specified in the table.

#i Temperatutes in excess of those listed in this
column should not be the cause of forced landings,
unless they are also accompanied by oil pressures below
the prescribed minimum,

##* The minimum “oil in” temperatures listed are
conservative, but continued operation below the limits
specified should be avoided. Oil thermometers at these
temperatures-are, as a rule, unreliable; and it should be
remembered that a steady oil pressure reading within the
limits prescribed for the particular engine installation
is a much more reliable indication of proper lubrication
at low temperatures than the oil temperature reading.

wikk At temperatutes above 38°C (100°F) Grade
1120 oil will, of course, be used, but at such high air
temperatures it may be impossible to stay within the
95°C (203°F) maximum “oil in™ temperatures undet
some flight conditions.

Grade 1120 oil will be used for block testing engines,

except when low temperature conditions require the use _

of Grade 1100 oil to facilitate starting. Oil used for
btock testing will be drained and replaced with new oil
at the completion of each approximate 20 houts of
engine running time, or at the completion of the test
if this petiod falls within the duration of the test run.

m. DETONATION.

(1y INDICATIONS OF DETONATION. — Ep-
gine roughness does not necessarily indicate that deto-
nation is present but when unusual roughness is encoun-
tered it may be due to detonation.

(2) CAUSES AND PREVENTION.

(a) Use of fuel of too-low octame rating., See
that proper grade of fuel is used.

(5) -A too-low fuel/air ratio. Do not operate at
mixtures that are too lean.

(¢) Operating engine above pefmissible limita-
tions. Observe Specific Operating Iastructions in
this section,

(3) STOPPING DETONATION IMMEDI-
ATELY IF PRESENT.
~ (@) Reduce the manifold pressure.

(b) Enrich the mixture.

(¢) Reduce the carburetor air preheating to the
minimum temperature at which icing of the carburetor
may be prevented.
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TABLE |—SPECIFIC OPERATING DATA

For Allison V-1710-F2R, F2L, F5R, F5L, FIOR and F10L
(Engines equipped with Turbo-Superchargers)

STANDARD CONDITIONS

Carb. Inlet Temp....veoesseararsansscoanranas 15.6°C Max. Diving Manifold Pressure.............40" Hg.
Carb. Inlet Press....c.cceeenenscnnannnnas ...30" Hg Max. Diving Speed............v.vv....3120 R.P.M.
Exh. Back Press..cveeveeeeeenecreacnnns .....30" Hg Fuel.......ovvennnnnn triiscvereseensnss.100 Octane
OPERATING CONDITIONS
Fuel Eng. Oil Oil Temp. °C’ Coolant
Condition Pressure Pressure Summer: | Winter Temp.
#/8q. In. | #/8q. In. Oil 0Oil °C.
Desired 12-16 60-65 70-85 60-70 121
Maximum 16 80 90 75 125
Minimum 12 55 40 35 85
Idling 10 15
PERFORMANCE DATA
Consumption
Man. Rated Mixture Fuel Oil
Power Eng. Horse I:ress. Alr, Control 0.5 Tmp. | 0.8 Tmp
Settings Model . Power R.P.M. Hg. Feet Position Gal./Hr.|Gal./Hr. | Qt./Hr. | Pr./Hr.
F2R & F2L *1150 3000 | 39.4 S.L. Auto Rich 115 96
Take-Off F5R & F5L *1325 3000 47.0 S.L. Auto Rich 148 124
F10R & F10L *1325 3000 47.0 S.L. Auto Rich 148 124
Military F2R & F2L *1150 3000 39.4 Turbo to Auto Rich 115 96
25,000
Rated " FSR & F5L *k1335 or | 3000 | 47.0 | Turboto | Auto Rich | 148 124
*%1240 2800 44.5 25,000 136 113
Power F10R & F10L *¥1325 or 3000 47.0 Turbo to Auto Rich 148 124
#1240 2800 | 44.5 25,000
Normal F2R & F2L 1000 2600 36.5 Turbo to Auto Rich 90 75 13.3 22.2
25,000
Rated F5R & F5L 1000 2600 37.8 Turbo to Auto Rich 100 84 14.0 23.4
Power 25,000 '
100% F10R & F10L 1100 2600 41.0 Turbo to Anto Rich 110 92 15.5 26.0
25,000 '
Maximum F2R & F2L 750 2280 30.6 Turbo to Auto Rich 59 49 10.5 17.6
25,000
‘| Cruising F5R & F5L 750 2280 31.1 Turbo to Auto Rich 64 54 10.5 17.6
25,000 ' ’
75% F10R & F10L 825 2280 33.5 Turbo to Auto Rich 7 70 58 11.6 19.2
25,000
Maximum F2R & F2L 670 2280 28.5 Turbo to Auto Rich 47 39 9.0 15.0
25,000 Auto Lean 43 36 9.0 15.0
Cruising F5R & F5L 670 2280 | 29.0 | Turboto | Auto Rich 53 44 9.5 15.8
: 25,000 Auto Lean 49 41 9.5 15.8
67% F10R & F10L 737 2280 30.5 Turbo to Auto Rich 58 “43 10.8 18.0
25,000 Auto Lean 53 44 10.8 18.0
Desired F2R & F2L 600 2190 27.4 Turbo to Auto Rich 42 35 8.0. 13.4
25,000 Auto Lean 38 32 8.0 13.4
Cruising FsR & F5L 600 2190 27.5 Turbo to Auto Rich 50 42 8.5 14.2
25,000 Auto Lean 45 38 8.5 14.2
60% Fi0R & F10L 660 2190 29.0 Turho to Auto Rich 55 46 9.8 16.4
25,000 Auto Lean 50 42 0.8 16.4

*For 5 minutes only.

- ¥ For 15 minutes only.
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TABLE II—SPECIFIC OPERATING DATA
For Allison V-1710-F3R, F4R, F20R and F21R
{Engines not equipped with Turbo-Superchargers)

STANDARD CONDITIONS

Carb. Inlet Temp.iiceicieiarseacarsnaranaenns 15.6°C Max. Diving Manifold Press. :
Carb. Inlet Press............... i 30" Hg.. F3Rand FAR.....ovvniiccnnnnnn... ..o 427 Hg.
Exh. Back Press................. Ceeerrienes 30" Hg. F20R............ e erterieai e, .44.5" Hg.
Fuel.i...viiiiiiiisieiiinnsivisssnssas 100 Octane F21R...civiiennnnnn. Pttt isesnenaranann 40" Hg.
Max. Diving Speed....... visriesree-.3120 RP.M
OPERATING CONDITIONS
Fuel Eng. Oil Pressure Qil Temp. °C. Coélant
- Condition Pressure #/8q. Ia. Summer Winter Temp.
#/5q.In. | F3R & F21R |F4R & F20R Oil 0il °C.
Desired 12-16 60-65 60-70 70-85 60-70 121
Maximum 16 80 85 20 75 125
Minimum 12 55 55 40 35 83
1dling 10 15 13 [
PERFORMANCE DATA
Consumption,
. Man. Rated Mixture Tuel o
Power Eng. Horse Press. Al Control U5 Top U.5. [ imp
Settings Model Power RPM Heg. Feet Position Gal./Hr.|Gal./Hr. | Qu./Hr. | Pr. /I-fr.
: F3R *1150 3000 45.5 S.L. Auto Rich 132 110
Take-Off F4R. *1325 3000 51.0 S.L. Auto Rich 142 118
F2OR . *1200 3000 | 51.5 S.L. Auto Rich 148 124 o~
‘ F21R *1325 3000 | 47.0 S.L. Auto Rich 148 124 _ W
War F3R #1470 3000 | 56.0 SL. Auto Rich 163 136 e
Emergency F4R *1550 3000 60.0 S.L. Anuto Rich 174 145
Rating F20R *1360 3000 57.0 S.L. Auto Rich 170 142
) F21R e — a — e —_
Standard F3R *1330 3000 52.0 S.L. Auto Rich 149 124
Emergency F4R *1450 3000 55.0 S.L. Auto Rich 161 134
Rating F20R . *1300 3000 55.0 5.L. Auto Rich 163 136
F21R — | — , — | —
Military F3R *1150 3000 42.0 12,000 Auto Rich | 132 110
Rated ~ F4R #1150 3000 42.0 12,000 Auto Rich 132 110
- | Power F20R k1125 3000 44.5 15,500 Auto Rich 138 115
F21R #1325 3000 47.0 2,500 Auto Rich 148 124
Normal F3R 1000 2600 37.2 10,800 Auto Rich 105 BB 13.3 22.2
Rated F4R 1000 2600 37.2 13,800 Auto Rich 105 88 14.0 23.4
Power F20R 1000 2600 39.2 14,000 Auto Rich 109 91 14.0 23.4
1100% F21R 1100 2600 41.0 3,000 Auto Rich 110 92 15.5 26.0
Maximum F3R 750 2280 30.3 10,800 Auto Rich C a7 56 10.5 T 17.6
Cruising F4R 750 2280 30.53 10,800 Auto Rich 67 56 10.5 17.6 -
75% F20R 750 2280 31.7 .| 14,00 Auto Rich 74 62 10.5 17.6
F21R 825 2280 33,5 S.L. Auro Rich 70 58 11.6 1194
Maximuom F3R 670 2280 28.2 10,800 Auto Rich 56 47 9.0 15.0
Cruising Auto Lean 30 42 9.0 15.0
67% F4R 670 2280 28.2 10,800 Auto Rich C 56 T 47 9.5 15.8 -
) Aurto Lean 50 42 9.5 15.8
F20R 670 2280 29.5 14,000 Auto Rich 59 49 9.5 ' 15.8
Auto Lean 54 45 2.5 15.8
F21R 737 2280 30.5 S.L. Auro Rich 58 48 10.4 17.4
) Auto Lean 53 44 10.4 17.4
Desir_ed F3R 600 2190 26.0 10,800 Auto Rich 50 42 8.0 13.4
Cruising Auto Lean 45 38 8.0 13.4
GO% F4R 600 2190 26.0 10,800 Auto Rich 50 42 B.5 - 14.0
. Auto Lean 45 38 -8.5 14.0
F20R 600 2190 | 27:5 14,000 Auto Rich 52 43 8.5 14.0 77
. Auto Lean 48 40 8.5 14.0 A
F21iR 6G0 2190 29.0 ‘8. L. Auto Rich 55 46 9.7 16.2
Auto Lean 50 42 9.7 16.2

*For 5 minutes only.

**For 15 minutes only.
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Pars. 1-2 ALLISON OPERATICN AND MAINTENANCE HANDBOOK Engirl?:
SECTION IV
PACKING, UNPACKING AND PREPARATION FOR STORAGE
1. GENERAL. | Nomenclature ' AN Specification No,

Due to the inter-relation of procedures involved in
packing, unpacking, preparation of engines for storage,
and preparation of engines for service, these items ate
covered in this section in the following order:

Preparation for Storage
Packing
Unpacking,

Preparation for Service

2. PREPARATION FOR STORAGE.

Preparation for storage describes all the steps neces-
sary to seal an engine against moisture, whose harm-

ful corrosive action would damage an engine in a short
" time. It includes the treatment necessary for various
types of storage and for various periods of time.

#. TYPES OF STORAGE.

(1) STORAGE WITH ENGINE INSTALLED
IN AIRPLANE,

(a) EXTENDED STORAGE.—Idle period of
one month or over.

(k) TEMPORARY STORAGE.—Idle period of
one week to one month, -

(¢) SHORT STORAGE.—Idle period of less
than one week.

(2) STORAGE WITH ENGINE NOT IN-
STALLED IN AIRPLANE.

5. REQUIRED MATERIALS AND EQUIPMENT.—
Considerable use is made in the preparation for storage
of a corrosion-preventive mixture. This is made up of
a mixture of one part by volume of corrosion-preven-
tive compound, conforming to AN Spec. AN-VV-C-
576, and three parts of lubricating oil in conformance
with AN Spec. No. AN-VV-0-446, Grade 1120. This
compound and lubricating oil mixture will be desig-
nated throughout this section as C.L.O. mix (compound
and lubricating oil mixture), This C.L.O. mix sprays
réadily above 15°C (60°F) but may require heating for
application at lower temperatures. Materials and equip-
ment required to accomplish complete preparation for
storage are as follows:
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C.L.O. mix consisting of :

Corrosion-preventive com- AN-VV-C-576
pound (1 patt)
Lubricating Oil (3 parts) AN-VV-0-446,
Grade 1120

Silica Gel-Dehydrating Agent  AN-O-5-366
Plastic Film-Moisture AN-O-P-406

Impervious
Crankcase Dehydrator Plug Allison No. 42288
Cylinder Dehydrator Plug AN-4062
Cap-Propeller Shaft Thread AN-5012

Protector-Propeller Shaft

Spline Allison No. 40104
Tape-Adhesive Moisture
Proof AAF Spec. No. 16121

Spray Gun-Gil AC Spec. No. 50127

¢, STORAGE PROCEDURE WITH ENGINE IN-
STALLED IN AIRPLANE.

(1) EXTENDED STORAGE (one month or
over) ,

{a) The oil in the engine oil system should be
drained into clean containers for later use. The engine
oil tank should then be refilled with at least 6 gallons of
C.L.O. mix. Loosen the oil pump inlet connection. and
bleed air from line. The oil coolers should be by-
passed sufficiently to produce the maximum permis-
sible oil temperature, Engine should then be run with
clear fuel at or below 1400 R.P.M. for at least fifteen
minutes using C.L.O. mix as the lubricant. In all cases
the following itemization lists the step by step pro-
cedures which should be completed within 12 hours
after conclusion of above clear fuel run.

1. Drain engine oil system. (Note a.)
2. Drain coolant system. (Note &.)
3. Blow out coolant system. (Note a.)

4. Remove:
Cuno oil scrainer _
Exhaust manifolds (if practicable)
Cylinder head covers
Mixture thermometer connection or plag
Spark plugs

5. Replace all drain plugs and safety.

RESTRICTED
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6. Immerse Cuno oil strainer in C.L.OQ. mix,-

then reinstall. o .
7. Clean and spray valve mechanism. (Note b.)

8. Spray the exhaust valves. (Thru Porlts or
* spark plug holes.) (Note ¢.)

. 9. Spray combustion chamber and irtake
valves. (Note d.)

10. Spray supercharger iﬂipellet and shaft.
(Note ¢.) '
11 Clean extenor of engine.

12. Install front and rear breather outlet cov-
ers or close tubes. (Note b.)

'13. Replace cylinder head covers, mixture
thermometer connection or plug.

14. Install supercharger scroll drain cover or
.close drain tubes.. (Note b.) Seal supercha_rger vent
screen,

15. Install 14” hose nipple covets 6n each dis-

tnbutor dnve draim.-

16. Prepafe carburetor (Notef.) .

. " 17. Install 24 - cylinder dehydmtor plugs.
(Plugs to be. mspected weekly.) (Note d.)

- 18. Attach- spark plug lead connections.

. 19, Install “ctankcase dehydfator plug. (Note
&) o
o 20. Install exhaust port covers, then manifolds,
or cover manifold outlets.

21. Disconnect magneto leads. Cover ends of
magneto leads,’

22, Reduction gear.

a. Spray outside and inside of propeller
shaft.

b. Install propeller shaft spline protector, if
propeller is removed.

c. Install propeller-shaft thread protector, if
propeller is removed.

23. Check to see that all engine openings have
been sealed. (NoZe b.)
NOTES:

The following aootes provide detailed infor-
- mation regarding the above itemized storage
procedure.

(Note a.) Before the engine has cooled down
from the clear gas run, drain the oil and
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coolant from the engine and airplane sys-
tems. Blow out engine coolant passages and
airplane coolant systemm with dry. compressed
air.

(Note b,) Cylinder head covers shall be re-
moved and the interior of the cover, the cam-
_ shaft and valve mechanism thoroughly cleaned.
The camshaft and valve mechanism shall then
be sprayed with the C.L.O, mix, turning the
crankshaft over during the spraying opera-
tion so that the entire surface of cams and
protruding ends of valve stems are coated.
After spraying these parts, replace the covers.

{Note ¢.) Each exhaust port should be sprayed
with a sufficient quantity of C.L.O. mix to
thoroughly coat the exhaust valves. The ex-

haust ports or stacks should then be sealed

with 0il and moistute resistant covers.

(Note d.) Spray each cylinder. combustion
chamber.thoroughly thru the spark plug holes

with CL.O. mix with the-piston at the lower °

end of the stroke. Make certain that all sur-
faces of cylinder walls are adequately covered.
Install and tightly seat ¢ylinder dehydrator
plugs AN-4062 in all spark plug openings.

Do not remove seal from each dehydrator -

plug until immediately before installation. All
cylinder bore and crankcase dehydrator plugs
must be inspected weekly, and, if at any time
a relative humidity above 20 per cent is indi-
cated, they must be replaced.

(Note e.) Remove mixture thermometer con-
nection plug (1 in Figure 28) in supercharger
inlet cover. Insert spray gun in that opening

Figure 27—installing Cylinder Dehydrator Plugs.
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MANUAL MIXTURE /
CONTROL LEV

FUEL. INLET

Figure 28—Guide fo Plugs and Fittings for Preparing Carburefor for Sforage.

and spray impeller and shaft thoroughly with
C.L.O. mix. Replace plng. '

{Nete f.) Preparation of the carburetor.

1. Place the manual mixture control lever
in Full Rich or Automatic Rich and the throttle
in open position.

2. Remove the carburetor fuel strainer,
inspect, clean if necessary, and reinstall.

3. Remove the three fuel drain plugs A,
B, and F, and the fuel inlet plug (Figure 28).
Allow all gasoline to drain. Replace drain
plugs and the fuel inlet plug temporarily.

4. Remove pipe plugs D, E, G, and H
(Figure 28) and install in place of plug E a
No. 4 Weatherhead fitting. Then thru this
fitting, inject oil conforming to Grade 1065
A, Spec. No. AN-VV-0-446. The pressure
applied to the fuel chamber or passages should
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not exceed 8 Ibs./sq. in. and should be ob-
tained by the use of a pressure type hand pump.
Pump oil until oil flows from the opening at
D. The oil line must be equipped with filters
to exclude all foreign marter, since oil does
not pass thru the fuel strainer. The regulator
air chambers, air passages and automatic mix-
ture coatrol must 2ot be flushed with oil but
maust be kept dry at all times. Exercise care
so as not to damage moving parts, such as
needle valve or floats. -,

5. Replace plug D and remove brass
plug I from supercharger inlet elbow. Main-
tain pressure on oil flushing line until oil
flows from the discharge nozzle opening G.
Replace plug G and maintain oil pressure until
oil flows through the discharge nozzle. This
may be determined by the appearance of oil at
opening L
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6. Remove oil pressure line; fitting at lo-
cation E; plogs A, B, F, and G; and fuel inlet
plug; allowing all excess oil to drain.

7. Replace and wire all metal plugs on
the carburetor and nozzle and replace fuel in-
Iet plug.

8. Wire throttle in wide open position and
~ the manual mixture control lever in idle cut off
- position. )

9. Install 1 pound bag of silica gel, AN

Spec. No. AN-O-5-366, in the carburétpr air
intake scoop. Seal end of scoop with a double
thickness of Imdisture-impervious plastic’ ma-
terial, Spec. AN—O-P-406, and anchor securely
to the scoop with special' tape, AAF Spec. No.
16121.

(Note g.) Remove the 347 pipe plug from the
reduction gear front case and attach it to
engine in the region of the plug opening. Then
install’ Allison crankcase dehydrator plug No.

42288 in that opening.
(Note b.} Since the quanﬁty of dehydrating
agent used in this. procedure is only capable

* of absorbing the amount of moisture that may

_ be enclosed in the engine itself, it is important -
that no engine openings have been left un-
covered. In most cases when the engine is in
the airplane the overboard drains, including
the gang drain, can be satisfactorily sealed by
wrapping the ends with moisture impervious

" plastic film. If the engine is out of the air-
plane all openings must be sealed ‘with suit-
able plugs or covers.

(2) TEMPORARY STORAGE (ONE WEEK TO
ONE MONTH). ‘

'( 2) The treatment of engihes for temporary
storage will be accomplished as in the case of Extended
Storage. See Paragraph 2 ¢, (1), except that:

I. Clear fuel run wsing C.L.O. mix will not
be made.

2. Coolant system will not be drained.

3, Carburetor will not be drained or flushed;
however, a 1 Ib. bag of silica gel will be placed in the
catburetor air intake scoop and the scoop sealed with
double thickness of moisture proof material.
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(3) SHORT STORAGE (TWO DAYS TO ONE
WEEK).

(2) On alternate days the [;ropeller shaft should
be rotated at least four complete revolutions by hand.

(b) On intervening alternate days, the engine

should be given a ground run-up in accordance with

standard starting and warm-up procedure. Run engine
until the “Oil in” temperature reaches normal operating
temperature. Excessive ground operation other than
stated above should be avoided.

4. STORAGE PROCEDURE FOR ENGINES NOT
TO BE STORED IN AIRPLANE.

(1) GENERAL.—This type of storage will be per-
formed when engines are being removed from airplane
for shipment to overhaul bases or for periods of idle-
ness in excess of 48 hours when engine is not in air-
Plane '

(2) PROCEDURE.

(«) Follow procedure outlined in Extended
Storage making the clear fuel run when practicable. In
every. case when possible the engine.should have. the
clear gas run portions of the preparation for storage
made before the engine is removed from the airplane.
In these cases all engines will be prepared for storage
following the complete procedure outlined in Extended

Storage, paragraph 2 ¢, (1).

NOTE

In cases of inoperative engines, the clear gas
run using the C.L.O. mix in the oil system will
be omitted.

(%) In addition to the Extended St(-)rag_e Pro-
cedure the following steps are necessary in the prepara-
tion for storage of engines removed from airplane,

1. When accessories have been removed, spray
a small quantity of C.L.O. mix inside the engine drives
and install the various accessory drive covers with gas-
kets. These include starter, generator, fuel pump, two
vacuum pumps, and propeller governor drive covers.

2. There are additionial openings, not requir-
ing attention in the Extended Storage procedure, which
must be sealed, using standard Allison shipping parts
and standard pipe plugs. Refer to the appropriate Paxts
Catalog for detail part numbers. These addmonal open-
ings are as follows:

'~
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Coolant Qutlet Elbows {2)

Coolant Inlet Flange

147 Coolant Pump Drain Nipple

Oil Pump Inlet Flange

Oil Pump Outlet Flange

Carburetor Screen (metal carburetor cover will be
used to seal top of carburetor in place of intake
5C00P).

All distributor housing vents or air inlet openings
must be covered or plugged.

All standard connections: When other airplane fit-
tings and connections have been removed these engine
openings will be closed using appropriate size standard
pipe plugs.

3. Wipe engine dry.
4. Touch up the crankcase split line and
painted surfaces where necessary with touch-up lacquer.

J. Pack engine in the shipping box as de-
scribed in this section, Paragraph 3, Packing.

3. PACKING.

All engines must be prepared for storage in accord-
ance with Paragraph 2. ¢., prior to packing for shipment
or storage.

4. PACKING FOR SHIPMENT OR STORAGE
(OTHER THAN AIR TRANSPORT SHIP-
MENT).

{1) Check the engine mounting surface of the

" stand for roughness and smooth if necessary. Then

“place the four shipping box bearing strips over each

anchor bolt hole. Insert anchor bolts and place pliofilm

engine shipping bag on stand, with four slots in bag

over anchor bolts and with the bag spread out to make
way for the lowering of the engine on the stand.

(2) Place engine on stand, bolt completely and
safety.

(3) Amach spark plugs and other loose parts se-
curely in shipping box with webbing.

{4) Install a humidity indicator chart, conform-
ing to drawing No. AN-7511-1, on the carburetor cover
so that it can be observed through the shipping case
inspection port.

{5) Hang twelve 1-pound bags of silica gel around
engine, spacing them evenly so as to include the front
and rear sections of the engine. Do not remove bags
from their moisture-resistant containers until immedi-
ately before attachment to the engine. The silica gel
should conform to AN Spec. AN-O-8-336, type V.

(6) Cover the top of the engine with a canvas

Figure 29—Location of Spark Plugs and Tool Kit in
Shipping Box.

cover, of suitable width so that the engine envelope will
not be punctured by any projecting surfaces.

(7) As soon as possible, but not longer than 15
minutes after securing silica gel bags, close and seal the
pliofilm bag by joining its two ends and heat-seal with
plastic film sealing iron AAF Spec. No. 40399, brought
to a temperature of 163°C to 177°C (325°F to 350°F),
to provide a moisture proof joint. Care should be taken
that pliofilm material is not discolored or burned. Heat-
seal bag in such a manoer as to allow resealing of the
bag for subsequent re:use,

{8) Fold excess material of engine envelope
around the engine so that there shall be no more than

SAFE UNSAFE
DARK ‘ BLUISH
BLUE LAVENDER PINK PINK
COLOR GOLOR COLOR GOLOR
SILICA GEL

DARK BLUISH
BLUE LAVENDER PINK
COLOR GCOLOR

ACTIVATED 20% RELATIVE HUMIPIT

HUMIDITY INDIGATOR

Figure 30—Indicator Card Chort Showing
Interpretation of Chemical Color.
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Figure 31—Aftaching Silica Gel Bags to Engine Immediafely Before Sealing.

oné thickness of the bag between the indicator card followed. Replacement of the dehydrator plugs
and the,inspection port. Secure with tape if necessary. should not be made on highly humid or rainy
days.

(9) Lower the shipping box cover over the engine
in such a manner as not to rupture the envelope. See _ .
Figure 32. Secure cover with four bolts. -

- NOTE

The above procedure should be followed for
the preservation of either new or overhauled e
engines, except, when it is definitely known L I
that the engine will be placed in sérvice within

30 days, the engine envelope and silica gel
bags need not be used. In all cases the engine
cylinder and crankcase dehydrator plugs should
be inspected bi-weekly and changed as soon as
their color indicates that they are no longer
functioning. However, under an extremely
damp storage condition where engine deteriora-
tion could occur in less than the expected stot-
age period, the complete procedure should be

' Figure 32—l owering Shipping Box Cover over Engine.
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b. PACKING FOR SHIPMENT BY AIR TRANS-
PORT.

(1) Packing for shipment by air transport requires
the use of a special air transport cradle, which prevents
the use of the engine envelope and the silica gel bags.
Upon arrival at destination, if engine is not going to
he placed in service within seven days after arrival, it
should be immediately hung with silica gel bags and
enclosed in the engine envelope as described in Para-
graph 3 a. If engine is going into service within a few
days and if it is to be left uncovered, all dehydrator
plugs should be inspected daily and teplaced whenever
a relative humidity above 20 per cent is indicated.

4, UNPACKING.

. The upper part of the engine shipping box is
merely a cover and is held to the lower part by four
14 bolts. The cover may be lifted off after removing
these bolts. Care must be taken to lift the cover straight
up so that it will not damage any part of the engine.

b. Before removing engine from mounting rails, the
engine envelope must be carefully opened at or near
the original seal in order to preserve the envelope in
satisfactory condition for subsequent re-use. Since the
engine envelope has been designed for re-use at least
six times, every care should be given it to assure maxi-
mum service life. Remove the twelve silica gel bags from
around the engine. Remove shipping cover and silica gel
bags from carburetor.

¢. To remove the engine from the shipping box,
remove the 757 hold down nuts and attach the hoisting
sling (No. 2229) as shown in Figure 33. Two of the
hooks will be connected to the No. 1 right and left
intake studs, and the other two hooks are connected to
the No. 6 right and left intake studs. The junction
ring of the hoisting sling is secured to the pick-up hook
of the hoist. '

d. Special precaution should be taken to insure that
the engine be hoisted vertically and not allowed to
swing to avoid possible damage while transferring the
engine from the shipping box to the engine mount.

Figure 33—Aitaching Engine Lift Sling.
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TO N2 6 RIGHT & LEFT
INTAKE GYLINDER BLOCK
HOLD DOWN STUDS

TO N2 | RIGHT & LEFT
INTAKE GYLINDER BLOCK
HOLD DOWN STUDS

Figure 34—Removing Engine From Stand.

5. PREPARATION FOR SERVICE.

#. Engines which have been prepared for short stor-
age need no preparation for service,

&. Engines which have been treated for temporary
or extended storage will be prepared for service as
follows:

-42-

NOTE
Engines which are to be unpacked, installed
in airplane and placed in service will be pre-
pared for service in accordance with this
paragraph. For convenience paragraphs (1)
through (6) below will be accomplished
before the engine is installed in the airplane.

RESTRICTED
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(1) Remove cylinder bore dehydrator plugs from
the spark plug holes. Before installing the spark plugs,
slowly rotate the crankshaft three or four revolutions
and observe for proper operation of the valve mecha-
nism, Any valves that are found to be sticking shall
have the stems generously lubricated with a mixture of
gasoline and Iubricating oil. Continue to turn the
engine over by hand until all evidence of sticking
valves has been eliminated. Make certain too that no
excess C.L.O. mix is present in the cylinders.

CAUTION

.

Exercise care in the removal of dehydrating
plugs. If any are broken and the silica gel
therefrom falls into engine, the affected sec-
tion of the engine must be disassembled and
thoroughly cleaned.

. (2) Remove the Allison crankcase dehydrator plug
No. 42288 from the reduction gear front case and
replace with standard 3/ pipe plug or vent conpection.

(3) Remove all other plugs, covers, silica gel bags, -

etc.,, which have been used to seal tEle,various engine
openings.

(4) Wipe off the breaker mechanism of the mag-
neto thoroughly, then hubricate the magneto and breaker
mechanism with light engine oil.

(5) Remove the Cuno oil strainer, immerse in
gasoline, wash without rotating the strainer, and then
blow out with compressed air. Repeat this until the
strainer is thoroughly clean. (Se¢ Figure 35.) Following
this cleaning procedure, the discs of the strainer should
be Iubricated by immersing in clean engine oil and

blowing with compressed air. Re-tmmerse the cartridge
in engine oil. Clean the Cuno compartment of the
engine and then install the strainer, using new strainer
gasket.

CAUTION

The Cuno strainer should not be rotated
when removed from the engine, as damage
may result from possible twisting of the
strainer cartridge. The cartridge may be ro-
tated several revolutions after installation by
means of the turning shafc nnt.

(6) OIL SCREENS.

(2) On early model engines, there is a remov-
able oil screen in the reduction gear case oil drain
elbow. This should be removed, cleaned in gasoline,
dried, re-oiled and then reinstalled.

(b) On late model engines, the entire elbow
assembly must be removed in order to clean the screens.
If accessible for removal, this should be done in accord-
ance with Section VI, Paragraph 8.

(¢} The rear oil drzin elbow should be removed,
if accessible, and its screen cleaned in accordance with
Section VIII, Paragraph 8.

(d) In cases where new engines are being in-
stalled in an airplane that will be placed in service,
both elbows must be removed and cleaned. Due to
better accessibility, the elbows and screens will be
cleaned before engine is placed in the airplane.

(7) After all controls and fittings are connected -
on carburetor, it will be filled with fuel and vented in

Figure 35—Cuno Qil Sirainer—Preparation for Service.
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the following manner: ‘
(a) Open fuel tank valve.

(b) Set mixture control at “Automatic-Rich”
and th_e throttle valve at half open.

(c) Operate wobble pump slowly to raise fuel
pressure to 4 Ibs. sq. in. Then continue to operate
wobble pump until fuel appears at supercharger drain,

. (4) Next remove any included air by removing
the L4 inch pipe plug located on top of the regulator
body and nearest the throttle body. Work wobble pump
until fuel stands level with plug opening then replace
plug. .

(e) . Allow carburetor to set from eight to ten
hours to allow diaphragms to become flexible.

(8) The following pre-oiling procedure must be
performed on all engines being placed in service to
insure proper bearing lubrication at initial start.

(«) Fill oil tank to proper level.

() Open air vent drain cock ¢n oil inlet adapter.

if airplane is so equipped; otherwise, disconmect oil

inlet line conmection at the oil pump, bleed air, and"

. establish solid oil flow to that point.
(¢) Re-install 'o: tighten the oil inlet line to oil
pump. ' '
(d) Remove drzin plug from bottom of rear oil
drain’ elbow. - '
" (e) Remove all exhaust (outside) spark plugs
from the engine if previously installed.
(f) Place mixture control in “Idle Cut-Oﬁ”
_ pos1tton

(g) Place fuel valve in “OFF” position,

(b) Make sure that the ignition switch is “OFF.”

(i) Make “dummy”
portable energizer or external battery source, until
appr.ommately 1 gallou of oil drains from the draln
plug opening. = - -

( .1). Replace and safety drain plug.

(9) Install spark plugs, using only solid copper

gaskets. Lubricate all plugs with Spark Plug Lubricaat,
Air Corps Specification No. 3578.

(10) Refill the oil tank and the coolant expansion
tank with sufficient oil and coolant to operate the
‘engine safely during warm-up. In general one-half of
the oil tank capacxty will be sufficient for tlns purpose.

-44 -

starts of engine using a

(11) After the engine has been properly pre-oiled
the engine will be started, warmed-up and ground
tested in accordance with procedure in Section V, Para-
graph 2 k. Upon completion of ground tests and while
engine is still warm the lubricating oil will be drained
from the engine and airplane oil system. This oil drain-
age is made to clean the engine of excessive quantity of
C.L.Q. mix and sludge that may have accumulated dur-
ing the period of storage. The oil drained out after
the ground test is not suitable for further use, because
the C.L.O. mix in the oil would cause rapid sludgmg
during subsequent engine opetation.

(12) Refill oil system and flight test airplane in
accordance with Section V, Paragraph 2 L. After flight
test, the airplane is ready to release for service.

6. DIMENSIONS AND WEIGHTS.

‘The following table gives the size and weight of the

~ engine shipping boxes:

FOR DOMESTIC SHIPMENT -

Weight of Weight of

Qutside Dimension Shipping Engine and

Model Inches Box Box Packed
: Lbs. Lbs.
V-1710-F2R 36Ll4 x 554 x 112 800 2105
V-1710-F2L 3614 x 55 x 112 800 2105
V-1710-F3R 3615 x 554 x 112 800 2110
V-1710-F3SR  36l4 x 5548; x 112 800 2145
V-1710-F10R 3614 x 55 x 112 800 2145
"V-1710-FSL 365 x 55 x 112~ 800 2145
V-1710-F10L 36l4 x 554 x 112 800 2145
V-1710-F4R  36l5 x 554, x 112 800 2145
V-1710F20R° 36Ll5 x 55+ x 112 800 2150
V-1710-F21R 361/2 x 55—53- x 112 800 2150

FOR OVERSEAS SHIPMENT
) . . Weight of Weight of
Model Outszdﬁz J‘_Db::.-;emzou Sbg:f;ng gyoz’g;zg:cﬁj
Lbs. Lbs.

V-1710-F2R  38Y5 x 558 x 112 850 2155
V-1710-F2L 3614 x 555 x 112 850 2155
V-1710-F3R 36l x 55 x 112 850 2160
V-1710-F5R . 36145 x 555 x 112 850 2195
' V-1710-F10R" 3645 x 55f; x 112 850 2195
V-1710-F5L 3614 x 554 x 112 850 2195
V-1710-F10L 3614 x 557 x 112 850 2195
V-1710-F4R  36L45 x 558: x 112 850 2195
V-1710-F20R  36l/4 x 554 x 112 850 2200
V-1710-F21R 36145 x 554 x 112 850 2200
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SECTION V
INSTALLATION IN AIRPLANE AND REMOVAL THEREFROM
1. GENERAL. mounting the engine in the ship, if installation clear-

. Since each airplane presents individual engine in-
stallation problems the following paragraphs will, of
necessity, be little more than generalized recommenda-
tions. For complete instructions on installations, refer
to Handbook of Instructions for the particular airplane
in which the engine is installed.

b. For additional information pertaining to installa-
tion refer to Allison Installation Drawings:

V-1710-F2R No. 36970
V-1710-F2L No. 37300
V-1710-F3R No. 37550
V-1710-F5R. No. 37310
V-1710-F5L No. 41450
V-1710-F10L No. 41000
V-1710-F10R No. 41580
V-1710-F4R No. 42135
V-1710-F20R No. 43320
V-1710-F21R No. 43205

2. INSTALLATION OF ENGINE IN AIRPLANE.

a. In the case of new or overhauled engines they
will be unpacked in accordance with Section IV, Para-
graph 4 and the first steps for preparation for service
will be performed in accordance with Section IV,
Paragraph 5.

b. Install the exhaust stacks in place in accordance
with the instructions of the airplane manufacturer’s
handbook. All models covered in this handbook, except
the F21R, have spark plug cooling manifolds. On these
models it is necessary to first remove the spark plug
cooling manifolds before the exhaust stacks can be
installed. Remount the right and left exhaust spark
plug cooling manifolds on the engine by secuting to
the three right and three left hand bracket assemblies,
respectively. These brackets are sccured to the lower
flange studs of Nos. 2, 6 and 11 exhaust ports by the
brass exhaust flange nuts and to the three long studs
in the coolant jacket upper flange by plain and palnuts.

¢. To install engine in airplane, attach Engine Lifting
Sling No. 2229 to the engine and raise into position.
Take care that no part of the accessory section is dam-
aged. The starter and generator may be installed before

ances are limited.

d. Brake lining strips (four pieces about 8”x1l4"x
14y should be placed between the crankcase and the
engine mounting bearers, if rubber mounts are not
used. The strips should be punched to provide clear-
ances at raised rivet heads on bearers. Fasten engine to
mounting bearers with eight i bolts. The engine
must rest evenly on the bearers before mounting bolts
are tightened. In case of some types of rubber mounts,
it may be necessary to install the mounts on the engine
mounting flanges before lowering the engine into the
airplane. Provision should be made for & smooth sup- -
porting surface for the bottom face of the flange to
rest on.

e. All airplane accessories such as starter, generator,
fuel pump, vacuum pomp, propeller governor, etc,
will be mounted on the engine using the engine gaskets
on the mounting flanges. Additional composition
gaskets are not required when sheet aluminum gaskets
are furnished.

f. On F4R and F20R Models attach the airplane
cockpit throttle linkage to the automatic manifold pres-
sure regulator main lever, and check linkage in accord-
ance with Section IX, Paragraph 6. ¢, Ground Check of
Reguiator.

g. Make all necessary connections. Refer to Section
11, Table of Specifications, and Figure 37 for Size and
location of connections. Due to variations in detail of
airplane to engine connections, only typical engine in-
stallations can be shown. The following diagram will
illustrate typical systems:

Figures 38, 30 and 40 illustrate typical engine in-
stallations.

ATTAGH TQ PORT sTUDS NOS. 2,8 & I

_ Figure 36—Instaliation of Cooling Manifold Bruackets.
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Figures 41 and 42 illustrate typical lubrication sys-
tem installations.

Figures 43, 44 and 44A illustrate typical fuel sys-
tem installations.

b. Install propeller hub and tighten. For complete
instructions as to the proper procedure, refer to the
manufacturer’s handbook covering the particular type
propeller used.

i. All engines covered in this handbook are equipped
with a propeller governor oil bypass plug, for by-
passing the oil away from the propeller governor.
Only when a hydraulic propeller is to be installed, is
this plug to be removed.

(1) Remove the 14"-20 Hex. head brass plug from
the rear face of the reduction gear rear case, located
just below the right side of the propeller governor
mounting pad. The oil bypass plug is located in the
hole back of the 14"”-20 brass plug.

(2) The plug is extracted by screwing an inertia
type puller with a 14”-28 threaded end into the tapped
hole in the governor oil bypass plug.

(3) After the bypass plug is removed, replace
the 14”20 Hex. head brass plug. Safety this plug with
lockwire to the adjacent square head brass plug.

j. The remainder of the preparation for service, as
stipulated in Section IV, Paragraph 5, will be com-
pleted at this time. This includes filling carburetor,
pre-oiling of engine, and installing spark plugs.

k. INSTALLATION GROUND TESTS.
(1) WARM-UP AND OPERATION.

() Whenever a new or overhauled engine is
installed in an airplane, the installation will be warmed-
up and ground tested by running the engine for ap-
proximately 30 minutes during which time the operation
of the engine, its instruments and related accessories
will be thoroughly checked for proper functioning. The
warm-up operation should be made below 1400 R.P.M.
and the ground test operation at or below 2280 R.P.M.
and Cruising Manifold Pressure. This speed and mani-
fold pressure is sufficient to give an indication of
proper functioning of instruments and accessories,

except for checking the Take-Off setting of the auto- -

matic manifold pressure regulator, Continued opera-
tion at manifold pressures approaching rated power
must not be longer than 30 seconds duration.

(2). SINGLE MAGNETO CHECK. — A single
magneto check will be made between 2200 and 2300
R.P.M. with propeller control and carburetor mixture
control set as follows:

- 47 -

Electric Propellers — Set propeller in normal control
with fixed pitch which provides
2300 R.P.M. at or near 28" Hg.
Hydraulic Propellers — Set propeller control at Take-
Off (full low pitch position)
Mixture Control—Set at “Automatic-Rich”
The loss in speed in running on either single magneto
should not exceed 100 R.P.M. when the engine is warm
and functioning properly.

.CAUTION

On engines equipped with automatic manifold
pressure regulator observe the tachometer
reading immediately after switching to single
magneto operation before the regulator has
had time to compensate for the R.P.M. drop.

WARNING

Do not make single magneto checks over 2300
R.P.M. and 30” Hg. manifold pressure. The
checking of the ignition switch for proper
“ground” when in “OFF” position should be
accomplished at “idling” speeds only.

(3) AUTOMATIC MANIFOLD PRESSURE REG-

" ULATOR CHECK.—A ground check should be given

the automatic manifold pressure regulator to detet-
mine whether the regulator unit has been properly
installed and is operating. See Section IX, Paragraph 6 e.

I. INSTALLATION FLIGHT TEST.—Upon comple-
tion of installation ground tests specified above, air-
planes in which new or overhauled engines have been

_installed, will be flight tested in the vicinity of the air-

drome before being released for service use.

(1) The flight test shall consist of a flight of one
hour’s minimum duration, the first 50 minutes of which
will be at reduced power, and the last 10 minutes at
normal rated power, followed by a careful inspection
for evidence of any visible defects, malfunctioning
parts, etc. If no malfunctioning or defects are noted, fly
an additional one-half hour at cruising power prior to
release of the airplane. '

3. REMOVING ENGINE FROM AIRPLANE.
. Before an engine is removed from an airplane the

initial steps of preparation for storage as outlined in
Section IV, Paragraph 2 4, must be performed.

b. Remove propeller.

¢. Remove cowling that is necessary to permit the
disconnection of the controls, other connections and
removal of the various accessories.
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4. Remove the eight 34” bolts holding the engine to e. After the bolts have been removed, guide the
the mount, or in the case of rubber mounts, detach the

engine carefully from the mount, lower it and fasten
mounting brackets from the rails if necessary.

in. the box or engine overhaul stand securing it with
CAUTION four 34" bolts.

The spark plug cooling manifold assemblies " f. Prepare the engine for storage as outlined in Sec-
are a part of the engine and will be kept with tion IV, Paragraph 2 d. :

the engine when it is removed from the air-
plane. '

i

—GOOLANT EXPANSION TANK GONN.

PRIMER LINE
GCONNEGTION

AIR INTAKE
TC CARBURETOR

 PRIMER LINE

FRONT BREATHER CONN. . INTAKE PIPE INTAKE PIPE ADAPTER
: "AND TIE STRAP
GOOLANT QUTLET CONNEGT!ONS

MANIFOLD PRESSURE
CONNEGTION

Figure 45—Intake Manifold System with Primer Lines.
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SECTION Vi
ENGINE TROUBLES AND SERVICE REPAIRS

1. ENGINE FAILS TO START.

If engine fails to start, it may be due to one or more
of the following conditions:

4. LACK OF FUEL AT CARBURETOR, OR IN-
SUFFICIENT FLOW.

(1) Check fuel in tank and see that the correct tank
valve setting is being used. This is indicated by flow of
fuel at wobble pump.

(2) Check carburetor strainer or airplane gasoline
strainer. (Priming fuel does not pass through car-
buretor.)

(3) The carburetor vent connection should be re-
moved and the engine rotated. The issvance of 2 spout
of fuel from the vent would constitute a check on the
fuel pump and fuel lines. ‘

b, STARTING PROCEDURE.

Incorrect starting procedure is frequently the cause
of the engine’s failing to start. The correct starting pro-
cedure is as follows:

(1) First set the propeller to manual low pitch
position.

(2) Carburetor air heater should be in “Full-Off”
ot “Cold” position.

(3) Set throttle at 1/10 open position correspond-
ing to 1000 to 1200 R.P.M.

(4) Next set the mixture control in “Idle Cut-Off”
and operate the wobble pump to obtain a fuel pressure
of 4 1bs./sq. in. The desired normal operating fuel
pressure is 12-16 Ibs./sq. in. However, as fuel begins to
discharge into engine at 4 Ibs./sq. in. pressure, this
pressure should not be exceeded when using wobble
pump prior to turning over engine.

(5) Energize starter.

(6) On a cold engine, prime with 2 to 4 full
strokes of the priming pump; on a warm engine, 1 to 2
full strokes are sufficient. The priming system is inde-
pendent of the carburetor. Caution must be exercised
not to over-prime the emgine in view of the extreme
effectiveness of the priming system, No priming action
nor fuel discharge is accomplished by pumping the
engine throttle on a pressure type catburetor.

(7) Turn on ignition switch to “Both On” posi-
tion, .engage starter, maintain fuel pressure of 4 lbs. by

wobbling as propeller begins to turn. When engine
starts firing, move mixture control to “Automatic Rich.”

(8) Avoid excessive operation of the wobble pump
to prevent flooding the supercharger inlet in case the
engine does not start immediately. If the engine gives
the impression of being loaded in starting, it can be
cleared by moving mixture control to “Idle Cut-Of”
position for brief intervals while the engine is turning
over. In case of definite overloading, turn the engine
over with the switch off, the mixture control in “Idle
Cut-Off” and the throttle wide open.

(9) If, after a cold start, 2 heavy viscous oil is
indicated by high or fluctuating oil pressure when the
engine R.P.M. is increased for “warm-up,” the oil dilu-
tion valve control switch may be held “"ON” for 1 to 2
minutes to further dilute the oil and correct this condi-
tion. Overdilution of the oil will result in dangerously
low oil pressure, and should be avoided if possible.

(10) If the engine should stop, return the mixture
control immediately to “Idle Cut-Off” position to avoid
flooding the engine with fuel, as the fuel pressure will
build up to normal operating pressure of 16 Ibs./sq. in.
when engine starts firing.

(11) If engine is not overloaded, another start can
be made using the same procedure. In case of overload-
ing, the next start should be attempted withour priming.

¢. UNDERPRIMING OR OVERPRIMING.

(1) UNDERPRIMING is sometimes caused by
leaking primer line connections or priming pump pack-

" ing. Also check the fuel supply to the primer and wobble

pump.

(2) OVERPRIMING is first indicated by a very
weak . combustion followed by black smoke from the
exhausts. Excessive overpriming is evidenced by wet
plugs and by gasoline appearing at the exhaust stacks.
This condition constitutes a dangerous fire hazard, as
well as a detriment to the oil film on the cylinder walls.

(2) To relieve overloading, crank the engine
several revolutions with the switch off, throttle wide
open, and the mixture control lever in “Idle Cut-Of.”

4. CARBURETOR MANUAL SETTING
INCORRECT. -

(1) Set pressure type carburetor on “Automatic-
Rich” after engine begins to fire from priming charge.
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(2) Set throttle at the position corresponding to
1000 to 1200 R.P.M.

e. DEFECTIVE IGNITION.

NOTE

Before checking ignition, remove any excess
fuel in the induction system as indicated in
Paragraph 1. c. (2), (@) ahove.

(1) Remove spark plug terminal and see if current
is reaching spark plug.

(2) Next check magneto by removing one mag-
neto terminal and inserting screwdriver into socket so
as to touch contact post. Turn engine over with starter

to see if spark appears between screwdriver and socket
wall.

(3) If spark appeats at magneto, then 'check igni-
tion wiring, ground comnection and switch for broken
wires and insulation. Also check for short circuits and.
incorrect connections. Refer to Section VIII for replace-
ment of defective cable.

(4) Determine if magneto terminal is making good
contact inside magneto. When terminal is placed in
socket, the contact post inside the magneto should de-
flect enough to spring terminal back at least 14”. If
pressure on terminal is weak, then reach inside the
magneto with a bent point scriber and bend contact post
toward terminal socket.

(5) If spark fails to appear at magneto, remove
magneto cover and check points for opening, pltted
condition, dirt, or corrosion. :

{6) Check distributor rotors and heads for loose
contacts, short circuits, cracks, dirty surfaces and wrong
connections. Refer to Wiring Dxagrams Figures 75, 76
and 77.

(2) When cleaning distributors, ignition cables,
and other ignition patts, special care must be used in
the choice of a solvent. Do not use carbon tetrachloride
as it leaves a deposit which may cause shorting.

(%) Avoid use of excessive quantities of solvent,
since most types attack the lacquer coafing and rubber
insulation of the ignition cables. Do not slosh the inside
of the distributor head as the solvent may run down iato
the ignition shielding or become pocketed in recesses
and damage the insulation and lacquer coating of the
ignition cables.

(¢) Dampen, but do not saturate, a cloth with a
suitable solvent and wipe the distributor or other igni-
tion parts to be cleaned. Clean one part at a time and

- 50~

wipe it dry with a clean cloth immediately afterward.
Allow the cleaned part to dry thoroughly by normal
evaporation before reassembling it.

CAUTION

To avoid danger of fire or explosion, be sure
all solvent fumes have been removed from the
ignition parts before reassembling them into
the shielding or housings. ;

(d) Acetone is recommended as the solvent in
cleaning the distributor finger and head. Clear gasoline
or mineral spirits is recommended on all other parts.

(7) Check magneto timing, making sure that the
magneto is not displaced by 180°.

(4) If magneto is out of time, it is probable that
the valve mechanism is out of time also.

f- VALVE TIMING.

(1) Remove cylinder head covers (loosen intake
ignition tubé copnector mits and brackets), and check
valve timing.

(@) Check valves for freedom of action.

(%) Check for damaged valve sprmgs retainers,
keepers, etc.

(¢) Check tappet clearance. ( Sectlon VIII, Para-
graph 5.)
(4) lnspect for broken tappets..

g INSUFFICIENT CRANKING SPEED.
(1) Defective starter or battery.

- (2) Cold oil. (Not apphcable if oil dilution system
is used.)

(a) With ignition switch off and throttle wide
open, turn propeller over by hand. During extremely
cold weather, if engine is too stiff to be mrned by hand,
it will be necessary to heat the 011 and ethyflene glycol

befere starting the engine.

'b. AIR LEAKS.

(1) Check intake manifolds, hose connections and
clamps for security.

(2) Check intake manifolds for holes, cracks or
blistering.
(3) Check carburetor gaskets for tightness.

(4) Check tightness of plugs and connections in
intake manifolds,

(5) Check intake manifold nuts and gaskets for
tightness.
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2, LOW OIL PRESSURE.
(Less than 55 lbs./sq. in.)

2. LOW OIL PRESSURE DURING GENERAL
OPERATION.

(1) The main oil pressure is maintained between
60 and 70 lbs./sq. in. by the pressure relief valve over
an engine speed range from 1950 to 3000 R.P.M. with
an oil temperature of 60°C to 80°C, (140°F-176°F). If
oil pressure drops below 55 Ibs./sq. in. when the engine
is operating under these conditions, an investigation for
the trouble should be made. Failure of oil gage to show
required pressure may be due to one of the following
causes:

(2) Clogged or dirty oil pressure relief valve.

(&) Incorrect oil pressure relief valve adjust-
ment.

1. Visual inspection of the relief valve adjust-
ing screw will determine if the adjustment setting is
approximately correct (flush to one turn inside body).
If adjusted more than four turns inside body, either the
spring is defective and should be replaced, or the ad-
_justment is wrong.

(¢) Insufficient oil in supply tank.
(d) Clogged Cuno oil strainer.

(e) Restriction or obstruction in supply tank or
sump.

(f) Restriction or leakage in oil pressure gage
line.

(g) Broken or defective oil pressure gage. Check
gage for correct reading.

(k) A loose ot broken oil line connection on the
inlet side of the oil pump.

(i) Oil inlet temperature
(203°F).

(i) Leaking oil dilution valve causing over-
dilution of oil.

exceeding 95°C

(k) Damaged oil line or crankshaft oil plug in
engine.

(1) Excessive bearing clearance.

k. LOW OIL PRESSURE AT START.

(1) Use of oil unsuited to engine requirements.
Refer to Section II, Table of Specifications, of this hand-
book.

(2) Clogged or defective oil pump check valve.
(3) Cold oil in the pressure gage line will make

-51 -

the gage slow to respond, and register pressure below
that existing in the engine. Make certain engine is
sufficiently warmed up to eliminate this condition.

(4) Defective pressure gage.

3. LOW POWER.

a. Check propeller for correct design or setting.

5. Be sure the correct grade of fuel is being used.
On engines of high output this extremely important.
Refer to Table of Specifications, Section II of this
handbock.

¢. Check magnetos at 2200 R.P.M, with switch to
determine drop in R.P.M. on each magneto individually.
A drop of more than 100 R.P.M. generally indicates
faulty ignition in one or more of the following sources:

{1) Poor spark plugs.

(2) Broken or damaged ignition wires.
(3) Defective magneto or connections.
{4) Faulty distributor rotors.

(5) Dirty or broken distributor heads.

(6) Magneto
improperly.

breaker points pitted or set

d. Check fuel sﬁpply to carburetor for proper pres-
sures which are as follows:

Condition Fuel Pressure Lbs./Sq. In.
Desired .. .....ccvvviiiann. 12-16
Maximum ......ccnccaninnns 16
Minimum ......... [P 12
Idling ......ccoviiiiiiiinnn 10

e. On engines ot equipped with automatic manifold
pressure regulator check throttle throw to determine
whether carburetor throttle valve is capable of being
opened to the full throttle position.

NOTE

Do not open the throttle to the fully open
position with the engine operating.

f. On engines equipped with automatic manifold
pressure regulators, inspect linkage and regulator. See
Section IX, Paragraph 6.

g Check fuel lines and strainers for restriction to
flow.

b. Check aagneto and valve mechanism for opera-
tion and timing.

i. Check carburetor air intake system for restriction
or induction of exhaust gases.
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j. Check for air leaks in intake manifolds and
gaskets, carburetor mounting flange and gaskets, and
catburetor body gasket.

k. Incorrect fuel-air ratio. Check mixture control
lever.

. Leaking intake or exhaust valves. With ignition
switch off, rotate propeller shaft to check compression.

(1) Check compression. Remove a spark plug from

each cylinder, either intake or exhaust, whichever is the

“most accessible. Install the second plug in each cylinder
individually and turn the engine over by hand to deter-

mine if any noticeable difference in compression exists.

m. Check coolant temperature.

#. On engines equipped with Turbo-supercharger,
check operation of Turbo waste gate.

4. ROUGH RUNNING.

a. Check propeller balance and track.
b. Check propeller hub nut for tightness.

¢. Check propeller shaft thrust bearing nut for tight-
ness. Use wrench No. 2115. Check propeller hub near
cone for galling.

d. Check spark plugs and terminals. See that only
solid copper gaskets are used, and are properly seated.

_e. Check removable sleeves in the exhaust detachable
leads. '

f- Check magneto timing and operation, including
condition of magneto breaker points. Check ignition
harness for broken wires, poor connection and damaged
insulations.

g Check engine mount bolts for tightness.

b. Check engine mount for cracked or broken mem-
bers.

i Check mixture control lever setting and operation
for proper functioning.

j- Check engine operation with carburetor heat con-
trol “Full On” to determine if poor distribution or ice
formation in carburetor is causing roughness.

k. Check distributor finger drive shaft bearings.

l. Check valve mechanism operation and timing.

m. Make sure there is no water in the fuel, and that
the proper grade of fuel is being used. Refer to Section
1L, ‘Table of Specifications, of this handbook for proper
grade of fuel.

n. Check coolant temperature. Coolant temperatures
below 85°C (185°F) may cause poor distribution and
rough running. : ‘
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0. Examine distributor rotors and heads for failures
or signs of arcing or cracks.

5. HIGH OIL INLET TEMPERATURE.
(Over 959C) (203°F)
‘a, Checkk amount and grade of oil in tank.

b. Check oil cooling system, particularly installations
which have oil coolers with bypass valves. Check for
restriction in air ducts to oil coolers.

¢. Check Cuno strainer for foreign particles.
d. Check magneto timing.

e. Check carburetor for lean mixture.

f. Check valve timing and adjustment.

g Check for high oil flow due to damaged crank-
shaft oil plug, broken main oil line, defective bearings,
etc.

6. HIGH OIL PRESSURE. |

(Over 85 lbs. per sq. in.)

a. Cold oil. See that the oil is diluted or warmed up
sufficiently before operating the engine over 1400
R.P.M.

b. Improper setting of oil pressure relief valve, (A
quarter turn of the adjusting screw will change the
pressure approximately 1145 lbs.)

¢. Oil pressure relief valve not functioning properly.
d. Cuno strainer clogged with foreign particles.

e. Restriction in oil passages or main oil line.

7. BACKFIRING.

a. Violent backfiring of the engine, if allowed to

- occur repeatedly, will cause serious damage. Conse-

quently the cause of the trouble should be located
quickly and corrected. The following items are cop-
ducive to backfiring:

(1) Cold engine, The coolant temperature should
be above 85°C (185°F) before engine is operated above
1800 R.P.M. The oil temperature should be between
60°C to 80°C (140°F to 176°F).

(2) Lean mixture setting.

(3) Foreign substance under intake seat prevent-
ing the valve from closing. Set ignition switch on “Off”
and check valves for leaks by slowly rotating the
propeller shaft.

(4) Insufficient valve tappet clearance.
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(5) Valve mechanism failure. Remove cylinder
head covers for examination.

(6) Incorrect valve or ignition timing.

(7) Moisture or dirt on distributor rotors. Make
sure the vent screens are not clogged.

(8) Loose ground connection on ignition cable
shielding at the mounting brackets on the cable tubes.

(9) Excessive carburetor air temperature.

(10) Low carburetor fuel pressure. The fuel pres-
sure at the metering unit should not be less than 12
Ibs. /sq. in.

(11) Leaks at the intake manifold gaskets, when
manifold pressure is below atmospheric pressure.

k(12) Loose spatk plugs or damaged spark plug
gaskets.

b. Immediately after the correction of any prolonged
ignition difficulties or misfiring of the engine, inspect
each intake valve for burning on the valve face. This
will be accomplished by removing the intake manifolds
and turning the crankshaft until the individual valve
to be inspected is approximately one half open.‘Visual
inspection of the intake valve seat face will be made
through the intake valve port while casting a light on
the seat of the valve. Each intake valve will be rotated
a full 360° by turping the upper valve spring washer
during the inspection in order that the entire periphery
of the seat can be observed.

8. COOLANT OR OIL LEAKS.

a. Damaged gaskets or parting surfaces.
b. Incorrect gasket material ox coating.
¢. Cracked casting.

d. Loose cylinder hold down stud nuts. Tighten nuts

through an angle of 90°. For correct procedure, refer to

Section VII, Par. 2. i
e. Damaged cylinder hold down stud nut seals.

f- Worn coolant pump shaft or damaged coolant
seals.

g Poor hose connections, clamps, etc.

9. HIGH COOLANT TEMPERATURE.
{Over 125°C) (258°F)

a. Insufficient quantity of coolant in expansion tank.

b. Insufficient coolant flow. Check coolant pipes for
restrictions, leaks (especially on the inlet side), and
examine coolant pump for failures.

¢. Check coolant for water content.
d. Restriction in air ducts to radiators.
e. Shutters left in closed position.

f. Expansion tank line to pump inlet inadequate to
care for flow of vent lines, causing low pressure at
pump inlet. Check for desired pressure, 0-1 Ibs. at
pump inlet.

g. Coolant leaks between the inlet and outlet head-
ers in the radiator. Also check for jammed pressure
control valve on the coolant expansion tank.

bh. Coolant vent lines too small or not located prop-
erly, resulting in air traps in the system.

i. Insufficient idling speed for continuous ground
idling.

j- Incorrect ignition or valve timing.

10. PROPELLER SHAFT MISALIGNMENT.

4. When an airplane noses over, taxis into an ob-
struction or crashes, causing the propeller to stop
abruptly (one or two turns) from any power driven
speed, severe internal damage may result.

Figure 48—Checking Propeller Shaft Alignment.
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(1) Whenever an accident as described ahove
occurs to any of the engines covered in this hand-
book, the engine should be removed as soon as pos-
sible and forwarded to the control depot for disas-
sembly and inspection.

(2) In the case of a propeller striking some
object, which momentarily reduces the speed but does
not completely stop the engine, inspection should be
made of the engine to determine whether or not it
may be continued in service. The inspection should

include a misalignment check of the propeller shaft

with a dial indicator and Allison Tool No. 2447. The
propeller shaft ranout when measured in this manner
should not exceed .005” at the front cone seat location.
See Figure 48,

-54-

11. CARBURETOR MALFUNCTIONING.

a. Refer to section IX, Paragraph 2 ¢, Trouble
Shooting, for cotrective measures, when, under specific
conditions of flight, the following carburetor malfunc-
tioning is indicated. ' '

(1) Engine runs too rich or too lean at Cruising
Power, '

(2) Engine runs too lean at Take-Off or Rated
Power but satisfactorily at Cruising Power.

(3) Engine runs too lean or too rich at altitude
in Automatic position, but satisfactorily at sez level.

(4) Engine does not accelerate properly but runs
satisfactorily with slow throttle movements. '

(5) Engine does not shut off in Idle Cut-Off
position.,



2. INSPECTION AND MAINTENANCE.

. Section VIl
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SECTION VI
SERVICE, INSPECTION AND MAINTENANCE
1. GENERAL. (3) 50 HOURS,

a. The work outlined in this section is a normal
function of the operating organizations at Air Corps
stations. It consists of the petiodic inspection, cleaning,
setvicing, lubricating, adjusting and such maintenance
wotk as the organization facilities permit. For pre-
flight inspection, refer to the Handbook for the air-
plane in which the engine is installed.

b. The necessary tools for this work may be found
listed in Section X—S8ervice Tools.

a. DAILY—POWER PLANT.

(1) Inspect high tension ignition leads for evi-
dence of burning due to leaks in exhaust system.

(2) Inspect for evidence of engine throwing oil.

(3) Inspect for proper safetying of all drain plugs,
covers, etc. ‘

(4) If the Cuno Strainer becomes clogged, it
should be removed and cleaned in some solvent. until
it turns freely.

b. IGNITION AND ELECTRICAL.

(1) Inspect and maintain spark plugs in accord-
ance with Section IX, Paragraph 4 and magnetos in
accordance with Section IX, Paragraph 3.

(2) 25 HOURS.—Inspect the three threaded con-
nectors in each distributor drive housing for looseness.
The three connectors are the two distributor head
housing to ignition cable tube connectors and one
ignition cable cross tube connector. If there is any
looseness, remove the loose connector from the hous-
ing and install a new connector in the manner described
in Section VIII, Paragraph 11.

CAUTION

It is important that the above inspection be
carried out periodically because, once the con-
nector has started to wotk loose at its threaded
fitting in the distributor housing, continued
engine operation may damage the housing be-
yond repair. A new connector should be in-
stalled at the slightest indication of looseness.

(a) Inspect ignition shielding for proper an-
chorage and security of union nuts.

NOTE

Whenever it is necessary to resolder any part
of the ignition manifold assembly, the follow-
ing will apply:

Only solder, Specification 57-99-1 (lead and
silver rod, 14 inch diameter) should be used
due to its resistance to higher temperatures.
This solder should be applied with a soldering
iron, properly heated; however, extreme care
should be exercised to prevent butning any
adjacent ignition cable insulation. Whenever
possible, the ignition cable should be with-
drawn from the parts that are to be soldered.

r. FUEL SYSTEM.

(1) Inspect and maintain carburetor in accordance
with Section IX, Paragraph 2.

d. OIL SYSTEM.
(1) SPECIAL PERIODS.

(a) Inspection and servicing of Cuno oil strain-
ers require special 10 and 25 hour attention. Refer to
Section IX, Paragraph 5 for details.

(2) 25 HOURS.

(a) The complete engine and airplane oil sys-
tem should be drained at every 25 hour inspection
and refilled with the grade of oil specified in Table of
Specifications. The draining operation should be ac-
complished immediately upon completion of flight
while the oil is hot. At the same time the oil is
drained, the magnetic plug will be removed from the
rear oil drain elbow of the engine and inspected for
accumulation of metal particles or sediment.

NOTE

After filling oil tank at oil change, the oil
pump inlet line must be bled of all included
air. Disconnect the oil inlet line connection at
the oil pump to bleed air and establish solid
oil flow.
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{(5) Remove and clean Cuno oil strainér and
the strainer compartment on the engine. On all models
equipped with automatic Cuno strainers; even distribu-
tion of dirt on disc surface indicates that the automatic
- Cuno has not been turning during engine operation.
Observe cleaning procedure in Section IX, Paragtaph 5.

CAUTION

Do not attempt to remove Cuno by taking out
the 3 Hex. head cap screws located in the
head, since the removal of these will only
separate the head from the cleaning element.
Cuno is secured to accessory housing by the
6 self-locking nuts located on flange in rear
of the Cuno head. When replacing the Cuno
strainer be sure that the mounting face is
wiped dry of oil and that a new gasket is
installed each time the Cuno is removed.

{c) Inspect all oil lines for: leaks, particularly
at connections; security of anchorage; wear due to
chafing or vibration; and dents or cracks.

(d) Check supercharger oil seal vent (non-
removable screen type) by removing vent assembly
and blowing through with mouth. In case of clogging,
wash thoroughly and recheck. In case washing does
not clean screen the new type assembly (having re-
movable screen) should be installed.

(3) 50-HOUR.—Dutring each second 25-hour oil -

change remove and clean the engine oil screens located
in the front and rear oil drain elbows. Removal and
reinstallation of the drain elbows must be accomplished
in accordance with the special procedure given in
Section VIII, Paragraph 8, c.

(4) AT ENGINE CHANGE.Clean removable
oil screens and the Cuno strainer on newly installed
engines by removing and washing in gasoline. See
ifistructionis Sectionn V, Paragraph 2—Installation of
Engine in Airplane. When cleaning Cuno oil strainers,
the compartment in which the filter is installed will
also be cleaned. ' :

e. COOLING SYSTEM.,
(1) 25-HOUR.

(2) Inspect lines for evidence of leaks, particu-
larly at connections; security of elbow anchorage; wear
_ due to chafing or vibration; condition of hose connec-
tions; and tightness and location of clamps at rubber
connections.

- 54 -

NOTE

In replacing hose connections, refer to Section
VIII, Paragraph 15.

(%) Inspect coolant pump for evidence of leaks.
The coolant pump has a spring loaded type packing
which will not require manual tightening, If leakage
is excessive do not attempt to replace packing or any
part of the pump. Replace the entire pump as a unit.

(2) 100-HOUR.

(a) Drain dind flush the coolant system. Drain
the coolant while hot from the lowest point in the
coolant system. The filler cap should be removed to
speed drainage and zhe airplane kept in its normal
ground attitude, Coolant should be drained off into

clean stoppered containers for salvage. Be sure to drain
out all water and coolant in each draining operation.

(b) With the drain open and with a hose in
coolant expansion. tank filler, run water through system
until water drains out clear,

(¢) Close drain and fill system with water.

(d) Drain water from the cooling system by re-
moving plug,.
(e) Refill in accordance with Paragraph (c).

(f) Run engine until coolant temperature reach-
es 90°C.

(g) Drain water from the cooling system by re-
moving plug. I draining water is still dirty, repeat (e),
(1), and (g).

- (k) Fill engine with flushing Ethylene  Glycol,
conforming to Specification AN-E-2.

(i) Run engine until coolant temperature reach-
es 100°C.

() Drain flushing Ethylene Glycol by removing
plug described above.

- NOTE

The flushing Ethylene -Glycol is used to re-
move the water left in the cooling system from
the water flush. It can be re-used in cleaning
other cooling systems until the water content
of the flushing glycol is approximately 209,
or until the coolant is contaninated. The boil-
ing point of 809, Ethylene Glycol — 209,
Water — is about 257°F, or 125°C. If coolant
reclamation equipment is available at the over-
haul depot, the Ethylene Glycol can be re-
claimed for coolant use by this equipment. If

pa—
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it is not available, the Ethylene Glycol can,
in an emergency, be boiled to remove sufficient
water to permit its re-use for flushing opera-
tions. Contaminating solids should be strained
from the coolant or allowed to settle before re-
use in flushing operations.

(k) Reinstall drain plug, then tighten and se-
cure with safety wire. Extreme care should be exercised
to insure that drain plug is properly installed.

CAUTION
It is important that the above draining instruc-
tions be carried out completely to avoid any
possibility of an excessive amount of water
remaining in cooling system. The latter would
cause boiling of coolant at standard operating
temperatures, with possible damage to engine
and airplane,
(1) Refill coolant system with coolant conform-
ing to table of specifications, making certain that the

airplane is kept in its normal ground attitude duting
this operation. Reinstall filler cap.

f. VALVES.

(1) At each 50-hour period the following inspec-
tion of the valve mechapnism will be performed.

(a) Check condition of cylinder head cover
gasket.

(b) Check for damaged valve springs, retainers,
keepers, etc.

(c) Check valve clearances. (Section VIII, Para-
graph 5.)
g- MANIFOLDS AND SUPERCHARGER.

(1) 25-Hout-Automatic Manifold Pressure Regu-
lator.

() Inspect oil supply line, oil drain line, and
air line, for leaks, secutity of anchorage, wear, dents or
cracks, condition and location of clamps at rubber
connections.

LOCATING
BEARING

REAR OF
CYLINDER BLOCK

BEARING N2 TOWARD REAR
AND EXHAUST SIDE

TAPPET
ADJUSTING

LOGK NUT

GAP N2
TOWARD
EXHAUST
SIDE

i EXHAUS
M__s\DE

Figure 53—Valve Operating Mechanism.
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(&) Oil all linkages with light lubricating oil.
{c) Inspect all safety wiring.

(2) 50-HOUR.

(2) Inspect intake system fbr broken studs and
security of attachment of pipes. Intake pipes should be
inspected carefully for any leaks or damage.

(2) Check exhaust manifolds and studs for
looseness. . Examine gaskets for evidence of leakage.

(c) Check supercharger inlet cover to catbu—
retor flange and gasket for security.

(d) Ascertain that carburetor heater and air
scoop is securely fastened at carburetor flange.

(3) 100-HOUR.—Repeat ground test in Section
IX, Paragraph 6., ¢, to determine if automatic manifold
pressure regulator is functioning properly.

‘h. PROPELLERS AND ACCESSORIES.—Inspect
thrust bearing nut and tighten, if necessary, at the first
50-hour- inspection and at every third 50-hour inspec-
tion thereafter.

i, POWER PLANT—GENERAL,

(1) CYLINDER HOLD-DOWN NUTS.—A¢ the
end of the first five hours flying time of a new or newly
overhauled engine, the cylinder hold-down nuts should
be inspected for tightness. No further checking of these
nuts will be necessary until the next overhaul, In general
the nuts will usually be somewhat loose because of
settling of the cylinder blocks and compression of gasket
Ppaste on the cylinder barrel bearing plates. The nuts are
tightened as follows: Turn the nut so that it just makes
contact with the boss but does not load the stud. Then
tighten it by turning through an angle of 90° to 110°.
Cotter each nut after final tightening. In doing this,
" only one nut on a block should be tightened at a time
to avoid possibility of breaking the crankcase cylinder
block seal. The tightening sequence indicated in Fig. 54
should be followed.

NOTE

It should be held in mind when tightening the
cylinder head stud, nuts by angular displace-
ment that the washer must be pulled down suf-
ficiently to compress the shoulder of the rubber
packing sleeve and pérmit the washer to make
contact with the cylinder hea§ boss before the

-58 -

90° and 110° tightening angle is made. Wash-
ers with 1/64 chamfer on bottom I. D. must
be used.

Figure 54—Cylinder Head Stud Tightening Sequence.

CAUTION

" Engine must be cold when hold-down nuts are
tightened.

(2) DAILY.—On engines equipped for W.E.R. the
break-through seal on the cockpit throttle lever will be
inspected daily. A break-through of the seal indicates
that the engine has been operated using W.ER. and
such inspections and checks as ‘are necessary must be
made to insure that no damage to the engine has
occurred due to the high manifold pressures which
have been used:

(3) AT ENGINE CHANGE.

(a) When an engine is changed, accomplish all
special inspections and maintenance wotk prescribed in
this section that ate applicable to engine change as well
as special technical instructions that are to be done at
engine change.

CAUTION

In the event of an engine change due to an
internal failure of the engine, such as main
bearing failure, the entire airplane oil system,
iticluding oil tanks and piping, must be thor-
oughly cleaned by flushing with clean kerosene
or with steam. After cleaning the oil system,
the oil temperature tegulators must be re-
placed.

(b) Newly installed engines shall be ground
tested in accordance with Section V, Paragraph 2., k.
Newly installed engines will also receive a flight test in
accordance with Section V, Paragraph 2., L upbn com-
pletion of the installation ground tests specified above.
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SECTION Vil
ADJUSTMENT, REPLACEMENT AND MINOR REPAIR

1. GENERAL. 3. REPLACEMENT OF INTAKE MANIFOLD

4. The work outlined in this section can be performed
with the facilities usually available at service fields.

2. REPLACEMENT OF EXHAUST MANIFOLD
GASKETS.

. Remove the necessary cowling to permit access to
the exhaust manifolds. {Refer to the Service Handbook
for the particular airplane.)

b. The exhaust manifold gaskets of early engines of
some of these models were of the copper asbestos type,
while the later engines use a graphite painted sheet steel
type. All replacements will be made with the steel
gasket. The exhaust flange at each cylinder is secured
by five 14-28 brass nuts. Remove these nuts from the
flanges that secure one complete bank of manifolds to
the cylinder block. Next, remove the three bottom
fillister head screws from spatk plug cooling manifold
brackets in order to free the brackets from the exhaust
flange studs. Then lift off the exhaust manifolds.

c. Remove il old gaskets and discard. Carefully
clean the faces of the exhaust flanges and the mounting
face of each exhaust port thoroughly. Examine all studs
for looseness. Check the exhaust manifold flanges on
a surface plate to determine if warping is responsible
for the blown gasket. Reface if necessary.

d. In replacing the stéel type gaskets on these engines,
paint both sides of gasket with 2 mixture of electric
furnace graphite and mineral oil mixed to a consistency
suitable for application with a brush. Install the new
gaskets with the bead toward the steel flange of the
manifold, and replace exhaust manifolds and spark
plug cooling manifolds. Tighten the nuts of the exhaust
flange evenly to avoid distorting gaskets. Safety the
bracket screws of the spark plug cooling manifolds.

NOTE

On V-1710-F2R, F2L, F5R, F5L, F10R and

F10L model engines, two gaskets should be in-

stalled with the beads toward each other and .
the shroud sheet of the gas collector between

them. See Fig. 55. In this case, pal nut should

be installed to safety the standard brass ex-

haust flange stud nuts.

-59 ~

GASKETS.

a. Intake manifold gaskets can be removed without
disturbing the rubber manifold connections or removing
any section of the manifold proper. Using Service
Wrench No. 2140-29, remove cap screws in top of
manifold bottom flange just enough to free gasket. The
gasket is made with slotted lower holes to allow removal
from the studs. Install new gaskets and tighten evenly
so as not to damage manifold flange.

(1) It should be determined when loosening the
cap screws and nuts if improper tightening was respon-
sible for the gasket leak. If not, check for evidence of
distortion. In case of distortion, the hose connection
clamps at the tee should be loosened and the manifold
removed from the engine. Check mounting face of the
manifold on a surface plate for evidence of distortion.

. Lap if necessary.

4. REPLACEMENT OF VALVE SPRINGS AND
TIGHTENING ROCKER ARM BRACKETS.

CAUTION

The valve stems of these engines are noi
equipped with a stop ring to avoid valve drop-
ping into cylinder when the springs are re-
moved.

CYLINDER HEAD
GASKET NO. 40751
SHROUD SHEET
GASKET NOQ. 4075I

EXHAUST FLANGE

\

Figure 55—Installation of Monifold Gaskets on En-
gines Equipped with Turbo Supercharger
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2. Replacement of a valve spring should be attempted
on a service engine only when authorized by Field
Supervision.

~ CAUTION

Two types of valve springs are used on these
engines. The late type spring, identified by a
painted yellow stripe on the spring, must be
used on V-1710-F10R, F10L, F4R, F20R,
and F21R model engines. All other engines
may use either the late or early type spring pro-
viding all of the springs (inner and outer) are
of the same type on all four valves of any pat-
ticular cylinder.

5. Remove the exhaust spark plug from the particular
cylinder in which the valve spring is to be replaced.
Turn engine over until the rocker arm rollers rest on
the cam heels (valves closed). Insert Valve Holding
Tool No. 2294 in spark plug bushing. This tool shank
is marked with two etched rings to indicate position of
finger for depth. The mark nearest the finger shows
location in depth to support ¢ither exhaust vaive, while
the other mark is for the intake valves. The straight
arm, on the end of the tool shaft, indicates the position
of the supporting finger. Turn the tool until the straight
arm points in the direction of the proper valve and
tighten the knurled clamping bushing to hold tool in
this position. Refer to Figure No. 56.

MARK FOR
EXHAUST VALVES

MARK FOR
INTAKE VALVES

Figure 56—Vualve Holding Tool.

¢. Remove the four nuts from the rocker arm brackets
and lift off the rocker arm assembly. Using Overhaul
Tool No. 2315, compress the springs of the supported
valve, and remove keepers and springs. Replace valve
springs, and be sure the keepers are properly seated.
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The spring height is next gaged, using Gage No. 2443.
See Fig. 57. In case the spring height exceeds the range
given on the Gage, an undersize retainer must be sub-
stituted to provide the proper spring height. Replace
rocker arm bracket assembly. The rocker arm bracket
stud nuts should not be tightened too tightly, or high

temperature strains will result. Neither should the stud -

nuts be left too loose, or battering of the brackets will
result,

(1) Tighten all nuts down firmly, so as to seat the
bracket and cap on the cylinder head bosses, with cam
lobes in proper position.

(2) Loosen one nut, then turn it down to a finger
tight position ot pull it down lightly with a wrench,
whichever is necessary for the nut to make contact with
the rocker arm bracket and for the lower face of the
bracket to make contact wtih the mounting boss; from
this position, tighten to the following angularity and
cotter.

{2) Nos. 1, 3,5,7,9, 11, and 12 brackets (with
bearings) tighten 65°-85°.

(8) Nos. 2, 4, 6, 8, and 10 brackets (without
bearings) tighten 55°-70°.
(3) Loosen and tighten the other nuts of the
bracket in the same manner.

d. This procedure insures proper camshaft bearing
clearance. Be sure to reset both intake and exhaust
valves to their proper clearance. (See Section II, Table
of Specifications.) Remove the valve holding tool and
ve-install the spark plug.

5. SETTING VALVE TAPPET CLEARANCES.
2. When adjusting valves, make sure that the engine

is thoroughly cool, 10°C to 50°C (50°F to 122°F). In

order to check the valve clearances, first remove the
cylinder head covers and rotate the propeller shaft so
that the cam roller is on the base circle or heel of the
cam for the particular valve being checked. Then use
feeler gage between the valve stem tip and the valve
adjusting screw ball end. The proper valve clearance
when cold is .015” for the intake valves and .020” for
the exhaust valves. If adjustment is necessary, loosen
the lock nut and back off or turn down the valve ad-
justing screw. When re-tightening the lock nut, be
careful not to turn the adjusting screw.

CAUTION

Adjusting screw lock nuts must be drawn tight.
Tighten by band, but do not strike wrench with
any object.

.
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GAGE LINE "D"
STEM GRINDING LIMIT

GAGE LINE "B"
VALVE LENGTH

GAGE POINT

GAGE LINE "g"
SPRING LENGTH

GAGE LINE "A"
RETAINER SEL.EGTION

USE .OI7"—
RETAINER

INDIGATES NEW
SEAT IMPROPER-
LY INSTALLED

NEW VALVE ON
NEW VALVE SEAT

=

INDICATES SEAT
MUST BE PLACED

NEW VALVE
ON OLD SEAT

o

GAGE llcll
KGAGE LtNE\

o,

T
|| N

K
PR

o7,

~&—— SPRING HEIGHT SHOULD
GAGE AS SHOWN IF
PROPER RETAINER IS
SELECTED

l{:ﬂ%ww;ff

GAGE "D"

MUST NOT BE
BELOW GROOVE
SHOULDER

2443
TOOL NO.

FAEE N,

|- .
O ——— v

Figure 57—Checking Valve and Spring Height Using Gage No. 2443.
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- b. After tightening the lock nut, the clearance should
again be checked. All clearances which are found to be

below the proper amount (.015” for intake valves;

0207 for exhaust valves) should be reset to proper

clearances. Reset any intake valve if clearance exceeds -
0177, and reset any exhaust valve if clearance exceeds

0227,

. When checking valve clearances, if any are found
to have opened to .025” or more for the exhaust and
.020” for the intake, it is well to remove the adjusting
screws and examine the ball ends for abnormal wear or
breaks. Otherwise the adjusting screws need not be
removed between overhauls. '

6. REPLACEMENT OF VALVE TAPPETS.

@. Locate the rocker arm rollers on the cam heels.
Loosen the four nuts, holding rocker arm brackets,
sufficiently to allow removal of the tappet through the
* rocker arm from the bottom. Remove the lock nut and
screw tappet from the arm. Replace new tappet and
lock nut. Tighten the four bracket nuts as in Paragraph
4, above, and set clearance as outlined in Paragtraph
5, above. ‘

7. REPLACEMENT OF OilL PRESSURE RELIEF
VALVE SPRING. :
4. Remove the 114” hex. cap from the pressure relief
valve body, using Service Wrench No. 2244, Refer to
Figure 58. Remove the locking spring holding the oil

-pressure relief valve adjusting screw. The adjusting

screw is next removed with the small end of Wrench
No. 2244. The spring can then be removed.

b. After inserting new spring, screw in adjusting
screw until it is flush with the valve body. It is neces-
sary then to readjust the oil pressure. It is important
that the engine oil be maintained at operating tem-
perature, approximately 80°C (176°F), and the engine

_operated at cruising speed of approximately 2200

RP.M. Set relief valve adjusting screw to get steady
oil pressure gage reading between 60 and 70 1bs./sq. in.
Replace lock. If necessaty to move the relief valve
adjusting screw to do this, be sure mot to lower oil
pressure. Put washer in place and replace aluminum
cap on outside of pump body, and safety.

8. CLEANING OF OIL SCREENS.

* 4. GENERAL—There are two oil screens in these
models, one located in the front drain elbow and the
other in the rear drain elbow.

QIL- PUMP

VALVE OPERATED BY
ENGINE OIL. PRESSURE

OIL PRESSURE
ADJUSTING PLUG

STOP RING

OIL PRESSURE
ADJUSTING
PLUG LOGK

GASKET

Figure 58— Sectional View of Oil Pressure Relief Vaive.
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b. ENGINE OIL SCREENS.—The engine oil screens
located in the front and rear oil drain elbows on late
model engines, require removal of the elbows to clean.
Early model engines have a removable oil screen in the
front oil drain elbow which does not require removal
of elbow. When accessibility of the engine in the air-

plane permits, the elbows will be removed at the time -

indicated in periodic inspection and the screens cleaned
as follows:

(1) REAR OIL DRAIN ELBOW SCREEN RE-
MOVAL.

(2) Remove drain plug from rear drain elbow
and drain oil.

(5) Remove the.4 cap screws that secure the

xear drain elbow to the oil pan.

(c) Remove the 4 plain nuts and pal nuts that

secure the elbow to the oil pump adapter.
(4} Remove the elbow.

{e) The L4 castellated nut is removed through
the drain plug opening. using a socket wreach. The
through bolt and screen are then taken out.

(f) Clean elbow and screen by washing thor-
oughly in gasoline,

(g) Replace screen, install through bolt, washer
and castellated nut, tighten and safety nut with cotter
pin. o
(b) Before re-installing elbow, the rear flange

“of the oil pan and oil pump adapter should have the

old gaskets removed and thoroughly cleaned Do not
scrape mounting :faces to clean,

(i) Install new gaskets and locate drain elbow -

into position. The four cap screws and the four plain
nuts should be installed finger tight.

IMPORTANT

It is important that the following tightening
procedure be followed closely to prevent the
" elbow from being misaligned with resulting
possible oil leakage. '

(i) First tighten the four cap screws into the oil
pan to approximate final tension.

(k) Next permanently tighten the four plain
‘nuts onto the oil pump adapter studs to 70-80 in. lbs.

(1) After the stud nuts are tightened, release ten-
sion on all 4 cap screws in pan and re-sighter to 90-
100 in. Ibs. Safety the cap screws with lock wire and
install pal nuts over the plain nuts.

-64 -

' (2) REDUCTION GEAR CASE OIL DRAIN
FELBOW SCREEN REMOVAL.

(a) On early model engines, there is a removable
oil screen in the reduction gear case drain elbow. This
should be removed, cleaned in gasoline, dried, re-oiled
and then re-installed.

(b) On late model engines, the entire elbow as-
sembly must be removed in order to clean the screens.
This should be done in the following manner:

1. Remove the 4 cap screws that secure the
front drain elbow to the oil pan,

2. Remove the 4 plain nuts and pal nuts that
secure the elbow to the reduction gear assembly.

3. Remove the elbow and gaskets and clean
the mounting flanges.

4. Unsafety and remove the two fillister head
screws and take off the oil screen.

J. Clean elbow and screen by washing thor-

-oughly i in gasoline. .-

6. Re-install screen and safety the two fillister
head screws with lock wire, The lock wire is threaded
through both screws and runs across the face of the
screen.

7. Install new gaskets and locate drain elbow
into position. The 4 cap screws and £ plain nuts should
be installed finger tight. '

[MPORTANT
It is important that the following tightening
procedure be followed closely to prevent the

elbow from being misaligned with resulting
possible oil leakage.

8. First tighten the 4 cap screws into the oil
pan to approximate final tension.

9. Next permanently tighten the 4 plain nuts
onto the reduction gear asserably studs to 90-100 in. Ibs,

10. After the stud nuts are tightened, release
tension on all 4 cap screws in pan and retighten to
90-100 in. Ibs. Safety the cap screws with lock wire
and install pal nuts over plain nuts.

9. REMOVAL AND REPLACEMENT OF IGNITION
SHIELDING ASSEMBLY AND TIMING
DISTRIBUTORS.

4. GENERAL.—The ignition shielding assembly con-
sists of: two intake ignition cable tubes with flexible
extensions; two exhaust ignition cable tubes with flexible

~——
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extensions; a flexible cross tube; ang
neto cables. The entire assembly is jo
distributor housing assemblies. TI
mounted on the engine by several 1
are made of alominum, Metallic !
shield the wires from the cable tube
terminals. Figs. 60 and 61 show th
shielding and distributor drive asser

5. REMOVAL OF SHIELDING :
ENGINE.

(1) Disconnect spark plug terr

(2) Remove the nuts and pal «
ignition tube brackets to the engin
clamping screws of the brackets. E
tube is secured to the engine by three
screws. Each exhaust ignition tube
engine by four nuts on studs located
manifold bosses. The exhaust brack¢
are attached by screws instead of st

{3) Disconnect the magneto shi
magneto.

(4) On each cylinder head, lo
cylinder head cover screws nearest ik
ing. This operation releases the distril
packing ring which is clamped in
distributor housing diameter by the
moving the 4 pal nuts and plain nu
of each distributor housing, the igni
distributor housings are free to be
engine as a unit. '

NOTE
On the V-1710-F5R, F5L, Fi(

model engines, it will be necess -

nect the air blast tubes from the

on the distributor housings bef

the complete shielding assembly
gine.

¢. REPLACEMENT OF SHIELD

ON ENGINE.—With the cylinder

screws loosened as directed above in

ing assembly, a complete replacement
assembly can be installed as a unit

(1) Remove the distributor hous’

three mounting screws from the fl:
tributor head. This much disasseml
that the heads may be lifted off their :
to permit turning the distributor fi
the driving Iug with the camshaft
as the assembly is mounted.
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{SHIELDING

PHENOLIC

{CABLE NOT DETAGCHABLE AT THIS POINT)

INTAKE SPARK PLUG SHIELDING

NOISN3LX3
3781X3714

MARKER

CAP
RUBBER

SLEEVE

EXHAUST SPARK PLUG LEADS

(DETACHABLE AT THIS POINT)

Figure 60— Distributor Drives and Ignition Shielding Assembled Unit, {Type without gun synchronizer drives.)
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TOP VIEW
CORRECT INSTALLATION OF EXHAUST SHIELDING

Figure 63—Aligning Exhavst Spark Plug Cable Shielding Leads.

s
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manifolds, and to relieve the exhaust spark plug leads
and extension tube flexible shielding from kinking, as
these strained conditions would eventually result in tube
breakage.

(a) Apply a light coat of either soapstone or
mica dust to the wire lead connectors. This will reduce
sticking of connectors inside the spark plugs after they
are subjected to heat from normal operation of the
engine.

(b) Loosen clamping screws of all brackets on
exhaust tubes. The knurled puts that join the flexible
extension tubes are next loosened only one turn.

(c¢) Loosen all 34" hexagon connector outs one
turn at the base of the detachable spark plug leads, then
draw up all spark plug elbow nuts finger tight.

(4) Rotate and slide the tube back and forth
until the flexible exhaust spark plug cable shielding
assumes a series of straight lines or smooth cutrves. Be
suré that no flexible tubing is pulled so tight that it
loses its flexibility. This may be checked by testing the
tension of each lead with the fingers. At this point it
may be necessary to totate the ignition cable tube
slightly to secure the correct tension and provide the
proper alignment of the exhaust spark plug detachable
leads.

(e) When all the exhaust spark plug detachable
leads are in proper position, tighten all ignition cable
tube bracket clamping screws. Tighten the screws of
the center clamps first, then tighten the screws of the
end clamps. '

(f) Tighten the 34" hexagon nuts that secure the
exhaust spark plug terminals and be careful to prevent
the ignition cable from shifting its clamped position.
Be sure that these leads do not turn while the nut is
being tightened. Such turning would cause serious
kinking.

(g) Next, tighten the exhaust spark plug cable
shielding elbow nuts. Prevent the elbows from shifting
position while tightening the nuts, as the elbows must
line up with the exhaust spark plug cable shiclding
flexible tubes, and the tubes must not be kinked.

WARNING

When connecting elbow terminals to spark
plugs do not tighten the elbow nut excessively
as both the elbow terminal and spark plug may
be damaged. It may also be found, when
unscrewing tightly installed elbow nuts from
spark plugs, that the barrel will tend to loosen

and unscrew from the shell. If spark plug
barrel is turned as above, the plug should not
be used until the gap has been rechecked.

(h) Figure 63 illustrates the type of installation
to be desired and the type of installation to be avoided.

(i) The intake spark plug cable shieldings can-
not be connected to form a series of straight lines, but
must be connected to form a series of smooth curves
which are free from kinking or twisting. Be sure the
cable shielding of one intake spark plug does not rub
against the cable shielding of another spark plug or
against the intake manifolding.

(i) When adjusting the intake spark plug leads,
the bracket clamp screws and the connecting nut at the
base of the leads will be Joosened, then the spark plug
nut drawn up finger tight. The knurled nut at intake
tube extension tube will also be loosened. Rotate the
tube slightly if necessary and adjust spatk plug leads
as in paragraph (i) above. After adjustments, tighten

RETAINER -_____’
BEARING — il

HousiNg =T % NN T
\_../@,
‘ m—_ A
,o O
\ OIL SEAL RING
BEARING CAGE
oIL SEAL

Figure 64—Exploded View of Distributor Showing Re-
lation of Timing Dowel and Washer (Type without
gun synchronizer drives).
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DISTRIBUTOR HOUSING
TIMING MARK

. \
ALIGNING ROTOR FINGER /
WITH 3/32" LEAD -

Figure 67—Aligning Disiributor Finger with Timing
: Mark. .

e. INSTALL NEW CONNECTOR IN HOUSING.

(1) If a distributor head housing to ignition tube
connector is being replaced, the new connector should
measure 134" across the flats of the hex head instead of
154" as on the old connector. '

. (2) If a distributor head housing to cross tube con-
nector is being replaced, the new connector should
measure 214" across the flats of the hex head instead
of 2% as on the old connector. h

" (3) Screw the new connector into the distributor
drive housing until the hexagon is drawn up tight
against the face of the boss.

f. Using the hole in the threaded portion of the con-
nector as a drill guide, drill with a 14" diameter drill
to a depth of &*.

CUT OFF
SPRING CONTAGT

ATTACH NEW CABLE

REMOVE PACKING

I

Figure 68——Removing Defective Exhaust Ignition Tube Cable.
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g. In the hole drilled above, install a stainless steel
lock pin and stake the metal over the pin. Make certain
1o use the 14" stainless steel lock pin instead of the 4"
brass lock pin formerly used.

b. Thread the ignition cables through the connector
and connect them in their proper positions.

;. Connect and tighten the ignition cable shielding
connector nut on the connector and lock the nut to one
of the drilled holes in the hexagon of the connector
with lock wire.

12. REPLACING DEFECTIVE IGNITION CABLE.

2. DETERMINING DEFECTIVE CABLE.

(1) With the distributor housing covers removed,
the distributor heads dismounted and spark plug nut
detached; determine which cable is defective by the rec-

ognized electrical test. If a defective cable is discovered
between the spark plugs and the distributor on the ex-
haust side of the ignition system, remove the detachable
spatk plug lead of the defective cable to determine if
this lead is the source of the trouble. Replace the
detachable lead with a pew part if this test proves it
defective. Refer to Paragraph 10.

(2) In case the detachable lead is found not to be
at fault, the next step is to replace the defective cable
between the point where the lead connects to the tube
and the distributor head. The teplacing of a defective
cable, other than the detachable exhanst leads, is accom-
plished as set forth in the following paragraphs. Due
to difficulty of working in the confined engine compart-
ment, it is recommended that the ignition shielding
assembly, with distributor housings, be removed from
the engine as a unit in order to replace any defective

STRIP INSULATION

PULL OUT OLD CABLE WITH
NEW CABLE ATTAGHED

INSTALL NEW (

SPRING CONTACT
AND SOLDER

SLIP ON NEW
PACKING

Figure 69—Installing Replacement Exhaust Ignition Tube Cable.
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cables other than the exhaust detachable leads. See
Paragraph 9 above for details on removing the ignition
shielding assembly from the engine,

&. REPLACING EXHAUST TUBE CABLE.

(1} To replace a defective cable in the exhaust |

ignition tubes, first remove the spring contact washer
from the cable by cutting the cable immediately behind
the washer. (See Figure 68.) Slip the branch tube
packing off the cable, Refer to the “Table of Cable
Lengths” shown in the following paragraph ¢. and cut
new cable length for the replacement. Solder the new

cable to the old at this end, and dust with talc or soap-

stone to prevent seizing or friction. Pull the old cable
out, at the same time feeding the new cable in carefully
so as mot to injure its protective coating. Leave approxi-
mately four inches extending from the exhaust branch
tube and slip a new rubber packing sleeve over this
end. Next install the spring contact washer by cutting
the cable insulation squarely, leaving approximately 14"

of the seven wire strands protruding. Insert the wires
into the center hole of the washer, then spread the wire
ends, press firmly against the contact washer, and apply
solder. (See Figure 69.) Use a solder composed of
90% lead and 10% tin. Pull the cable into place and
push the packing sleeve snug against its seat in the
connector, (See Figure 71.) Do mnot attempt to pull
the packing sleeve into the connector by the cable alone
as the soldered contact may be broken.

(2) The original cable length was only approxi-
mate. Consequently, the cable should next be threaded
into the distributor housing and measured exactly to its
proper contact in the distributor block and cut off. The
replaced cable should be threaded into the housing and
to its proper contact, in the same manner as the old
cable. Refer to Figure 70. Slip the 7mm. rubber bush-
ing and the appropriate marker over the distributor
end of the cable. The copper. cap is then installed.
Remove 14” of insulation, slip the 7mm. bushing up

NO. ~4-6 8 3 GYL.
L.H. EXHAUST WIRES

NO.2 8 5 GYL.
L.H. EXHAUST

-ALL CABLES COMING FROM INTAKE TUBE
ARE TO BE RUN OVER ALL OTHER GABLES

NO.3-5 &I CYL—~R.H. EXHAUST
WIRES - IN L.H. ENGINES

NO.2-4 & & CYL.-R.H. EXHAUST
WIRES-IN L.H, ENGINES

NO. I 2 &4 CYL.
R.H. EXHAUST WIRES

NO, 3-566 GYL.
R.H. EXHAUST WIRES
IN R.H., ENGINES

OO O

e L\k\\\\

et e i
7

LYY ]

S

Figure 70—Method of Threading lgm’tidn Cables to Distributor Head Connections.
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fush with the end of the insulation, untwist the wires.
Fold wires back over the bushing, and slip the copper
cap over the end. Crimp the cap on the bushing, using
Crimping Tool No. 251283. Remove the contact screw
from the distributor head, insert cable end and reinstall
screw, puncturing the copper cap with screw.

¢. REPLACING INTAKE TUBE CABLE.

(1) A defective cable in an intake ignition tube is
replaced in essentially the same manner as an exhaust
ignition tube cable. However, one difference in the
method of replacement of the two cables is that the
intake ignition cables are run continuously from the
distributor head to the spark plug contact spring, in-
stead of terminating at the ignition tube branch rube.

(2) It is important that the mechanic becomes
acquainted with the differences between the intake spark
plug shielding assemblies used -on early engines and
those used on late engines since each requires a distinct

method of wiring. Figure 72 illustrates these differences.
Note that the elbows marked “A’* and “B” have a square
flange which use a square shouldered packing. The
elbow marked “C” is supplied with an internal chamfer
and can only be used with the late type packing
which is beveled to fit. It will also be noted that elbows
marked “B” use a packing similar to “A” except that it
is moulded with a smaller diameter end for installation

of the new ceramic contact.

NOTE

Service Packing No. 5-43524 must be used in
liew of packing No. 37465 when rewiring
spark plug shieldings having the flat type
flange illustrated in “A” and “B” of Figure 72.

(3) A defective cable in an intake ignition tube is
replaced by first cutting off the spark plug contact at
the spark plug shielding elbow. The remainder of the

AN

SEAT PACKING IN BRANGH TUBE

GRIMP CAP WITH
TOOL NO, 251283

Figure 71—Capping Distributor End of Ignition Cable.
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SPARK PLUG SHIELDING
SQUARE FLANGE TYPE

EARLY TYPE _

SPARK PLUG SHIELDING
SQUARE FLANGE TYPE

REWORKED EARLY TYPE

SPARK PLUG SHIELDING )
GHAMFERED FLANGE TYPE

C.

LATE TYPE

Figure 72—Intake Spark Plug Shielding Types and Methods of Wiring.

packing is then removed from inside the elbow. Dis-
. connect the spark plug shielding nut located at the
“branch tube and slip the lead off the cable. Sece Figure
73. Remove the packing from the branch tube. Refer
to Table of Cable Lengths, cut new cable to appropri-
ate length, solder to old cable at branch tube end, pull
into place as described under the exhaust cable installa-
tion Paragraph 4. (2) above. Leave approximately 127
of the new cable extending from the branch tube
opening. The intake side spark plug shielding leads
are packed at the ignition tube branch tube opening
by two methods. Refer to Figure 72 and note that the
early type shielding lead extends through the branch .
tube while the late type terminates in a flange and
the connecting nut is non-removable. The eatly type
shielding will have the branch tube nut No, 36496,
copper ferrule No. 18073  and packing No. 18071
Placed on the end of the shielding. On late shielding
slip a mew branch tube packing over the cable with
beveled side down so that the extended end protrudes
into the intake tube. Next thread the spark plug shield-
ing lead over the end of the cable leaving approxi-
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mately 4” or 5” of cable extending beyond the end
of the elbow. The proper elbow packing is then
selected as explained in Paragraph (2) above and
installed as follows:

. (a) REPACKING EARLY TYPE SPARK
PLUG SHIELDING ELBOWS.—Examine the end of
the elbow flange to determine if it has a square face as
shown in “A” and “B” of Figure 72. Cut the cable
insulation squarely 11/32” from the end and strip off.

Install the packing part No. 8-43524 on the cable after

dusting with soapstone or talc. Thread the spatk plug
contact assembly over the end of the wire and onto the
small diameter end of the elbow packing. The strands
of the wire will protrude into the inside diameter of the
spark plug contact spring. Sepatate the strands of the
wire and bend them radially and firmly over the base of
the contact spring. Do not solder. The packing is then
slipped carefully into the elbow uatil the shoulder is
seated. The extra cable length is then taken up and the
shielding assernbly aﬁaphed at the branch tube. (See
Figure 74.)

Engines -
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SLIP OFF
SHIELDING
LEAD

REMOVE
SLEEVE &
PACKING

CUT GOFF
GONTACT

REMOVE BRANCH
TUBE PACKING

Figure 73—Removing Defective Intake Ignition Tube Cable.

(4) REPACKING LATE TYPE SPARK PLUG
SHIELDING ELBOWS. — Examine the end of the
elbow flange to determine if it has a chamfered face as
shown in “C” of Figure 72. Cut the cable insulation
squarely 11/32” from end and strip off. The small
" diameter sleeve approximately 314" long is dusted with
talc or soapstone and slipped over the end of the cable.
Next slip the beveled flange packing over the sleeve.
Thread the spark plug contact assembly over the end
of the wire and onto the cable end. The strands of the
wire will protrude into the inside diameter of the
spark plug contact spring. Separate the strands of the
wire and bend them radially and firmly over the base
of the contact spring. Do not solder. The chamfered
packing should then be slipped back until it butts
firmly against the end of the contact spring assemnbly.
The assembled end is then slipped carefully into the
elbow until the shoulder is seated. The extra cable
length is then taken up and the shielding assembly
attached at the branch tube. (See Figure 74.)

(4) The cable is then measured to its appropriate
contact point in the distributor head, cut off, and rubber

sleeve, marker and cap installed as in the case of the
exhaust cables covered in Paragraph 12, b. (2)

TABLE OF CABLE LENGTHS
V-1710-F2R, F5R, FIOR, F4R and F20R

Cylinder Exbanst  Exbaust Intake Intake
No. R.H. L.H. R.H. LH.
1 317 441 A” 43!! 27
2 34” 471/2.'! 441 AH 321/2ﬂ
3 3914 587 51147 3814"
4 50! 651 An 641 Arr 491 Arr
5 521" 6534 65" 503"
6 57L4" 783, 6834 58147

V-1710-F2L, F5L and FI0L

Cylinder Exbaust Exbaust  Intake Intake
No. R.H. L.H. R.H. L.H.
1 261/2” 441/4” 43." 27"
2 37.!! 47]/2H 46'1/2.!! 321/2ﬂ
3 371/211 58” 50” 381/1”
4 49%n 651 Au 64]/2”