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PREFACE

HIS INSTRUCTION BOOK has been written

fcr aperators of Whirlwind Aircraft engines
manufoctured by the Wright Aeronautical Cor-
poration, Division of Curtiss-Wright Corporation,
Paterson, New Jersey, U.S.A,

Included in the instructions are o description
of the engine parts; directions for preparing the
engine for storage or service; genercl instollation
information; recommended operating procedures;
a description of Wright engine performance
curves; a list of the more elementary troubles,
their causes and remedies; a periodic inspection
chart, and complete overhaul instructions with
Table: of Limits ond Limits and Lubrication
Charts. It is urgently recommended that these
instructions be followed closely for oll average
condi-ions and that the Service Division of the
Wright Aeronautical Corporation be consulted
befor: ony deviation from them is maode.

Far the benefit of its customers, the Wright
Aerorautical Corporation issues separate pub-
lications which will be supplied to owners of
Wright engines, of no charge, upon request to
the factory, For nen-owners, a price list of publi-
cations is available ond will be supplied vpon
request. These publications are:

Service Bulletins — These ore issued for those
actively engaged in servicing Wright engines to
supplement the instructions cantoined herein cs
cdditional information and improvements be-
come available, er when changes in certain oper-
oting or servicing procedures are recommended.

Parts Cataleg {Port No. 850343]) — This
catalog lists and describes the parts for the Whirl-
wind R-760E and R-975E engines. A separcte

Parts and Tools Price List is available and will be
supplied upon request.

Tool Catalog [Part No. 851445} — This cata-
log lists and describes the tools for overhauling
and reconditioning Wright Whirlwind R-760.E
and R-975.E Aircraft engines., A separate Paris
and Tools Price List is available and will be sup-
plied upon request,

Limits and Lubrication Charts (20" by 30")
— These charts, which are to be used in conjunc-
tion with current editions of the Tables of Limits,
contain reference numbers indicating the location
of fits ond clearances. They also designate the
engine lubrication system in colors. These charts
ore similer to the reduced size chorts contained
in this Instruction Book.

Cruising Power Calculators —These caol-
culators furnish a quick means of computing the
engine horsepower output for any normal combi-
nation of r.p.m. manifold pressure, and cltitude.

The Wright Aeronautical Corporotion wel-
comes suggestions for improving the engine, its
equipment or its servicing, and invites construc-
tive criticism of this Instruction Book. Such sugges-
tions are greatly appreciated and will receive
careful consideration, It is earnestly requested
thet all service problems be submitted to the
Service Division.
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RELEASED MATERIALS AND ACCESSORIES

HE WRIGHT AERONAUTICAL CORPORA.

TION conducts a continual investigation of a
large number of materials and accessories to de-
termine which mey be used with each model of
Wright aircraft engines without impairing or ad-
versely offecting the proper functioning or relia-
bility of the engine. Certain materials and acces-
sories thus investigoted have been released by
the Wright Aeronautical Corpeoration for use
with each model of Wright aircraft engines. Such
o release signifies thot the specified material or
accessory mny be used with the specified engine
mode! without thereby voiding the engine guar-
antee. The use of materials and accessories not
released by the Wright Aeronautical Cerpora-
tion constitutes a misuse of the engine and voids
the guarantee.

The release of @ material or aceessory by the
Wright Aeronautical Corporation is not a guar-
antee by the engine manufacturer of the dura-
bility or saotisfactory operation of a material or
accessory, inasmuch as they are usually guaran-
teed separately by their respective manufac-
turers.

Two classifications of released materials ond
accessories exist:

(1) Materials and cccessories supplied but not
manufactured by the Wright Aeronautical Cor-
poration, such as carburetors, magnetos, oil
stroiners, ignition wire, and ignition wiring har-
nesses. Materials and occessories in this classifi-
cation are released only when procured from the
Wright Aeronautical Corporation or through its
authorized agents. Replacement parts for re-
leosed accessories in this classification must be
procured from the accessory manufacturer or
through the authorized agents of that manufac-
turer or from the Wright Aeronautical Corpera-
tion or through its cuthorized agents. Adequate
service instructions for these accessories will be
furnished by the accessory monufacturer upon
request.

{2) Materials and accessories neither manufac-
tured nor normally supplied by the Wright Aero-
nautical Corporation, such as fuels, lubricating
oils, spark plugs, fuel pumps, siorters, generators,
aiternators, vacuum pumps and hydraulic pumps.
Spork plugs, olthough supplied by the engine
manufacturer with new engines, are handled as

on accommodation only. Whenever possible,
spark plugs should be purchased directly from the
spark plug manufacturer or through that manu-
facturer's authorized representative. Replace-
ment parts far released accessories in this classi-
fication must be procured from the accessory
manufacturer or through the authorized agents
of that manufacturer.

All relecsed materials and accessories in group
(1) are listed in the parts cotalogs, parts lists, or
other publications of the Wright Aeronautical
Corporation.

A wide selection of released moterials and ac-
cessories in group (2) is available for each engine
model and installction. A complete list of these
items is not published by the Wright Aerenaufi-
cal Corperation, because it would be practically
impossible to keep such a large publication vp to
date with current releases. However, detailed in-
formation on these releases may be obtained
upon request to the Service Division. When re-
guesting such information, give the model desig-
nation ond sericl number of the engine involved.
For the convenience of service stations and oper-
ators, bulletins will oecasionally be issued listing
certain released materials and accessories, such
as engine lubricating oils and spark plugs.

Engine materials and accessories released
by the Wright Aeronautical Corporation are
recommended in the interest of safe flying, and
to assist the operator in obtaining the maximum
performance, reliability, and service life from his
engine. It is therefore highly recommended that
cperaters communicate with the Service Division
whenever there is cny doubt as to a release, or
prior to any action concerning the installetion of
accessories on engines in new aircraft, the instal-
lation of accessories on modernized engines, the
installation of edditional accesseries on on en-
gine, or any changes which are to be made in
the materials or accessories used with an engine.

Under no conditions should any structural en-
aine part, such as an oil pump, bearing, valve,
bushing, gosket, or piston ring, which has not
been procured from the Wright Aeronautical
Corporation cr threugh its autherized agents be
used on ¢ Wright aircraft engine. The use of such
o port is contrary to the interests of safe engine
cperation and veids the engine guarantee.
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FIGURE A
Wright Whirlwind R-975E Aircraft Engine

(Right Side View!
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FIGURE B
Wright Whirlwind R-975E Aircraft Engine

{Three-Quarter Left Front View)
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Priming System Inlet Connection

External Hydro .il1 Tube . H. Gun Synchronizer Mount Pad

Starter Mount Pad

Fuel Pump Mount Pad
Spare Drive Mount Pad

Spare Drive hount Pad

= 011 Pump Filter Screea Plug

01l Inlet Comnection.

—— 0il Outlet Connection
011 Pressure Relief Valve

Crankcase Drain Plug

FIGURE C
Wright Whirlwind R-975E Aircroft Engine
{Three-Quarter Left Rear View)
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AN B et et st e e nn e Wreight Whirlvrind
LN 13 J OO U TS T U UV U OO U U U U OO U OO U PO UU VT SU U UV VOOV UEU TS TUUUUSUUURURTSOI R-760F
T L ettt e e ep e e et e et E-1,E-2, end EY
T ettt ee ettt st s st st et snsens s s st et snnsssnnnseseananssnsnennsesennee <1 OE iECiRl—Alr Cerlld
P BE N O N I N RS et et 7
DT T et e et ee e ee et ea et ee et ceene s eeten e eneaen 5.00 In. [127.0 mm.)
T T D ettt et et a s e s e e te et ae s earane 5.50 In. (}39.7 mm.}
D T A eI T et 756 Cu. In, {12.39 Lit)
PATED DD OF CPANFSHALRT e TP
Mool ET 2000 707 g.s’ /A
Modzl St 2100 { Al
NMedzi B2 zzgoﬁ <
RECOMMENDE CRUEING RPLA CF CRANICEHAFT
Moedel B et 1800
MOde)s -1 nd ol ettt s e aaans 1900
PAAXIMUM CRUISING R.P.M. OF CRANKSHAFT
Mode) ET ettt b 1850
Modets B-l and B2 oo 2600
RCTATION OF PROPELLER SHAFT (Looking ot Anti-Prop. End) ........... Clockwise
GRADE OF Ol REQUIRED oo W A.C. Spec. No. 5815
Oft. CONSUMPTION {Approx. Max.—Service Figs. May be Lower)
At Rated r.o.m,
Medel BT ettt 0.6 Gal./Hr. (2.27 Lit./Hr)
Models B-1 @nd E-2 et ettt cseset st eaeaens 1.0 Gal./Hr, {3.78 Lit./Hr)
Al Recommended Cruising r.p.m.
Moadel BT e 0.4 Gal./Hr. (1.52 Lit./Hr.)
T L L R = USSR 0.5 Gal./Hr. (1.90 Lit./Hr.)
CiLAN TEMERATURE {Desired)] oot ceeneene e eeeeseneanes 140° F. (80° C))
OILIN TEMPERATURE {Mox. Permissible) oo 190° F. (88° C.)
OIL PRESSURE
S 50.80 Lb./Sq. In.
(3.51—5.62 Ka./Sq. Cm))
Madels B-1 ond B-2 e 60-80 Lb./Sq. In.

(4.21—5.62 Kg./Sq. Crm.)
HEAT TO OIL AT NORMAL POWER AND RATED R.P.M.
Approximate Maximum

IO BT et 125 B.T.U./Min.
{31.5 Kg. Cel./Min.)
MOl e ettt anenen 130 B.T.U./Min.
(32.8 Kaq. Cal./Min.)
R LT3 AR <3O 200 B.7T.U. "Min,

{80.4 Kg. Cal. Min)
CIL CIARZULATION AT RATED R.P.M. AND 1450° F. {Approx. Mex.}
MO O] BT et 9 Lb./Min. {4.1 Kg./Min))
Models E-1 and Be2 o 10 Lb./Min. (4.5 Kg./Min}
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ENGINZ CHARACTERISTICS (Continued)

ZL CONSUMPTION
Cueves which accomoany the “Engine Specification’ shaw minimum fuel consumption valves okicia-
=='2 vncer feverch'c conditions.

T ‘C“lllpE—D

tiodals E-l gnd BT [73 Octane Reting) e, W.A.C. Spec, Na, 5229
afz2m B2 (80 Ocione ReZing) e W.A.C. Spee. Ko, EETS
LY P S S T e 26,25 Lh, Sa.in

JOUDER TENMPERATURES
Crinder Head—=Uting Spark Mug Washer Type Ceuple

FErmMEl MACXIMUMN ottt ettt et et ee st es e neen 460 Fo(232° C)
Maximum Perrrissible for Short Perieds 500° F.{2¢0 C)
Cylircior Eerrel—Using iimbeddnd Type Couple
Narimom Pormiceih o et 3257 FO{1637 C
T2 ZLLER SHARY SPUINE SIzZE
Mecels B0, B-2 and BT oo S.ALE. No. 20
Wizdels E- 2 Gd BT e, S.A.E. No. 30
SNETH OF BARE ENGINE
LAcdels Eal, -2, and BT oottt 42.44 |n, {107.8 Cm.}
D NAEIER OF BARE ENGINE 45 in, (114.3 Cm.)

G W/EIGHT OF BARE ENGINE INCLUDES THE FOLLOWING;
Scintilic Magnetos
lonition Wiring and Spark Plugs
Radio Shielding—Model E-2 Engines
Siromberg NA-R7A Carburetoer, Air Heater, and Cleaner
Frapelzr Hub Cones and Nut
Gil Filter
Fuel Pump Drive
Tachometer Drives
Cererator Drive—Model E-2 Engines
Vacyum Pump Drive—Moadel E-2 Engines
\.y-lnder Barrel and Heod Air Deflectors—Mode! E-1 and E-2 Engines
Frovicions for use of:
Hydraulic Centrolleble Propeller
Impulee Generator Drives

TOTAL DRY WEIGHT

Models B0 Gnd E-2 oooroeoeeeeseeeceereessecoeeesesceeesee s 570 Lb. = 1% (258 Kg))
MOGE! ET oo oo eeooeeeeeoee e £40 Lb. = 1, (245 Kg.|

WEIGIST OF EQUIPMENT NOT INCLUDED IN DRY WEIGHT OF BARE ENGINE

IN‘OSO Cow! ................................................................................................... 6.5 Lb ( 2. 95 Kg)
Carburetar Air Duct and Screen .o 7.0 Lb.} 318Kyl
Front Exheust Collector Ring, Pipes, Flanges, and Elbows ... 22,5 Lb, (10.20 Ka.|
Reor Exhaust Flanges and EIbows .o 4.5 Lb.{ 2.04 Ka.)
Lifting Cable Assembly e 3.25Lb.{ L47 Kgl)
T8 I oot eee et et e et et eens e e me st e sen s se s et emnenan s nenen 180 Lb.{ 2I5Kg)
T U EiT Bk et et ete st er et b e ree b naaeanas 1.0 bb { 45Kea)
Comestic Skipring Pox (E47 x 537 x 497 High—Approa) o 450 Lb. {204.0C Ka)
APPROXIMATE TOTAL SHIPPING WEIGHT
Modcls E-l 00d E-2 ooooooeeeeeeeeeenseeeessesannsssenne s sssnnneen 1080 Lb. [490 Kg.]

MOl BT oo 1050 Lb. (476 Kg.]
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ENGINE CHARACTERISTICS (Continued)

[ T O RT Wright Whirlwind
SERIES ittt ettt e et et e e st e et e bt e st e st aeat e s se et enstas s e st easteesnannas R-975E
MO D E LS e E-1 ond E-3
Y P ettt ettt e et e e ae e s e eee et e e entee et aeassaeamnana Static Radial—Air Cooled
NUMBER OF CYLINDERS e 9
B O RE ettt ettt ettt aenaanns 5.00 In. {127.0 mm.)
STROKE ettt e tee et s e e esess st eteee s e ens s s ememss et sasmssansnanansssnnns 5.50 In. (139.7 mm.)
DS P LA C E M EN T ettt 973 Cu. In. (15.91 Lit.)
RATED R.P.M. OF CRANKSHAFT
Mod el Eel oo nean 2100
MOAE] Bo3 oot e e s ae st n e e s et e s e nn s s e e snaa e e e 2250
RECOMMENDED CRUISING R.P.M, OF CRANKSHAFT
Models E-1 and E-3 e 1900
MAXIMUM CRUISING R.P.M. OF CRANKSHAFT
MOl Bl ettt 1950
Model Bad e 2000
ROTATION OF PROPELLER SHAFT (Looking at Anti-Prop. End) .......... Clockwise
GRADE OF OIL REQUIRED .ottt et ee st sess s W.A.C. Spec, No. 5815
OiL CONSUMPTION (Approx. Max.—Service Figs. May be Lower)
At Rated 8 < T T 1.8 Gdl./Hf- (568 LH’./HI’.)
At Recommended Cruising ropm. 0.75 Gal./Hr. (2.84 Lit./Hr.)
OIL-IN TEMPERATURE [Desired) .ottt 140° F. (60" C)
OIL-IN TEMPERATURE [Mox. Permissible) ... i90° F. (88° C.)
Ol PRESSIIRE oottt et et et e st aesae st er s e b e menaneaes 60-80 Lb./Sq. In.

(4.22—5.62 Kg./Sq. Cm.)
HEAT TO OIL AT NORMAL POWER AND RATED R.P.M.
[Approximate Maximum]

Models B-l and E-3 oo estes st en s s 400 B.T.U./Min. {101 Kg.
Cal./Min))
OIL CIRCULATION AT RATED R.P.M. AND 140° F. (Appro». Mox.]
Model Bol e 12 Lb./Min. (5.4 Kg./Min.)
Model Bod et 14 Lb./Min. {6.35 Kg.,/Min.)

FUEL CONSUMPTION
Curves which accompany the “Engine Specification™ show minimum fuel consumption values obtain-
oble under favorable conditions.

FUEL REQUIRED

Model E-1 {73 Octane Roting) oot W.A.C. Spee. No. 5809
Madel E-3 {80 Octane Roting] i, W.A.C. Spec. No. 5804
FUEL SUPPLY PRESSURE oottt s 2.5—35Lb./5q. In.

(.18—.25 Kg.Sq. Cm.]
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ENGINE CHARACTERISTICS (Continued)

CYLINDER TEMPERATURES
Cylinder Head—Using Spark Plug Washer Type Couple

Normal Maximum oottt 450° F, (232° C))
Maximum Permissible for Short Periods ..., 500° F. (260° C.)
Cylinder Barrel—Using Embedded Type Couple
Maximum Permissible . 325° F. [163° C)
PROPELLER SHAFT SPLINE SIZE e S.A.E. No. 30
LENGTH OF BARE ENGINE ..o 41.2 |n. (104.65 Cm.|
DIAMETER OF BARE ENGINE ..., 45 In, {1 14.3 Cm.)

DRY WEIGHT OF BARE ENGINE INCLUDES THE FOLLOWING:

Scintilla Magnetos
Ignition Wiring and Spark Plugs
Stromberg NA.R9A Carburetor, Air Heater, and Cleaner
Qil Filter
Fuel Pump Drive
Tochemeter Drives
Exhaust Elhows, Flanges, and Gaskets
Generator Drive—Model E.3 Engines
Veecuum Pump Drive—Maodel E-3 Engines
Cylinder Barrel and Head Air Deflectors—Models E-1 and E-3 Engines
Automatic Yalve Gear Lubrication
All Cover Plates
Provisions for use of:
Hydraulic Controllable Propeller
Gun Synchronizer Impulse Generator Drives (two)

TOTAL DRY WEIGHT

T X 660 Lb. == 1%,
(299 Kg. = (%)
Model E-3 oo 675 Lb. = 19/,

(306 Kg. = 19)
WEIGHT OF EQUIPMENT NOT INCLUDED IN DRY WEIGHT OF BARE ENGINE

NOSE oW, e et e e e e e e &5 Lb.( 2.95 Kg,
Corburetor Air Duct and Screen ..., 13.0 Lb.{ 5.90Kg.
Front Exhaust Collector Ring and Pipes ... 26.0 Lb.(I1.79 Kqg.)
Rear Exhaust Hot Spot and Piping ..o, 5.75 Lb.{ 2.61 Kg.)
Lifting Cable Assembly ... 3.25Lb. [ 1.47 Kg))
Tool Ko e 18.0 Lb.{ 8.15Kg.]
Instruction Book ..ot s 1.0 tb.{ .45Kg)
Domestic Shipping Box {54” x 53" x 49" High—Approx.) oo 450 Lb. {204.00 Kg.)

APPROXIMATE TOTAL SHIPPING WEIGHT ... 1200 Lb. (545 Kg.)



CHAPTER I

GENERAL DESCRIPTION

THE Wright Whirlwind R-760E and R-975E oir-

craft engines are of the single row, static
radial, air cooled type, operating on the con-
ventional four stroke cycle. Series R-760E engines
hove seven cylinders and Series R-975E, nine
cylinders.

CYLINDERS Eoch cylinder is built uvp by

screwing ond shrinking o cost
oluminum head onto g faorged steel barrel, the

threads of which have been treated with o seal-
ing compound to prevent leakage. The rocker
support boxes are cast integrally with the head.
{Refer to figure 1.

The head is finned for cooling. the fins being a
part of the casting. The exhaust port faces to
the side and the intoke port to the reor of the
cylinder. The side exhaust port permits the use of
either o front or rear exhaust system. A bronze

el ¢

FIGURE 1—Cylinder, Intoke Pipe, ond Piston
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FIGURE 2—Crankcate Fraar Section (Withayt provisioa for mounting propeller governarl, Main Baaring Suppart, and Main Sectian
intoke pipe connection is shrunk ond riveted into connections of each cylinder by meons of o
the intoke port. The intake pipes are of steel flonge and three cop screws. The inner end of
tubing. They cre fastened to the intake port each intcke pipe fits into the tangentiol opening

FIGURE J—Cronkcase Diffuser ond Reor Sections
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of the distribution chamber and is held snugly in
place by means of a rubber seal and packing
nut. The exhaust port has no inserted connection
but is machined to receive an exhaust elbow and
is provided with studs by which the elbow is
fostened. The elbow is finned for cooling and is
provided with studs by which the exhaust pipe is
fastened. Bronze valve guides are shrunk into
bosses within the valve ports. Valve seat inserts
are shrunk into the inside of the head at an angle
to the center line of the cylinder, permitting o
hemispherical combustion chamber. The intake
valve seat insert is made of bronze and the exhaust
valve seat insert of steel. Openings are provided
in both the front and rear of the cylinder head
into which bronze spark plug inserts are screwed,
shrunk: and pinned. These bronze inserts are
fitted into finned caps which materially assist in
the cooling of the region of the spark plug bosses.
The intake ond exhaust rocker boxes are pro-
vided with four studs for securing the rocker box
covers. Bosses are cost at the front and rear of
both rocker boxes for securing the engine cowling.
Push rod housing connections are screwed into
the rear end of the rocker box housings forming
an oil tight seal.

The forged steel barrel is machined with a
cylirder hold-down flange and closely spaced
cooling fins. The barrel is heat-treated as an
cdditional safeguard against scoring.

The cylinder is secured to the cylinder pad on
the main section of the crankcase by means of
eight studs, nuts, and palnuts.

CRANKCASE The cranckcase is composed

of five oluminum clloy cost-
ings, secured together through substantial
flanges. The five sections are referred to as the
front section, the front main bearing support, the
main section, the diffuser section, and the rear
section. (Refer to figures 2 and 3.)

The front section is a conical shaped casting
which houses the thrust ball bearing and crank-
shaft oil seal adapter. In this section provision
is made for mounting a propeller governor by
means of o suitable adapter to obtain constant
speed performance. The adapter is so con-
structed that either the governor drive assembly
or the two-piston, hydro-controllable-pitch pro-
peller operating valve may be used. (Refer to
figures 4 and 5.) The front section incorporating
only the hydro-control valve does not provide
mounting for the adapter. A front cover, which
acts as a retainer for the thrust bearing, is se-
cured to the front section by studs.

The front main bearing support is o light metal
diaphragm of which the principal function is to
support the front main roller bearing.

The main section provides the cylinder pads

FIGURE 4—Crankcase Front Section (With provision for mounting propeller governor)
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FIGURE 5—Propaeiler Governar Drive

and hold-down studs, supports the crankshaft
rear main bearing, the cam follower or valve
toppet guides, and houses the com and the cam
followers or toppets. Studs on the front parting
flange of the section receive the flanges of the
front main bearing support and front sections.

The diffuser section is o metal diaphragm, the
rear side of which forms the front woll of the
diffuser and distribution chamber. This section
supports the supercharger impeller, and its drive,
and in the R-975E series engines, two accessory

drive idler gears. The R-760E series engines do
not incorporate accessory drive idler gears. The
R-760ET engines do not have an impeller or im.
peller drives. Three bushings in the diffuser section
support the forward ends of the starter shoft
and the two accessory drive shafts. These shatfts
extend through the diffuser chamber to the rear
section. The three bushings in the diffuser section
project out of the rear of the section ta house the
portions of the shafts which pass through the dif-
fuser chamber.

The rear section supports the accessory drives
ond provides the mounting pads for the various
accessories. The forward end of this section forms
the rear wall of the diffuser ond distribution
chambers and provides the intake pipe connec-
tions which lead tangentially from the distribu-
tion chomber. The engine mounting bosses are
located at the intake pipe connections. Series
R-97SE engines are provided with @ double
mounting bolt circle. In addition to the Whirl-
wind inner mounting circle, these engines have a
mounting bolt circle which is of the same diom-
eter as that of Wright Cyclone engines. The port-
ing flange of the rear section is provided with
studs to receive the main aond diffuser sections.

CRANKSHAFT The cronkshaft is o two-

piece, single-throw, counter-
balanced assembly, machined from nickel-steel

FIGURE 6—Crankshoft and Associoted Parts
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FIGURE 7—Master ond Articuloted Connecting Rods

forgings. The front section of the shaft consists
of the shaft proper, the front crank cheek with its
counterweight, and the crankpin. The rear section
of the shaft consists of the rear crank cheek with
its counterweight and the rear main bearing hub.
(Refer to figure 6.)

The shaft proper and the crankpin are bored
for lightness throughout their length except ot
the rear of the cronkpin where a circular rib is
provided to prevent distortion when the rear sec-
tion of the shaft is clamped to the crankpin. The
crankpin is provided with a straight groove to
receive the clamping cap screw. The propeller
end of the crankshaft is splined to receive the
propeller hub and is threaded to receive the
thrust bearing nut and the aut which holds the
front roller bearing in place. A drilled disk is
fitted inside of the forward part of the shaft to
permit crankcase breathing. Steel tubes are in-
stalled in the bore of the shaft to transmit pres-
sure oil fo the hydro-controllable propeller pitch
operating mechanism.

The rear crank cheek is bored at one end to
receive the crankpin and is bored and tapped to
receive the clamping cop screw. The crank cheek
is slotted ot the crankpin end in order to permit
clemping oction when the cop screw is ightened.
A hordened steel washer under the head of the
cop screw prevents scuffing the cronk cheek
during tightening of the cap screw. The crank-
shaft rear main bearing hub is hollow and is
fitted with a screwed-in plug at the front end
ond a pressed-in plug at the rear. The rear crank-
shaft gear is bolted to the rear end of the rear
main bearing journal.

The front and rear crank cheek pieces are rec-
tongulor in cross-section ond the front cronk
cheek is provided with a slotted extension below
the center line of the shaft proper to receive o

bronze counterweight. The rear crank check is
provided with o dynomic domper counterweight.
An oligning hele is bored in each crank cheek
and counterweight to receive the aligning bor
when the two sections of the crankshoft are being
assembled.

The dynamic damper counterweight consists of
a steel counterweight, similar in shape to that
of the conventional counterweight, hung on an
extension of the rear crank cheek by two loose-
fitting pins. The loose fit permits a limited travel
of the weight with reference to the crank cheek
extension. The ends of the pins are flanged so
that they can be removed from the pin holes
only when the holes of the weight ore in line with
those of the crank cheek extension. A steel stop
is bolted to the rear side of the crank cheek
cxtension, the purpose of which is to limit the
travel of the weight when the propeller is turned
by hand or rotating under power.

Model R-T60E, R-760ET, and R-975E engines
having S.A.E. No. 30 spline crankshafts are not
equipped with dynamic damper counterweights.
The rear crank cheeks of these engines are slotted
and provided with bronze counterweights similar
to those attached to the front crank cheeks. All
other models of Whirlwind "E" series and the
models listed above having S.A.E. No. 20 spline
crankshafts are equipped with dynamic damper
counterweights.

CONNECTING ROD The connecting rod

assembly consists
ASSEMBLY of the moster rod

and articulated rods. The rods are all of H-sec-
tion, forged from chrome-nickel steel, ond finish
machined throughout.

The master rod is of one-piece construction
and operates in No. | cylinder. It has a steel-
backed bearing at the crankshaft end and o
bronze bushing at the piston pin end. A bronze
thrust spocer which operates on the cronkpin
between the master rod and front crank cheek is
used in conjunction with the master rod bearing.
The widened flanges on the crankshaft end of the
master rod are bored to receive the articulated
rod knuckle pins. (Refer to figure 7.)

The articulated rods are connected to the
master rod by knuckle pins. Pistons are attached
to the connecting rods by piston pins. The knuckle
pin and piston pin bushings of the articuloted
rods are bronze.

The knuckle pins are cose-hardened nickel-steel,
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FIGURE 8—Com ond Siorter Drive

ground to o high polish, and ore hollow for lu-
brication. The front end has a flange which butts
ogainst the master rod in assembly. Each flange
has flattened sides, used in conjunction with a
flat locking plate to lock each pair of knuckle
pins in place in the master rod. The locking plate
is secured to the moster rod by means of screws.

PISTONS The pistons are full-teunk type,

mode from oluminum olloy forg-
ings, The head of each piston is ribbed on the
under side to increase the strength and improve
the cooling. There are five piston ring grooves in
cach piston, four grooves above the piston pin
and one below. The four top grooves bear a
single compression ring each, while the lower
groove bears g single inverted ring. (Refer to
figure 1)

The piston pins are machined from steel focg-
ings, ground ond lopped to o high finish. They
ore {ull flooting, and are held in ploce in the
pistons by split retainer rings of spring steel which
fit into grooves in piston bosses at the ends of
the piston pins. Some engines are equipped with
piston pin plugs instead of spring retainers.

VALVE OPERATING A circular cam,
MECHANISM riding on a steel

sleeve, screwed on-
to the cronkshoft reor main bearing extension,
ectuates the intake ond exhaust valves through
valve toppets, push rods, and rockers. (Refer to

figure 8.) The com ring consists of a hardened
steel ring with a double row of lobes ond an
external spur gear. The cam ring is bolted to an
aluminum hub provided with a bronze-backed,
babbitted bearing at the center. This bearing
rides on the steel sleeve, known as the cam hub
bearing support or the cam hub nut, which is
screwed oanto the crankshaft rear main bearing
extension. The cam is driven through the follow-
ing geor train: The cronkshaft gecr meshes with
on intermediate gear on the storter shaft and
imparts motion to thot shaft; a pinion gear on
the front end of the shaft meshes with the spur
gear on the cam and so rotates the cam. The
cam lobes acting on the valve toppets actuate
the push rods and they in turn operate the rocker
arms which open the valves.

The valve tappets, which ride aver the lobes of
the cam, and the tappet guides are arcanged
around the rear outside wall of the main section.
The toppets are of hardened steel and are o
close sliding fit in the guides. A steel cup, or
socket, is located in the push rod end of the valve
tappet. This socket is a close sliding fit in the
toppet and is held against the push rod ball end
by a coil spring in the tappet. (Refer to figure 9.}
The tappet guides and tappets for the valve
rockers located above the horizontal center line
of the engine are drilled for metered pressure ail
feed to the rocker orms on R-975E series engines.
Only the guides of cylinders 1, 2, ond 7 on R-760
series engines are pressure fed. It is necessary for
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FIGURE 9—Valve Operating Mechonism

the toppet socket to be held agoinst the push
rod ball end in order to provide a closed passage
through which the oil is metered to the rocker
arm. Complete details concerning rocker arm
lubrication are contained in the section of this
Chapter entitled Lubrication System. The tappet

guides for the rockers above the horizonta! cen-
ter line of the engines are not interchangeable
with those below the center line. Since the upper
guides differ from the lower guides only in the
drilling, care must be taken in replacing guides
to insure proper positioning. The roller end of
the tappet is slotted to receive the tappet rollér
which rotates on a floating pin. The valve tappet
can only be removed by first removing the pin
and roller.

The push rods are of heat treated seamless steel
tubing, with hardened steel boll ends pressed
into each end. The push rod housings are of
onnealed seamless durol tubing. Eoch housing is
connected to the vaive tappet retaining nut at
the main section and to a connection at the
rocker box with an oil-tight hose connection of
standard size.

The rocker orms are of |-Section machined
from steel forgings. They are mounted on a
double roller bearing, the inner races of which
are clamped in the rocker box by a through bolt.
The valve end of the rocker arm is forked to
carry a roller operating on a hub and pin riveted
in the arm. The push rod end of the rocker arm
is provided with a toppet clearance adjusting
screw and adjusting screw lock.

VALVE AND Both intoke and exhaust
valves are machined

VALVE SPRINGS from forgings of heat

vesisting steel. In some engines the exhaust valve

FIGURE 10—Superchorger Impeller ond Impeller Geor Assembliy



8 WRIGHT WHIRLWIND ENGINES

@t‘fﬂ\ej@ -

o0 0@ e JBo®

]

0]
ot @

FIGURE 11—Magneto, Qil Pump, ond Tachometer Drives

hos o hollow stem which contains sodium as a
ccoling medium, and is mushroom shoped. The
intake valve stem is smaller in cross section, is
sclid, and is tulip shoped.

Each valve is fitted with three concentric coil
springs. The springs are seated at the base of
the rocker box on washers and are retained by
© shouldered washer which is held in position ot
the valve tip by a tapered split lock. (Refer to
fiqure 9.)

SUPERCHARGER The supercharger con-

sists of the impeller, the
impeller drive gear train, the diffuser chamber,
and the distribution chamber.

The impeller is a centrifugal type, machined
frem a durclumin forging and carried on a
splined shoft which rotates in two ball bearings
supported by the diffuser section. The impeller

Foph Q-.
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shaft is equipped with a piston ring type oil seal
to prevent oil from leaking by the shaft into the
diffuser chamber.

The impeller is driven from the crankshaft gear.
The crankshaft gear meshes with the smaller geor
of a pair supported on a bronze bushing and
steel hub by an intermediate shaft bracketted to
the front wall of the diffuser section of the crank-
case. The larger gear of the pair meshes with the
impeller shaft gear to drive the impeller. (Refer
to figure 10.)

The diffuser chamber is a narrow annular pas-
sage surrounding the impeller and formed by the
space remaining between the crankcase rear
section and the crankcase diffuser section. This
space is kept constant by three spacers or fish-
plates of .200 inch (.508 c¢m.) thickness. The front
wall of the diffuser chamber is formed by a
machined disk on the rear wall of the diffuser
section casting.

The distribution chamber is an annular passage
beyond the outer circumference of the disk, also
formed between the rear wall of the diffuser sec-
tion and the front wall of the rear section.

All Whirlwinds except the R-760ET are super-
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FIGURE 12—Generator Drive (Spur Geor Type)

FIGURE 13—Tochometer_Drive
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charged. This engine is fundomentally the same
as the other R-760 models, but the following
changes have been made in the diffuser section:
The impeller, impeller drive shoft, and other re-
lated parts have been removed. A flanged plug,
used to support the reor end of the gecr shaft in
supercharged engines, is secured in the hole in
the diffuser section. A cover ond gasket screwed
to the front side of the diffuser section encloses
the circular oil passage located at the center of
this section. A plate screwed to the rear side of
the diffuser section over the large hole in the
center of this section seals the diffuser chamber.

The impeller draws the intake mixture from the
carburetor into the crankcase reor section ond
forces it through the diffuser chamber into the
distribution chamber. Intake pipes, attached to
the tangentiol leads from the distributor cham-
ber, conduct the fuel mixture to the intake ports
of the cylinders.

ACCESSORY DRIVE The occessories are

driven by the cronk-
MECHANISM shaft gear which is

attached by screws to the rear end of the crank-
shaft. In current engines a flexible spring drive
type gear is used, which protects all accessories
and the impeller from severe shock loads.

The crankshaft gear, impeller drive pinion, and
the starter drive gear, oll housed between the
diffuser section ond the annular web in the main
section, mesh directly through spur gears. In
Series R-760F engines the accessory drive shaft
gears also mesh directly with the crankshaft gear.
In Series R-97SE engines the accessory drive
shaft gears are driven through idler gears which
mesh with the starter drive geor. The starter
shoft and accessory drive shafis extend rearward
through the diffuser chamber to the rear section.
{Refer to figure t1.)

An oil seal is located at the forward side of
the storter drive shaft rear bushing. This seal is
held in position by an aluminum retainer which
is forced against the cork seal by the starter
shaft front bushing. A rubber oil seal ring is
located between the front and rear bushings of
both accessory drive shafis.

The starter drive gear is a splined fit on the
storter shoft. The gear and shaft are clomped
together by the starter shaft bolt which carries
the czm drive pinicn on its forward end and
pcsses through the entire length of the shaft. A
spur cear at the rear of the starter shaft meshes
with the generator drive. (Refer to figure 12

The occessory drive shafts are of two-piece
construction, consisting of a separate shaft and
seporate magneto coupling which is o spline fit
on the shaft. A screw through the center of the
coupling is used for retoining it on the shaft. The
magnetos are driven directly from these shafts.
The right hand accessory drive shaft drives the
tachometer drive, fuel pump drive, and right
gun synchronizer impulse generator drive. (Refer
to figure 13.) The left hand accessory drive shaft
drives the oil pump and the left hand impulse gen-
erator drive.

A three-way accessory drive adapter may
be supplied with the engine. This adapter is at-
tached to the studs on the rear section in place
of the fuel pump and has mountings provided for
the fuel pump, vacuum pump, and propeller gov-
ernor drives. (Refer to figure 14.)

OIL PUMP The oil pump is o gear type
pump supported on the lower

left hand side of the crankcase rear section. The
pump is divided into two sections, consisting of @
separate pressure pump and scavenge pump. The
pump gears consist of two spur gears with large
teeth for each section of the pump. Provision is
made for driving @ vacuum pump mounted on a
pad at the rear of the oil pump. The vacuum
pump drive is through a pair of beveled gears.
The driving gear is splined to the oil pump drive
shaft and the driven gear is supported in the
body of the oil pump. The vacuum pump drive
is standard equipment on Models R-760E-2 and
R-975E-3 engines.

The oil pump incorporates o pressure relief
valve, which is a spring loaded ball that rises when

FIGURE 14—Three-Wap Accessory Drive
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FIGURE 15—Oil Pump

the desired pressure is reached and allows the
eicess oil to be delivered to the inlet side of the
pump. Pressure regulation is accomplished by
turning the adjusting screw which roises or lowers
the tension in the spring. Some engines include
@n oil check valve in the main oil passage. (Refer
fo figure 15.)

LUBRICATION SYSTEM Since a large

percentage of
engine failures con be troced to lubricotion diffi-
culties, considerable space is devoted in this part
of the manual to a discussion of the lubrication
tystems of these engines. The lubrication systems
of the R-760E ond R.975E series engines are
identical with one exception: Series R-760E en-
gines have no accessory idler gears or shafts and,
consequently, the two lines necessary to feed oil
fo those parts in the R-975E series engines are
ehminated.

All moving contact surfaces except ball and
toller bearings ond pistens are lubricated by
gressure. The ball and roller bearings and pistons
ore lubricoted by splash.

Oil is drawn from an external tank, through a
finger strainer to the pump, and forced into a
passage in the crankcase rear section casting.
This passage in the rear section becomes the
main supply for all pressure lines and is therefore
termed the main pressure passage.

The first main oil pressure line is a drilled
hole in the crankcose rear section casting, lead-
ing from the main pressure passage to indexing
drilled holes in the parting flanges of the crank-
case diffuser and moin sections.

(Valve rocker lubrication is accomplished by
pressure feed to the rocker orms which are lo-
cated above the horizontal center line of the
engine and by gravity to rocker arms below the
horizental center line. For this purpose, oil is led
from the hole in the crankcase main section
through passages in the valve guide bosses. Pres-
sure feed is directed to the intake and exhaust
valve tappets of cylinders No. |, 2, and 9 and to
the intake valve toppet of cylinder No. 3 or
exhaust valve tappet of cylinder No. 8 in the
case of the R-975E series engine. In the case of
the R-760E series engine, both the intake and
exhaust valve tappets of cylinders No. 1, 2, and
7 are pressure fed. These tappet guides and tap-
pets are drilled to provide a metered feed of
oil under pressure through drilled passages in the
push rod ball ends upward through drilled pas-
sages in the rocker arm to the rocker arm bear-
ing. Excess oil in the rocker boxes drains down
between the push rod and housing and through
passages in the cronkcase rear section to the
inside of the crankcase rear section.

Considering the R-975E series engines, the tap-
pet guide bosses of cylinders No. 4, 5, é, and 7
and the exhaust toppet guide boss of No. 3
cylinder and intake toppet guide boss of No. 8
cylinder are not drilled for pressure lubrication
of the valve gear. Lubrication of these parts is
accomplished by gravity feed. However, the
No. 3 exhaust and No. 8 intcke valve tappet
guide bosses are provided with drain passages
to increase the flow of oil to the rocker boxes.
This is necessary because these rocker boxes are
very nearly on the horizontol center line of the
engine. In the case of the R-760E engines, the
toppet guide bosses of cyinders No. 3, 4, 5, and
6 are not drilled fer pressure lubrication. How-
ever, the No. 3 intake and No. 6 exhaust tappet
guide bosses in this case, are near enough to the
center line of the engine to warrant a drain pass-
age for increased oil flow.

The second passage from the hole in the cronk-
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case main section consists of a pressed-in tube
feed pipe which conducts the oil to an annulus in
the crankshaft reae main bearing suppoct. This
annuius becomes o source of supply for twe dif-
ferert oil pressure feed lines, and in order to dif-
ferertiate from other annular oil grooves, it is
designated as annulus A,

The first pressure feed passage from anaulus A
consists of drilled holes in the crankshoft rear
maoin bearing which conduct the oil to o naorrow
gnnulus on the inside of the bearing. QOil seeping
from this norrow annulus lubricates the bearing.
The oil passes from this same annulus through
hales in the crankshaft rear main bearing hub
and fills the hollow hub. A drilled hole in the hub,
inderxing with a similar deilled hole in the crank-
pin, conducts the oil into the hollow pin. The oil
passes through an oil nozzle in the crankpin to
ail the master rod bearing. Some of this ail forces
out into the crankcase main section to assist in
lubricating the cylinder walls, pistans, and piston
ping by splash, The remainder of the ail ruaning
along the master rod bearing is caught in an
annulus running around the inside diometer of
the bearing, is led through holes to o similar
annulus on the outside dicmeter of the bearing,
and is then conducted through holes in the
moster rod to the knuckle pins. At each knuckle
pin the oil passes into an annulus on the outside
diometer of the pin, through two drilled holes to
the inside of the pin, thence out two holes in the
center of the pin to the knuckle pin bushing and
oils that bushing. This cil forces out into the
crankcase main section and helps to lubricate the
cylinder walls, pistons, and piston pins by splash.

The second main oil pressure line from annulus
A is an oil groove, perpendicular to the annulus,
on the outside diameter of the crankshoft rear
main bearing. This groove canducets the oil to an
annulus on the inside diameter of the cam hub
bearing support, where it posses through holes in
the support to an annulus formed between the
two sections of the cam hub bearing. After lubri-
catiny thet bearing, the oil passes out into the
rear portion of the crankcase main section to
assist in oiling the tappets and tappet guides.

The second main oil pressure feed from the
main pressure passage is a drilled hole which
passes through the boss of the lelt accessory
drive shaft. The oil then goes through o hole in
the gecessory shaft rear bushing into an ennulus
on the ovtside diameter of the shoft. It lubricates
this bushing, passes through two holes to the inte-
rior of the shaft, and fills the shaft with pressure

oil. The oil is then forced out of twa similar holes
in the forward part of the shoft where it fills an
annulus on the outside diameter of the shaft,
lubricates the front bushing of the shaft, ond
passes into o drilled hole in the diffuser section
casting. This hole conducts the oil to a groave in
the diffuser section which is concentric with the
impeller shaft hole. This groove is sealed ot assem-
bly by the impeller shaft front main bearing sup-
port and supplies oil through radially drilled
passages to the idler accessory drive gears, the
impeller drive gear bushing, the starter shaft, ond
the right accessory drive shaft. The right hand
accessory drive shoft is similar to the left hand
occessory drive shaft. Oil flows through the right
hand accessory drive shaft to the rear accessory
drive shaft bushing. The starter drive gear hub is
provided with a longitudinal groove which permits
the oil to flow to an annular recess formed be-
tween the forward storter shaft bushing ond the
starter shaft. From this recess the oil passes to
the rear starter shaft bushing, in which a longi-
tudinal groove is provided at the top, lubricating
the rear starter shaft bushing. Oil escaping from
the bushing lubricates the gears by splash.

The third and last moin pressure feed from the
main pressure passage is a drilled hole in the
rear section casting. This hole leads the oil to an
annulus, which will be termed annulus B, formed
on the auter diameter of the genecrator idler gear
shoft, or on the outer diameter of the dummy, on
engines not supplied with ¢ generator drive.

From annulus B on engines supplied with a gen-
erator drive, a drilled hole in the generator idler
gear shaft conducts the ail inta the shaft. The
oil is then forced out a drilled hole in the forward
part of the shaft where it fills an annulus formed
between the two sections of the shaft bearing,
lubricotes the becring, ond flows into the rear
crankcase section.

From annulus B, a drilled hole in the rear sec-
tion casting conducts the oil to an indexing hole
in the generator drive gear support, or cover
spacer on engines without generotor drive. Two
lines branch off at this point; one conducting oil
through the generator drive gear support fo the
generator drive gear where the ail lubricates the
gear and goes into the crankcase section; the
other, leading oil through the generator support
costing to on indexing drilled hole in the reor
section casting. This hole conducts the oil to on
annulus on the outside diameter of the tachom-
eter and fuel pump drive adapter. From this
onnulus, one drilled hole conducts the oil through
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ke rear section casting, through an indexing hole
% +he fucl pump adapter, to oil the fuel pump
diive: a sccond drilled hole conducts il to the
tc.mcmeter and fuel pump drive shaft where it
f-icotes the shaft and flows into the rear crank-
¢cie section. In some engines a third drilled hole

arducts oil through the rear section casting to
#+ ¢ tachometer drive mounting pad.

The front main bearing and the thrust bearing
receive a sufficient quantity of oil by splash.

Scavenge oil drains from the crankcase front
tection through indexing holes in the parting
f.anges of the crankcase front section, the front
rcir bearing support, and the crankcase main
secticn. The rear section drains through indexing
s 2's in the rear, diffuser, and crankcase main
scction parting flanges. The main section drains
i~*0 o scavenge sump cast in the rear of that
secticn. Thus all scavenge oil of the engine finds
1 way into the sump. The oil scavenge pump
sucks this oil from the sump; through a strainer;
trrough a second set of slots in the parting
faonges of the main, diffuser, and rear sections
of the crankcase; and through a suction passage
in the rear section. After passing through the
scavenge pump, the scavenged oil is forced
t:ough the oil-out connection on the pump to
tre external oil tank.

A Cuno oil strainer is supplied which should be
imstalled in the oil line which returns the oil from
the engine to the tank. (Refer ta figure 16.)

The transmitting of oil pressure from the crank-
pin tc the propeller hub for hydro-controllable
propeller pitch operating purposes is as follows:
from the crankpin an oil passage through the
rear steel tube in the shaft bore leads to a hole

FIGURE 16—Cuno Oil Filter

which is drilled in the wall of the shaft and which
indexes with the rear inner annulus of the oil seal
ring adapter. Through holes in the adapter the
passage leads to the rear outer adapter annulus
formed between the center and rear oil seal
rings. From this annulus o passage drilled in the
front section leads to the control valve. In a simi-
lar manner an oil passage is provided from the
control valve to the front steel tube in the shaft.
Through this tube the passage leads to the pro-
peller hub.

Crankcase front sections which incorporate the
propeller governor have oil passages drilled from
the governor oil supply line to on annulus ot the
governor adapter bushing and from the adopter
annulus to an indexing hole in the parting flange
of the bracket. The bracket is drilled from the
parting flange to on annulus oround the gov-
ernor intermediate drive shaft bushing. The oil
runs from each annulus through holes in the bush-
ings to pressure lubricate the bearing surfaces. In
case a two position control valve adapter is used
on the governor pad, the adapter is constructed
with a pilot which seals the oil passages men-
tioned above.

Some engines incorporate a hydro oil pressure
line to insure sufficient hydro oil pressure for
changing propeller pitch. The tube runs from the
tapped hole adjacent to No. 9 cylinder intake
pipe boss on the crankcase rear section, through
the inter-cylinder air deflector between cylinders
No. 8 and 9, to the hydro oil pressure gage con-
nection on the crankcase front section.

CRANKCASE The “E" Series Whirlwind
BREATHING engines have an internal

breathing system and
neither the crankcuie rear section nor the oil
tank should be vented to the atmosphere. The il
tank, however, should be vented to the rear sec-
tion. Two one-inch (25.4 mm.} holes are drilled
through the rear wall of the crankcase main sec-
tion on opposite sides near the bottom. The pur-
pose of these passages is to provide breathing
for the tappet portion of the crankcase main
section and rear section to the main section. The
internal venting is assisted by means of a hole
drilled from the toppet portion of the crankcase
main section into the sump passage which con-
nects with the rear section oil drain. By this
means, pressure in the rear section is equalized
clong the top of the rear section drain into the
tappet portion of the main section without inter-
fering with the scavenge pump intcke to the
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sump. The rear section should therefore be closed
up tight and the oil tank need not be vented to
the otmosphere directly but should be vented to
the rcar section as indicated on the installation
drawing. Breathing of the engine is accomplished
cither through o drilled disk located in the for-
ward end of the cronkshaft, through o screened
breother plug located in the upper side of the
crankcose front section, or through o breather

directly behind cylinder No. I.

EXHAUST MANIFOLD Most engines
are equipped

with rear exhoust monifolds and rear exhaust
clbows. The front exhaust system is optional.

The front exhaust manifold of annular form
with tangential connections to exhaust elbows is
furnished with Series ""E" Whirlwind engines. The
connections from the exhaust elbows to the mani-
fold slide into the pipes from the exhaust mani-
fold, thus providing a free joint to permit free
expansion and controction of the parts.

The exhaust manifold for some of the current
“E" series engines is of the segmental type. This
manifold is mounted rigidly at the exhaust port
flanges of the cylinders and free expansion, or
contraction, of the parts is accomplished by
means of sliding joints, between each pair of
cylinders in the main body of the manifold. This
type also relieves the nose cowl of any strain due
to the support of the manifold.

COOLING SYSTEM The nose cowl sup-
plied with the en-

gines consists of a forged aluminum plate fitted
between the exhoust manifold and crankcase
front section. It is rigidly supported with riveted
plates at the fastening points. There is an open-
ing at the lower part of the cowl to connect with
the carburetor air duct.

A plate riveted to the top of the cowl provides
an air scoop. From the scoop air is forced behind
the exhaust manifold to the opening at the lower
port of the cowl. A ring attached to the forward
side of the manifold and cowl assembly prevents
oir entering the passage formed between the
manifold and cowl through any opening other
thon the scoop. Reor exhaust engines do not in-
corporate a nose cowl.

Models R-760E-1, R-760E-2, R-975E-1, and
R-975E.3 engines are supplied with cylinder air

deflectors. (Refer to figure 17.) The air deflectors
ore the full pressure type and are formed so as

FIGURE 17—Cylinder Air Deflectors

to direct the cooling air well toward the recr of
the cylinder head and barrel. The cylinder heod
deflectors are secured by cap screws to the
cylinder heads, where the necessary attaching
bosses are provided. All current "E"” series en-
gines are supplied with one piece, inter-cylinder
baffles. On these baffles the leather ot the top
of the cylinder heads has been replaced with a
lip running from one rocker box to the next. The
cylinder barrel air deflectors are secured by cap
screws and the cylinder air deflector clamps.

IGNITION SYSTEM Ignition is furnished
by two Scintilla

magnetos mounted on the rear section of the
crankcase. The right hand magneto fires the
front spark plugs and the left hand mogneto fires
the rear ones. The magnetos of the R-975E series
are driven at 9/8 crankshaft speed and those
of the R-760E series ot 7/8 crankshoft speed.

All parts of the ignition wiring system of
Models R-760E-2 and R-97SE-3 engines are
shielded against radio interferences. (Refer to
figure 18.) Radio shielding is not included as
standard equipment on other Whirlwind “E"
models. The shielding is constructed so that any
part, if damaged, may be readily replaced with-
out discording the entire shielding structure. Any
defective ignition wire may be likewise replaced
without disturbing other wires.

The wire is rubber insulated and covered with
a protective coating to prevent wear ond deteri-
oration. A manifold running around the outside
of the crankcose main section carries the wires
to the base of each cylinder from which point
they run up to the spark plugs. Suitable clips pre-
vent the wires from coming in contact with the
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FIGURE 18—/gnition Harness

cylinder, Ignition wire terminal assemblies are
provided at the front and rear of the cylinder
forming a very compact and efficient connection
ot the spark plug.

FUEL SYSTEM All Whirlwind engines are
supplied with Stromberg

corburetors. The carburetor and carburetor
adapter are mounted on the rear of the crank-
cose rear section. These carburetors have o single
venturi fed from a single float chamber and in-
corporate a needle valve type mixture control.

The fuel pump drive is located on the right
hand side of the crankcase rear section. The
mounting pad is of the standord type and is
edaptable to any one of several fuel pumps.

ACCESSORIES The engines will take any

one of a number of start-
crs complying with the standard starter mount-
ing pad. The starter dog is located on the rear
end of the starter shaft, which is geared to the
crankshaft gear.

The rear section is provided with a standard
flange type of generator mounting pad which
permits the use of any of several types of gen-
erators. Models R-760E-2 and R-975E-3 incor-

porate, as standard equipment, a generator drive
which rototes in the counter-clockwise direction.

A bevel gear on each magneto or accessory
drive shaft furnishes the drive for two impulse
generators. They rotate ot crankshaft speed and
in a counter-clockwise direction as viewed from
the top.

A dual tachometer drive is located on the right
side of the engine and just above the fuel pump.
The drives rotate ot I/ crankshaft speed, one
in a clockwise and one in a counter-clockwise
direction.

Provision is made for mounting @ vacuum pump
on the oil pump. The mounting pad is provided
with the necessary oil passages to supply the
vacuum pump with internal lubrication.

Provision is made for mounting an accessory
drive housing on the crankcase rear section at
the fuel pump location. The accessory drive hous-
ing has provisions for mounting a fuel pump, a
vacuum pump, and a variable pitch propeller
governor mechanism.

The crankshaft is splined to receive a metal
propeller hub. The S.A.E. Spline Number of the
crankshaft is given on the installation drawing
for the engine involved.



CHAPTER 11

PREPARATION FOR STORAGE
OR SERVICE

ALL engines which are to be stored or to remoin
idle for periods exceeding 48 haurs must
be protected to prevent corrosion of metal ports.
Protection is afforded by running the engine out
on unleaded fuel, slushing the internal sections of
the engine with o preservative compound, ond,
where possible, dehydrating the air in ond
around the engine by means of activated silica
gel crustals and packing the engine in a Pliofilm
enginc envelope. The simplest procedure is ob-
tained by performing the unleaded fuel run-out
and slushing the internal sections of the engine
simultaneously ond can be followed where the
engine is installed in aa airplane or test stand.
An dlternative method is presented for coses
where it is more convenient to slush the engine
on a floor stand subsequent to run out on un-
leaded fuel,

Engines which cannot be turned over due to
internc! failure should be slushed in any practical
manne- to keep the salvageable engine ports in
as good condition as possible. Engines which are
to be disassembled and the parts washed aad
slushed within 48 hours need not be run out on
vnlead.:d fuel,

EQUIPMENT The following equipment is

needed to prepare the engine
properly for storoge:
Spray gun, Tool No. 84263 or Tool No. 83905
Air driver, Tool No. 83903
Rocker box covers, Part No. 83904-5 and -6
Pliofim engine envelope, Part No. 116602,
Ncte: Pliofilm is sensitive to light and will
de-eriorate if exposed for ony opprecicble
tire.
Pliofilm carburetar envelope, Part No. (16405
Cylinder dehydrator plugs, Part No. 116538N1
Spark Plug terminal protectors and cable at-
tacnment, % thread, Part No. [16539NI;
75 thread, Port No. 116539N2
Humidity indicotor card, Part No. 116601
Dehydrator agent Protek-Sorb (Silica Gel}—
i, b. pockage—Part No. 116600
/4 b. package—Part No. 116618

Heating iron for sealing Pliofilm bogs, Port
Na. 802924

Engine opening secling envelope {Tachometer
drive housing) Port No. 116625

Carburetor mounting (Cover] washers, R-760,
Part No. 116626

Gasket and Protek-Sorb Assembly, R-760, Part
No. 418105

Gosket and Protek-Sorb Assembly, R-975, Part
No. 418106

Engine slushing compound, AMS Specification
No. 3072

Carburetor slushing compound, AMS Specifi-
cation Ne. 3070

Exhaust manifold opening envelope, Part No.
116628

Spray gun, Tool No. 84283, is recommended
for use in overhaul shops where the volume of
work is lorge. Equipment provided under this tool
number includes the gun, pressure tank, pressure
regulotor, and all hoses and connections. Spray
gun, Tool No. 83905, is recommended for use in
overhaul shops where the volume of work is not
particulacly large. A small tank which contains
the slushing compound is provided integrally with
this spray gun.

An air driver, Tool No, 83903, which is in-
stolled on the engine starter pad and which is
used to turn the engine cronkshaft during some
of the slushing operations, may be procured if
desired. This driver is recommended for use in
overhaul shops where the volume of work is large.

Rocker box covers, Part No. 83904-5 ond -6,
modified by cutting away the rear half, are used
when slushing valve stems and valve guides.

The Y4 and ¥, Ib, dehydrator bags contain
activated silica gel crystols which absorb mois-
ture. The degree of activity of the crystals may
be determined only by referring to the relative
humidity chart. The Protek-Sorb bogs must be
replaced with the freshly activated bogs when
the humidity chart indicates an unsafe humidity
condition. The crystals in the bag are not colar
treated.
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The cylinder dehydrator plugs which are used
B ‘he spark plug holes consist of transparent

~saincrs threaded at the end and filled with
!Z.u gel crystals. The crystals are cobalt blue
M -n new and change in color, as they absorb
e ure, from cobalt blue to light blue, to dark
bt to light pink.

The humidity indicator chart is a § by 8 inch
N2 7 by 20.3 cm.) cord consisting of a color and
be-ctive humidity chart on each side of o trons-
be-ent section filled with silica gel crystals. The
Bryitcls ore cobalt blue when freshly activated
Red change in color os they absorb moisture. It
m 'he purpose of this card to indicate the rela-
P~c humidity in the engine envelope. As the
ks .1tols match with the color chart, the humidity
wi*rin the engine envelope may be determined
W afe or unsafe. When the crystals can be
matched with the dark pink or light pink sections
pr the color chart, or when the humidity indicator
phowi a relctive humidity greater than 20 per
xen! the dehydrating ogents must be changed
me described in these instructions.

SLUSHING PROCEDURE — ENGINE
INSTALLED IN AIRPLANE OR TEST
STAND

i. Change fuel to unleaded 65 octane fuel
conforming to Wright Aeronautical Cor-
poration Specification No. 5800.

2. At the time the fuel is chonged, drain the
oil from the engine ond tonk and fill with
sufficient corrosion-preventive compound.
AMS Specification No. 3072 for safe engine
operation.

1. With the propeller set in low pitch, run the
engine at 1000 r.p.m. for 15 minutes. Just
prior to stopping, increase speed to 1200
r.p.m. for 30 seconds to scavenge oil from
the sump.

4. Remove the spark plugs to permit escape of
combustion vopors.

§ Remove the oil filter, carefully inspect for
metol particles, wosh in 50-50 gasoline-
benzo) mixture or equivalent, and slush in
corrosicn-preventive compound. Replace fil-
ter ond lockwire securely.

6. To slush the fuel pump, attach a funnel to
the fuel pump inlet by means of a rubber
hose of approximately 3," {19.05 mm.} L.O.

10.

1.

Fill the funnel with a pint of compound and
turn the crankshaft through several revolu-
tions in the normal direction of rotation.
Allow the compound to drain at the fuel
pump outlet.

Spray the interior of all cylinders with the
compound. Turn the crankshaft so that the
position in the cylinder being spraoyed is at
the bottom of its stroke with the intoke valve
open. Spray for 10 to 15 seconds to insure
that all parts of the cylinder interior and
the interior of the intake port are coated.
Repeat the operation with the piston down
and the exhaust valve open. Care must be
taken not to damoge the threads in the
spark plug insert when inserting and re-
moving the norzle of the spray gun. Install
dehydrating "Protex plugs in all spark plug
holes. Attach the loose end of each ignition
cable to a terminal protectar and snap into
place on the corresponding plug head.

Clean the spark plugs ond adjust the gaps.
Coat only the threads of plugs with the com-
pound. Wrap in material conforming to
Wright Aeronautical Carporation Specifica-
tion No. 5530, and place in o special spark
plug shipping box to be provided for the
purpose. New plugs, when furnished, need
not be given this treatment.

Remove the corburetor drain plugs and cllow
carburetor to drain completely. Insert brass
nipples into the holes and by means of a
rubber tube connection pour into the car-
buretor approximately one gallon of car-
buretor slushing compound, AMS Specifica-
tion No. 3070, move the throttle and mixture
control bock and forth several times while
filling carburetor. Remove the hoses and
nipples and allow carburetor to drain thor-
oughly. Never apply air pressure to cor-
buretor interior. Reinstall all plugs and
lockwire securely.

Remove the screened plug from the sump.
Wash thoroughly with 50-50 gasoline-benzol
mixture or equivalent, and slush in AMS
Specification No. 3072 compound. Reinstall
screened plug.

Thoroughly cover, as well os possible, all
openings into the engine and into the engine
unit with moisture proof seals.

if the engine is to remain installed in airplane
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for storage: Coat the exposed surface of the
prop2ller shoft ond all other exposed bright
metel parts with Wright Aeronautical Corpora-
ticn Specification No. 5842C heated to 150-
160" F. (66-82° C.).

If possible, the engine should be stored in a
shipping box, since in this case the Pliofilm en-
velope may be used. Engines not protected with
envelopes must be reslushed ot leost every six
months. If stored near tidewater or in tropical
climate, the procedure must be repeated ot
three-month intervals.

If engine is to be stored in a shipping box:

12. Remove engine from airplane or test stand
and mount on revolving cradle type floor
stand.

13. Remove carburetor, attach a !/, Ib. bag of
dehydrating agent (activated silica gel),
ond seal in o transparent Pliofilm moisture-
resistant envelope.

14. Sproy the induction chamber in the rear
housing with corrosion-preventive compound.
Seal the opening with the gasket and de-
hydrator bag assembly and a woed or metal
plate cover.

1S. Wash the engine exterior with a wash gaso-
line spray. Wrap magnetos to keep them
dry while washing. Dry with an air blast.

16. Coat the exterior of the propeller shaft with

FIGURE 19—Aftaching Mounting Plote to Engine

19.

the compound. Install o plug in the hydro oil
connection, if any is provided.

Remove engine from stand with propeller
shaft in vertical position. Draw envelope up
and over the rear end of the engine, locating
the colored gasket on the mounting boss
below No. | cylinder. Fasten the envelope
temporarily with spring clips to any pro-
truding ports of the engine. It is advisable
to reinforce the mounting bolt gaskets on
the envelope with heavy cardboard or rub-
ber. Lift the mounting plate into position
under the engine. Align the mounting bosses,
the envelope gaskets, ond the holes in the
mounting plate. Insert the mounting bolts
and fasten in the usual manner. (Refer to
figure 19.) Inspect the envelope for tears.
Install in the shipping box. (Refer to figure
20.) Install o shipping cap on the propeller
shaft.

. Secure the humidity indicator to the engine

so that it may be readily observed through
the inspection port in the shipping case
cover.

Distribute bags of dehydrating agent even-
ly around the periphery and the fore-and-aft
sections of the engine, and tie them in place.
Use two !/; |b. bags per cylinder. (Refer to
figure 21.)

( i
EO
04‘-

“hes

|

FIGURE 20—Llowering Engine into Shipping 8ox



18 WRIGHT WHIRLWIND ENGINES

FIGURE 21—location of Dehydrotor Bags

20. !mmedictely gather the edges of the engine
cnvelope together and heat-seal to provide
moisture-proof joints. Collapse the envelope
as much as possible before sealing so as to
enclose o minimum omount of air. Heat the
sealing iron to 325-350° F. (163-170° C))
ond seci a 14" {12.7 mm) wide strip about
" (6.2 mm) from the edge of the ma-
terial. Use a cardboard backed board to
back up the Pliofilm when running the iron
over it. A cloudy seam indicates insufficient
heat or pressure. Repeat the operation to
repair a cloudy or loose seam. Too much
heat will damage Pliofilm. After sealing, fold
the excess material around the engine and
secure with adhesive tape so that there shall
not be more than one thickness of material
in front of the humidity indicator.

21. Lower the engine shipping box cover in such
o manner as not to rupture the envelope.
(Refer to figure 22.) The cover shall be pro-
vided with a hinged inspection port through
which to observe the humidity indicator.

72. lInspect the humidity indicator at least once
a month. If the reading is above 20%,, new
dehydrating agent must be provided. Re-
move the box cover, slit the Pliofilm en-
velope, and replace all dehydrator bags.
Inspect all dehydrator plugs and replace
those that have turned pink. Reseal the
envelope.

23. Store engine indoors in a dry place and
handle carefully at oll times in order to in-
sure that corrosion protection will remain
effective.

"'1311" REHAN 'Uﬁéy

RGN

FIGURE 22—Llowering Shipping Box Cover

SLUSHING PROCEDURE — ENGINE
MOUNTED ON FLOOR STAND

2.

(Engine previously run out on unleaded fuel)

Follow instructions (5) and (6} above.

Remove the breather plug and slush the in-
terior of the front section by spraying. Insert
the nozzle of the spray gun into the open hole
and spray for at least 30 seconds. Turn the
crankshaft while spraying to insure that all
parts are thoroughly coated. Re-install re-
moved parts.

Waoash oll rocker box interiors, rocker arms,
and vaolve spring ossemblies with o wash
gasoline spray. Dry with an air blast. Turn
the engine front end down. Install modified
covers on all rocker boxes and fill with slush.
ing compound heated to 190° F. (82° C.).
Turn the crankshoft at least 120 revolutions
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t> work the compound between the valve
sems and guides. Remove the medified cov-
ers ollowing the excess oil to drain. Spray all
surfaces at the push rod end of the boxes
cnd reploce the standard covers.

4. Femove the oil tank vent tubes or plugs from
t~e rear housing, located directly above the
cun synchronizer mounting pads. Spray the
compound through each opening for 5 to 10
s2conds in order to coat thoroughly all -
tzrnal parts. While spraying, turn the crank-
snaft slowly, using a turning hub or the air
driver, to turn the accessory driving gears.
fasert the nozzle of the spray gun into the oil
flter hole and slush this cavity completely.
Feplace the filter and lockwire securely. Re-
flace the oil tank vent tubes or plugs.

S. Remove the carburetor from the engine, wash
oll carbon and dirt from the exterior with
nophtha. Remove the drain plugs at the bot-
tom of the carburetor and drain completely.
Hold the oil cup on the cam cover open, if
cny is provided. Plug the fuel inlet. Open the
throttle control to wide-open position. Plug
the hole in the solenoid, if a solenoid is pro-
vided. With the drain holes up fill the fuel
possages through the drain holes with car-
turetor slushing compound, AMS Specifica-
tion No. 3070. Allow the carburetor to stand
far ten minutes, then turn it over and drain
for ten minutes. Never apply air pressure to
the interior of the corburetor. Reploce and
lockwire the plugs which were removed from
the corburetor. Spray over external surface
with the carburetor compound. Immediately
cfter completion of the above slushing pro-
cedure, tie a '/, Ib. bag of dehydrating agent
to the carburetor and seal in a transparent
moisture-resistant envelope.

6. Follow instructions (7), (8), (14), and (!5) listed
in the previous procedure.

7. If the engine is to be stored in a shipping
box with a Pliofilm envelope, proceed as in
iems (17) to (23), inclusive, above.

PACKING Spare parts to be packed
for shipment or storage

SPRRE PARTS should first be slushed with

a ccmpound conforming to Wright Aeronautical

Corporation Specification No. 5842C. Coat all
surfaces, and ollow to drain and dry for at least
10 minutes. Wrap with material conforming to
Wright Aeronautical Corporation Specification
No. 5530.

Store in o dry place. Protection will last in-
definitely.

Parts to be shipped must be packed in suitable
boxes with slings, blocks, or sufficient dunnage to
prevent shifting. Specially constructed boxes are
required for most large parts.

PREPARATION All engines which have been
slushed for storage or ship-
?gREg‘é;églECE ment must be prepared for

service. The slushing com-
pound used is on adequate lubricant and need
not be removed from all the lubricated sections
of the engine.

1. Siit the Pliofilm envelope across the top seam.

2. Remove cylinder dehydrator plugs ond, if
possible, turn the engine front end up, to
allow slushing compound to drain from the
cylinders. Turn the crankshaft through 10 to
12 revolutions to assist in drainage. In each
cylinder successively, close both valves and
blow out remaining compound with an air
blast applied through a spark plug hole.

3. Remove all other coverings and moisture-
proof seals provided for dehydration.

4. Clean, inspect, and reinstall the oil filter.

5. Remove drain plugs from the carburetor and
drain ony slushing oil not removed when
stored. Move the throttle and mixture con-
trols back ond forth several times to assist in
drainage. Do not apply air pressure to the
carburetor. Reinstall plugs and lockwire.

6. Remove the breaker point housing cover
from each magneto. Using carbon tetra-
chloride, thoroughly clean all slushing com-
pound from the breaker assembly and from
the interior of the housing and cover. Do not
use an inflommable compound.

7. Wash spork plugs in accordance with instruc-
tions furnished by the spark plug manufac-
turer. Install the spark plugs in the cylinders
and attach the terminals.



INSTALLATION

I, H IS chapter is devoted only to general instruc-
xns of interest to the operator end mechenic.

' stollation drawings cevering the Whirlwind
nes may be obtained upen recuest
zht Acrencutical Cerporation, Sarvice Divi-
Detciled information may also hie « btained
vpe request. These drawings consict of a hetiz
drawing fer the engine in question and cupple-
racriary drowings covering voricus individual

e ‘o the

N
aon.

requirements,

ENGINE HOISTING !mproper use of the
EC UIPREENT engine hoisting

cquipment raayv re-
selt in serious damage to the engince.

The hoisting equipmen? supplied vith the en-
ginc must not be used for the purpose of lifting

CHAPTER III
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on airplane or for lifting an engine which is ct-
tacked to its mount. The equipment must not be
attached to any part of the engine excent vihere
it was designed o be attached.

The he f f'ing is attached by removing the
roclker arra huby holt nuts frarm the exhaust rocker
arm boi MNo. 9 cvlinder and the intoke rocker

orm bo!t ¢ to. 2 cylm"er, and replacing these
nuts with the attachking plates installed over the
roun:t porticn of the nute, (Refer to figures 23
ane 241

FUEL AID OIL LINES Only the best
copper tubing
or matal hosn should be used in the construction

of tha fuel and ail lines.

Ail lines muct be braced against vibration and
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FIGURE 23—HNousting Sling on Enginc
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t <Rt 24 —Hoisting Engine with Engine Sling

Ben- Vibration can cause failure in an otherwise
we— ~gly well-constructed line.

f#..0ect the hose against chafing ot all points.
B v.5*1 amount of chofing can soon start a leak.

A% lnes, whether of copper tubing or metal
mme should be as short and as straight as pos-
BMie to ovoid the formation of oir locks. The fuel
s in porticular must be free of vertical bends

Wbere air pockets or vapor locks might form.

Care should be exercised to see that all fuel
ey are shiclded as for os possible from all
woces of heat since liobility of vapor lock is
-ty reduced by a reduction in fuel line
—peratures.

tcr service in cold weather, the oil lines should
be covered with some form of lagging. This en-
b3 the oil to maintain a higher temperature
wrd o correspondingly higher rate of circulation,

LUBRICATION SYSTEM The oil inlet

and outlet con-
mctiens will be found on the left side of the rear
pct.en, ncar the bottom. The connections are
Brted with nipples of the proper size, and beaded
b+ hose connections.

The external Cuno oil strainer furnished with
the engines should be installed in the "Oil Out"
line on the left side of the pump and at a point
where it is readily accessible for removing and
cleaning.

When installing the Cuno strainer make certain
that the connections are made correctly, so that
the oil will flow in the proper direction. If the
connections are mode so that the oil flows in the
reverse direction, the strainer will not function
properly and there is the additional possibility
that the blades will be damaged. The oil-out line
from the engine should be attached to the con-
nection marked "IN on the strainer, and the line
from the strainer connection marked "“OQUT"
should be led in the oil tank.

If the oil tank is so designed thaot the oil re-
turning from the engine falls more than ten inches
after entering the tank, consideroble foam may
result, eventually cousing a decrease in oil pres-
sure. This can be avoided by running the oil line
entering the tank below the oil level so that the
entering oil does not splash. In this system it is
necessory to drill a small hole in the tank inlet
pipe just after it enters the tank to act as a
siphon breaker. Another method is to let the oil
fall only a short distance into an inclined trough
which permits it to run smoothly down into the
oil supply.

The vent from the oil tank should be piped into
the engine crankcase, entering the rear section
through the tapped hole as indicated on the in-
stallation drawings. With the vent installed in
this fashion, oil will not be spilled from the tank
during cerobatics.

Oil-In temperature may be measured ot the
pump connection as shown on the installation
drawing.

The oil pressure line should connect the pres-
sure gage on the instrument board with the
pressure outlet on the lift side of the crankcase
rear section.

On some airplones, particularly those with out-
boord instollations, there is a possibility that the
relotively long oil pressure gage lines connecting
the lubricating system to the pressure gages in
the cockpit may fill up with engine oil. Under
extremely cold operating conditions, this oil may
become so thick as to give slow and incorrect oil
pressure readings. Under certain conditions this
oil may congeal.
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It is recommended that an S.A.E. 10-W oil of
good quality, having @ viscosity of opproximate-
ly 40 at 210° F. (99° C.) be used in oil pressure
cagn lines for cold weather operation. After the
cil pressure gage line is filled with this oil, all
conrections should be kept tight to prevent the
oil f-om running out.

FUEL SYSTEM The stondord fuel pump

mount and drive provided
on Wright Whirlwind engines, makes it possible
1o install any one of o number of fuel pumps
without alteration. The pump tang dimensions
are according to S.A.E. standards. The pump dis-
cherge should be connected to the carburetor
and the pressure relief line should be piped back
‘o the fuel tank. If a pressure relicf valve is not
swpplied with the type of pump used and the
pump feeds directly to the carburetor, a relief
valve must be furnished as a separate unit, lo-
coted in the fuel line between the corburetor and
the pump. If a sylphon type relief valve is used,
it should be vented to the carburetor inlet air
pressure. The fuel pump drain should be led out-
boord through a suitable tube.

As some pumps are of such design that inlet
ond outlet connections can be reversed for pump
rotation, care should be exercised in mounting
the fuel pump to see that the inlet and outlet
connections are properly made.

The priming pump is furnished with a shut-off
volve locoted near the primer plunger ond pro-
vided with o right-angle handle which will extend
ocross the plunger handle when in the off posi-
tion, indicating in @ clear and forceful manner
whether or not the line is closed. This is @ matter
of utmost importance since leckage through the
priming line is liable to flood the lower cylin-
ders with raw gasoline and cause considerable
damage.

NOTE: The Wright Aeronautical Carporation
=il not assume any responsibility for engines
which ore domaged due to the presence of a
liquid or any other obstruction in o cylinder.

The primer fuel supply is drawn from the main
fuel line through the reducing tee furnished with
the engine and the primer discharge is connected
to tre diffuser chamber ot the base of No. |
cylinder intake pipe. All priming lines should be
well gratected ageinst vibration ond chafing.

The carburetor when correctly installed will
have the theaottle control lever on the right side

and the altitude adjustment lever on the loft
when the engine is observed from the anti-pro-
peller end. The locations and radii of action of
the throttle and mixture controls are given in the
installation drawings in the Appendix. Movement
of one control must not affect the other control.
See the installation drawing, also, for the loca-
tion of the fuel pressure and carburetor mixture
thermometer bulb connecticns.

In all engines where an air maze air cleaner is
used in the oir heater supplied as standard equip-
ment, a drain pipe should be connected to the
drain hole which is provided in the pan ot the
bottom of the air cleaner. The purpose of this
drain is to prevent raw fuel from collecting at
this point.

SUPERCHARGER The accumulation of
PRESSURE small quantities of il
GAGE LINE or water in the super-

charger pressure goge
line will result in incorrect supercharger pressure
gage readings ond may cause serious domoge
to the engine.

It is recommended that a valve be installed in
the supercharger pressure gage line at o con-
venient location in the cockpit for the purpose of
blowing out the line to remove any accumulation
of oil or water. It is recommended that the valve
be opened for a period of ten to fifteen seconds
at regular intervals while the engine is idling ta
clear out the line.

MAGNETO WIRING Connect the ground

wires of the magne-
tos with the respective points R MAG and L
MAG on the ignition switch. The point marked
GRD on the switch should be connected to the
engine crankcase. All the wiring should be held
in clips ot suitoble points in order to prevent
chafing and wear which might loter develop into
short circuits. This is vitally important since the
safety of the individuals working around the en-
gine or propeller as well as the proper function-
ing of the engine is dependent upon the ground
and ignition wires being correctly connected ond
insulated.

The booster may be mounted in the cockpit
with the high tension lead connected to the high
tension wire on ane of the magnetos. The ground
wire from the booster may be grounded to the
engine crankcase or to the switch ground. If it is
desired to use a booster without installing it in
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plone, the high tension lead should be con-
*ed temperarily to the high tension lead ot
% +nc magnetos and the body of the booster
«~aed temporarily to the engine crankcase.

VACUUM PUMP Provision is made for

maounting @ vacuum
on cithar the oil pump or the three-way
cewcry drive. When mounting the vocuum
¢ care should be exercised to see that lubri-
-3 passages in the mounting flange are cleor
+ *=g! the proper oil drainage lines are pro-
«4.If the vacuum pump is mounted on the oil
¢ the drainage line may be led from either
«r~ncction in the vacuum pump just behind
~-uating flange or the cannection just in
+ % the accessory mounting pad on the oil
if the vacuum pump is mounted on the
«¢ =ay accessory drive, the drainage line must
«d trom the connection in the vacuum pump.
drain should be led outboard through o suit-
tube.

The vocuum pump exhaust should have the
*arge at the bottom. The discharge may be
tneough an approved oil separator and re-

~ed into the oil tank. If no oil separator is

tae discharge should be led either into the
3w3t collector ring or outboard.

GOVERNOR DRIVE Provision is made for

mounting g variable
P> propeller governor unit on the three-way

accessory drive os well as on the crankcose front
section of current engines. Complete details con.
cerning the installation of the governor unit on
the engine are given on supplementary installa-
tion drawings.

EXHAUST GAS An exhaust gas analyzer
ANALYZER or mixtuce indicator has

been designed for use on
Whirlwind engines. This indicator provides a
meons of controlling fuel consumption in flight.
Complete instructions on the installation and
operation of this indicator will be furnished vpon
request to the Service Division.

ACCESSORY DRIVES The Wright Aero-

nautical Corpora-
tion will assume no responsibility for the failure
of an engine directly traceable to the failure of
an accessory.

The locations, types, and rototions of the vari-
ous accessory drives are shown on the basic and
supplementary installation drawings.

Information regarding opproved accessories
will be furnished upon request to the Service
Division,

PROPELLERS Complete information on the

installation of propellers is
given in the publications supplied by the pro-
peller manutacturers.
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OFER

“lirereeticn: contoined in this chopier are
conerel optiating insireciions fer the Wrighi
i 2t Csm*‘lch. cnr;. sne operating
[== pilels vee ched!s to cebtained
"'“c rmeauvfacturer, More spcciﬁc
‘ng in*ructicns and engine speci-
ihe p:-:fcu?c, engine mode! con-
“a presvred uron r"qun:’r ic
’ “on;v tizal Cor,,c"o isn, Service

fmproved performance and
extended service life of en-
¢ine poris, partievlarly mas-
- red krarines, mey ke cbieined by insuring
..ot cll prescere-fed potls of en engine receive
Ticient quantities of oil immediotely upon
. rieg,

Pre-ciiing is accomplished by filling the oil pas-
:az.es of ine engine with oil under pressure before
“vriing, so thot lubrication of ports may be ob-
“sized as soon as the engire is sterted. To fill
:he oil pesseges of the engine, it is necessary
to pump oil from an external source into the
cngine while the crankshaft is being rotated. A
po-iable hond pump fitted to @ suitable con-
tainer, or, where pre-oiling is practiced on a
lerge scale, a portable rig fitted with an elec-
trically driven pump, a container, and a heating
clement may be used for forcing oil into the ol
pessages of the engine.

It is recommended thot pre-ciling be used
when starting a new engine in an airplane for the
first time, when starting @ newly overhauled en-
ginc on a test stond or in an airplane, or when
firsi ¢torting on engine which has been trecied
{er tterage,

To pre-ocil the engine proceed as follows:

. Fill tne oil tank to its normal lavel.

2. Remove the oil inlet line connection af the
oil pump cnd droin approximately one gallon
ct cil to insvre that no oir remains in the line.
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inlet fine to the of! pump.

S
'

Remeve the oil pump relief valve.

ATTON

n

\With the icnrition switch in the ofi pesitien,
cnd the cerburetor mixiure control in {iie idle
cui-off positien, turn the engine over by hand
until cufficient oil is cxpeiicd through the relief
veiva opening to indicate that no cir remains
in tha off pums. Re-inztel! ike oil pump relict
volve,

it ir rccommended thed *f 1 cugine be dterted

cs socn as persible aficr prg miiing.

COLD WEATHER A ~xbremsz eald weoth-
er, it may e necTiscry

PRECAUTICNS te prehect the oil be-

fore startina. A grect deal of *irie can Lo saved
by draining the oil frem ike tark as scon as
operctions for the day ere concluded and befere
the oil has cooled off. If left in the tank over
night, the oil may become so viscous as to re-
guire considerable time to drain.

In cold weather it is also advisable to have
some sort of lagging on the externc! oii lines tc
and from the tcnk. This will result in higher cil
temperature at cruising speed and will dacrecse
the danger of stoppage duc to congealed oil. A
layer of asbestos cord, shellacked, and then
wrapped with friction fope provides a very good
insulation. Lacking asbestos, soveral layers of
ordinary packing cord can be used.

A large sized oil pressure gage line is essen-
tial in cold weather to obtain an immediaie indi-
cation of any pressure variation in the engines.
Refer 1o the chapter on Installation regarding
the use of light oil in gage lines.

OIL DILUTION The cil dilvtion system
SYSTEM consists of a valve vhich,

when open, odmits row
gasoline to the ol infet line of the engine, reduc-
ing the viscosity of the oil in the engine and cil
system. In cold weather when a temperature less
than 23° F. (-5° C.} is expected to prevail et
the start, the oil diluticn system should be em-
ployed to fccilitate the sterting procedure.
the engine heat is exceszive while diluting the cil,
the hect mcy evapercte the {uel cut of the cil,
feaving the viscosity of the ¢l in the engine un-
chonged. The engine should therefore be idled
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cector chutters nnd covl flape in thelr
Wi phsittons undil the eyfinder liead
aie Lefow 1507 [ {657 CJ) and
voescreivre belew 1007 B {387 C).
- cnce indiccta that this docs not pro-
- =+ coeling, the eagine should be shet
- thortdivz end hen restarted before
“2 it chiution syster.
r3e the el Clivtior system, run the en-
3 1~zcd ¢ cpprovimotely 1000 r.pm.,
-~ ¢ ' diiviion velve for a period varying
- ‘o four mintes as determined by ex-
i :~d then siop the engine by moving
- cenire! to the cut-off position, The
- ¢f time is dependent on the antici-
“siure et the ¢tert, ihe amount ond
- ia e ot sustem, and the charac.
{eczh installatian, In il cases, leave
. ian velve opca valil the engine stops,
) - +.2 valve ond turn off the stondard
'y w2!ve. Turn the igaition switch to the

- 5

“z- i13:iing on engine whose oil system has
- ¢ e ¢ nermal stert and worm-up should

i=¢ oil when diiuted will usually permit
-+ - 1o turn the engine at o fairly high rate
+ = - -out the necessity of preheating the
L 1. ~; the warm-up period, the fuel will
"

XTI .

. - veperate as the oil temperature rises.

[% - . usting, if @ heavy viscous oil is indicated

e zontecee that is toa high or by ail pressure

¢« .:tezies ar fells back when the engine

4y .~zreased, the dilution valve is some-

v epe:cied to correct this condition. This is

¢~-:Cz:ed good practice, but in the event

€ emorgency it may be resorted to, provid-

*q ¢l ciiution valve is operated intermit-
", e degt conﬁnuousfy.

CARBLUHEZTOR The formetion of ice in the

e carburetor can be pre-
HEATE venied or relieved by the
<4 4w corkurctor air heater, Any roughness
tc +'mirated or reduced by using the

- -—rcitent {unction of the air hecter is o
-+ Ic---ntien of ice ir the carburetor ven-
Yanzseticon of the fuel cs it lecves the dis-
:orzi’e of dre cerhbireter couses o tem-
.2 €z et tas peint Tb femperciure
ceze=dy vpen 1ke walstility of the fuel, the
<+ miiore ratio, and other factars.

der certain conditions the drop in tempera-

furg covses the water vapor in the oir fewing
puzt thy dischuege nozele fo condensn ard ficeze,
and ice is depasited on the nozzle, end samctimes
on the venturi or other ports of the induction
passcge beyond the noxle. There have been
cases of ice forming on the buiterfly velve to
such an coxtent thot the throttle cculd not be
maved.

J

This ice formation is dengerous for two

regsons:

a. It chokes the air passage cousing loss of
pawer, and, under the worst conditiens, may
couse complete stoppage of the engine.

b. Small pieces of ice may broak <% end ke
carcied into the sunercharger impeller, thus dem-
oging the blades of th2 impeller bocause of the
high rotative speed of this unit, This mey accur
when the engine is apparently functioning in a
normel manner so thot extensive damcge moy be
incurred without the operator kncwing it, unless
the proper precoutions cre tcken in the use of
the air heater.

lce formation is most likely to occur during
damp or rainy weather in the foll or spring when
the atmospheric humidity is high and the ground
air tempercture is between 30° and 70° F.
{-1° end 21° C.). Under these conditions the
temperature at the carburetor discharge nonle
may be below the freezing temperature of water,
and at the same time below the dew point of
the air, i.e., the temperature at which the wcter
vepor in the cir, when cocled, will condense,
forming drops of water or ice.

When flying in rain or clouds, the drops of
woter entering the carburetor moy freeze in the
induction passage if the slipstreom air tempera-
ture is below 70° F. [21° C)), and if no heat is
opplied to the carburetor intake air.

With ground air temperatures below 20° F,
(-6.7° C.} the danger from ica formation is les-
sened because the quontity of water vaper in
the air at such times is very slight. The same is
true at high oltitudes at all seasons. In these two
cases the function of the air heater is to improve
the voporization of the fuel and distribution
to the cylinders. {t will Ee found thot in cold
weother, or ct kich oltitudes, the beHer econe-
ry ccn be obicired with the keoter corntrol in
the hot position. Under these conditions hoating
of the carburetor air intake is particularly acces-
sary for proper accelerction to prevent staliing
when the engine is throttled back during a glide
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'n kot weather the control should be kept in
celd positicn, which will permit tho crginoe to
¢ owclop the maximum powver output without dan-

r-r of overheating the eylinders.

Semmeizing, the foflowing rules should be
i oswed:

t. 3cec ihat ike hester conirol operctes through
the tc*cl range. Tha contre! ¢houid ko checked
in ihe exirame kot and cald pesitions.

.. When epercting in ice forming weather con-
ditions, the fcmperoture of the fug! air mix-
ture, mearured in the carbureter elbow, should
ko meinteined belween 358° Foond 40° F
(1.1° C.arnd 447 C)),

Tke temperature of the air entering the cor-
bureter chovld net erceed 120° F. {48° C.).

Whena cerburetor hect is epplied, the mixture
very definitely goes rich, end if prolonged run-
ring is to be done using carburetor heat, the
rxtein should be reset after applying the hect.
Lircwise, when heat is shut off, the mixture will
definitely go lean until possible detonction is
started. Therefore, in shutting off carburetor
Fect, always richen the mixture first,

BE-FLIGHT
INSPECTION
I. The fvel ond oil supply.

Before every flight, check:

2. The fuel and oil lines for leakage.
3. All controls for proper movement.
4

For liquid lock. Pull the propeller through by
hand for at least three complete revolutions.
If it is difficult to turn the propeller, remove
the epark plugs from the lower eylinders to
determine whether any liquid has collected in
the cvlinders.

WARNING: The presence of ony guanti-
ties of liquid in the combustion chamber of
on engine is likely to couse serious domoge.
it is, therefore, urgently recommended that
all operators take steps to hdve engines
pulled thrcugh three complete revolutions by
hond befere they ore started. Wright Aero-
nautical Corperation will not assume any re-
spensibility for engines which are domaged
due to the presence of liquid or any other
obstecle in the cylinders,

5. For cny other obnormal conditions.

STARTING T:‘?'df'OL”c\;'?ig r;rfcw‘h-'r,c

—~ tkould ko fullowed in eert-
PRCCEDURE ing oll Weinht engince irre-
spective of the dype of carcurctor thet s
insialled.

I. Heed the airplane inte the wind and turn
the prapeller by hand fer ¢t least three com-
plete revolutions with the iiroltle wide open.
I¥ it reouires cbaerme! c¢fert to move dhe
cropelier, remove the cperh plugs fram the
lower cylinders to dotermine whether liquid
kes collecied in the eylinders.

WARNING: The presence of ary quan-
tity of liquid in the combusiion chamber of
an enginc is likely 1o ceuvse scricus demage.
[t s, therefore, urgently recommended that
oll operctors take sieps to hove the propel
ler turned threc complete revolutions befere
starting the engine. The Wright Aeronauti-
cal Corporation will not be responsible for
domoge to an engine cavsed by liquid er
any other obstructicn in a cylinder.

2. Place the controls as follows:

a. Fuel Supply Cock....oovrrirrcnen On
b. lgnition Switch ... o
c. Throttle Control........ Set tor 1000 r.p.m.
d. Mixture Control.................. Idle Cut-cft
e. Propeller Governor Control

Low pitch (high r.p.m.}
f. Carburetor Air Preheat Contrcl......Celd
9. Oil Cooler Shutter Control ... Closed

{if manuclly operated)

h. Cowl Flap Control........c.cocccurnnn. Open

(if manually operated)

NOTE: Engines equipped with Stromberg
float type corburetors may be started with
the mixture control i full rich positien. Hew-
ever, it is suggested thet the idie cut-off
position be used for cicrting in order that
the procedures may be standardized to pre-
veat misickes when pilots change frem cne
installation to another,

3, Obtain proper fuel priming pressure with
hand or electric pump. The correct pressure
fer the Stromberg floot iype carbureter is
34 Ib.,sq. in. (.2109-.2812 kg./5q. em.}.

4, Engage starter.

5. After the propeller has turned two revolu-
tions, switch ignition on.
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In the evi'nt o ballistic . or ploin inertia
tyze starter it used, cperate primer gs ncces-
:¢-y end funy ignition switch on prior to
crcaging siciter. Do not alter the prece-
dure, however, when using a direct cranking
trcrtia starter.

;v C=crote boostar icnition ernd primer simuk
f==noutly. Pummd the kord primer cpproxi-
maely five siraes or emgage o sclenoid
4yrn of primer fo- several seconds, It Is divii-
evit o predict ths cxact number of strokes
required to prima es it depends on the in-
i'cliction, tempers fure, and other such con-
¢« tions. Therefore, *he cmount of priming
~z2; be veried s \1dicated by cxperience.
i the engine is weim, priming may not be
seLeisary,

7. As the engine starts to fire, move the mix-
ture conirol to full ri:h,

LR ]

Peleuse booster ignithin swilch.

7. ' the cngine refuses t start after 10 1o 20
revolutions, let starter cool and repeat the
‘{cccacing procedure.

P2 oot down if the oil pres urs does not reach
23 b, £q. in. {2.812 kg./sq. cm.) within |0
1:cends ofter starting.,

A priming charge con be obtained by pump-
g the tnrottle to the Stromberg float type cor-
Bortor becouse this carbureter hos a linkage
Wem the throttle to the accelertting pump.

Zc not prime by pouring raw gasoline into the
Lndan through exhaust ports or spark plug
mbn. Do not overorime. Overpriniing may pre-
mm? any firing taking place or may result in only
W %o explosions, tarching, and white fog from
e eshcust stack. If the engine becomes over-
mmrmed. open the throttle and turm the engine
mes tovercl revolutions until it has yleared out.
ERpaie cortain that the ignition switeh is off dur-
Wby this period. When cleared, return dhe throttle
W the 1000 r.p.m. position.

The mirture control should always be L:ft in the
e cot-off position when the engine is shut down.

A fow instances kave been encountered where
We horl hes leaked through the primer punip ond
mte the intoke passages, thus filling the lower
mbndert with raw fuel. It is absolutely nec.ssary
meet the primer shul-off valve be closed e copt
mga the pump is being used. Check to tiake
Ewdein that this valve is working properly.

To insure cgainst fires, everpriming, ard flood-
ing of the lower cylinders, an engine should not
be started with the mixture contro] in the full
rich position, nor be primed when the crankshaft
is not being turned, except in the coses previ-
ously mentioned.

WADM.UP After the oil goge indicctes

pressure, shift the propeller to
low pitch ard run the engine at 600 to 809 r.p.m.
until the pressuro is normal for this speed. This
will be a value of between 50 and €0 Ib. fsq. in.
(3.51¢6 and 5.625 kg./sq. cm.). This worm-up
should be exterded to at least five minutes after
which the revolutions per minute can be increosed
to 1000. Should the oil pressure fall off at an
increase in speed, the engine should be 1hrotiled
back for further warm-up before speed is again
increased. A thorough warming-up is recom-
mendcd. A full rich mixture is advisable for oll
speeds above 1300 r.p.m. when running ot sea
level on the ground.

PERFORMANCE When fhe{f‘oil tempera-

— ture is sufficient to in-
CHECK dicate that the oil is
circulating properly, open the throttle to obtain
1800 r.p.m. being sure that the mixture control
is in the full rich position and that the propeller
is in low pitch. Do not exceed 30 in. Hg manifold
pressure. Check the oil pressure and the oil tem-
perature and note the loss of r.p.m. when the
ignitien switch is turned to one magneto at a
time. The speed should not drop more than 75
r.p.m. below the reoding when operating on both
mognetos. This check should be made in as short
a time as practicoble and should not extend
over fifteen seconds.

If the oil pressure is not within the specified
range, throttle the engine and adjust the oil
pressure relicf valve in the oil pump as described.

With the engine hot, adjust the idling control
on the carburetor for smooth idling. Check for
acceleration, being certain to have the mixture
contral at full rich. The accelerction should be
smooth and rapid.

As the cooling of the cylinder heads ond bar-
rels is insufficient while on the ground, cny pro-
longed running or ot neor maximum permissible
throttle opening an the ground should be oveided.

The cylinder temperatures ore a very good in-
dication of trouble ond will often reveal o trouble
before it has gone far enough to couse serious



OPERATICN 29

dsmace. The fellowing temperatures are of.
T--ded as o guide to the pilct:

CYLINDER HEAD

(iag Sparl( Plug Wesher Type Thermocouple
(Moximum Permissitle for
Stert Perieds) L 5007 F. (260° CJ)

CYLINDER BARRNEL

Using Embeddad Type Thermocouple
IMoximem Permissible)....... 225° F.{163° C))

T,.3E-Orr PROCEDURE

© It s not advisable to take-off with cylinder
bred temperotures belew 2507 F. (1207-C.).
T meximum eylinder head temperature im-
mcdiately before take-off must be determined
kty cxpericnce o permit o normal take-off and
thimb without exceeding the moximum tem.
perature limit,

2. Sct the mixture control in.the rich position.

(o)

Set the carburetor air prehect control in the
full cold position unless atmospheric icing
conditions are onticipated. [f atmospheric
icing conditions are anticipated, adjust the
preheat control o provide enough carburetor
cir heat to clear out or preclude the forma-
tion of corburetor ice.

4. Open the throttle slowly to full throttle.

FLIGHT PROCEDURE The mixture con-
trol, though pri-

marily an oltitude adjusiment, may be used for
the cconomy of fuel at cruising speeds but should
be kept full rich during operation at maximum
theottle position except when the altitude makes
the mixture too rich for smooth operction, Ex-
treme core should be exercised so as not to over-
heat the engine by too lean a mixture. Leaning
the mixture in flight when operating at rated
sowcr is accompanied by o rise in cylinder tem-
seratures. It is therefore necessary to exercise
+ very precaution in the use of the mixture con-
t-ol. The use of a carburetor air heater definitely
cHects the mixture. Consult the paragraphs on
o r heater operction for information on this sub-
iest. The Wright Aeronautical Corporotion rec-
¢: *mends the precedure outlined in the following
faragrechs.

Ahen cruising 85%, of rated speed or lower, it
is } ossible o cffect o considerable fuel economy
by the intelligent use of the mixture control. If,

for example, it is desired to :ruise of opproxi-

mately 1850 rp.m. with bett 2concmy, with or
without en exhoust gos ancl.zer and using a
fixed pitch or two position prepeller, adjust the
throttle to the desired r.p.m. {1 620) and move the
mixture control toward the lean position. The
r.p.m. will increase slightly and will then start to
drop cff. Observe the point of moximum r.p.m.
and continue leaning the mixture until not more
then 20 r.p.m. ore lost. Do net change the thretile
setting.

Another method of setting the mixture centrel
is by leaning the mixture out until the r.p.m. fells
slightly, then enrich the mixture to regain the
original r.p.m. Do not change the throttle setting.

When using o Cambridge mixture indicater,
or exhaust gos anciyzer, the throtile should be
set to give the cdesired manifold pressure and
the mixture leaned out until the pointer on the
mixture indicator indexes with the manifeld pres-
sure on the indicator dial which corresponds with
the engine manifold pressure.

When using a constant speed propeller, the
mixture should be set using an exhaust gas ana-
lyzer as described abeve. In cases of emergency,
if it is known thot the exhaust gas analyzer is not
functioning properly, it is permissible to shift the
constant speed propeller to high or low pitch ond
to set the mixture cantrel subject to o 10 or 20
r.p.m. drop. This procedure is as follows: Adjus
the throttle and prapeller for the desired cruis-
ing power. Shift the propeller to the high pitch
position and set the mixture control as instructed
in the preceding paragraphs. Re-odjust the pro-
peller pitch for the desired speed. Do not change
the throttle setting during this procedure.

The use of the mixture controkis considered
proper at all cruising oltitudes in level flight
subject to o maximum cylinder heod tempera-
ture restriction of 4507 F. {233° C.} and sub-
ject to the requirement when using a fixed piich
or two positien propeller that the engine r.p.m.
shall not drop more than 10 to 20 r.p.m. at a
constant throttle opening.

The mixture control should be used during a
70 to 75%, power climb subject to the same re-
strictions as in the above paragraph, For take-off,
initial climb, and other maneuvers below 4000 feet
(1.22 Kilometers} cltitude, the mixture control
should be in the full rick position in order to pre-
vent the possibility of misuse of the mixture con.
trol causing serious trouble.

The mixture control may be used in descent

o~
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F te,*12 recirictions in r.p.m. drop and cylin- pitch. As soon as the r.p.m. begins to drop, move
» . snmperature given cbove, but os the the mixture control te full lean. When the engine
» « greduclly leans cut during descent, it is stops firing, move the igniticn switch io the off
# - ol to gpercte on the rich side of the de- positicn. For successful operation of the fucl
¢ - v2+iing during this condition. shut-cf, it is essential that the engine sheuld not
. o s ‘ ) be opcrated ot mere thon 1000 r.p.m., since
e e *helc“"w:-f' {Qmpera.-ures.- the O'J obove 1000 r.p.m. the economizer valve may be
e anc ,1.“‘ cil pressvre ome *h’"‘zmm' open end fuel will be odmitted to the engine
oo md:cm‘rcn of tho Fagines prierm: theough the ecenomiier metering jet. When
© ¢5y one of these appears irreguler, the s’fopp‘i’ng the engine, do rot open the throttle,
>+ uheuld be thretiied, end if the couseris .. ' £ . L .
e , . os this vill force o charac of fuel into the engire.
norent, @ ’c"c’”ﬁf sheuid be mc'_"e'fc:v i As preceutions against accidental starting, leave
ve o -'eoend remova'me ircub!e.wThc mlomlei the mixture, conirol in the full leon pesition cnd
soatere chould ret exeeced .I‘?D. F. [28° C.\. the ignition switch in {he off positien.
T - ich temperatere vsually indicates trouble. *
‘- . rresiure varies with the engine speed, and .
v '.""c r~add cavte no olerm by fc”iig cs low FUEL SPECIF‘ICATIONS ‘lf?ont:: fuseellig;

5 kgl) with the engine throttled. High

i1 :ure {obove socceificd value) often accounts
t: sizh oil consumplicn end may be lowered by
#72zmcn cut on the main prossure eelisf velve,

* t¢n coming in fer o landing, the mixdure con-
=l ozt clways be set in the full rich position to
~eve best occelerotion in case of need.

*e cvoid possible damage to engines resulting
t-r— coeretion at excessively leon mixtures, it is
=~ - =ended that the precoutions given below
ve =oseeved by all operators.

wWrcnever the fuel supply to an engine is shifted
{737 cre fuel supply tank to another, the mixture
ez trcl of the engine should be in the full rich
g<ut:on, The shifting of the fuel supply should be
rz4e os quickly as possible.

An engine fuel supply tank should not be per-
mitted to run dry before the shift is made to an
witomctive fuel supply tank.

Lo DING  When the throttle is closed to

make a lending, the mixture con-
rre!inver must always be set back to the full rich
pestzn, The propeller should be in low pitch
potoion, This will insure ready aceeleration if it
trezmes necessary fo open the throttle ogain.
Guenning the engine during long glides prevents
1xo repid cooling of the engine.

STOPPING PROCEDURE To stop the

engine by the
wiv cf the fuel shut-cF, close the theottle until the
e~Tee is eursng € T3 f= B00 r.oum. Run the
€7 ~c (2m2 gm2.IT ot tis speed to permit the
€y272e73 fo cool to 250° F, {0 350° F. {1207 C.
1o 1757 C.). When the cylinder temperoture is
within this range, shift the propeller to high

aviation engines, the operator is foced with a
problem which requires careful consideraticn.
An inferior fuel will cause serious damage to the
engine and o mediocre grade will couse continu-
ous small troubles which are often obscure when
an attempt is maode fo frace them to their
source. The use of a high grade product, on the
other hand, will be found to improve the reliobil-
ity, power, and fuel economy aof the engine and
will, in the long run, decrecse the cost of
operotion.

Gasoline specifications should ke wsed in
selecting fuel. The operator should have the
assurance of the vendor that the fuel under con-
sideration has an onti-knock value ot least
equivalent to thot specified in the Engine Speci-
fication and stamped on the engine dalc plate.

In an emergency, when an operator finds it
necessary to use other than recommended fuel,
the mixture control should be left in the full rich
position and the engine operated at the lowest
output possible. The Wright Aerenautical Cor-
poration will not be responsible for domage to
the engine when any but The specified grade of
fuel is used. The use of fuel which does not meet
the required specification constitutes misuse of
the engine ond voids the engine warranty.

The engine datc plate is stomped with
W.A.C. fuel specification for the engine. Fuel
for use in Wright aviation engines must conform
to the requirements for the specified grade.

OIL SPECIFICATIONS Dus o the usuc!

sclvent ection of
one oil with the decomposition products of an-
cther, and other detrimental reactions which have
been found to result from mixing lubricating oils



OPERATION 31

reoduced frem different methods of refining, it

rc zemmended that engine operatoers select and
<t are cxclusively to some one approved brand
¢’ engire oil,

1¥ it is desired 4o chorge the brand of cil used,

i+ i recommended {hat the changz ke made et

tirma of eneinz everhaul, This sill nermit the

sstem end 'l encire ports ic be cleaned
m-zughh Lefore ingtcliction of the new oil,

Viken {ebrizeiing peris during reessembly, or
v"on lebricaiing reckar orms during periodic in-

spections, care should bz tcken to use only ol
of the brand cn which the engine is to operate.

In an emergency, if odditional oil of the brand
used in an engine cannet be obtained for replen-
ishing the engine oil supply, the engine oil sump
ord the oil syster in the airplane should be com-
pletely drained cnd the system refilled with an
availek'e supply of an approved brand of oil.
Howrver, the Wright Aeranautical Corperation
wil rot ke responsible for eny damage which
movy be treced to the use of o mixture of difier-
ent bronds of oil in an engine.
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CHAPTER V

WRIGHT ENGINE PERFORMANCE
CURVES

DESCRIPTION !n Wright full throttle alti-

tude performonce curves,
lines representing revolutions per minute (r.p.mj
and manifold pressure are plotted against horse-
powe- on the verticol axis and ogoinst cltitude in
feet cn the horizontal oxis. The engine r.p.m, lines
are plotted in increments of one hundred r.p.m.
while the manifold pressure lines are in incre-
ments of one inch of mercury,

A line of horsepower v, gltitude at constant
r.p.m. and manifold pressure is indicated an the
curve. Only one such line is necessary ond ol
other possible lines of horsspower vs. aititude ot
constant r.p.m. and manifold pressure ore paral-
lel to this one.

A standard temperature vs. altitude line is
plotted at the bottom of most full throttle alti-
tude performance curves.

The engine performance curves described
above are designed for use with o tpecific engine
made! and connot be used with any ather model
or with an engine which is not being operated in
accordance with the engine specifications cor-
respanding to the power curves. Perfarmance
curva: are prepared for oll commerciol Whirl-
wind engines. Refer to the curve which is pre-
pared specifically for a porticulor engine model
to obicin performance figures for on engine of
thet model.

The powers os determined from the engine
performance curves are subject to two and one-
half per cent variation,

METHOD OF READING When reading
ENGINE PERFORM- P‘-‘fforfnance
ANCE CURVES furves, 1 modt

be borne in
mind that they were mode vp using stondard
olfituce temperatures and pressures, thot they
represent engine operation wiing fusl-air mixtures
which give best power, and thot they are based
on gir entering the carburetor under ro ram-
ming cifect.

When vsing o full throttle altitude curve in
flight to defermine ihe horsepower developed by
the engine, proceed as follows:

1. Locate the intersecting point of observed
manifold pressure and engine r.p.m. on the
curve,

2. Draw a line thraugh this point paralle! to the
line of horsepower vs. altitude ot constant
r.p.m. gand manifold pressure shown on the
curve, Any paint on this new line iy at the
abserved manifold pressure and engine r.p.m.

3. Follow down along this line until the vertical
line representing the altitude ot which the
airplone is being cperated is reached.

4. From this point project a line horizontally to
the left. Reod the observed, or uncorrected,
horsepower from the vertical horsepower
scale ot the left edge of the curve.

5. Correct the observed horsepower for varia-
tion in carburetor oir temperature by add-
ing or subtracting a horsepower correction
equal to | per cent of the observed horse-
power for each 10° F. (4° C.) varigtion in the
observed carburetor air temperature from the
stondord clfitude temperature. If the observed
carburetor oit temperature is less than the
standord oltitude temperature, add the horse-
power correction to the observed horsepower.
If the carburetor air temperature is more than
the standard cltitude temperature, subtract
the horsepawer correction from the observed

horsepower.
EXAMPLE
{(Refer ta Chart)
Flight Conditians:
Monifeld Absolute
Pressure ...........28.3" Hg {71.9 ¢m. Hg)
Engine r.p.m. ........2000
Altitude ................ 4000 . (1220 m.)
Corburetor Air

Temperature ...26° F. [-4° C)}
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Take-off Rating ot 2250 RPM
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Locate the intersecting point of the observed
manifold absolute pressure and engine r.p.m.
on the section of the curve which is drawn for
fow supercharger ratio operation {Point A}
Threugh this point draw a line of horsepower vs.
altitude ot constant rp.m. and manifold pres-
sure (Line AB). This line is to be drawn parallel
to the line of horsepower vs. cltitude ot constant
r.p.m. and manifold pressure which is shown on
the curve. Project a line horizontally to the left
from the intersection point [Point B) of the line
just drown and the 4000 ft. (1220 m.) altitude
lire. Read the uncorrected horsepower from the
vertical horsepower scale as 310 [Point C).

Correct this observed horsepower for the dif-
ference betwcen the actual carburetor air scoop
temperature and the standard altitude tempera-
ture as follows:

Determine the stondard altitude temperature
from the standard temperature v1. altitude curve.
The standard temperature ot 4000 ft. (1220 m.)
oltitude is 46 F.{8° C.). This gives o temperature
difference of 20° F. (12° C.] between the stand-
ard ond the observed temperatures. Determine
the horsepower correction os follows:

Horsepawer correction

= 1%, of 310 for each 10° F. (6° C))
= .0l x 310 x Z = 6.2 horsepawer difference

Because the observed carburetor air temperc-
ture of 28° F. [-4° C.) is below the standard alti-
tude temperature, add the horsepower correction
to the observed horsepower.

Corrected horsepower = 310 + 6.2 = 316.2

I+ should be noted that the power curves are
bosed on best power mixture sirength. Therefore,
if the engine is net being operoted at best power
mixture strength, the determined horsepower will
nat be entirely correct.

It should also be noted thot if oir enters the
carbyretor ynder o ramming pressure [as it does
in some instances), the plane may operate at o
specified monifold pressure and engine r.p.m. ot
altitudes slightly above the full throttle criticol
altitude of the engine as shown on the power
curves. If this is the cose, then the horsepower
vs. altitude at canstant r.p.m. and maaifold pres-
sure line must be extended to the right beyond
the full throtfle criticol cltitude point for the
specified manifold pressure ond r.p.m. The ab-
served ond corrected horsepowers may then be
determined as described above.



CHAPTER VI

TROUBLE SHOOTING

DETERMINING the couses of engine troubles
is ot times rather involved due to the num-
ber of sources to which a given symptam may
be attributed. The best methed of “trouble-
thooting'' is to consider the possible causes and
elimingte them one by one.

This chapter is devoted to g chart of the most
cemion engine troubles and their probable

causes. lts purpose is to minimize, in so far os
possible, the time spent in ascertaining the
source of o given trouble.

When reporting troubles, give the part name
and number, the engine serial number, and the
total time on the part ond engine. The descrip-
tion of the failure with sufficient detoils should
be included in the report,

2. Under-priming
3. Over-priming

4. Incorrect throttle set-
ting
5. Defective booster

6. Defective spark plug
ignition

7. Defective ignition
wire

8. Dirty spark plugs

9. Incorrect spark plug
gap

10. Defective battery
1l. Magneto breaker
points not working

t2. Water in carburetor

13. Incorrect valve clear-
ance

i4. Incorrect volve
timing

15. Internal failure

TROUBLE CAUSES REMEDY
Foilure of Engine I. Lack of fuel Repair any leaks in fuel system.
to start Eill fuel tank.

Clean dirty lines, strainers, or fuel cocks.

Prime according to instructions in chapter on
Operation.

Rotate cronkshaft through a few revelutions
with throttfe full epen and igaition switch an.

Reset throttle opening according to the car-
buretor manufacturer’s instruciions.

See that booster is grounded to the engine.

Check booster electric output.

Clean and dry terminal,

If sleeve is cracked, replace with a good
sleeve.

Check wire with an electric tester.

Clean plugs. Refer to manufacturer's instruc-
tions.

Replace spork plugs with plugs set at proper
gap. Use onti-seite compound during in-
stallation.

Replace with charged battery.

Clean ond adjust points.

Test spark delivered by the magneto with an
electric tester.

Remove the plug fo drain off fuel and water.

Refer to section titled Adjusting Valve Clear-
ances.

Refer to the section titled Valve Timing.

Examine the oil sump strainer.
Tropped particles indicate internal trouble,
ond complete overhaul may be required.
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TROUBLE

CAUSES

REMEDY

low Power and
Uneven Running

b

. Too

rich a mixture
indicated by black
smoke from exhaust

Too lean a mixture
indicated by over-
heating bocekfiring,
fow fuel pressure,
or low fuel supply

Leaks in induction
systcm

Defective spark plugs

Poor fuel

Magneto breaker
points not working
properly

Defective
wiring

Engine overheating

Caorbvuretor leakoge

ignition

Defective spark plug
terminal insulators

Incorrect valve clear-
ance

Incorrect valve timing

Consult carburetor manufacturer's instructions.

Consult carburetor manufacturer's instructions.
Raoise fuel pressure at fuel pump.
Replenish fuel supply.

Tighten all connections.

Reploce any leoking paoris.

Clean plugs. Refer fo manufacturer’s instruc-
tions.

Reploce plugs if gap is incorrect. Use anti-

seite ¢compound during installation,

Test for proper sparking with an electric
tester.

Replace with recommended fuel

Clean and adjust points.

Test spark delivered by magneto with an elec-
tric tester.

Check wire with an electric tester.

Refer to items 2, 3, and 5.

Refer to corburetor monufoctfurer's instruc-
tions.

Replace insulators with good ones.

Refer to section titled Adjusting Velve Clear-
ances.
Refer to section titled Valve Timing.

{ew Qil Pressure

No

Lack of priming
Leak in suctian line
Dirty oil strainer
Air lock or dirt in re-
fief volve
Improper setting of
relief valve
High oil temperature
QOil foaming

Prime pump according to instructions.
Replace any leaking parts.

Remove and clean the strainer.
Clean relief volve.

Adjust volve with engine running and oil ot
recommended temperature.

See High Oil Temperature in Trouble column.

Design of the oil tank may be foulty. This will
necessitate replocing the tank.

Osl Accumulation
dn the Crankcase

W

Lock of priming in
scavenge pump
High oil temperature

High oil pressure

Prime the scavenge pump.

See High Qil Temperature in Trouble calumn.
Readjust pressure relief valve,
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TROQUBLE CAUSES REMEDY
High Qil t. Insufficient il cooling | Check cooler for clogqging.
Temperature 2. Insufficient oil supply | Replenish oil supply.
3. Low grode of oil Replace with oil of the prope - specification.
4. Scavenge pump not | Prime the scavenge pump.
working properly
5. Bearing failing or | Examine sump for metal particle.
failed
6. Clogged oil lines, | Clean lines, strainers, or coolers.
strainers, or coolers
7. Improper venting of | Refer to Installation Drawing in tks bock of
oil system this book.
Eacessive Qil 1. Low grade of ail Replace with oil of the proper specitication
Cansumption 2. Seavenge pump not | Prime the scavenge pump.
working properly
3. Bearing failing or | Examine sump for metel porticles.
failed Refer to section concerning bearings in Chop-
ter 8,
4. Waoarn piston rings Refer to section concerning piston rings in
Chapter 8.
5. Piston rings incor- | Refer o section concerning piston rings in
rectly installed Chapter 8.
Cold Weaother I. Cold oil—if eil dilu- | Oil must be pre-heated to at least 125° F.
Difficulties tion is not used (50° C.\.
2. lnoccurcte pressure | Gagae lines should be filled with S.A.E. 10-W
readings ail.
3. Over-priming Follow instructions in chapter on Operation.
4. Weak booster coil An auxiliory hand booster may be necessory.

Weak battery

A heavy duty battery should be used.




CHAPTER VII

PERIODIC INSPECTION

ARECOMMENDED procedure for inspecting shovld be inspected or locked for ot certain
the engine it included in this chopter. Sec- pericds. Section B is o detailed explonotion of

tian A is a chart designating the items which items in Sectian A,

SECTION A

2 |2 s | 3| 3
= £ > 2 = =
128 |e |88
1. Fuel supply x x
2. Fuel leckage . . . . . . . . . . x x x x x
Fuel comnections . . . . . . . . . x x x t x
4. Fuel system strainer . X x x
S. Carburetar auts . . . . . . . * x
6. Carburetor controls . . . . . x 2 x
7. Carburetor fuel strainer . . . . . . x 1 x
8. Carburetor oir cleanen . . . . . . x x ¥ x
9. Carburetor air screen . . . . . . x x
10. Fuel pretsure . . . . . . . . . . x
1. Fueltorks . . . . . . . . . .« . x x
12, Oil sopply . &~ .« « . .« « . - x x
13. Oil change . . . . . . . « . . x x
14 Oil leokage . . . . . . . . . . x x x x x
15. OQil connections . . . . . . .« - . x x x x
t6. Cuncoil filter . . . . . . . . . x x x x x x
17. Oil sump strainer . . . . . .« . . ] x
18. OQOil cooter cores . . . . . . . . . x x g x
19. Oil pressure . . - . .« . . . . x
20. Qil temperature . .« . . . . . . x
Zl. Mogneto operotion . s e e e e X
22, Magneta lubricating felt . . . . . . ] x
2). Spork plugs . . . . . . . . . . x x
74, Ignition terminals . . . . . . < . x x x
75. Cylindes fins . . . . . . . . - . x x x
28, Cylinder head temperature . . . . . P

~4
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° | 2 s | 8 | 3
& = > o - -
o 5 5 ‘:,:' =3 o
a A & ] o~ 2 8
27 Nenoand cap screws L . x x x
28  tareersl obstruction . . . . .
29 Croriiase breather screen x x
30 E=gim exterior . . . . . . x
31 Comgression . . . . . . . 3
32 V“aive clcarance . x
33  *otr pipes X
34 teraust system x
35 ?.am <od Hoses . x
3B Muwclaneous . . . . . .
SECTION B
1. Fuel sppt;—See that there is an adequate 1. Fuel tanks—Drain and cleon the fuel tanks.
ovy of luel of the proper specification. 12. Oil supply—See that oil tank has sufficient
2. Wal ‘eaic ge—Inspect the engine carefully oil of the proper specification.
o ".'J te 'ﬁ:ge' :he I::ch{onlof : Iea: "::y 13. Qil change—Change the oil ot 100 hours
#o? w=ay: be where the fuel is Jounc. Re- with oil of the proper specification.
pres o rc Jlace ony parts which are cousing
e boe! 1c look, 14. Oil leakage—Check for oil leakage. If any
] leckoge is indicated, locate the leak and
3. Fuel r.onn‘--d}::n;—-slee that all :fue:hcinnec- repoir. Leakage oil may not alwoys be at
' ;". g' y dep ace ‘Imy parts that can- the point of origin. Possible locations are:
W%t he hentened properly. rocker box covers, push rod housing hoses,
4. Fuel swatem sirainer—Remove and clean and any oil connections,
e eroiner. 15. Qil connections—See that the oil connec-

5. Carburetor nuls—See that the carburetor
B secwrel, fostened.

6. Corbarotcr controls—Check the carburetor
samtroh 3¢ proper functioning and lubei-
se*s ol tic joints and bearings.

7.€Carbureic- fuel strainer—Remove and clean
e corbu-ctor fuel strainer.

8. Caburetcr air cleaners—Service the car-
Dbusetor o - screen, particulorly under dusty
ssndAions. of least daily.

9. Larbwretor oir screen—Remove and clean
e corburetor air screen.

10. Poeld peessure—Check the fuel pressure core.
My 10 100 that it is between 2.5 to 3.5 Ib,

P vy in. (.18 to .25 kg, /sq. em.).

tions are tight. Replace any part that can-
not be tightened properly.

Cuno oil filter—Turn the handle of the filter
ot least one full turn. If the handle is diffi-
cult to turn, remove and clean the filter.

. Oil sump strainer — Wash the oil sump

strainer.

Qil cooler cores—Inspect the cores of the
oil cooler to make sure they cre not plugged
or coated with dirt. The cores should be kept
clean so that they will rodiate the heat in
an efficient manner.

Oil pressure—Watch the oil pressure when
the engine first starts, and at frequent inter-
vals during operation. Stop the engine if
the oil pressure does not continve to rise to-
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H

12

1L

40 lb. per sq. in. (2.812 kg./sq. cm.) within
15 seconds after starting. Consult Engine
Characteristics for the proper operating oil
peessure,

Qil temperature—If the oil-in temperature
n below 100° F. {38° C.), keep the engine
ruaning at idling speed ot 600 r.p.m. until
the engine oil is above 100° F. {38° C.). In
citremely cold weather, engines having no
ol dilution system should have the oil pre-
heoted to 125° F. (52° C.), before an at-
tempt is made to start the engine. The
oil.in temperature during operation should

rot exceed 190° F, (88° C.).

Magneto operation—Note the r.p.m. drop
=aen switching from both magnetos to one
magneto, This drop should not be greater
thon 75 r.p.m. with the proper octane fuel
ct 1800 r.p.m.

Mogneta lubricating felt—If the felt is soft
and shows oil on the surface when squeered
between the fingers, no additional lubricant
n needed. If this felt is dry, however, apply
a vmall amount of oil to the portian of the
felt attached to the cam follower main
pring. Use just enough oil to make the felt
1oft ond so that oil can be brought to the
wriace by squeezing. Do not give it all it
can hold. Lubricant of Viscosity S.A.E. 60 is
witable for average conditions. Whenever
possible, chocse a time for oiling when the
engine and magneto are warm.

Never permit oil to reach the brecker
contocts as it would cause pitting, rapid
wear, and interference with operation. Keep
the rest of the breaker meachanism clean
ond dry. Wipe the interior of the breaker
housing. Wash clean before replacing the
cover, but do not permit lint or other for-
eign motter to lodge on the contacts.

The ball bearings are packed in grease
a~d need no additional lubricant between
overhauls.

Spork plugs—Change all spark plugs with
new plugs or plugs reset with the proper
gop.

Ignition terminals — See that the ignition
termincls are secure, The terminal nut should

be snug. Care must be taken not to dam-
oge the nuts by overtightening.

Cylinder fins—Inspect the fins of the cylin-
dens which are accessible to make sure they

26.

27.

28.

29.

30,

31

32.

33.

are not plugged or coated with dirt. Fins
should be kept clean so that they will radi-
ate the heat in on efficient manner.

Cylinder head temperature—See that the
cylinder head temperatures do not exceed
the cperation temperatures as given in the
engine characteristics in the Appendix of
this book.

Nuts and cap screws—Inspect all accessible
nuts and cap screws to insure that they are
tight and properly locked.

Internal engine obstruction——Check for any
obstruction in the lower cylinders, Rotate
the engine crankshaft by energizing the fly-
wheel, and tripping the starter dog. Cen-
tinve this operation through three or more
complete revolutions, If no obstacle is en-
countered during the first three revolutions,
continve to turn the crankshaft through sev-
eral more revolutions without stopping to
insure complete freedom of rotation. If any
obstruction is indicated, remove one spark
plug from each of the lower cylinders to
ollow ony fuel or oil to drain out. Rotate
the engine several times.

Crankcose breother screen—Remove and
clean the breather screen.

Engine exterior—Clean the exterior of the
engine thoroughly before removing any
parts or covers to prevent dirt from enter-
ing the engine.

Compression—Check compression of each
cylinder, removing the rear spark plugs from
all cylinders except the cne being tested
using o pressure gage.

Valve clearances—Remove the rocker box
covers and check the valve rocker clear-
ances. Reset any clearances which are not
within the specifications. The engine should
be cold when checking or setting these
clearances.

Intake pipes—Check the intcke pipe pack-
ing nuts and cap serews. Do not tighten the
intake pipe packing nuts at this inspection
to remedy leaks, since such tightening may
result in breaking the adhesive seal of the
rubber packing. When the packing ring has
once broken loose from the intcke pipe or
intake pipe boss, it will not adhere again,
Tightening packing nuts at this inspection to
remedy leaks may therefore result in in-
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34,

sreaied lcokage. Tightening packing nuts
whc: ro more than ten hours of operation
v+ re= -ubber packing is permissible, be-
cavie ot this time the rubber packing is still
wats gd nos not adhered to the nut. Leck-
=y «a'ak. pipe packing is a fire hazard and
cause of improper mixtyre
wrength, ond it is therefore recommended
that the utmost caution be observed in fol-
fwe.ny tipse recommendations.

s peuitle

fesauit system—Check the exhaust pipes,
saravil maonifold, and tail pipes far tight-
sew onc cracks. In order to reduce the
eonbidit, of difficulties crising from local
vet'~catng in the region of the exhgust
p<+' car - should be taken to tighten equally
» rihoist flange stud oitaching nuts, Ex.
rouit lcidage at this location caused by
€9age distortion or insecure fastening may
serclt in burning of the exhaust port.

WARNING: Care should be exercised to
#~c.d puling the exhoust flange attaching
»* too tightly and stripping the studs from

the exhaust elbows. Use correct torque valyes
as shown in Table of Limits, TL45.

35, Push rod hoses—Check the push rod hoses
end surrounding orea for ony evidences of
ail leakage.

MISCELLANEOUS Itis advisable to run

the engine at part
theottle for at least V4 to I/ hour every 48 hours
in order to keep the interior parts slushed with
oil. This will ossist in preventing the vopor dve
to condensation in the crankcase from rusting
steel parts.

The length of time between complete .over-
hauls depends entirely upen the severity of the
service to which the engine is subjected. Under
normal conditions of operation ond service, the
engine should operate satisfactarily for 450 to
550 haurs before a complete dismantling and
overhaul is advisable. Where the service is se-
vere and the conditions abnormal, more frequent
overhauls may be required, and the some op-
plies to inspection periods.



CHAPTER VIII

DISMANTLING, CLEANING,
AND INSPECTION

HEN the condition of the engine becomes

such as to warrant o general overhaul, it
vheyv'd be removed from the airplone ond sent
‘o o~ overhoul depet. This depot shouvld have
a licht. clecn shap, equipped with a [gthe, driff
peen, arbor press, buffing wheel, engine stand,
a~d o complete set of overhau! tools.

The instructions in this chapter are presented
= g. greot detail os space permits. In the event
thot ony point teems obscure, it it suggested
that rclerence be made to the sectional views
« the Appendix and to the parts astembly views
o the Parls Cafolos os well as the ﬂgvres dis-
persod throughout this text.

OVERHAUL STAND The best overhaul
stand it the type

=hicS permits ratating the eangine t¢ gay de-
swec angle, permitting the mechanics ta do the
«ark with the engine in the most advantageous
posivion. |t is assumed that this type of stand
=1l be used. If, however, this type of stand is
o) ovailable, the lower part of the shipping bex
ton be used when if is desired to hove the en-
gine in the {frant-end-up positien and o stand
eem'ructed frem two 8 x 8 inch (20.32 x 20.32
em.} beams can be used to hold the engine in
the front-end-up position. This later stand
shou!d be in the form of a cross with each beam
about 4 feet (1.22 meters) in length, the inter-
wction bored with o hole just large enough to
recove the frant end of the ceankshaft, The
ttond can be mounted on casters far ease in
Mv;ng.

INSPECTION BENCH As the individual
parts of the en-

gine ora removed, they should be'ploced on the
ampuction bench. This bench shauld be located
agoc the dismantling work and where it will re-
eeive a good supply of light. A drap light will
be required to inspect the cylinder bores and
vaive seats.

Srall boxes, tint, or other receptodes should
by y-cvided in which nuts, wathers, ond other
tme!. ports can be placed os they are removed.

As each sub-assembly is removed from the
engine, it should be inspected carefully before
being cleaned and ony unusual conditions such
ot sludge depotits or the collection of metallic
particles should be noted. (f sludge deposits or
metallic particles are found, samples should be
retained for analysis in case the candition of
the engine warrants such a procedure. The gen-
erol condition of each sub-assembly should be
observed, particulatly in regard to the free
movement of oll geors ond bearing thofis,

TOQOLS A sérvice tool kit is. fuenished with

each engine sold by the Wright
Aercnavtical Corporation. {Refer to figure 25.)
This kit contains all the fools necessary for gen-
erol servicing of the engine and sheuld be car-
tied in the plone for vse in emergencies. For
camplefely dismantling and reconditioning the
engine, o number of ipecial tools are necessary.
These are listed in g Tool Catalog published
separately along with other tools not so neces-
sory but of great convenience. A repoir depot
bondling any larga number of enginet should be
equipped with the entire set of took.

CLE G di ti #
ismantiing daperations
ENGINE PARTS ("0 "%, oot sube

ossemblies, and accessories, except the starter,
generator, magnetos, ond ignition wiring, should
be woshed with gosoline or other opproved
cleaning fluid befare any further disariembly.

Upon completion of the

Experience has indicated that oil feaming and
serious attendant difficulties may result from the
use of water-mixed cleaning solutions, most of
which contain either soap compounds or caustic
sodo. 1t has been found extremely difficult to
remove oll traces of these compounds from en-
gine parts, and where compounds which contain
taap are used, qil foaming may result imme-
digtely after starting the engine. In the cose of
clkaline cleaners, the clkaline compounds com-
bine with the il in the presence of acids which
come from combustion gases and are normally
present in the oil ond form-soop which produces
oil foaming. In thiy coie foaming may occur

#3
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FIGURE 15—Servica Toaly

ry or mony hours ofter the engine is
In mrvice,

:# rewlt of the obove experience the
Asroracutical Corporation recommends
ol gowline, kerosene, or other hydro-
bos cloaning purposes.

mized compaunds cantaining any
W smex or coustic soda are used for clean-
B of 'ae vimost importance that all parts

t be thoroughly cleaned with cleor
‘weber alter using the compounds. It is

that oll traces of the cleaning com-
B8 s aved before the ports ore ossem-
Mo 3r—erded, where these compounds
MR # :* the parls be serutbed thoroughly
H 2q wotee and then rinsed in o sepo-
! boiling wafer.

Engine parts may be cleaned with 50-50 car-
ban tetrachloride-bentol mixture or clear gote-
line-benzol misture. However, these mixtures
introduce difficulties in handling and exireme
cace must be exercised fo prevent injury to the
operator.

As Yhe washing of the varisus ports is com-
pleted, each part should be dried thoroughly
with compressed air and placed on the rack. If
the parts are to remain on the rack for ony
length of time, slush them fo prevent rusting.

Do not wash the accessories with any liquid
solvents or cleaners unless it is stated in the pub-
Yications of the respective manufocturers that
it is permissible to do se.
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ABRASIVE Abrasive cleoning is recom-
ded for removing hord car-
CLEANING |-

bon deposits from the interior
gortions of pistons and cylinder heads, also for
remcving paint and for cleoning exterior sur-
foces of engine pecris prior to repainting. This
type of cleaning remoaves hard carban depasits
aerd roint rapidly and easily from surfaces difhi-
«v o dJeon in any other manner. Coution must
be c:crcised, however, to prevent damage to
e~gine parts when performing this cleaning. The
vie of harmiu) gbrosives, or the use of excessive
o pressure, or failure to protect machined sur-
tazer properly when cleaning, may result in dam-
age ta cngine parts which might render those
ports unsatisfactory for use.

Aiundum No. 90 is the only material thot is
recommended for use in the abrasive cleaning
ol engine ports. Investigation has shown that
other gbrosives, such as crushed shot er grit,
ore unsuitable for this type of cleaning because
o the tendency of porticles of these materials
te become imbedded in the metal parts being
cleared.

The vie of excessive air pressure glso increoses
the tendency of the abrasive to become imbed-
ded in the metal ports being cleaned. Use only
@ pretwre high enaugh ta remove hard carbon
depcsits from parts being cleaned. The required
presture should be within the limits of 15 40 30
pounds per square inch (1.05 to 2.11 &g./1q. cm.],
depending upon the degree of hardness and
omount of corbon to be removed. Adjust the
pressure first to 15 pounds per square inch {1.05
4g. 5q. cm.). If this pressure will not remove car-
bon sotisfoctorily, increase the pressure in incre-
ments of 5 pounds per square inch (35 kg./sq.
em). checking the effectiveness of the blasting
operalion each time, until @ pressure is seoched
which removes the carbon effectively.

When blosting, protect machined surfaces
with syitable plugs, sleeves, or friction tape so
tha! these surfaces will not be damaged.

MARKING Investigation of some

paris failures in the past
ENGINE PARTS. has revealed that they

bave been cgused directly by identification
morking of the ports by the operator. The in-
correct marking of parts or the marking of parts
 certoin areas may produce surface cracks
whicy =il progress, resulting in complete failure
of t~¢ ports and serious damage to the engine.
The Wright Aeronautical Corporation will not

be responsible for ony domage to an engine
which may be traced to any marks placed on
any steel ports of the engine by the operator
either by stamping, punching, or clectric etching.

The Wright Aeronautical Corporation marks
major engine poris such os master rods, erticu-
loted rods, crankshafts, and propeller shafts far
inspection acceptance ond record purposes.
These morks ore ploced on certoin creos where
experience indicates it will be safe to place
them. During the manufacturing procedure,
Wright Aeconautical Corporation employs o
rubber stamp etching pracess for identification
purpeses. This does not, however, provide a per-
manent method of identificatian,

A rubber stamp etching fluid suitable for use
on steel engine parts has been prepored and is
recommended for shop practice for temporary
identification of parts. This flid moy be pro-
cured under Part No. 87940. The abave fluid,
Part No. 87940, must not be used for etching
steel parts $o detect defects. The fluid may be
used to saturate o stamping pad ond ordinary
rubber stamps may be used for the etching pro-
cess. The method of stomping is the same os thot
used in oedinary ink stamping. Rubber stcmps,
which hove a longer life when uted with etching
fluid, moy be procured from Sheridan & Nichol,
Inc., 64 Murray Street, New York City. After o
part is etched, the surface should be oiled with
engine oil to prevent carrosion.

HOISTING Attach a hoist eye to the
THE ENGINE crankshaft. Lift the engine

onto the engine stand with
a choin hoist of ot least one fon copacity and
fasten the engine securely-through the mount
holes with six bolts. If a roteting type stand is
vsed, be sure thot the bed plote is locked in
pasition. Do not attempt to change the pasition
of the engine without using a hoist. The engine
should be locoted in the norma! flight position
before beginning the dismantling operations.

DISMANTLING !n any dismoui{ing which
PROCEDURE is going to require the re-

moval of the thrust beor-
ing nut, be sure to foosen the thrust bearing nut
while the spark plugs ore still in the engine.

Due to the sectional construction of the crank.
case, it is possible to dismantle the Whirlwind
engine in olmost any desired pesition, permitting
ready access ta the various parts of the engine.
However, two factors must be borne in mind.
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& e cronkshaft cannot be removed without
B remeving the crankshaft gear bolted to the
J@¢ ond of the shaft and second, the diffuser
jon ¢4 the crankcase connot be separated
i She reor scction without first removing the
il on ¥he rec ond of the starter shaft bolt and
lé so» on the three studs adjacent to the
a~d cccessory drive shaft bosses.

M e fclowing discussion of general dis-
= # u ossumed that the exhaust mani-
, ®edovst pipes, cowl, ond air ducts have
meoved before the engine is placed on

# eewrhou stand.

The geocedure as outlined in the following text
fae *he dismantling of the engine into its
temccnent parts or sub-assemblies.

GENERATOR. STARTER, Should the
FUEL PUMP, **‘;"e'- 9;"“;
VACUUM PUMP ator, tue

pump, or

_ pvmp be attached to the engine, re-
@ Maw i~ the order given. (Refer to figure
e removing an accessory which is
en the engine in conjunction with an

. remove the adapter or take the neces-
ewtions to secure the various adapters
wetd the rear section is ready for dis-
H these accessories are not on the
Mot intead ore substituted by cover
de ac* remove any but the starter cover
B @ e time. Remove the cotterpin from
d oo the rear end of the starter shaft bolt
the nut approximately one-half turn,

;"2“34.—1;"'._ NS

L}

FIGURE 27—Removing or lastailing Mogneto

CARBURETOR Remove the carburetor
AIR HEATER, oir heoter,carburetor, ond
CARBURETOR, corburetor elbow as a
AND ELBOW unit by removing the nuts

which fasten the elbow
to the rear section.

MAGNETOQS Remove the magneto advance

control rod and the distributor
blocks from the magnetos. Do not detach the
wires from the distributor blocks. Remove the
nuts holding each magneto to the reor section
and remove the magnetos. (Refer to figure 27.)
Hold the magnetos firmly when removing the
nuts as they are liable to fall if not supported.

THRUST BEARING Loosen the thrust
NUT bearing nut using the

speciol wrench. Loos-

ening of the nut at this time while the spark
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e il in the cylinders is advisable as the
) compression prevents the crankshaft
M deming. Use o lead hommer to strike the
ard loosen the nut until it can be turned
B ¥ Fagers. (Refer to figure 28.) As soon as

B sgwsotion hos been completed, turn the
pghve te the front-end-up position. Lock the

AIR DEFLECTORS, femov: the f:ur n:fs
rom the rocker box

INTAKE PIPES covers and remove
I es~werr Loosen the valve toppet cleoronce
screw lock screws and back out the

wrews a few turas. Remave the nut

#® Mo ond of cach of the rocker arm bolts,
P ™e boity out, and remove the rocker orms,
MEb-e~ the push rods. Unfasten the hose
EBwpe o» each of the push rod housings, slide
BB Breer hotes toward the cylinder end of the
mmgleg. ond remove the housings. Using the
MNeh dorigned for this purpose, loosen the
Maglieg »vts ot the cronkcase end of the intake
[ flq‘u to figure 29.) Back out the intoke
I Renge cop screws ond withdrow the intoke
S Bemove the external hydro oil line, if used.
ERee the oir deflectors. In view of the slight
Elrens o+ ~hich may occur in the cylinder heod
ERE:se-el oir deflectors, it is suggested that
ES b =c/led so thot they moy be reploced
HEEPe wa—e cylinders from which they were

ed

CYLINDERS. PISTONS, Remove the
B PISTON PINS spork plugs from

each cylinder,
e speciol wrench and turn the crankshaft
EEEMe. 2 paton is at approximately the top
E-wveke. Remove the hold-down nuts from
mrllnders. Remove the cylinder being coreful

FIGURE 30—Removing Cylinder

that the piston does not strike an odjacent cylin-
der. (Refer to figure 30.) Remove the piston pin
retainers, piston pin, ond piston immediately
after removing the cylinder. [Refer to figures 31
and 32.) Turn the crankshaft until No. 3 pitton
is at the top of its stroke ond remove that cyl-
inder and piston. Continue in this manner to
remove all the cylinders ond pistons with the
exception of No. I, which is not to be removed
at this time. Install articulated rod protectors
ofter removing the cylinders.

IGNITION WIRE Remove the nuts
MANIFOLD, that secure the igni-
RADIO SHIELDING tion wire monifold

at the rear section
parting flange and lift off the complete
assembly.

FIGURE 79—~teosening Intoke Pipe Pocking Nur

FIGURE 31—Removing Piston Pin Retainer
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1HGURE 32—Removing Piston Pin

CRANKCASE FRONT Unscrew the
SECTION AND MAIN thrust bearing n?f
BEARING SUPPORT and remove it

from the cronk-
shaft. flemove the nuts holding the crankcase
B eever to the crankcase front section and
Ewee the cover. Remove the spacer, the lami-
shim, ond the oil slinger. Remove all the
ond wothers securing the front section to
senkcate main section and attach the spe-
poller 1o the front cover studs. Turn down
hendle of the puller until the front section
Shen lift it off. (Refer to figure 33.) When
the front section, be careful that the
- oil seal adapter does not fall, as this

§ w8 wivolly come off with the front section.
2 prepelior governor gear is used, care must
 faben that the crankshaft key does not fall
M beeort threo pullers in the tapped holes in
} maweting flonge of the front main bearing
. Turn down evenly on these pullers until
) i free from the crankcase main sec-
m to figure 34.) Lift it off the engine
i ewrelul not to allow the bearing sleeve to
, @geingt the crankshaft.

REAR SECTION AND Remove all the
DIFFUSER SECTION  fts and washers

that secure the
‘ond diffuser sections to the main section.
e position of the mounting bolt nuts

FIGURE 33—Removing Cronkcase Front Section

securing the engine fo the engine stand mount-
ing plote to make certain that their position
will not interfere with the separation of the rear
ond diffuser sections from the main section. At-
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FIGURE 35—Roising Cronkshaft ond Main Section
from Rear Section

dach the hoist eye to the crankshaft and, by
meory of the chain hoist or tockle, raise the
erend 1haft with the main section from the rear
soctcon. [Refer to figure 35.) As soon as a pull
® eacrted by the hoist, tap the rear section at
e mounting lugs with a light mallet to assist
In th separation of these two parts. Raise the
®mee section until it is out of the way of the
see» 1rection and remove the rear section from
e -ond. Lower the main section onto the stand

o»d fasten it securely. Remove the hoist eye
frem the crankshaft.

CRANKSHAFT, Bend the lock
MASTER AND away from the
ARTICULATED RODS ;X flet of *he

knuckle pin lock-

FIGURE 36—Removing Kauckle Pin

plate screws and remove the screws. Using o
small brass drift and a light hammer tap out the
knuckle pin locks from between the flats on the
knuckle pin heads. Place the drift on the edge
of the lock closest to the bearing and tap toward
the outer edge of the master rod. The locks will
slide out from between the knuckle pins. Do not
attempt to force a screw driver or any similor
tool between the lock and the face of the master
rod. To remove the articulated rods, push out
the knuckle pins with the knuckle pin inserting
and removing tool, using the cup and drift pro-
vided for this purpose. (Refer to figure 36.) Re-
move the articulated rods fram the master rod.
Remove No. | cylinder, piston, and piston pin
ond install a protector on the cylinder pad to
protect the master rod.

Place a small wooden block or wedge between
the front counterweight and the crankcase to
act os a support and also to prevent the shoft
from turning when removing the crankshaft gear.
Adjust the engine stand so that the crankshaft
is in a horizontal position. Remove the safety
wiring from the crankshaft geor screws and re-
move the screws and the gear. Remove the sup-
porting block from under the front counter-
weight. Withdraw the crankshaft with the master
rod. To do this turn the shaft until the counter-
weights are at the right side of the crankcase
approximately 90 degrees from No. | cylinder
location. (Refer to figure 37.) Be careful not fo
damage the rear main bearing when withdraw-
ing the crankshaft.

CRANKCASE Remove the cronkcase
MAIN SECTION main section from the

engine stand.

FIGURE 37—Removing Cronkshoft with Master Rod
from Crankcase Main Section



CHAPTER IX

DISASSEMBLY, INSPECTION, REPAIR,
AND ASSEMBLY

S section is devoted to the treatment of
wr.assemblies, ond the instructions given
beee - insofar as is possible, deal with each
onembly seporately, completing the disosseme
®h, inspection, repair, and assembly of each
beic ¢ proceeding te another assembly.

A- cach part is removed from the sub-
atienbly, it should be cleaned and dried. If the
pa-t 1 to stond for ony length of time, it must
% -operly protected to prevent rusting.

ETCHING It is possible to domage engine
FLUID parts seriously by the use of cer-

tain etching fluids or by im-
propar use of the recommended efching fluid.
Ihe Wright Aeronautical Corparation will ot
be rryponsible fer any damege to on engine or
po-t which may be troced to the use of an un-
epproved ciching fluid or 3o the improper use
ol 1io approved etching fluid.

A: elching fluid suitable for use on qll steel
ong.- o paris except stainless steel has been pre-
pore { and is recommended by the Wright Aero-
aav cal Corparation. This fluid may be pro-
swred in one-half ounce bottles under Part No.
8741,

8«‘cre applying the above etching fluid, the
port thould be washed in gasoline or benzol and
dried thoroughly. The surface to be etched
thouid then be washed with denatvred aleohol
bebere applying the fluid. The fluid should be
opgd od uniformly over the surface, using o cot-
$oa 1wob. !t should not be allowed to remain
o s part for a period of mare than thirty sec-
ondn ofter which it should be washed off imme-
+'y, using denatured alcohol. After ingpect-
#g 1ne port, the slight discoleration caused by
e «'ching fluid should be removed with crocus
sl ond oil. In no case should this discolora-
fan oo left for o period exceeding five minutes.

MASNETIC  The examination of engine
ANALYSIS poris by magnetic type in-

spection is considered desir-
NS ECTION able by the Wright Aero-

powt 2ol Corporation, This method of<inspection

of parts requires o competent and trained oper-
ator in order to obtain satisfactory results.
Magnetic inspection requires not only an under-
standing of the equipment involved but ¢ knowl-
edge of the parts being inspected and the
ability to determine the exact noture of en indi-
cated defect. It is essential that the ports be
thocoughly cleaned and pelished before inspect-
ing. tnformation concerning this equipment and
recommended practices will be furnished upeon
request to the Wright Aeronautical Cearpora-
tion, Service Divisien.

In order to prevent magnetic inspection solu-
fion from entering the engine, oll parls must be
thoroughly cleaned ofter the inspection. Qil
passages should be blocked off with ordinary
poraffin wex before mognetic inspection. This
will prevent the solution from entering the oil
passages and possible subsequent damage to
the engine.

SERVICE FITS The moximum and mini.

mum clearonces ollowable
in service before a part must be replaced are
given in the Toble of Limits. The moximum clear-
ances should not be construed to mean that any
part showing less wear is in satisfactory condi-
tion. The oppearance of a part is frequently o
much better indication than are the dimensions.
The figures are merely guides where the fit is
the sole consideration. When clecrances ore
found in excess of those listed, an investigation
should be made to determine the cause. This con
very often be traced to the wear or foilure of
some other part.

REPLACEMENTS While new parts will
generally be found ta

be in satisfoctory condition, # is adviscble to
inspect them carefully before installing them in
the engine. This is especially true of steel parts
which are to run in babbiHt, bronze, or kelmet
bearings. These parts must be checked for oil
holes as sometimes ol holes must be drilled ot
the time of ossembly. Burrs and sharp corners
must be eliminoted and this can ordinarily be
accomplished with a sharp scraper or a fine
stone.

</
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STUDS Check all studs for tightness, condi-

tien of the threads, evidence of

pdgding ond {or being square with the surface,

wheclir g for tighiness, use o stud driver,

e neocessary replacements made with

‘ port: The size of the stud will depend
ﬁo c«oedit on of the femcle threads.

::M o {amaged stud with @ stud remover
j Feeme~e ¢ny erupted metal around the stud
o oo o ~ilt file. (Refer to figure 38} Clean
% wed bole using the proper size tap.

W eykad s hold-down studs of current en-
e beee g ound threads. These studs may be
by o drill mark at the nut end. When
o :tud hoving ground threads, it is
eyl that the stud threads and the mating
" be troroughly cleaned, When replacing
' ﬂ“"' hcld-down stud, or any stud having
2 ho'c to the interior of the engine, use
o Heldite on the threads. These com-
s #¢? o+ on oil sealing agent and lubricant
W wl. O~y o few drops of sealing compound
B sogpsi-ed ond care should be taken to pre-
¥ e oo 5f excessive quantities as the pres-
g of vy compound on parting surfaces or
e on jine is undesirable.

e -tud to the proper depth, using a
‘ln-v I it is a drilled stud, see that it is
okg-ed.

The successful operation

ASSEMBLY

of the engine is entirely
PRECAUTIONS dependent upon the at-

ghven to every detail in the inspection
. It should be borne in mind by the
ead mechanic that the slightest neglect
por may result in the failure of the

FIGURE ¥ —®emaving Cylinder Hold-Down Stud

WARNING: Cotterpins, pisten pin retainers,
palnuts, and safety wire should never be used a
second time. Other safety features which have
been bent or worn should be replaced with new
parts.

Gaskets and oil seal rings should be replaced
with new parts at averhaul.

Great care should be taken to prevent dirt,
dust, cotterpins, nuts, washers, and other small
particles from falling into the engine during the
assembly. Such foreign material can work into
the gears, the supercharger, or the oil lines and
cause considerable damage.

Before assembly, all parts should be carefully
cleaned. The careful use of compressed air for
this purpose is strongly recommended sincé rags
or waste leave lint and other bits which may clog
oil lines and strainers,

Completely finish each step in the process of
assembly as the work progresses. Do not leave @
bolt loose or a nut uncottered with the idea of
coming back to it loter.

In places where there is o possibility of ol
seeping out from between machined surfoces,
as between the crankcose section parting
flanges, the surfaces should be coated with a
gasket compound before assembly. Use new rub-
ber oil seal rings under the cylinder hold-down
flanges and new seals ot the ends of the push
rod housings.

Remember that the oil pump will not begin to
furnish the regular supply of oil until the engine
has turned over several revolutions. For this rea-
son it is necessary to coat all surfaces, normally
lubricated by the oil circulated by the pump,
with a good supply of engine oil as the parts are
assembled. All parts which are a drive or push
fit should likewise be coated with oil to facili-
tate their assembly in the engine. In order to
avoid chafing or scoring of crankshafts and pro-
peller shafts when ball or roller bearings are
pressed in place, it is recommended that micro-
grophite be used between the inner race of the
bearing and the shaft. The shaft should be wiped
clean with o dry cloth and a small quantity of
micro-graphite opplied to the surface of the
shoft and the shoulder against which the inner
race rests before pressing on the bearing. After
the bearing is in place, the excess powder should
be removed. As a further precaution to prevent
chafing, the inner race should be rotated to o
new position ot each overhaul. In the assembly
procedure following, it will be assumed that the
above recommendations and precautions have
been applied.
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PALNUTS The proper installation of palnuts

is at follows: Tighten the nut to

b de<bed to the desired tension. Spin the palnut

on the stud or screw until it touches the nut, and
then lock the palnut with o wrench by tightening
1,4 to {3 of a tuen,

CRANKCASE FRONT SECTION ASSEMBLY

DISASSEMBLY

Yoo the theust ball bearing out of the front
vt~ with o fibre drift. Remove the two nuts
ewf S¢' woshers from the hydro-contrsl valve
se= c*‘aching studs and lift out the valve with
®he «ovor cttached. Remove the cap screw which
a1 the hydro-coniral volve lover to dhe volve
we~ disengage the lever, and withdraw the
seve rem the valve. Back the pocking nut out
et 11+ cover. The packing should be discarded
ond replaced with new packing ot overhaul.
Bomive the four bolts that hold the control
ewi~ adapter ond withdraw the adapter. (n
aew the engine incorporates a propeller gover-
mer. cemove the four nuts ond flat woshers from
the a'foching studs and remove the gavernor
owe~bly. Lift out the governor drive shoft
edog'er. Inside of the front section, remove the
#o*s and flat washers that hold dawn the inter-
mad 3¢ bevel gear governer drive shaft bracket
ond cmove the bracket gear assembly. Remave
e iclety from the shafts in the adapter and
wociet and withdrow the thofts. If necestory for
magaetic intpection, the spur gear may be re-
movid from the intermediate governor drive
shol* by removing the six bolts on the front face
of the geor.

INSPECTION
FRONT SECTION Inspect the frant sec-
tien for cracks, using

o magnifying glass or micrescope. Reploce o
section that is cracked.

Intpect o)) finished surfoces for nicks ond burrs.

Check the fit of the thrust bearing in its recess
ogoint the imits of the Toble of Limits.

lnspect the oil passages for clearness.

Cleck the stee] oil seal sleeves in both the
front section ond front section cover far tight-
seu, for crocks, ond for galling and wear caused
by the oil seal rings. A loose or crocked sleeve
muit be reploced.

lnssect the frond cover for crocks, nicks, ond
Burey |f the cover is cracked, it must be re-

plocc d.

Cleck the froat cover spacer and shim far

bends or breaks. Otherwise they sheuld be fit
for further vse.

Check the dota and name plate rivets for
tightness. Replace ony loose rivets.

Inspect the oil slinger for roughness and burrs,

HYDRO-CONTROL  Check thé  hydro.
VALVE conteol valve for fit

in the front section
and for nicks, burrs, or cracks. lnspect the con-
trol lever for cracks and wear of the finkage hole,
Exomine the cover for cracks and conditions of
the finished surfaces. Determine whether the
packing nut threads are in @ satisfoctory condi-
tion, Inspect the control volve odopter for cracks
and the c¢anditian of finished surfaces and faor
clearness of oil passages. Check the hydro-con.
7o) valve oHoching studs for tightness and for
the condition of the threads.

PROPELLER Check the intermedi.
GOVERNOR ate bevel gear gov.
DRIVE ASSEMBLY ernot drive bracket

for crocks, condition
of finished surfaces, and clearness of the il
passage. Inspect the brucket bushing for scores
and chect the it with the intermedigte bevel
gear drive shaft. Inspect the intermediate bevel
geor drive shoft for nicks or burrs, worn or pitted
teeth, and crocks, Check the spur gear bolt
safety wire but do not separate the gear fram
the flange unless the ports are 4o be magnetic-
ally inspected. Check the bevel gear drive shaft
for nicks or burrs, ond the teeth for wear or pit-
ting. Inspect the bevel gear drive shof$ adapter
far the condition of finished surfaces and the
bushing. Check the bevel gear shaft for fit in
the cdopter.

THRUST Cleon the bearing thor-
BALL BEARING ©°vahly with gasoline ond

then remove all troces of
gascline with an air hose. Do not spin the bear-
ing whils drying i as this is likely to domoge the
balls or races when all traces of lubricant have
been removed. After drying the bearing, lubri-
cote the balls gnd races with o few drops of
engine oil. Check for roughness or uneveness
by spinning the outer race and noting the feel
of the bearing. Flot spots, cracks, or a pitted
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condition of the bells or races will warront re-
placement of the bearing. If necessary, check
for the prescnce of any one of these conditions
with a magnilying glass.

Check the ball retainers for cracks, particu-
lorly ot the lccation of the rivets.

Check the fit of the bearing on the crankshaft.

After the inspection is completed, lubricate
the bearing with @ good supply of engine ol
to prevent corrosion.

REPAIR

Make whctever stud replocements are re-

quired.

Remove ony nicks or burrs from the finished
surfaces with a fine stone and polish with crocus
cloth.

Smooth any slight irregulorities of the steel oil
seal sleeves with a fine stone and polish with
crocus cloth,

Polish the inner and cuter edges of the shim
ond spacer with fine emery cloth.

If the Yhrust bearing is satisfoctory for further
use, polish the inner and outer diameter with
crocus cloth.

Remove any roughness or burrs from the oil
slinger with a fine stone and polish.

Remove nicks and burrs from the hydro-con-
trol valve cyiinder and polish with crocus cloth.

Clean all parts thoroughly, paying particular
attention to the hydro-control oil passages.

If a propeller governor drive is used, replace
worn or damaged bushings in the adapter and
brocket by pressing the old bushings out and
new bushings in with an arbor press. Bore and
ream the adapter bushing to run frue.with the
outside dicmeter of the pilot and face the
shouldered end of the bushing to size, helding
the face truz with the inside diemeter of the
bushing. Bor: ond ream the bracket bushing,
holding it true to the flonge seot, and face the
shouldered end of the bushing to size holding it
true to the inside diameter of the bushing. Check
the backlash of the mating gecrs.

ASSEMBLY

Lubricate the thrust bearing thoroughly with
engine oil cad insert it in its recess with the
numbered siie out. Tcp i into ploce with o
iber hamme- or drift. The outer roce should be
bottomed in the recess. Place the oil slinger on

the beering with the outer edge of the slinger
away from the bearing and place the chim in
its position. Place the cover and spacer over the
studs, Using washers, nuts, and palauts, secure
the cover in place.

Check the clearance between the spacer and
thrust bearing by inserting a feeler gage. If the
clearance is not greot enough, a thicker shim
should be used. If the clearance is toe greot,
remove some of the laminations on the shim
until the proper clearance is obtained.

HYDRO-CONTROL Lubricate the hydro-
VALVE control valve with

engine oil and insert
the valve in its recess in the crankcase front sec-
tion or in the adapter. Place o new gasket over
the volve cover hold-down studs ond ossemble
the cover in position, securing it with flat wash.
ers, nuts, and cotterpins. Slide o new packing
glend on the volve stem. Assemble the packing
nut, and tighten just enough to obtain a dreg
when the valve is turned. Assemble the lever on
the vaive stem. If the engine is equipped with a
hydro-conirollable pitch propeller, the slot on
the volve stem should be focing in such a diree-
tion that the lever can be attached with the lug
on its lower side located between the flight end
take-off stops which are integrol parts of the
valve cover casting, ond with the scribed lines
on the upper side of the lever and the face of
the valve stem indexing. If the engine is not
equipped with a hydro—controllable pitch pro-
peller, the slat on the valve stem should be fac.
ing in such o direction that the lug can be lo-
cated in the recess which is provided on the
cover for locking the valve in a stationary posi-
tion. Assemble the clamping cap screw in the
slotted end of the lever, screw on the nut,
tighten, ond secure with o cotterpin. Assemble
o new gasket on the adapfer and attach the
adopter fo the mounting pad with four bolts.

PROPELLER Slp the intermediate bevel

GOVERNQR geer drive shaft into the
DRIVE bracket bushing and place a

new circlet on the ead of the
shaft. Repeat the above procedure for the bevel
geor drive shaft and adapter. AHtach the inter-
mediate bevel geor bracket assembly on the
studs in the front section using flot washers ond
nuts. Do not install the governor drive shoft
adapter assembly an the mounting pad studs
until the final reassembly of the crankcase front
section, crankcase moin bearing suppori, and
the crankcase main and rear sections is com-
pleted.
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FRONT MAIN BEARING SUPPORT

DISASSEMBLY

The disassembly of the front main bearing
support is unnecessary unless it is found, during
inspection, that ane or more of the parts is dam-
aged beyond repair.

INSPECTION

Inspect the support for cracks. If this part is
crocked, it should be reploced.

Check the fit of the front main bearing sup-
port pilots with the cronkcase front ond main
sections by placing one section on top of the
other. See the Table of Limits.

Check the front main bearing sleeve for burrs
and for tightness in the section. If the ring is
loose in the support, it should be replaced. In-
tect the front main beaciag aad check the cleas-
ance. See the Toble of Limits.

Check the clomping surfoces for nicks, buers,
and roughness.

Exomine the oil deflector for cracks around
the flange and the condition of the lock wire on

the four retaining screws. If the wire is broken,
cemove it and check the tightness of the screws.
Replace the lock wire.

REPAIR

Remove ofl burrs ond signs of weac fram the
front mam bearing ring ond polish with crocus
cloth.

Remove any nicks, burrs, or roughness from
the clamping surfaces with a fine stone and pol-
ish with crocus cloth.

Replace the oil deflector if it is damoged.
Place the oif deflector so that the opening faces
the right side of the support when viewed from
the reor of the engine.

if the fit of the front main bearing support on
the crankcase front and main sections is not
within the fimits specified by the Toble of Lim-
its, it is permissible to roll the flonges to obtain
the desired fit. It is importont thot this fit be
correct to prevent the front moin bearing loads
being carried by the studs at the porting flange
of the crankcase main section.

CRANKCASE MAIN SECTION AND
CAM ASSEMBLIES

DISASSEMBLY

Remove the cotterpins from the com hub beor-
ing support ond vnicrew the support, using the

FIGURE I9—Llogsening or Tightening Cam Hub
8ecriag Support

wrench designed for this purpose. (Refer to figure
39.) Remove the cam ond the cam hub bearing
spocer.

Bock out the volve tappet retoining nuts and
remove the sockets and springs. (Refer to figure
40.) Push the tappets toward the center of the
section and remove the valve toppet roller pins
and rollers. Withdraw the tappets.

#IGURE 40-—Removing Valve Toppet Retaining Nut
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The tappet guides and rear main bearing are
shrunk into the mpin section ond should be left
in place unless it is found at inspection that their
removal is necessary,

Remove the oil strainer cover, gasket, spring,
and finger screen.

Remove tha nuts ond flot washers from the
studs which ratain the oil drain cover. Remove
the cover and gosket.

Remove the nufs ond woshers which secure the
breather to the crankcase and remove the
breather.

INSPECTION

MAIN SECTION !nspect the main section

ot cracks, paying par-
licular aitention ta the inter-cylinder webs, the
¢ylinder pads, the valve tappet guide web, the
rear main bearing support, and the porting
flanges.

Check all studs for tightness with a stud driver
and for condition of the threods.

Check oll threaded holes for condition of the
threads.

Inspect all finished surfaces far nicks, bures,
and roughness.

Check the pressed-in tube thot forms the oil
passage from the rear parting flange to the rear
main bearing support for tightness.

Inspect the oil passages for clearness. Thiy
may be done by applying compressed air at the
hole in the I»ft hand side of the rear porting
flange and roting how the aic eicapes af the
rear main bearing and at the adjocent volve
toppet guides. If necestory, stop oll possages
except the one being tested by placing the fin.
gers over the outlets,

If the enomel is chipped or discolored, the
section should be re-enameled.

Check the oil droin cover for condition of the
finished surfaces, cracks, nicks, and burrs,

Check the oil strainer for condition of the
cover, spring and screen,

Clean the crankcase vent tharoughly.

REAR MAIN Chec&b the fit o‘: :hc uc‘l‘r

main bearing with the crank.
BEARING shaft journol, Check the
bearing far :ightness in the crankcase. If the
bearing is lcose, it should be replaced, Check
the surface for scores ond the condition of the
cam hub bearing support threads.

VALVE TAPPET Check the valve tappet
GUIDES guides for cracks, align-

ment, and tightness in
the section. f a guide is loose or cracked, it
should be replaced. Check the inner surfaces for
scares.

VALVE TAPPETS Checkthe fit of the volve

tappets in their respec-
tive guides. If any fit is not within the specified
limits, the tappet should be replaced. Exomine
the tappets for cracks, particularly ot the raller
pin support holes. A cracked tappet must be re-
placed. Exomine the socket for Fit in the toppet
and for cracks where the push rad ball end seats.
Inspect the condition of the springs in the top-
pets, i it &5 badly burred, the toppet must be
replaced. Inspect the surface for scores. Exam-
ine the pins for obnormal conditions. Check the
fit of the pins in the rallers and in the support
holes in the valve tappet. Inspect the rollers for
erocks, flot spots on the outside diometer, and
for chipped edqges. Replace any roflers that are
cracked. Examine the valve toppet packing for
gererol condition. Tern or crushed packing

should be replaced.

Inspect the com hub ond ring assembly
CAM for cracks. Check the bolts for tight-
ness. Loose bolls may necessitate replacing the
hvb, depending on the extent of time that they
have been loose, but the whole assembly shauld
be reploced or sent bock to the factory for re-
placing the hub. Never seporate the hub ond
ring. Inspect the lobes for @ worn or pounded
conditien. Examine the external gear teeth for
scores. Check the bearing far tightness in the
hub and for the condition of the inner surface.
Make sure that the bearing retaining pins ore
secure in the cam hub. Check the radial fit of the
bearing on the cam hub bearing support. Exam-
ine the svpport for burrs and for the condition
of the threads. Check the outer surface of the
support for roughness. Check the cam hub bear-
ing spocer for burrs, roughness, ond uniform
thickness,

REPAIR
MAIN SECTION Remove any nicks, burrs,

or rovghnets from fin-
ished surfaces with @ fine stone and polish.

Make whotever stud replocements are neces-
sary. When replacing studs with ground threads,
use only engine cil os a thread lubricant and be
sure thot both stud threads ond moting threads
are clesn. Cylinder hold-down steds having
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ground threads may be identified by o drill mark
at the nut end.

Smocth any scores found in the inner surface
of the rear main bearing with a burnishing tool.
If the bearing is not marred or scored, do not
touch the surface.

Do not use emery cloth to polish the inner
diameter of the valve tappet guides os the fit
of the tappet in the guide is within very close
limits.

If it is necessary to re-
place a valve tappet

GUIDE guide, heat the crank
REPLACEMENT case in an oven to op-
prox mately 200° F. (95° C.) ond remove the
guide. Allow the case to cool and ream the
guidc heles in the crankcase for the proper
fit on the new oversize guide. See the Toble
of Limits. Place the new guide in a bath of
dry ice and reheat the case to 175° F. (80° C.).
Insert the new guide and align the slots ot the
inner end with the tool provided for this pur-
pose. Be sure that the flange of the guide is
botHomed in its recess. Care must be taken that
the correct replacement guide is used depend-
ing upon whether its pesition is above or below
the horizontal centerline of the engine.

VALVE TAPPET

REAR MAIN if it is necessary to re-
BEARING place the rear main
REPLACEMENT bearing, heat the crank-

case in an oven fo 200°
F. [95° C.) and remave the bearing with the
puller designed for this purpese. Allow the
case to cool. Clean and palish the bere in the
crankcase and check the fit of the new bearing
in the crankcose. Place the crankcase in the
oven and reheat fo 200° F. (95° C.). Install the
key in its slot in the bearing shell with the ra-
diused corners out. The key should be a light
drive fit in its slot. Remove the crankcase from
the cven and assemble the bearing in place,
exercising care to see that the flange is shoul-
dered on the front face and to prevent damag-
ing the threads on the outer diameter of the

shell.

Plug the oil holes in the bearing with paraffin.
Assemble the bearing boring fixture, the crank-
case front section, the main bearing support on
the :rankcase main section, and bore the bear-
ing - size. Break oll sharp edges.

D sassemble the crankcase sections and the
boriag fixture. Clean the paraffin from the oil
holes and blow out the oil passages with air,

VALVE TAPPETS If the tappets are

scored, the scores
should be removed with o fine sione. Polish with
cracus cloth. Use only crocus cloth to polish the
push rod socket end. Smooth any slight irreg-
larities found on the tappet rollers and pins with
o fine stone and polish with crocus cloth.

CAM Remove any roughness or bures from
the com hub bearing spocer with a
fine stone ond polish with crocus cloth.

Remove any roughness from the bearing sur-
face of the cam hub bearing support with a fine
stone and polish with crocus cloth.

If @ bearing clearance is within the specified
limits given in the Table of Limits, smoeth any
irregularities found on the bearing surface with
a burnishing tool. Do not touch the bearing un-
less the surface is scored. Remove any roughness
or burrs on the externcl gear teeth with a fine
stone and polish with crocus cloth.

If the cam hub or ring requires replacement,
it will be necessary to return the cam to the
factory.

CAM HUB BEARING :: the Chom+hcéb
REPLACEMENT earing hos to be

replaced, mount
the cam on a suitable lothe face plate with the
gear side out. Bore out the bearing until the re-
maining shell is approximately .015 inch [.381mm.)
thick. Remove the cam from the lathe and break
out the shell. Drive the pins from the holes, ream
the peened moterial from the holes, and smooth
up the inside diameter of the hub.

To install the new bearing, submerge the com
and hub assembly in boiling water and olfow it
1o remain until the hub has expanded sufficiently
to permit the two hclves of the bearing to be
pressed into place. Care should be exercised to
see that the two halves of the bearing are prop-
erly seated in the hub. Use an arbor press for
this operation.

Drill and ream the bearing pin holes. Install
the pins and peen over the metal to secure them.

Center the cam on a lathe face plate with the
gear side out and bore the beoring to size. The
bearing bore must be concentric with the pitch
diameter of the gear. Face both ends and break
oll sharp edges, cutting a 5 inch (1.5875 mm.)
radius af the extremities of the bearing bore.
When facing the cam hub bearing ends, care
shovld be exercised to see that the foces are
held within limits to obtain the correct end clear-
ance of the com and to center properly the cam
lobes under the rollers.
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ASSEMBLY

Install @ new gosket over the oil drain cover
hold.-down stids, place the cover in position, in-
stall the flash washers, and assemble the nuts on
the studs. Tigaten the nuts and secure eoch with
a cotferpin.

Insert the -inger screen of the oil strainer in
its recess and ploce the spring in position. Install
a new gasket on the oil strainer cover and insert
the cover in oosition. Tighten the cover and se.
cure it with lock wire.

Lubricate the volve tappets with engine oil,
Insert the toppets in their respective guides and
slide them toward the center of the main section
until the tappet roller pin support holes are ex-
posed. Place the rollers and pins in position and
slide the toppets outward until the pins are
housed withir the guides. Insert oil seals in the
recesses provided. Lubricote the springs ond
socket ends and place them in their respective
tappets. Apply white lead to the tappet retain-
ing nuls, assemble the nuts in position, and
tighten.

Install the com hub beoring spacer over the
rear maoin bearing extension. Lubricate the cam
hub beoring with engine oil and place the cam
in position. Lubricate the threads in the cam hub
bearing support, insert the support, and tighten
it with the wrench designed for this purpose.
Check the side clearance of the cam hub bear-
ing on the support. Check the alignment of the
cam periphery with the tappet rollers. |f the
rollers extend over the rear edge of the cam
periphery, the spacer must be replaced. It may
be necessary to grind the new spacer to the de-
sired thickness. If it is necessary to grind the
spocer, it is essenticl thot the surfaces be kept
squore with the inside diomeler and parallel
within .002 inch (0508 mm.). When the fincl as-

sembly of the cam has been completed, cotter
the cam hub bearing support to the rear main
bearing extension with two cotterpins, exzercis-
ing care to see that these pins fit snugly in their
holes.

If the cotterpins do not fit snugly in their holes,
remove the cam hub support and cam and drill
two holes in the support with @ § 64 inch (1.9843
mm.) drill, locating the new holes approximotely
90~ from the original holes and 180° away from
each other. The new holes should be centered in
the wrench lugs on the support 7 64 inch (2.7781
mm.) from the rear face of the lugs, Ream the
new holes to .089 inch (2.2606 mm.} diameter, A
special reamer may be procured for this pur-
pose. Assemble the cam hub bearing support
ond spocer on the regr main bearing extension
and tighten the support.

Drill two holes in the rear moin bearing ex-
teasian directly inside the holes in the support.
To perform this operation, use an electric hand
drill and a No. 44 drill 086 inch (2.1844 mm.)
digmeter attached to an extension which is long
enough to allow the electric drill to be operated
beyond the outer digmeter of the crankcase
main section. Pass the drill through the holes
already drilled in the support and at as small an
angle os possible. Neither of the new holes in
the bearing extension must be drilled nearer than
5% inch (15.875 mm.) to the originol hole. This
distance is mecsured between the centers of the
holes along the outer diameter of the beasing.
Reom the holes in both parts with the speciol
reamer. Back off the com hub beoring support
ond break all sharp edges in both the bearing
extension and support 1,64 inch {.3968 mm.).
Reassemble the com hub spacer, com, and com
hub suppert on the rear main bearing extension.
Tighten the support and secure it with two
cotterpins.

CYLINDERS

DISASSEMBLY

Remove the lock wire, nuts, and flat washers
from the exhaust elbow hold-dewn studs and re-
move the exkaust elbows. Ploce o cylinder on
the valve assembling block and put the volve
spring compressor in place on one of the rocker
boxes, pinning the compressor in position thraugh
the rocker bolt hales.. Hold the lever down firmly
agoinst the vclve spring woasher and sirike the
lever directly over the valve with a rawhide mal.
let. This will loosen the washer from the locks.
Compress the springs ond remove the locks.

(Refer to figure 41.) Remove the compressor and
lift off the wosher. Withdraw the three springs
and the two lower washers. Remove the other
valve springs and washers in a similar monner.
Holding the valves so that they cannot slide
through the guides, lift the assembliing block.
Lay the cylinder on its side and withdrow the
valves, tagging each valve with the number of
the cylinders from which it was removed. Repect
this procedute on the remaining cylinders.

Remove the rubber oil seal rings located on
the lower side of the mounting flanges.
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FIGURE 41—Compressing Voive Springs

INSPECTION

Cleck the rocker boxes, cylinder head, and
barrel for cracks, nating the condition of the
fins and the enomel. Examine the cowl support
lugs. If the enamel is chipped, the cylinder should
be re-enomelled.

Examine all external finished surfaces for nicks,
burrs, and roughness.

Check the exhaust elbow studs for tightness.
Check the studs for condition of the threods.

Check the spark plug inserts for tightness and
condition of the threads, noting whether the pins
are properly secured. Examine the spark plug
coolers for cracks.

Inspect the mounting flange for cracks, warp-
age, roughness, burrs, and condition of the hold-
down stud holes.

Examine the rocker box cover studs for tight-
ness and for the condition of the threods ond
check the condition of the threads in the cylin-
der head boffle mounting bosses.

Examine the intake and exhaust port surfaces
for cracks. Check the intake port bushing for
rcug-~ess, burrs, fichtness, and condition of the
tepp:d holes. Chect the exhaust port seat for
nicks and burrs ond erosion from excessive heat.

Cleck the condition of the rocker bolt holes.

TESTING CYLINDER Check the cylinder

for leaks. To- do
FOR LEAKS this, insert the

dummy spark plugs and the dummy intcke valves.
Insert a plug in the exhaust valve guide and at-
tach a cover plate to the exhaust port studs.
Place the cylinder on the air test fixture. Make
sure that the flange gasket is in place and se-
cure the cylinder with clamps. Using a small
paint brush coat the cylinder with 50-50 mixture
of engine oil and gaosoline ot the head barrel
joint, at the spark plug inserts, and around the
exhaust port. Apply ot least ninety pounds air
pressure ond check for lecks os evidenced by the
bubbling of oil. Be sure to release the pressure
in the cylinder before removing the clamps.

VALVE GUIDES Check the valve guides
with a flot plug goge to

determine the maximum wear. Inspect the guides
for loosening in the head, cracks, and condition
of the bores.

VALVE SEATS Inspect the volve seats for
pounding and a pitted or

burned condition. Pounding will be dencted by
a ridge on the outer face of the seat caused by
the outer diameter of the valve head.

CYlL Examine the cylinder
INDER BORE sleeve for dents. Check

the bore for ring wear, corrosion, scores, nicks,
aut-af-cauad, taper, and the minimum and maxi-
mum diometers.

Ring wear is denoted by a ridge near the top
and bottom of the sleeve, ond corrosion by pits
or rust.

The minimum and moximum diometers of the
bore can be determined with @ micrometer or
other suitable dial indicator. Set the gage for
5.000 inches (12.7 cm.) and insert it in the cylin-
der bore. Check the diameters between the
thrust ond onti-thrust surfaces at a number of
different depths. Watching the hand of the indi-
cator as the micrometer is moved to different

FIGURE 42—Checking Cylinder Bore Dimensions
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positions in the cylinder will show the diameters
ot the varicus positions. [Refer to figure 42.)
Toper is deti*mined by the moximum difference
between the heod end and crank end diometers
of the cylinder bore. Out-of-round is the maxi-
mum differerce found between diometers of ony
one depth.

EXHAUST ELBOWS Examine the erhoust

elbows for cracks,
erosion, and warpage of the clamping surfaces.
Check the condition of the enamel ond Ffins.

Inspect the clamping surfaces far nicks and burrs.
Check the s'uds for tightness and condition of
the threads.

AIR DEFLECTORS !mpect the air deflec-

tors far moutilgtion
and bends, and for conditien of the reteining
holes, the leother cowl pods on 975E-1 engines,
and the tightness of the rivets. Examine the
threads and tpring of the air deflector clamp for
obnarmal conditions.

INTAKE PIPES Examine the intake pipes

or dents, crgcks, ar any
condition wkich might produce air leaks.
Check the flanges for crocks, werpage, and
condition of the finished surfaces. Examine the
condition of the cap screw threads,

VALVES AND lnsped the volves for
VALVE SPRINGS pitting, for warpage of

the heod, ond for sizs
of the stem. Check the tips, locks, and locking
grooves for weor. Check the exhaust valves for
stretch, limit of the valve tip regrind, ond limit
of the valve face regrind with the exhaust valve
limit gage.

Operators are cavtioned that, gt any time
when exhaust valves are discarded, any of these
valves which may be sodium filled offer the pos-
sibility of a fire or of causing personal injuries
due o the inflommability of sodium in the pres-
ence of water.

Inspect the valve springs for cracks, breakoge,
ond Joss of {ension. See Table of Limits.

[nipect the valve spring washers far cracks
and excessive wear,

REPAIR

Remove any nicks, burrs, or roughness from
finithed surfaces with a fine stone and polish.
Remave the carbon from the walls of the com-
bustion chomber and valve ports.

Small erocks or broken edges newr the surface
of caoling fins may be removed with a fine file.
Sharp corners should be rounded off. Any other
cracks necessitate the replocement of the dom.
aged part.

Moke whotever stud or dowel replocements
are necessary.

If the eylinder mounting flange is cracked, the
cyhnder borrel must be replaced. Slight warpage
may be corrected ond small nicks may be
smoothed with a fine stone.

A leaky [oint between the cylinder head and
barrel necessitates replacement of the barrel.
The cylinder assembly should be returned to the
factory if it is necessary to reploce the barrel.

Hard ¢arbon and tetra-ethyl lead deposits or
other foreign moterial moy readily accumulate
in the joint between the cylinder head and the
top of the cylinder sleeve. Because it is difficult
ta clean this joint due to s location, speciol
tools have been designed to facilitate cleaning
this area. It is recommended thot cylinder assem-
blies be cleaned with these tools as described
below.,

A speciol cleaning gun is available which is
designed for use with oll Whirlwind cylinder
hecd and sleeve assemblies. A good grade of
ordinory motor gusoline $o which no detonation
inhibitor or colaring matter has been odded
should be used when cleaning eylinders with this
gun, The gun shovld be imerted through the
flange end of the cylinder sleeve and rotated
several times through 360° with the nozle di-
cacted inta the jaint at the top of the sleeve. The
nonle end should not be used for scraping ma-
terial from this joint.

To remave materiol which has become firmly
lodged in this joint, a special scraper designed
for this purpose should be used. The scroper
should be held between the thumb ond fare-
finger ond drawn around the circumference of
the [oint, held opprosimotely ot right angles to
the surface being scraped. Care should be exer-
cised to avoid removing metal or scrotching the
sleeve when using these scropers.

VALVE SEATS Before replacing a volve

segat, it should be remerm-
bered that carbon particles are frequently mis-
token for pits. Therefors, # it odvisable to make
a thorough inspection of the valve seat befare
any rework operations are performed, Variation
in tha color of the volve seols is an indication of
the degree of valve tighiness, but daes not show
which is at foult, the valve or the volve seot. If
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it is necessary to refoce o volve seot due to ir-
regularity or eccentricity of the surface, this
should be done carefully to remove the leost
amaunt of metal possible.

The trueness of a bronze seat can be checked
by insering the 45° volve scot cutter in ploce
ond turning it through a complete revelution.
The pressure on the cutter should be just enough
1o polish the seat without removing o perceptible
amount of bronze, Check the concentricity of o
stecl exhaust valve seat with the blue gage de-
signed for this purpase. If +he valve seat is in
excess of L0075 inch (1905 mm.) out of line with
the valve guide. it is advisable to replace the
valve guide with a new oversize part rather than
ta regrind the seat. See the instructions entitled
Valve Guides,

If a bronze valve seat is pitted or burned to
such on extent thot Jopping in the volve will not
bting it to o satisfoctory condition, it will be
necessary to recut the seol.

If the condition of o steel volve teat is such
that it warrants being refaced, it will be neces-
sary to regrind the seat.

Before grinding a steel seat, the stone must
be dressed to the required angle. Set vp the
blue gage between centers in a lathe, Using an
indicotor in the tool post, odjust the compound
tast to the same angle as the blue gage. Re-
move the indicator and the blue gage. Set wvp
the stone and pilot designed far this purpose in
the lathe centers and, using a diamand dresser,
drcss the stone to the required ongle. It is most
important when inserting the stone dresser in the
tool post, that it be set exactly the some height
ot which the indicator was set when it was used
to adjust the compaund rest. Otherwise the same
angle will not be cbtained.

To grind the volve sect, insert the pilot sleeve
in the valve guide from the rocker box side. la-
sert the whee! and lock the pilot to the drive of
a flexible shaft machine. The drive of the flexible
shaft machine should be cdjusted to give a wheel
speed of opproximately 4200 r.p.m. Use mochine
ail $o lubricate the stanc and pilot and lift the
stane from the seat frequently. Greind until a per-
fect seat is cbtained, os indicoted by the blue
gege. If Jifficulty is encountered in getting the
proper impression on the blue gege, it may be
necessary to reset the diomond drester and re-
dress the stone. Stones should be redressed after
ecch twenty minutes of grinding. Approximately
ore hour is required to accomplish the initicl
grinding operation on each seat, depending
upon its concentricity with the guide.

A valve seat should never be wider than the
valve face. f this candition occurs, the width of
a bronze seat can be reduced by using a 20°
cutter and removing thot portion of the valve
seat which extends beyond the outer edge of
the volve. The width of o steel seot can be re.
duced with o stone dressed t¢ 20°. The width of
the sest should be approximately 1/32 inch
(.7937 mm.) Jess thon the width of the valve foce.
Use a 70° cutter, for branze seats, or 3 stone
dressed to 70° for steel seats, to clean up the
inside diameter of the valve seat, if necessary.

After refacing @ valve seat, the valves should
be lapped in, using Clover Leaf compound,
Grade "A', or its equivalent. The lapped sur-
face of a steel valve seat should not exceed 75
inch (1.5875 mm.). This epplies to only newly
faced valves and newly dround seats. Do not
cllow the lapping compaund fo get on the valve
stem. Remove all troces of the compound when
the lapping operation is completed.

If it is necessory $o reploce the valve guide,
do nat reface the valve seqt until after the new
guide has been installed and reamed.

A number of specicl tools are required to re-
place volve seats. If o complete set of these
tools is not available, it is recommended that the
cylinder be returned to the foctory for valve
seat replacement.

To remove a bronze volve seof, mount the
cylinder in the drill press fixture, using the cor-
vect size adapted and attaching it with the hold-
dawn nuts. Adjust the potition of the cylinder
by meons of the cradle locknuts, the adapter
clomps, ond the indexing pins so that the valve
seat boring fool, when inserted in the valve
guide, is in o vertical position. Adjust the valve
seat cutter so that it will remove all but o thin
shell on the outer diometer of the seat. Bore out
the seat and break out the remaining shell. Core
should be exercised to prevent damaging the
valve seat recess when boring out the seat.

To remove a steel valve seat, it will be neces-
sary to cut o recess in the cylinder head just
above the valve seat. It is aecestary to <vt this
recess only ot the time of the first volve seof
replocement. Use the cutter and cutter selting
gage designed for this purpose. Heat the cylin-
der to 300° F. (150° C.} for one hour and drive
out the seat, using special fools.

Check the diameter of the recess in the cylin-
der head and the outer diometer of the valve
seat for the required shrink fit. The cylinder
should be cold when this check is made. Recesses
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should be bored out to accammodate the over-
size valve scat insert, using the counterbore
cutter with the standard veolve seat cutter hondle
sleeve and spindle. This counterbare is also used
for increasing the depth of the recess. Core mush
be token to obtain @ smooth surface at the bot.
tom of the recess and the correct depth dimen.
tion,

Place the naw valve seat either intake or ex-
haust, on the inserting toal adapter, gnd chill
both the segt and odaepter in o both of dry ice
and clcohol. Heat the cylinder in an aven to
6007 F. (315° C.. Insert the seat and pull it into
place with the inserting tool. Allow the cylinder
to cool in the air before removing the inserting
tool.

Check the concentricity of steel exhaust valve
seats with the valve guide. It is essential that the
concentricity be held within close limits due to
the difficulty experienced in grinding steel seats.

Reface the volve seals by either cuding or
grinding as instructed in the previous para-
graphs.

VALVE GUIDES Hae valve quide is loose

in the cylinder or if the
valve fit in the guide is not within the limits
specified in the Table of Limits, the guide should
be replaced. [f the guide is to be semoved,
mount the cylinder in the cylinder helding fixture
and bore out the guide using the counterbore
cutter ond pilot. This counterbore leaves o thin
shell of the guide remaining in the cylinder head
which must be brokea out,

Check the size of the valve guide hole in the
cylinder against the outer diometer of the valve
quide for the proper shrink fit. See the Toble of
Limits, Using the pilot bushing locaoted in the
valve seat, ream the guide hole in the cylinder
ta the correct size,

Heat the cylinder in an oven to 350°—400° F.
(175°.200° C.). If an oven is nat availoble, heat
the cylinder with a blow forch, but play the
flame well over the cylinder head to prevent set-
ting up lacal stresses. Place the guide to be in-
stalled on the mandrel designed for this purpose
ond submerge it in a solution of dry ice and
alcohol. Removae the cylinder from the cven and
insert the guide. Hold the guide in position with
a hammer hardle until the cylinder has coaled
down enough 15 grip it lightly and strike the end
of the mandre! sharply with a fiber drift and
hammer to set the guide firmly in place.

Ream the ialve stem hole in the guide to

cbtain the proper fit an the volve stem, If the
cylinder s equipped with a steel exhoust volve
sect, it will be necessary o use @ pilet bushing
located in the valve seat while reaming the ex-
houst volve guide.

After replacing a valve guide, reface the
valve seats by cutting or grinding, os required.
See the previous instructions on refacing valve
seats,

It is recommended thot an inspection of oll
valve seat inserts be mode after a valve guide
installation or whenever the head hai been
heated.

For checking, a .00( inch {025 mem)] feeler
should be iried beiween the cylinder recess ond
the insert. If the feeler does not enfer at any
point, it is an indicatian that the iasert i1
bottomed correcily. However, if the feeler does
enter ot any point, it is an indication that the
insert is not bottamed correctly. in this case,
remove the insert and replace with an oversite
insert,

SPARK PLUG Demazed spark plug inserts
INSERTS should be replaced. To re-
ploce o spark plug insert
two special counterbores are necessary. Coun-
terbare the metal cooler with the lorger of the
two counterbores to g sufficient depth 4o permit
the removal of the pin portion of the insert.
With the ather caunterbore, cut owoy the
threaded portion of the insert wntil only a thin
shell remains. Break out this shell and remove
the {oose locking pins. Clean vp the threads in
the cylinder head by tapping out the holes with
the proper oversize tap. Clean up the face of
the tapped hols location with o spot focer.

Apply Heldite sealing paste in the threads
of the new aversite {nsest and screw it into po-
sition. Drill the fwo locking pin holes midway
between the original holes, using the jig pro-
vided {or ¥his purpote. Install the new pins, top
out the hole in the new insert, and spotface the
face of the insert. Drill the hole for the thermo-
covple wiret with the lools designed for this
purpose.

TESTING CYLINDER The &ylinder should
be tested again for

leaks in the manner deicribed under Inspection
if new valve seats, valve guides, or spark plug
inserts have been installed. If new spark plug
inserts were imtolled, Yest the cylinder for lecks
before pinning the inserts in place.
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CYI1INDER BORE Small dents on the

{lange and fins or on
the cylinder skirt may be corrected. Dents in
the main bore, however, will require replacement
of the barrel.

Ring wear at the top and bottom of the ring
travel in the sleeve may be smoothed out with
a fine round stone if not too deep.

Slight scores or rough areas may be touched
up with a fine round stone. When the dimensions
and finish of the cylinder barrel are satisfoctory,
the barrel should not require honing. When
hand polishing is not sufficient, honing will be
necessary.

Set the cylinder up in the cylinder holding
fixture and locate the fixture directly under the
spindle of a honing machine. Adjust the spindle
for o speed of approximately 45 r.p.m. for rough
honing and 35 r.p.m. for finishing with 26 to 28
vp and down strokes per minute. Install the spe-
cial hone and driver and adjust the stones by
meons of the calibrated knurled nuts so that
they just touch the cylinder wall. Extra stones
for this hone may be procured from the Wright

Aeronautical Corporation.
Intake pipes that ore se-

INTAKE PIPES
verely dented should be

straightened. Back up the port to be straight-
ened with a meta! rod of the proper size and
shape. Be careful when hammering out dents
that the wall thickness is not reduced or cracked.
Repaint the pipes, if necessary.

Slight burrs ond nicks may be removed from
the intake pipe flanges with a fine stone. The
finished surface should then be lapped on o
lopping plate. Replace any flanges thot are
cracked.

Remove the burrs from the cop screw heads
and clean up the threads.

AIR DEFLECTORS Cylinder air deflec-

tors which are bent or
dented should be straightened and, if slightly
cracked, it is permissible to weld. Repaint, if
necessary, when the repairs are completed.

VALVES AND
VALVE SPRINGS &9 o worped. reface

it in a standard valve

If a valve face is pit-

grinding machine. Do not remove more metal
than is absolutely necessary to true up the face.
All valves should be refaced to 44" to 44°15'.
Valve tips are of uniform hardness so that it is
permissible to remove signs of wear on the upper
ends with a stone, or with a grinder.

The stems should not be stoned unless it is
considered absolutely necessary. The stem ac-
quires a hard glazed surface cfter o few hours
of running, and, under normal conditions, will
keep this glaze indefinitely. All bures in the lock
end of the valve stems caused by the locks should
be carefully removed with a fine stone,

Lap the valves in the cylinders after they have
been reconditioned. See the instructions given
in the paragraphs under valve seat replacement.

Valve springs exhibit a tendency to break off
at the ends for an inch {2 cm.) or so where the
wire has been ground thin. Such a condition,
however, does not impair their efficiency in
operation. Smooth off the broken ends with a
stone to prevent wear on the retaining washers.
Inspect the springs for cracks by magnetic in-
spection when the equipment is available. Inspect
the retaining washers for wear and cracks. Check
the valve springs for tension. See the Table of
Limits. Any deviotion above or below the limits
ollowed is sufficient couse to warrant replace-
ment.

Clean oll parts thoroughly, using the greatest
care to remove all traces of grinding and lap-
ping compounds.

ASSEMBLY

Lubricate the valve stems with engine oil. In-
sert the valves in their guides in a cylinder and
place the cylinder on the assembling block. Insert
the lower valve spring washers and assemble the
three valve springs and upper valve spring
washer in position. Pin the valve spring com-
pressor in place through the rocker hub bolt
support holes. Compress the springs and slip the
split locks in place.

Install the exhcust elbows in position on the
studs ot the exhaust port flanges. Assemble the
washers and nuts on the studs. Tighten the studs
and secure them with lock wire,

VALVE OPERATING MECHANISM

DISASSEMBLY

Remove the hose connections ond hose clomps

from the push rod housings. Remove the rocker
arm clamp screws and the adjusting screws
from the rocker arms.
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INSPECTION
ROCKER ARMS Exomine the rocker orms

for cracks and condition
of the adjusting screw threads. Check the od-
justing screw for crocks and for the condition
of the threads, the slots, and the push rod ball
end seat. Check the oil possages for clearness,
Check the rollers for cracks, flat spots, and fit
on the pins. See the Table of Limits. The clear-
once of the roller on the pin can be determined
with a diol indicator. Check the pin for tightness
in the rocker arms. Examine the lower side of the
rocker orms for evidence of interference with the
upper valve spring washer,

ROCKER ARM Check the rocker hub
BEARINGS earing for tightness. If

the bearing is loose
encugh to be pushed out by hand, the rocker
arm must be replaced. To inspect the roller
bearing, it is absolutely necessary that every
trace of grease be removed, as dried grease
tends to moke the bearing stick. Dry the bear-
ing ond lubricate with oil. Check the end play
of the bearing, See the Table of Limits. Flat
spots or rouchness on either the races or rollers
con be detected by exerting opposite thrust on
the inner and outer races first in one direction
and then in the other, while rotating the inner
race and holding the outer race fixed.

Since the rollers and races are assembled
with selective fits, it is recommended thaot the
rollers and outer roces of each side of the beor-
ing be placed in separate cloth bags or other
svitable containers ot disassembly. These selec-
tive fits require that extreme care be token to
e rassemble the sets of rollers with the same races
L2 which they were removed.

EDOCKER HUB  Inspect the rocker hub bolts
BOLTS for scores and crocks. Ex-

amine the conditicn of the
threads. Check the fit of the bolt in the support
holes in the rocker box and in the hub bearing.

PUSH RODS Check the push rod bal! ends

or excessive wear, looseness,
ond the formation of projections on the ex-
tremeties. Check the rods for bends by rolling
on a flat plate.

PUSH ROD Examine the push rod housings

-. for dents, cracks, and condi-
HOUSINGS tion of the enamel. Check the

condition of the hose connections, and hose
clamps. If the hoses show signs of deterioration,

they must be replaced. Domaged hose clamps
must be replaced.

ROCKER BOX COVERS |[nspect rocker

ox covers for
cracks and for the condition of the finished
surfaces.

REPAIR
ROCKER ARMS To remove a rocker arm

roller, file or grind one
end of the pin flush with the fork. Do not injure
the fork surfoce. Hold the arm on o piece of
stock which has a hole in it just lorge enough to
ollow the pin to enter when it is driven out of
the arm. Hold the orm in the proper position
so that the pin is directly over the hole and drive
the pin out.

To install o new roller, hold the reller and hub
in place in the orm and drive in a new pin until
the ends extend an equal amount on both sides
of the arm, Rivet both ends slightly with a light
hammer, then spin the ends in a drill press. The
fork in the arm will not be closed up by rivefing
os the roller hub is slightly wider than the roller,

If replacement of the bearing is necessary,
the old beoring should be pressed out en an
arbor press. The bearing should be placed in
dry ice and alcchol, and the rocker orm in oil
ot 250" F. (120° C.) ond allowed to remain
thus until the bearing can be pressed into the
rocker arm with very slight pressure. Usuelly fif-
teen minutes in each is sufficient. When starting
the new bearing, make sure that it enters in the
chamfered end of the hub.

The adjusting screws should have all burrs or
nicks removed from the screw driver slot and
the threads dressed if necessary. Polish the cup
with crocus cloth. If the oil possages are not
clear, they should be cleaned with o wire.

If the clamp screws are not to be renewed, the
heads shauld be stoned to remove any burrs.
Renew the lock washers if tapered locks are not
used.

ROCKER ARM HUB Check for cracks
BOLTS, PUSH ROD °niﬂ°ne any n;cks

1 ri the hub
HOUSINGS E;“'" s on v

The push rod housings should have all dents
removed by tapping them out when the housing
is placed on a mandrel. Finish oll straightening
with fine emery cloth and repaint.

PUSH RODS Push rods which are slightly

ent and are to be straight-
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ened should be rolled on a flot plate to deter.
mine the high spat and tapped back to proper
shape with a light mallet. Continue this operation
on each rod urtil it is straight so far as can be
determined by visual intpection. The ball ends
shovld be polished with crocus cloth. Clean the
oi} holes in the ball ends.

Do not oltempt Yo renew push rod boll ends,
as it is impractical to fit o new end tighlly in
an o'd red.

ASSEMBLY

Run the adjusting screws in the rocker arms

a few turns. Place the lock weshers on the clamp
screws and assemble on the arm,

Slip the hose canncctions over the push rad
houtings and locate within a holf inch of the
bead which is directly on the end of the housing.
Do net put the clamps on the hose connections
at this time,

If the valve seats have been replaced, ossem-
ble the rocker arms in the cylinder and check
for interference between the rocker arm and
upper valve spring wosher. i interference exisis,
the upper washer moy be replaced with o wather
that has an undersize bore which has been de-
signed to remedy this condition.

PISTON AND PISTON RINGS

DISASSEMBLY

Remove the piston ringt from the piston with
the piston ring spreader and scrape the corbon
from the tops of the pistens only. An oluminum
scraper should be used ond care token to see
that the surface is not scratched. Wash the
piston with on approved cleaner.

Remove the piston pin retoiners ond order
replocements. Piston pin retainers should not be
used more than once ond should be scropped
whenever they are removed to prevent any pos-
sibility of further use. Piston pin plugs may be
reused if the plugs are in good condition,
Replace dll piston rings.

INSPECTION
PISTONS Excmine the pistons for scores,

cacks, and erosion. Inspect the

FIGJRE 43—Mearuring Side Claarance of Wadge Type
Piston Rings

ring londs for cracks by opplying light side pres-
sure. Check the widih of the ring grooves with
a stondard piston ring and feeler gage. (Refer
to figure 43). Examine the piston ring bearings
for scores ond wear, Check the dimensions of
the pistons against the eylinder bores and com.
pare with the Table of Limits.

PISTON PINS Check the piston pins by

mognetic inspection for
cracks, scoring, flat spots, stroightness, and for
fit in their respective pistons. See the Table of
Limits,

REPAIR

If cracks or severe erosion are found, the
piston should be reploced. Light scores ond
rough spots can be smoothed over with o fine
stone ond kerosene. Unless the piston bearing
surfoces cre badly scratched or scored, the
normal polish or gloze resulting from service
shovld be left untouched.

Cleon the corbon from the ring grooves.
However, there is a small radius between the
bottom of the ring groove and ring land, and
care should be exercised to see that this radius
is not scratched when remaving the carbon.
Remave the carbon from the inside of the piston
and clean out the oil holes. Clean the pitten
pin holes with crocus cloth. Do not buff pistons.
If the ring londs are worn to the extent thot
truing up is mecessary, it is permissible fo re-
machine the grooves for oversize width piston
rings. Consult the Party Catalog and the Table
of Limits.

A crocked or bent piston pin must be re-
placed. Slight scering or weor may be corrected
with a fine stone.
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the master rod ond check the diameter against
the size of the new bearing to be installed. Sce
the Table of Limits for the correct shrinkoge.
The importance of this fit cannot be over-
emphasized. The most accurate results in check-
ing the sizes of these two parts are obtained
when the room temperature is between 60° ond
70° £ {I5° and 20° Cl).

Hect the rod in an oil bath at a temperature
of 450° F. (235° C.) for at least one hour. The
oil uied in the both must hove a flosh point con-
siderably obove this temperature. Remove the
rod from the bath ond insert the new bearing,
using the fixture ond arbor press plug designed
for this purpose. When this operaticn is per-
formed, particular attention should be paid to
the alignment of the oil holes in the bearing with
those in the master rod. Allow the rod to cool
in air.

Drill the locking pin hole in the bearing shell
ond ream out the counterbore in the rod. Place
the rod on a svitcble mandrel ond tap the lock-
ing pin in place. Peen over the metal to secure
the pin.

Preparatory to boring the beoring, ossemble
the knuckle pins in the rods, except where fixture
locating bars are used, to counteract any dis-
terting effect of the bearing hole that the pres-
sure exerted by the knuckle pins might cause.
Seal the oil hales with beeswax to prevent any
metol entering the oil patsages. Ploce the rod
in the helding fixture ond bore the bearing the
correct fit on the crankpin, using the tocls de-
signed for this purpose. See the Table of Limits.
Remove the rod from the fixture and bresk all
sharp edges. Cleon the rod thoroughly. With-
drow the knuckle pins and remove the beeswax
from the oil holes. Clean the knuckle pins.

In the event the bearing has been turning in
the rod, thereby enlarging the inside diameter
of the rod, it will be impossible to obtain the
propet fit by using @ standard size bearing. To
obviate the necessity of discarding the master
reds which have become worn in this enanner,
o moaster rod bearing which is oversize on the
outside diameter has been made available. In-
asmuch as the rod must be reground to permit
the installation of the oversize bearing, it will
»e necessory to send the rod to the factory for
-earing replacement.

REPLACING KNUCKLE To l'emo.ve the
AND PISTON PIN ?nucll.e pin bush.
BUSHINGS ing, insert the

small end of a
lug, sr arbor, into the knuckle pin bushing. Place

the base on an arbor press table and insert the
callar in the base. Support the cod over the collar,
Press out the old bushing. Remove the plug and
the rod. Ciean the rod bore and remove all burrs.

To install the new knuckle pin bushing, place
the bushing on the small end of the plug, and
screw the cap on the plug. Ploce the knuckle pin
end of the rod over the collar and inserd the
large end of the plug through the bore so that
it extends into the collar. Locate the split in the
bushing so thot it is 45° from the tip of the rod
as measured from the center line of the rod and
away from the side bearing the rod number.
Using on arbor press, press down on the cop on
top of the plug until the press-in plug bottoms
against the coliar, Remove the plug and collar.

After a new knuckle pin bushing has been
installed, it should be braached teo provide a
sotisfactory surface contact between the bushing
and the bushing bore in the rod. This is accom-
plished by pressing a proper size burnishing
broach through the bushing by means of an ar-
bor or hydroulic press using from 300 o 400 ib.
per sq. in. {21-28 kg. sq. cm.) pressure. Thus the
bushing is expanded ond the possibility of its
turning in the rod is eliminated. Next the bush-
ing is spot-faced so that the ends of the bushing
will extend between .060 to .090 inch (1.524 to
2.286 mm.) beyond the end of the rod bore.

Burring or cutting a radius removes the shorp
edge on the outside circumference of the end
of the bushing. The bushing is next diamond
bored for the correct size. Check the diameter
of the knuckle pin of the knuckle pin bushing lo-
cation. Refer to Table of Limits for special clear-
ance. The burring procedure is repeated to ef-
fect a smooth edge on the inside circumference
of the end of the knuckle pin bushing.

The replacement of piston pin bushings is ac-
complished in the manner just described. To pro-
tect the protruding ends of the piston pin bushings
counterbore the ends of the bushings ofter bor-
ing, with a fool designed for this purpose. The
master red piston pin bushing, however, is spun-
in instead of spot-faced.

KNUCKLE PINS Remeve any scratches or

scores from the knuckle
pins by stoning and polish them with cracus cloth.
Clean out the oil passoges.

ASSEMBLY

Place the front section of the cronkshaft in
holding fixture and agein check the cronkpin for
nicks or burrs. Replace the master rod bearing
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FIGURE 55—Checking Moster Rod End Clecrance

spacer by heating it in oil to approximately
300° F. (150° C.) and slipping it in place on the
crankpin making sure the chamfered side is
against the crankpin fillet. Coat the crankpin
with engine oil. Install the master rod on the
crankpin with the knuckle pin locking screw holes
towards the front. Insert a wedge in the slot of
the crankshaft rear section and slide this section
on the crankpin until the master rod bearing has
its proper end clearance. (Refer to figure 55.)
Remove the wedge and line up the two halves
of the cronkshaft by inserting the crankshaft
aligning bar through the holes in the counter-
weights. Coct the threads of the crankshoft rear
section cap screw with a mixture of white lead
and lubricating oil and install the cop screw and
the cap screw washer, which is placed with the
chamfered side against the head of the cap
screw. Remove the aligning bar and run the cap
screw in. Before tightening, however, check the
length of the caop screw by placing a % inch
(15.875 mm.) diameter steel ball in the chamber
ot either end and measuring over these balls
with a micrometer. Then tighten the cap screw,

using the wrench provided for this purpose and
a pipe extension, until the length of the screw
has been increased by the specified amount of
stretch. Refer to the Table of Limits. The stretch
is determined by the difference in the length of
the cop screw before and after tightening. The
alignment of the two crankshaft sections should
be checked with the aligning bar at various in-
tervols during the process of tightening the cop
screw and upon completion of the tightening.
Do not leave the bar through both counter-
weights while the cap screw is being tightened
since any movement of the rear section will cause
the bar to bend. If the two sections are in line,
secure the cop screw with a cotterpin. Insert the
cotterpin from the inside.

In the event that the original cotterpin holes
are not in line, it will be necessary to drill @ new
hole in the cop screw. The new hole must be re-
moved from all other adjacent holes by at least
Y4 inch (6.35 mm.) the distance being measured
between the edges of the holes along the root
of the threads. If the amount of stretch specified
by the Table of Limits makes this impossible, it
is permissible to reduce the thickness of the cap
screw washer as much as .010 inch (254 mm.)
by grinding from one side or both sides of the
washer. Care must be taken in grinding as it is
essential that all points of the washer bear
evenly on the cap screw head. After grinding
break all sharp edges 1/64 inch (.40 mm.) and
check for interference on the fillet under the cap
screw head.

Remove the crankshaft and master rod assem-
bly from the holding fixture and place the assem-
bly on the adjustable rollers. Check the align-
ment of the crankshaft with a dial indicator as
previously instructed in the paragraph on Crank-
shaft Alignment in this chapter.

This completes the crankshaft assembly as the
articulated rods are not installed until the engine
is ready for final assembly.

CRANKCASE DIFFUSER AND REAR SECTIONS

DISASSEMBLY

Place the diffuser and rear section assembly
on a rear section assembly stand with the for-
ward end facing down. Back off the starter shaft
bolt nut. Remove the starter shaft and gear.
Then turn th: assembly over in the stand so that
the diffuser section is on top.

Hold the gears of the accessory drive gear
train stationary by inserting a small piece of
fibre between the teeth and remove the cotter-

pins and nuts from the accessory drive gear
shoft. [Refer to figure 56.) Lift off the accessory
driven gears and remove the accessory driven
gear keys.

Remove the cotterpins and nuts from the dif-
fuser section fo rear section studs. Separate the
two crankcase sections with the three pullers
designed for this purpose exercising care to
screw down evenly on the pullers while the op-
eration is being performed. (Refer 1o figure 57.)
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ASSEMBLY

PISTON RINGS Before installing the pis-
ton rings they should be

checked for proper gap ond side clearance.

To check tne piston rings for gap, set a piston
in the cylinder in which the piston is fo be in-
stalled with the botom end obout !, inch
(1.3 cm.) from the end of the barrel. (Refer fo
figure 44.) Then set the ring to be checked in-
side the barrel and up against the piston. Such
o position insures its being square with the
cylinder borc. With a set of feeler gages, check
the clearonces between the ends. If this clear-
ance exceed; the amount specified by the Table
of Limits, reolace the ring. The piston ring side
cléarance stould be checked with the rings in
position in the piston. The clearances are given
in the Table of Limits.

The compression rings are marked with the
word "Top" stamped on the ring denoting their
position in the piston. The proper position of the
ring is with the ring tapering in ot the top
thereby allowing the bottom of the ring to béar
against the cylinder wall. This toper permits the
piston ring to seat itself or "wear in" quickly
and consequently decreases the time required
for running in an engine after piston ring re-
placement.

Extreme care should be taken when installing
new compression rings to moke certain the ring
is in its proper position with the word “Top“
nearest the top of the piston. The toper should
be checked with a square to prove that the
rings have been properly stomped.

If the compression rings ore removed and
replacement is not mode, the word "Top" may
be found worn off the ring. By careful examina-

L o
s o]

FIGURE 44—Checking Piston Ring Gop

tion of the ring it will be possible to determine
the bottom edge due to the difference in wear
ot thot point. The sharper edge of the ring will
have worn off and will be shiny as compared with
the top edge.

The proper position of the oil scraper rings,
which are installed in the lower grooves, is with
the ring tapering in at the top allowing the
bottom of the ring to bear against the cylinder
wall. Howaever, in Uniflow pistons, the ring in the
groove below the piston pin is inverted. In this
case, the word '""Top” faces the bottom of the
piston.

tnstall the rear piston pin retainer. The part
number, compression ratio, and cylinder number
are stamped on the forward side of the piston.

CRANKSHAFT

DISASSEMBLY

Place the crankshaft in o holding fixture and
remove the cotterpin from the rear section cap
screw. Using a box wrench with o pipe extension,
remove the cop screw. Insert a wedge in the
slot in the seor crankshaft ond remove the rear
section frors the crankpin. (Refer to figure 45
Inspect the recr end of the cronkpin for nicks
or burrs. Smooth any slight irregulgrity that might
be found ond then slide the master rod off.
Remaval o the master rod bearing spacer is
accomplished by pouring hot oil (approximately
300° F. (150° C) over the spacer and then re-
moving by hond with a cloth over the spacer as
protection for the hands. Remove the crankshaft
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FIGURE 46—Removing Front Moin Becring Llock Nut

front section from the holding fixture and clamp
the cronk cheek, with the shaft pointing in o
vertical direction, in the jaws of a vice padded
with copper or some other soft material. Remove
the cotterpin from the front main bearing lock
nut ond unscrew the lock nut with the wrench
designed for this purpose, using every precaution
to prevent marring the shaft. (Refer to figure 46.)
Remove the nut and wrench and lift off the roller
retainer plate and the rollers. Remove the inner
race with a puller. Bend the edge of the cronkpin
bore plug retaining screw lock plate away from
the plug retaining cap screw and remove the
cap screw and lock plate. Withdraw the crank-
pin bore plug with the puller designed for this
purpose.
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FIGURE 47—Removing Bolt from Counterweight Stop

FIGURE 48—Removing Reor Main Bearing Journol Plug

Remove the cotterpins from the crankshaft
rear section dynamic damper stop bolt nuts.
(Refer to figure 47.) Unscrew the nuts and re-
move the bolts and stop. Align the holes of the
dynamic domper with those of the cronk cheek
extension ond withdrow the pins. Slide the
damper weight from the crank cheek. Remove
the rear plug from the crankshoft rear main
bearing journal bore with the puller designed
for this purpose. (Refer to figure 48.)

Remave the spring retainer from the crank-
shaft gear assembly ond pry out each spring
with its two pins. Turn the hub within the gear
until the lugs of the gear are no longer engaged
by the slots in the hub and separate the hub
and gear.

INSPECTION

Inspect the crank-

CRANKSHAFT hortt front sectt
FR shaft front section
ONT SECTION corefully for cracks.

Inspect the crankpin fillet with @ magnifying
glass. Exomine the propeller hub splines closely.

Inspect the condition of the propeller hub
cone journals, and the propeller hub retaining
nut clevis pin holes. Check the splines for nicks
and wear.

Inspect the front main ond thrust bearing lo-
cations for galling and check the fit of the
bearings on the crankshaft. See the Toble of
Limits.

Examine the condition of all threaded areas.

Note the condition of the front crankcheak
and extension and check the counter weighi for
tightness of the rivets. Exomine the condition
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of the threads of the topped hole which receives
the crankpin bore plug retaining cap screw,

Check the hydro contral ail tubes for clearness,
tightness, ond cracks. Note the position of the
supporting plugs and see that the crankshaft
breatker screcn is clean.

Inspect the cronkpin bore for sludge deposits.
Check the oil nozzle for tightness and clearance.

Examine the propeller hub retaining nut for
burrs, cracks, ond condition of the threads.

Inspect the thrust bearing nut for burry, cracks,
ond for condition of the threads and oil seal
ring graoves.

Examine the oil seol ring odapter for cracks,
condition of the ring grooves, clearness of the
oil holes, and fit on the shaft,

Inspect the front main becring lock nut for
burrs, cracks, and candition of the threads.
Check the spocer ond undet the spacer for
roughness and burrs. Carefully inspect the front
moin bearing rallers gnd races with a magnify-
ing gloss for flod spots, crocks, or o pitted con-
dition of the surfoces. The presence of any of
these conditions will warrant replacement,

Examine the master rod thrust bearing spacer
for roughness and cracks.

Check the cronkpin bore plug for burrs, con-
dition of the puller threads, and fit in the crank.
pin bore.

See that oll ¢il passoges ore free from any
ebstruction.

It is recommended that the thrust nut end
hydro-control oil seal rings be replaced at over-
houl. Check the new oil sec) rings for proper
gop. Sew the Toble of Limits.

Chech the cronkihoft
rear section for nicks,
burrs, and cracks.

CRANKSHAFT
REAR SECTION

Exemine the threads in the cop screw hole for
evidence of pulling and check the inner clomping
surface for burrs,

Check the reor main bearing journal for
roughness, clearness of the oil passages, and
the condition of the cronkshaft geor retaining
screw hole th-eads. Mecsure the diameter at
vorious points of the journal with a poir of
micrometers, recording the maximum ond mini-
mum diamete-s measured fo delermine the aut-
cfeound. H ths oulofwound will prevenst shioin.
ing the fits :llowed by the Toble of Limits,
remave the high points with a fine stone. Palish

with crocus cloth. 1 Is essentiol that 1his opere-
tion be performed before the alignment of the
shaft is checked.

Check the dynomic domper pin bushings for
tightness in the crank cheek, cracks, sceores, wear,
and aut.of-raund,

Exomine the dynamic damper stop for nicks,
burrs, and ¢racks. Check the stop retaining bolts
and nuts for burrs and condition of the threads.

Inspect the dynomic damper weight for burrs
and raughness. Check the pin bushings for tight-
ness in the weight, cracks, scores, and out-of-
round. Examine the pins for cracks, rovghness,
wear, canditian of the flanges, ond out-of-round.

Check mognetically the cop screw for burrs
and cracks. Examine the cap screw threads for
evidence of pulling. Checl the cop screw wosher
for burrs, cracks, and proper seating at the cap
screw head.

Check the size of the crankpin bore against
the O.D. of the clamping surface on the crank-
pin. See the Table of Limits,

CRANKSHAFT Check the crankshaft geqe
r cracks. Exomine the
GEAR or crac

teeth for scores and wear.
Examine the lugs far nicks and burrs,

Exomine the hub for crocks, nicks, and burrs,
Check the condition of the crankshaft gear hub
screw hales and the clignment of the screws and
screw holes,

Examine the spring retqiner for burm,

Check the springs for crocks and the pins for
wear and burrs. Replace ony springs which are
cracked or broken and ony pins which ore ex-
cessively worn. Check the spring and pin assem-
blies for a saug fit in their pesitions.

Check the crankshoft geor hub screws for con-
dition of the threads and heads.

Place the cronkshaft front

CRANKSHAFT section in a holding fix-
ALIGNMENT turg. insert the wedge in

the slot of the reor section of the shoft ond
slide this section over the crankpin and against
the shovider, Line up the two halves of the shaft
by inserting the cranksheft oligning bar through
the holes. Remove the wedge and install the
cep screw ond washer. Do not tighten. Meosure
the length of the cap screw with the stretch
measuring ool and @ pair of miccometers. Re-
move ihe oligning bor ond fighlen the cop
screw. Check the alignment ot variovs intervals
duting the tightening aof the cap screw. Mo
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FIGURE 49—Tightening Reor Crankcheek Cop Screw

tightening or loosening of the cap screw should
be done while the aligning bar is through both
counterweights, as aony movement of the rear
section of the shaft will cause the bar to bend.
Tighten the cap screw until its length has been
stretched the amount specified by the Table of
Limits. (Refer to figures 49 and 50.)

The alignment of the shaft should be checked
with a dial indicator while rotating the shoft on
adjustable alignment rollers.

Place the shaft on the adjustable rollers; one
set of rollers located at the rear bearing journal
and the other ot the front main bearing loca-
tion. The shaft and bench must be level. Locate
the dial indicator so that it will register against
the thrust bearing location and revolve the shaft.
(Refer o figure 51.) Note the amount of run-out
at this point and also at the point between the
threads and the splines ot the front end of the

FIGURE 50-—Meosuring Cronkcheek Cop Screw Stratch

FIGURE S1—~Checking Crankshaoft Alignment

shaft. Any run-out greater than that specified
by the Table of Limits will necessitate replace-
ment of the shaft. Do not attempt to straighten
a bent shaft.

Measure the crankpin diameter with o mi-
crometer, Measurements should be taken at
several different points on the crankpin and the
largest and smallest diometers recorded. Crank-
pins of which the out-of-round prevents obtain-
ing the fits specified by the Table of Limits must
be stoned back to shape.

1# is essential that the dimensions of the crank-
pin be checked at this time due to any distorting
effect that the clamping action of the crankshaft
rear section might have.

REPAIR

CRANKSHAFT Cran\:sh:ﬁs whioch are
more than 0015 to
FRONT SECTION 407 inch (0381 to
.0508 mm.} out-of-round at the crankpin should
be either honed or returned to the factory to be
reworked. If the amount of wear does not exceed
this limit, it is permissible to stone the crankpin
back in shape. It is advisable to have the rear
section of the shaft clamped to the crankpin
while stoning as the stoning can best be done
while the shaft is on the alignment rollers. This
greatly assists in the handling of the shaft.
Check the crankpin with a micrometer fo
determine the location of the high spots that
will require stoning. Extreme core must be token
when stoning to keep the crankpin even across
its entire width. A rocking movement of the stone
will avoid the possibility of causing flat spots.
Frequent wetting of the stone in gasoline insures
a better finish and prolongs the life of the stone.
Upon completion of the stoning, polish the jour-
nal with crocus cloth and gasoline. Separate the

two halves of the shaft in the manner previously
described.
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Remove cny nicks, burrs, or scores from the
master rod bearing spocer with crocus cloth and
gaseline.

Remave a1y burrs or roughness from the pra-
peller hub solines with a fine stone and palish
with crocus cloth. Cleon uvp all threads with o
fine stone.

Unscrew the plug at the center of the breother
support plug in the front of the crankshaft and
remove the racking glund and the packing, using
every preca.tion to prevent domaging the oil
tube. Examine the condition of the packing
glond. Check the condition of the threads of
both the cra+kshoft breother plug and the crank.
shaft to hydio-controllable propeller oil tube out-
let plug. Check ecrankshaft spline screw for
tightness.

If the breather screen is damaged, the crank-
shaft breother plug will hove 1o be replaced. In
performing this operation, the greatest care
should be exercised to prevent domoging the
oil tube. Back out the crankshaft spline screw
and withdraw the crankshaft breather plug with
the tool designed for this purpose. Inspect the
bore of the shaft with o light for traces of for-
eign moteriul, Align the cronkshaft spline screw
holes in the new crankshaft breather plug with
the hole in the woll of the crankshoft and insert
the cranksheft breather plug. Make certain that
the hydro-controllable propeller oil tube passes
through the hole in the center of the breather
plug and tap the breather plug inta position
with a hellow brass rod. Check the elignment of
the crankshaft spline screw holes. Insert the screw
ond tighten.

Instoll @ new oil packing around the hydro-
control oil $ube at the cronkshoft breather plug.
Insert the packing gland. Assemble the cronk-
shaft to hydro-controllable propeller oil tube
autlet plug in position, tighten and lockwire it
to the crankshaft breather plug.

Remove any nicks or burrs from the outer sur-
faces of the shaft, crank cheek, and counter-
weight with a fine stone and polish with crocys
cloth.

Smooth up the thrust boll becring nut and oil
slinger with a fine stone.

Remove any nicks or burrs from the oil tedl
ring odapter with o fine stone and polish with
crocus doth.

Smooth ux the front main bearing lock avt
ond spacer with o fine stone. Polish the inner
and outer races of the bearing with crocus cloth.

Remove nicks or burrs

CRANKSHAFT  Remove ricks or
rom the crankshaft rear
REAR SECTION section with a fine stone

and polish with crocus cloth.

Clean up the cap screw threads ond remave
any nicks or burrs frem the cep screw ond cap
screw washer.

Remove nicks or burrs frem the dynamic coun-
terweight and stop with o fine stone and polish
with crocus cloth, Remove any scares from the
pins and pin bushings with a fine stone and pol-
ish with crocus cloth,

W it is necessary to replace the dynamic
damper pin bushings, press them out with an
arbor press. An arbor press plug and press table
moy be procured for performing this operation,
Whea removing the bushings from the counter-
weight, a support must be used in the slot of
the counterweight.

Chill the new bushings in a bath of dry ice
ond press them into place, using the press plug
ond locating fixture designed for this purpose.
See the Table of Limits for the proper press fit
of the bushings.

Remove slight scores or signs of wear from
the crankshoft gear with o fine stone and polish
with crocus cloth. Smoath up any nicks or burrs
found on the lugs.

Remove any butrs and smooth any slight
roughness found on the hub with ¢ fine stone
and polish with crocus cloth,

Remove any slight roughness or burrs from
the spring retainer with a fine stone.

ASSEMBLY

Coat the crankpin bore plug with a mixture of
engine oil and white lead and insert the plug in
its recess. Tap the plug into position and secure
it with the retaining cop screw ond a new lock
plate. Bend one prang of the lock plate over the
edge of the crank cheek and the other uwp
against o hex flat of the retaining cop screw.

Clamp the cronk cheek of the cronkshaft
front section with the shaft in a vertical position
in the jows of a vice that have been padded
with copper or some other soft material. Coat
the front moin bearing and the becring spacer
with engine cil. Place the spacer on the shaft
with the chamfered side against the crank cheek
and place the becring on the shoft with the roller
refainer toward the front if a roller bearing, or
with the numbered side foward the front, if @
boll bearing. If the inner rcce of the front main
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FIGURE 52—Installing Dynamic Damper Counterweight Pin

roller bearing is o tight fit on the shaft, it may
be necessary to heat the inner race in engine
oil ct 180-200° F. (80-90° C.) before assembling
it on the shaft. Coat the front main bearing lock
nut threads with o mixfure of engine oil and
white lead. Assemble the lock nut in position and
tighten with the tool provided for this purpose,
taking every precaution to prevent marring the
shaft. Align the cotterpin holes of the lock nut

and crankshaft ond install a new cotterpin from
the outside.

To assemble the crankshaft rear section, slide
the crank cheek extension through the slot in the
dynamic counterweight, align the pin holes of
the weight with those of the crank cheek exten-
sion, and insert the pins. (Refer to figure 52.)
Attach the stop plate with two bolts, the bolt
heads being placed against the stop. Secure the
bolts with slotted nuts and cotter the nuts.

Coat the rear bearing journal bore plug with
a mixture of white lead and engine oil and in-
sert it in the journal bore. Tap the plug into posi-
tion with a fiber drift. This plug is retained by
the crankshaft gear.

This completes the assembly operation, as the
two halves of the crankshaft are not to be as-
sembled until the master rod is ready to be
installed.

CRANKSHAFT Insert the crankshaft gear
GEAR hub in the gear and turn

it so that the gear lugs
are between the slots in the hub. Insert the pins
in the end of each spring, and push the spring
and pin assemblies into position. Place the re-
tainer in position on the gear assembly, aligning
the cutouts with the screw holes in the hub.

MASTER ROD, ARTICULATED RODS,
AND KNUCKLE PINS

INSPECTION

It is unnecessary to check the alignment of a
rod unless the engine from which it has been
taken has been severely damaged or subjected
to some misuse, such as starting with liquid in
the cylinders. Any slight misalignment which
might exist is automatically overcome by the
installotion and boring of new bushings. If the
misclignment is excessive, it will be detected
when the rod is placed in the boring fixture. A
maximum of .015 in. (.38 mm.) misalignment is
allowable. [Refer to figure 53.)

A satisfactory check to detect bending in a
plane ot right angles to the bushing bores is to
place a straight edge of the shank of the rod.
Allowance must be made for any slight irregu-
lorities as these surfaces are hand finished. If
the straight edge is applied to opposite sides
of the shank, it is easy to distinguish between
a normal irregularity and a shank which is actu-
ally bent. A maximum of .015 in. (.381 mm.) twist
is allowable. {Refer to figure 54.)

FIGURE 53—Checking Master Rod Alignment
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the master rod ond check the diameter against
the size of the new bearing to be installed. Sce
the Table of Limits for the correct shrinkoge.
The importance of this fit cannot be over-
emphasized. The most accurate results in check-
ing the sizes of these two parts are obtained
when the room temperature is between 60° ond
70° £ {I5° and 20° Cl).

Hect the rod in an oil bath at a temperature
of 450° F. (235° C.) for at least one hour. The
oil uied in the both must hove a flosh point con-
siderably obove this temperature. Remove the
rod from the bath ond insert the new bearing,
using the fixture ond arbor press plug designed
for this purpose. When this operaticn is per-
formed, particular attention should be paid to
the alignment of the oil holes in the bearing with
those in the master rod. Allow the rod to cool
in air.

Drill the locking pin hole in the bearing shell
ond ream out the counterbore in the rod. Place
the rod on a svitcble mandrel ond tap the lock-
ing pin in place. Peen over the metal to secure
the pin.

Preparatory to boring the beoring, ossemble
the knuckle pins in the rods, except where fixture
locating bars are used, to counteract any dis-
terting effect of the bearing hole that the pres-
sure exerted by the knuckle pins might cause.
Seal the oil hales with beeswax to prevent any
metol entering the oil patsages. Ploce the rod
in the helding fixture ond bore the bearing the
correct fit on the crankpin, using the tocls de-
signed for this purpose. See the Table of Limits.
Remove the rod from the fixture and bresk all
sharp edges. Cleon the rod thoroughly. With-
drow the knuckle pins and remove the beeswax
from the oil holes. Clean the knuckle pins.

In the event the bearing has been turning in
the rod, thereby enlarging the inside diameter
of the rod, it will be impossible to obtain the
propet fit by using @ standard size bearing. To
obviate the necessity of discarding the master
reds which have become worn in this enanner,
o moaster rod bearing which is oversize on the
outside diameter has been made available. In-
asmuch as the rod must be reground to permit
the installation of the oversize bearing, it will
»e necessory to send the rod to the factory for
-earing replacement.

REPLACING KNUCKLE To l'emo.ve the
AND PISTON PIN ?nucll.e pin bush.
BUSHINGS ing, insert the

small end of a
lug, sr arbor, into the knuckle pin bushing. Place

the base on an arbor press table and insert the
callar in the base. Support the cod over the collar,
Press out the old bushing. Remove the plug and
the rod. Ciean the rod bore and remove all burrs.

To install the new knuckle pin bushing, place
the bushing on the small end of the plug, and
screw the cap on the plug. Ploce the knuckle pin
end of the rod over the collar and inserd the
large end of the plug through the bore so that
it extends into the collar. Locate the split in the
bushing so thot it is 45° from the tip of the rod
as measured from the center line of the rod and
away from the side bearing the rod number.
Using on arbor press, press down on the cop on
top of the plug until the press-in plug bottoms
against the coliar, Remove the plug and collar.

After a new knuckle pin bushing has been
installed, it should be braached teo provide a
sotisfactory surface contact between the bushing
and the bushing bore in the rod. This is accom-
plished by pressing a proper size burnishing
broach through the bushing by means of an ar-
bor or hydroulic press using from 300 o 400 ib.
per sq. in. {21-28 kg. sq. cm.) pressure. Thus the
bushing is expanded ond the possibility of its
turning in the rod is eliminated. Next the bush-
ing is spot-faced so that the ends of the bushing
will extend between .060 to .090 inch (1.524 to
2.286 mm.) beyond the end of the rod bore.

Burring or cutting a radius removes the shorp
edge on the outside circumference of the end
of the bushing. The bushing is next diamond
bored for the correct size. Check the diameter
of the knuckle pin of the knuckle pin bushing lo-
cation. Refer to Table of Limits for special clear-
ance. The burring procedure is repeated to ef-
fect a smooth edge on the inside circumference
of the end of the knuckle pin bushing.

The replacement of piston pin bushings is ac-
complished in the manner just described. To pro-
tect the protruding ends of the piston pin bushings
counterbore the ends of the bushings ofter bor-
ing, with a fool designed for this purpose. The
master red piston pin bushing, however, is spun-
in instead of spot-faced.

KNUCKLE PINS Remeve any scratches or

scores from the knuckle
pins by stoning and polish them with cracus cloth.
Clean out the oil passoges.

ASSEMBLY

Place the front section of the cronkshaft in
holding fixture and agein check the cronkpin for
nicks or burrs. Replace the master rod bearing
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FIGURE 55—Checking Moster Rod End Clearance

spacer by heating it in oil to approximately
300° F. (150° C.) and slipping it in place on the
crankpin moking sure the chamfered side is
agoinst the crankpin fillet. Coat the crankpin
with engine oil. Install the master rod on the
crankpin with the knuckle pin locking screw holes
towards the front. Insert a wedge in the slot of
the crankshaft rear section and slide this section
on the crankpin until the master rod bearing has
its proper end clearance. (Refer to figure 55
Remove the wedge and line up the two halves
of the crankshaft by inserting the crankshaft
aligning bar through the holes in the counter-
weights. Coat the threads of the crankshaft rear
section cap screw with a mixture of white lead
and lubricating oil and install the cap screw ond
the cap screw washer, which is placed with the
chomfered side against the head of the cap
screw. Remove the aligning bar and run the cap
screw in. Before tightening, however, check the
length of the cap screw by placing a % inch
(15.875 mm.) diameter steel ball in the chamber
at either end and measuring over these balls
with @ micrometer. Then tighten the cap screw,

using the wrench provided for this purpose and
o pipe extension, until the length of the screw
has been increased by the specified amount of
stretch. Refer to the Table of Limits. The stretch
is determined by the difference in the length of
the cap screw before and after tightening. The
alignment of the two crankshaft sections should
be checked with the aligning bar at various in-
tervals during the process of tightening the cap
screw ond upon completion of the tightening.
Do not leave the bar through both counter-
weights while the cap screw is being tightened
since any movement of the rear section will cause
the bar to bend. |f the two sections are in line,
secure the cap screw with a cotterpin. Insert the
cotterpin from the inside.

In the event that the original cotterpin holes
are not in line, it will be necessary to drill a new
hole in the cap screw. The new hole must be re-
moved from all other adjacent holes by at least
/4 inch (6.35 mm.) the distance being measured
between the edges of the holes along the root
of the threads. If the amount of stretch specified
by the Table of Limits makes this impossible, it
is permissible to reduce the thickness of the cap
screw washer as much as .010 inch (254 mm.)
by grinding from one side or both sides of the
washer, Care must be taken in grinding as it is
essential that all points of the washer bear
evenly on the cap screw hecd. After grinding
break all sharp edges 1/64 inch (.40 mm.) and
check for interference on the fillet under the cap
screw head.

Remove the crankshaft and master rod assem-
bly from the holding fixture and place the assem-
bly on the adjustable rollers. Check the align-
ment of the crankshaft with a dial indicator as
previously instructed in the paragraph on Crank-
shaft Alignment in this chopter.

This completes the crankshaft assembly as the

articulated rods are not installed until the engine
is ready for final assembly.

CRANKCASE DIFFUSER AND REAR SECTIONS

DISASSEMBLY

Place the diffuser and rear section assembly
on a rear section assembly stand with the for-
ward end facing down. Back off the starter shaft
bolt nut. Remove the starter shaft and gear.
Then turn th2 assemtly over in the stand so that
the diffuser section is on top.

Hold the gears of the accessory drive gear
train stationary by inserting a small piece of
fibre between the teeth oand remove the cotter-

pins and nuts from the accessory drive gear
shoft. (Refer to figure 56.) Lift off the accessory
driven gears and remove the accessory driven
gear keys.

Remove the cotterpins and nuts from the dif-
fuser section fo reor section studs, Separate the
two crankcase sections with the three pullers
designed for this purpose exercising care to
screw down evenly on the pullers while the op-
eration is being performed. (Refer $o figure 57.)
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FIGURE 56—Removing Nut from Accessory Drive Shaft

Place the rear section
REAR SECTION on the bench with the

forward end facing downward. Remove all lock-
ing devices, nuts, and flat washers from the
accessory drive attaching studs. Withdraw the
parts in the following order: The fuel pump
adapter or the three-way accessory drive, the
tachometer drive, the tachometer and fuel pump
drive adapter, the oil pump, the generator drive
idler gear shaft, the generator drive shaft, and
the generator drive gear. {Refer to figure 58.)

Remove the accessory drive shafts and oil
seals. (Refer to figure 59.)

Drive out the starter shaft oil seal retainer
and oil seol from the rear of the crankcase rear
section with a fibre drift,

Do not remove the fish plate spacer at the
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FIGURE 58—Removing Generator Idler Geor Shalt

starter shoft hole unless it is cracked or appears
to be otherwise damaged.

Back out the intake pipe packing nuts and
withdraw the packing.

DIFFUSER SECTION Place the diffuser

section on a rear
section assembly stand with the impeller on the
lower side. Remove the cotterpins, nuts, and flat
washers from the impeller drive geor shaft sup-
port attaching studs. Remove the cotierpin and
nut from the forward end of the impeller drive
gear shaft. Lift off the support. Turn the impeller
so that the flange on the rear end of the impeller
drive geor shaft will cleor the exit angles of the

FIGURE 57—Removing Diffuser Section from Rear Section

FIGURE 59—Removing Magneto Qil Seal
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FIGURE 40—Removing Impeller Rear Nut

impeller and with a fibre drift tap the impeller
drive gear shoft out toward the reor of the
section. Withdraw the impeller drive gear
assembly.

Remove the cotterpins, nuts, flat washers, and
spacers from the idler accessory drive geor re-
tainers. Lift out the gears and the "L" shaped
washers.

Turn the diffuser section over so that the im-
peller is on the upper side of the section. Remove
the impeller rear nut lock ring and lock. Holding
the impeller shoft stationary with the impeller
shaft gear locking tool unscrew the impeller rear
nut. (Refer to figure 60.) Install the impeller
puller and remove the impeller.

Remove the impeller front nut lock ring ond
lock. Hold the impeller shaft stationary with the
impeller shaft locking tool and remove the front
impeller nut.

Remove the screws holding the impeller shoft
boll bearing cage to the rear wall of the diffuser
section. The impeller shoft may be topped to
the rear with a fibre drift, carrying before it the
rear bearing, the rear bearing cage, and oil
seal rings.

Engines having a 9.17:1 or 10.15:1 impeller
ratio incorporate an oil slinger on the shoulder
of the impeller shaft between the rear ball beor-
ing and the impeller shaft drive gear, with the
thicker shoulder of the slinger adjacent to the
gear. If the slinger is used, it will be necessary
to remove this part at this time.

The front ball bearing may be removed by
taking out the retoining nut lock ring, unscrew-
ing the nut, and tapping the bearing out of its
support. Note the shim between the bearing
and the support. The support may be removed
by removing the screws holding it to the front
wall of the diffuser section. However, it is
strongly recommended that this support be left
in place as it provides an oil seal for the annulus
holding pressure oil for the lubrication of the
accessory shafts.

Do not remove the fish plate spacers at the
accessory drive shaft bushings unless they are
cracked or appear to be otherwise damaged.
Slide the rubber oil seals off the accessoty drive
shaft bushings.

INSPECTION

REAR SECTION Exomine the crankcase

rear section for cracks,
paying particular attention to the stud locations
ot the mounting flange and the accessory mount-
ing pads, the engine mounting bosses, ond the
accessory drive mechanism internal supports.

Inspect the condition of the enamel. If it is
chipped, the section should be re-enamelled.

Check the studs and dowels for tightness and
the studs for condition of the threads.

Examine all finished surfaces for nicks, burrs,
and roughness and inspect the oil passages for
clearness. Check all oil seal plugs for tightness
in the section.

Check the engine mounting bosses for wear
and the tangential intake leads for condition of
the threads.

Inspect the starter and accessory drive shaft
bushings for scores and tightness in the section.

Examine the fish plate spacer for nicks and
burrs.

Exomine the starter shaft oil secl retainer for
nicks ond burrs. Replace the Duprene oil seal.

Examine all covers for roughness of the fin-
ished surfaces, cracks, and condition of the
enamel. Replace all gaskets.

Examine the oil check valve in the oil possoge
line at the oil pump pad. If the valve appears
to be in good working condition, nothing should
be done to it. If it is pulled out, remove ond
check the plug, spring, and ball.
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Inspect the diffuser
section for cracks.

DIFFUSER SECTION

Examine the clomping surfaces for nicks ond
burrs.

Examine the diffuser chamber surface for
roughness.

Check the studs for tightness with o stud
driver,

Examine the oil passoges for clearness and
check all oil plugs for tightness.

Check the two fish plate spacers for cracks,
nicks, and bucrs.

Replace all oil seals ot assembly.

Inspect the bushings for scores and tightness
in the section.

BUSHINGS See that the three fish. plate

spacers are in position and as-
semble the crankcase diffuser and rear sections.
To perform this operation, ploce the diffuser
section in position over the studs at the parting
flange of the reor section and tap the two sec-
tions together with a fiber drift, exercising care
to see thot the diffuser section is tapped down
evenly. Assemble the three flat washers and nuts
on the rear section to diffuser section studs and
tighten the nuts.

Assemble the "L" shoped washers, the idler
accessory drive gears, spacers, flat washers, ond
nuts in their respective places on the diffuser
section. Tighten the nuts and check the end
clearance of the gears.

Assemble the starter drive gear end starter
shaft in place in the bushing in crankcase sec-
tions and check the side clearance. Screw on
the starter shaft nut and fighten enough to hold
these two parts firmly together. Check the end
clearance of the starter shaft assembly.

Insert the accessory drive shafts in position
in their bushings and check the side clegrances.
Assemble the accessory driven gears and nuts
on the forward end of the shafts. Tighten the
nuts and check the end cleacrance of the shafts.

Check the backlash of dll gears on the front
side of the diffuser section. Turn the crankcase
assembly over and check the backlash between
the two beveled geors on the accessory drive
shafts with the various accessory drives. Refer
ta the Table of Limits.

Disassemble the gear assemblies and the two
cronkcase sections.

IDLER ACCESSORY Examine the spac-
DRIVE GEAR ers and the "L

shaped woshers
for cracks, burrs, and evidence of wear,

Check the idler accessory drive gears for worn
or scored teeth, cracks, galling, ond for the
proper fit of the gears in their bushings. See olso
the paragraph under the heading of Bushings.

IMPELLER AND Due to the high
speeds at which the

IMPELLER SHAFT impeller operates, it

must be in perfect condition. Examine it care-
fully for cracks, nicks, and for tightness of the
splines. Check the splines for cracks, nicks, and
fit on the impeller shaft. A cracked impeller must
be replaced.

Examine the impeller shaft carefully for cracks.
Inspect the teeth for scores and wear. Check
the condition of the threads. Exomine the bell
bearing locations for galling of the shaft.

The impeller shaft ball bearings should be
reploced at overhaul. Check the fit of the new
bearings on the impeller shaft and in the bearing
support and cage.

Examine the impeller ball bearing support and
cage for cracks and nicks. Check the bore in the
cage for galling and wear caused by the oil seal
rings. Check the bore in the support and cage
for golling coused by the impeller shaft ball
bearings.

Excmine the ring guides and spacer of the
impeller oil seal for nicks, burrs, cracks, and wear.
Replace the oil seal rings and check the new
rings for gap and side clearance, Refer to the
Table of Limits,

Check the impeller nuls and the front becring
retainer nut for condition of the threads. Re-
place the impeller nut locks and lock rings at
assembly.

Examine the shim. If the shim is not bent or
otherwise damaged, it should be fit for further

use: Check the solid steel shim for cracks, weor,
and vriform thickness.

REPAIR
REAR SECTION Mgcke whatever stud re-

placements are neces-
sary.
Remove nicks, burrs, and roughness from the
finished surfaces with a fine stone and polish
with crocus cloth,
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If the oil check valve has been disassembled,
remove nicks and burrs from the body, end in-
spect the condition of the spring ond the ball,
and replace if required. Reassemble and press
into the rear section at the oil pump pad.

Smocth the accessory drive and starter shaft
bushings with crocus cloth.

¥ the starter shaft bushing is worn or loose
in the section, bore out the bushing until the
remaining shell is opproximately .0i5 inch (.38
mm.] thick and pry out the remaining shell. Clean
the hole. Check the size of the new bushing for
proper fit in the erankcose end press it in place,
bottoming the flange against the boss. Drill a
new locking pin hole in the crankcase section,
piloting the drill through the hole in the bushing,
and install the locking pin.

If on occessory drive shaft bushing is worn or
loose, tap the bushing out and clean the hole.
It is not necessory to remove the pin, Check
the size of the new bushing for proper fit in the
crankcase ond insert it in place. Align the slot
in the flange of the bushing with the pin in the
boss and press in the bushing, bottoming the
flange against the boss.

Assemble the reor ond diffuser sections to-
gether and line ream a new bushing with the
tools provided for this purpose. Check the fit of
the new bushing on its receptive shaft and check
the end clearance. Check the backlash of the
beveled gear on the accessory drive shaft and
spot-face the rear face of the bushing if neces-
sary. Disassemble the rear and diffuser sections,
breck all-shorp edges, and cleen cll poarts thor-
oughly.

DIFFUSER SECTION Remove any nicks

or burrs from the
finished surfaces with a fine stone aond polish
with crocus cloth,

Replace any loose dowels or studs or studs
with damaged threads. Lubricate the studs with
engine oil ard white lead before driving.

If the bushings are scored, smocth them with
crocus cloth or replace them.

In the event that it is necessory to reploce
an idler accessory drive gear bushing, unscrew
the gear retainer with the wrench designed feor
this purpose. Bore out the bushing until the re-
maining shell is approximately 015 inch (38
mm.) thick, and break out the shell exercising
care fo prevent dumaging the idler accesso
drive gear retainer threads. Clean the hole and

check the inside diameter of the hole against
the outside diameter of the new bushing. Refer
to the Table of Limits. Align the ail koles in the
bushing with those in the diffuser section and
press the bushing into position. Ream the bush-
ing, using the tools designed for this purpose
and exercising care to prevent striking the bot-
tom of the hole. Refer to the Table of Limits.
Break oll sharp edges. Apply gasket cempound
to the heads of the gear retainers and replace
the retainers,

If an peccessory drive or starter shaft bushing
is loose or worn, bore out the bushing until the
remaining shell is approximately 015 inch (.38
mm.) thick and pry out the remaining shell. Tap
out the locking pin and clean the bore in the
crankcase. Check the size of the new bushing
for proper fit in the cronkcase and press it into
place, bottoming the flange against the bass.
Drill o locking pin hole in the bushing, piloting
the drill through the pin hole in the cronkcase.
Install the locking pin.

Whenever the accessory drive shaft bushings
in the diffuser section are replaced, the oil holes
should be drilled completely through the bush-
ings in line with the oil passages before the
bushings are reamed. This should be done with
a drill bushing tool which is screwed into the
oil pressure passage plug hole. When this is
accomplished, every precaution shauld be ob-
served to insure the installation of a new lead
plug end the screw before the engine is
reassembled.

Spare diffuser sections are supplied with lead
plugs ond headless screws, which are used in the
diffuser section oil passages at the accessory
drive shaft locations. These parts are not in-
stalled before shipment, but are supplied in a
bag included in the diffuser section shipping box,
in order that the oil passages may be burred
and cleaned out ofter the bushings have been
reamed. Extreme care should be exercised here
also to insure that these perts are installed fol-
lowing the reaming ond cleaning operations
required in the assembly of the diffuser section.

Install the diffuser chamber oil seals aad spac-
ers in place and assemble the reor and diffuser
sections together. Line reom a new bushing.
Assemble the respective shoft and geor assem-
bly in the bushing. Check the fit of the shaft in
the bushing and check the end clearance. Spot-
face the bushing if necessory. Disassemble the
rear and diffuser sections. Break all sharp edges
ond clean all parts thoroughly.
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Remove slight burrs

IMPELLER DRIVE 7 i
or scores trom e
GEAR ASSEMBLY ¢ 0 "0  don

ing. Remove any slight nicks or burrs from steel
surfaces with a fine stone and polish with crocus
cloth. Smooth the hub bushing with crocus cloth
or replace it.

if it is necessary to replace the bushing, drill
out the bushing lock pin. Support the cssembly
on @ suitable piece of tubing with the gear up
and press the old bushing out with an arbor
press.

Check the sizes of the gear bore and the
outside diameter of the new bushing for the
correct fit. Press the new bushing in place with
an arbor press. Drill the locking pin hole in the
bushing and install the pin. The face of the
bushing must be ground parallel with the oppo-
site face of the gear, and the bushing bore must
be concentric with the pitch diameter of the
gear.

IDLER ACCESSORY Remove any slight
DRIVE GEARS geor teeth or hub

scores from the
with o fine stone ond polish with crocus cloth.
Polish the spacer with crocus cloth and smooth
the "L" shoped washers with o fine stone ond
polish with crocus cloth.

Remove any slight

IMPE AND icks f the impel
nicks from i -
IMPELLER SHAFT ler with a fine sfoi:te;

but should there be ony cracks or bent blades,
replace the impeller. When stoning nicks from
the blades, exireme care must be exercised not
1o remove too much metal as the impeller might
be thrown out of balance, and due to the high
speeds at which the impeller rotates, it is of
the utmost importance that it is perfectly bal-
anced. Clean the splines. If the splines are loose
in the impeller, it is necessary to return this part
to the factory for repair.

Remove slight scores or burrs from the im-
peller shaft journals, splines, or gear feeth with
o fine stone and polish with crocus cloth. Clean
the threads.

Remove slight nicks or burrs from the impeller
ball bearing cage and support with a fine stone
ond polish with crocus cloth, paying particulor
ottention to the bore in the cage on which the
oil seal rings bear.

Smooth the spacer and the ring guides of the
impeller oil seal with a fine stone and polish them
with crocus cloth. Replace a cracked spacer or

ring guide or a ring guide that does not provide
sufficient clearance for the oil seal rings.

ASSEMBLY
DIFFUSER SECTION |f it was necessary

to remove the fish
plate spacers, assemble the oil seal retainers on
the accessory drive bushing extensions with the
flanged end up. Slide on new rubber oil seals.
Place the two fish plate spacers in position, in-
sert the screws, tighten, and stake in the metal
to secure the screws.

Assemble the rear impeller shaft ball bearing
on the impeller shaft marked "'gear side™ against
the wear. If used, install the oil slinger before
installing the rear ball bearing. Place o shim
with a gasket on each side under the rear ball
bearing cage and place the cage in position.
Insert the screws, tighten, and secure with lock
wire.

Ploce the shim in the recess in the front ball
bearing support and top the front boll bearing
in place with the gear side against the impeller
shaft gear. Assemble the front ball bearing re-
tainer nut ond impeller front nut and tighten
both. Use the impeller shaft locking tool while
tightening the impeller nut.

Install the impeller shaft oil seal rings, guides,
and spacer over the impeller shoft within the
bore of the rear ball bearing cage. Apply a
mixture of white lead and engine oil to the
impeller ond impeller shaft spline ond top the
impeller on the shaft. The impeller must be
tight fit on the shaft. Screw the impeller rear
nut on the shaft and tighten, holding the shaft
stotionary with the impeller shaft locking tool.
(Refer to figure 61.)

Check the clearance between the impeller and
the diffuser section by inserting feelers of the

FIGURE &1—Tightening Impeller Reor Nut
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same thickness directly opposite each other un-
der both sides of the impeller. Refer to the Table
of Limits. If the clearance is not within the speci-
fied limits, remove the rear impeller nut, the
impeller, the front impeller nut, the front ball
bearing retainer nut, and the rear boll bearing
cage, and change the shim thickness the desired
amount. If the clearance is in excess of the speci-
fied limit, install o new shim of increased thick-
ness. The solid steel shims are supplied in ten
different thicknesses, varying from .015 to .060
inch [.381 to 4.064 mm.). Only one shim is re-
quired per assembly.

Provided the clearance is correct, align the
ball bearing retainer and the front and rear
impeller nut locking slots. Lock the bearing re-
tainer nut with the wire lock ring and the impel-
ler nuts with the locks and lock rings.

Insert the impeller drive gear hub in the gear
bushing from the anti-pinion geor end. Place the
gear and hub assembly in position, aligning the
key slot in the drive gear hub with the key slot
in the diffuser section. Tap the key in the slot in
the impeller drive gear shaft and apply a light
coating of gasket compound to the flange of
the shoft head. insert the shaft in position from
the near side of the diffuser section. Place the
shoft support in position and screw on the shaft
nut. Assemble the four flat washers and nuts on
the drive gear shaft support attaching studs,
and secure the nuts with cotterpins. Tighten the
drive gear shaft nut and lock it with a coterpin.

Insert the following parts into position in the
order nomed:

The “L" shaped idler accessory drive gear
washers with the flat sides against the diffuser
section, the idler accessory drive gears and the
bronze spacers with the flanges toward the rear.
Assemble the two flat washers and nuts. Tighten
the nuts ond secure them with cotterpins.

REAR SECTION Install @ new Duprene

oll seal in the starter
shaft bushing. Tep the oil seal retainer with oil
seal in position from the front side of the rear
section.

Insert the rubber intake pipe packing rings in
the intake leads, and screw in the packing nuts,
but do not tighten them.

DIFFUSER AND Apply a light coating

of gasket compound
REAR SECTIONS the parting flanges o‘;

the diffuser section and place this section over
the studs provided at the rear section parting
flonge and tap the diffuser section down into
position. Assemble the flat washers and nuts on
the rear section to diffuser section studs. Tighten
the nuts and secure them with a cotterpin. Check
the clearance between the rear face of the im-
peller and the walil of the diffuser chamber by
inserting the special feeler gage through the
intake openings.

Insert the diffuser section oil seal in position
at the flange.

ACCESSORY GEAR TRAIN, ACCESSORY DRIVES,
AND OIL PUMP

DISASSEMBLY

ACCESSORY  Compress the starter shaft
GEAR TRAIN POt spring by applying

pressure on the pin retaiher
and push out the pin. Remove the pin retainer,
spring, spacer, ond bolt. from the hub of the
starter shaft gear. Press the storter shaft bolt
from the com pinion with an arbor press, using
a svitable picce of tubing to support the pinion.

Remove the cotterpins from the recr end of
the accessory drive shafts, back out the magneto
coupling screws, and remove the couplings from
the shafis.

Remove the cotterpin, nut, and washer from
the end of the tachometer and fuel pump drive
shaft ond separate the gear and shaft from
the adapter.

ACCESSORY DRIVES Remove the ring

from the rear end
of the fuel pump drive gear hub and separate
the gear from the adapter.

Remove the cotterpin and nut from the end
of the generator drive gear and separate the
gear from the support.

Back the two tachometer drive shaft bushings
out of the tachometer drive housing. Withdraw
the tachometer drive shafts. Back out the tach-
ometer housing cover aHaching screws. Remove
the cover, the tachameter drive shaft, and the
two ball bearings.

If the engine incorporates the three-way
accessory drive, lift the vacuum pump drive
shaft gear from the fuel pump and vacuum
pump drive housing. Remove the palauts, nuts,



DISASSEMBLY, INSPECTION, REPAIR, AND ASSEMBLY gl

and {lat washers and covers from the fuel pump
ond vacuum pump drives. Withdraw the two
adapiers and drive shafts.

OIL PUMP Lift off the oil pump beveled

gear. Remove the lock wire
from the oil pump body screws, and back out
the screws. Remove the pressure section of the
cil pump body and disassemble the remaining
parts. The scovenge pump drive gear is keyed
on the oil pump drive shaft.

If the pump is provided with spare drive gears,
remove the palnuts, nuts, and washers from the
covers. Lift off the covers and remove the fwo
bevel=d gears.

Remove the strainer.

INSPECTION

Exomine all parts for cracks and check oll
gear teeth for scores and wear. Check the fit
of the beoring journals in their respective bush-
ings. Check oll bushings for tightness and con-
dition of the bearing surface.

Inspect all threads for evidence of pulling and
crossing.

Check all splines for nicks, cracks, and fit.
Inspect all finished surfaces for roughness.
See that the oil passages are clear.

Check the condition of the serrated surfaces
of the cam pinion and the starter drive gear.
The cam drive gear and the starter gear must
be kept together as an assembly. Each part is
marked with the same serial number. Check the
rivets in the starter drive gear for tightness.
Check the starter dog for cracks; inspect the
splines for pitting, chipping, burring, and wear;
and inspect the faws for burred and broken
edges ond for scoring and galling.

Check the fit of the cam pinion on the starter
shaft bolt,

Check the plug in the forward end of the
generator drive gear for tightness.

See thot the plug in the fuel pump gear is
tight.

Check the balls ond races of the tachometer
drive shaft ball bearings for cracks or a pitted
or wirn condition. Assemble the tachometer
drive shcfls, bushings, and gaskeis in the tach-
ometer drive housing and check the end clear-
ance of the shafts. Disassemble the parts.

Check the clogronce betwoen the oil pump
geors and body diameters. Check tho end clear-
ance of the scavenge geors.

Assemble the idler and drive shafts, the pres-
sure and scavenge sections of the oil pump body,
and the spacer together, lnsert the oil pump
body screws and tighten them. Check the end
clearance of the geecrs in the pressure section
of the pump with a dial indicator. Refer to the
Toble of Limits. Disassemble the pump.

Check the condition of the oil pump pressure
relief valve seat and examine the ball for pitted
or worn surfaces. If the ball is pitted or worn,
it must be replaced. Examine the strainer for
cleanliness and check the condition of the spring
for cracks and for proper tension. Refer to the
Table of Limits.

REPAIR

Remove scores from gecr teeth with a fine
stone and polish with crocus cleth. Remove
scores or galling from bearing journcls with a
fine stone and polish with crocus cloth. Clean all
threads. Clean all splines with a fine stone.

Smooth any slight irregularities found on the
finished surfaces of the adopters and covers
with crocus cloth, Replace a loose or damaged
bushing.

The vacuum pump drive bushing in the oil
pump, the bushing in the fuel pump adapter, the
vacuum pump drive bushing, and the fuel pump
drive bushing in the three-way accessory drive
are Oilite bushings. If it is necessary to replace
or rework an Oilite bushing, do not use a reamer
or an abrasive. Use the special burnishing
broaches provided for this purpose ta obtain
the proper size.

Soak the fuel pump drive gear in white gaso-
line long enough to saturate the felt wick con-
tained in the hub of the gecr. Insert o drill rod
through the tang drive hole in the gear hub and
squeeze the wick dry. Remeve the rod and soak
the gear for 5 hours in oil, W.A.C. Specification
No. 5816, at 150 F. (65° C.).

Replace the leather washer of the accessory
drive shaft cil seal and then sook the seals in
Neatsfoot oil until the leather is saturated. After
soaking the seals, it is necessary that they be
compressed in order to install them in the crank-
case. This can be done with an ordinary hose
clomp of suitable size. Leave the seals in the
clamp a sufficient length of time for the seal to
take on a permanent set.
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Do not use a stone on the clamping surfaces
I the oil pump body sections. If it is necessary,
:z the surfaces on a lapping plote.

If necessary, rework the oil pressure relief
wclve seat with the tools designed for this
urpose.

ASSEMBLY

:CCESSORY Apply white lead 1o the
2EAR TRAIN head of the starter shaft

bolt aond insert the bolt
“rough the com pinion gear. Align the flots of
¢ head with the slot in the gear. Support the
:ear on a suitable tube and press the bolt into
:2sition on an orbor press. Assemble the starter
“ive gear on the starter shaft bolt. Check the
“t of the serrations. Place the spacer, spring, and
tin retainer in position on the bolt. Compress
v+he spring and insert the pin.

Lubricate the splined end of the accessory
drive shofts with engine oil and assemble the
—agneto couplings and screws in position on the
inds of the shafts. Tighten the screws and align
“ie coHerpin holes. Install the cotterpins.

Insert the tochometer and fuel pump drive
inoft in its odapter. Assemble the beveled gear
cad key at the lower end of the shaft. Install the
fot wosher and nut on the end of the shaft,
tghten the nut, ond secure it with a cotterpin.

ACCESSORY DRIVES Assemble the fuel

pump drive gear
ia the fuel pump adapter and install a new wire
circlet in the groove on the rear end of the gear
hub.

Assemble the generator drive gear in the sup-
port. Install the nut on the rear end of the gear
hub, tighten the nut, and align the wire lock
ning holes in the nut and gear hub. Install the
eck ring. It is permissible to grind the forward
face of the nut to align the lock holes in the nut
vith the hole in the gear hub.

See that the ball bearing, spacer, tachometer
drive gear, nut, and cotterpin are properly in-
talled on the driving end of the tachometer
drive shaft. Assemble the drive shaft in the
tochometer drive housing. Assemble the tach-
ometer drive shaofts, bushings, and gaskets in the
lachometer drive housing. The shaft with the
etched ellipse on the shaulder is the upper shaft.
Tighten the bushings and make sure that the
drive shafts have the proper end clearance.
Pock the housing with vaseline and install the
other drive shaft ball bearing. Place the housing

cover and gasket in position. Insert the cover at-
taching screws, tighten the screws, and secure
with lock wire.

If the engine incorporates the three-way ac-
cessory drive, assemble the parts in position in
the following order: the vacuum pump drive
shaft gear; the vacuum pump drive shaft, with
collar in position against the flange; the vacuum
pump drive shaft adapter with gasket: the fuel
pump drive and adapter assembly with gasket:
the governor drive and adapter with gasket; and
the odapter covers with goskets, flat washers,
and nuts. Tighten the nuts and secure with
palnuts,

OIL PUMP Insert the drive and driven

shafts in position in the pres-
sure section of the oil pump body. Apply a thin
coating of shellac or gasket compound to the
clamping surfaces of the spacer and assemble
the spacer in position on the pressure section
of the body. Assemble the scavenge gears on
the shofts, exercising core to see that the scav-
enge drive gear is properly keyed to the oil
pump drive shaft. Place the spare drive beveled
gears in position in the scavenge section of the
pump body and assemble the scavenge and
pressure section and the pressure section of the
pump together. Insert the oil pump body screws.
Tighten and secure with lock wire. Place the
covers and gaskets in position on the scavenge
section and secure them with washers, nuts, and
palnuts,

Insert the finger strainer and spring in posi-

y ."’,-f's'r-r'vr-,' K
'17’
FIGURE 62—Instolling Generator Drive Idler Gear Assembly
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tion. Install o gazke? on the strainer cover and
czcrew the cover into the pump body.

Insta!! the cil pressure relicf velve body in the
cil pump. lncert the bell and spring in pesition
and screw in the odjusting screv. Assemble the
leck nut and cep. The valve should be adjusted
for the cerrect pressure when the engine is
tested. Place the oil pump beveled gear in
position.

Coct the accessory drive
shaits and gears with en-
gine cil and insert the shafts in position. As-
semble the cccesscry drive geer: en the front
ends of the shafls, excrcising carc to see thet
the gears are properly keyed. Insiafl the nuts
and secure them with cotierpins.

GENERAL

Lubricate the starter drive gear and starter
shaft with engine oil and plece these parts in
position. Assemble the nut on the end of the
starter shaft bolt but do not tighten it.

The various accessory drives end the cil pump
are installed in the following order: the tach-
ometer and fuel pump drive thaft assembly; the
tachometer drive assembly; the fuel pump drive
cssembly: the generator drive gear and shoft;
the generator drive idler gear assembly; ond the
oil pump. {Refer to figure 62.) Use the proper
gaskets when instolling these parts. Care should
be exercised to tee that the gears mash cor-
rectly end thot the parts have the proper fit.
Cotter cor lockwire all nuts.

Place the accessory drive shaft oil seals in
pesitien,

IGNITION WIRE MANIFOLD AND RADIO SHIELDING

DISASSEMBLY

At the time of ecch engine overhaul, the igni-
tion wire assembly or the radio shielding «s-
sembly should be disassembled and the ignition
cable discarded.

Disassemtly of a standard ignition wire moni-
fold cclls merely for removal of the ignition wire.

If the assembly is of the radio shiclded type,
the manifold ring, magneto and spark plug con-
duits, and the magneto covers should be sepa-
rated from each other by unscrewing the
kavrled nuts. The disassembly can best be ac-
complished by first removing the distributor
blocks ond the termincl assemblies, from the
spark plug conduits, then the conduits from the
manifold ring. The wires can then be pulled
from the manifold. The conical rubber gaskets
tound on the wires should be discarded.

Prior to inspection wash ofl the peris of the
assembly thoroughly.

INSPECTION

Examine the monifold ring for cracks particu-
larly ot the outlets and et the bracket locations.
Note if the ring is dented ond inspect the
threads on each outlet.

Examine the brackets carefully for cracks.

Inspect carefuly the targe flexible conduits
batween f22 meifols ring crd the mognetes
for evidenze of abrasion or broken broid. Any
injured parts will require replacement.

Check all the clips used to secure the con-
duits to the engine to ascertain whether or not
they are fit for further use.

The terminals should be inspected for cracks,
ond the condition of the springs should be
noted.

REPAIR

Hammer out all dents from the manifold ring.
Cracks should be repaired by silver soldering or
brazing. Clean any burred threads on the out-
lets.

Flexible conduits which are damaged should
be replaced. Likewise replace any clips, ter-
minals, or springs that are injured.

ASSEMBLY

A copper ferrvle is wedged over the end of
the ignition cable which is inserted in the mag-
neto block. The cable strands are folded back
under the ferrule to insure good contact and
each ferrvle is stamped with its distributor
bleck number.

Rewire the manifold ring, installing the wires
in ;he proper numerical order. (Refer to figure
63,

Extreme care must be taken to avoid abrasica
or other domage to ignition cables while wiring
the manifold ring. A wack spot in the lacquer
pretective cocting cllows the rubker to be ai-
tacked resulting in ultimete failure.

Insta]l the flexible conduits over ecch spark
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FIGURE 83—Ignition Wiring Diagrem

plug cable and attach the termingls and springs.
New conical rubber gaskets should be installed
cn the cobles at the terminal connection. Should
tre extending ends of the cables appear to be
unnecessarily long, fe¢d them back into the mani-
fold ring as much as possible so that the extra
length will be available for future repairs.

Attach the magneto distributor blocks and
test oll ignition wires with o buzzer.

If it is necessary to replace one ignition wire,
strip the insulation from the magneto end of the
ignition cable to be replaced so that cpproxi-
wmately ere inch of the wire is bered. Bere the
some leaghh of wire ot one erd of the new coble
to be installed. Be careful not to cut any wire
strands when removing the insulation. Attach

the néw cable to the cable requiring replace-
ment by tying a tight square knet in the two
wires. Cover the knot with a smooth ball of
sclder of a diameter smoller than the outside
of the cable. Observe these instructions in order
to prevent domage to other cables when the
new cable is pulled into the manifold assembly.

Drow the new cable into the manifold assembly
by pulling on the spark plug end of the old cable.
This may be more easily accomplished if two
men work together, one pulling slowly on the
old cable and the other feeding the new cable
into the main ccnduit ot the mogneto end. Use
cs [itle force os possitle in pulling the cable,
since excessive tension greatly decreases the in-
sulating properties of the rubber. Coat the new
cable lightly with talc or powdered mica; no
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other anti-friction agent should be used for this
purpose.

When the now cablo hes beon drown through
tho manifold assembly for encugh to permit re-
assembly of the wiring harness, cut the old cable
from the new, and cut the new caoble to the cor-
rect length, Re-install the shielded spark plug
conduit, replacing the used rubber wosher with
a new washer. Re-install the spark plug terminal
elbow ond a new rubber washer. Attach a new
spark plug terminal contact sleeve to the spork
plug end of the new ignition wire.

SEALING

sealing compound (Scintilla
COMPOUND Sealing Compound No. 47—

W.A.C. 115973NI} be used to fill the air space
around the cable in the spark plug elbows, spark
plug terminal wells, and magneto terminal wells.
The compound is a non-hardening, semi-solid
compound and is tested to insure its consistency
ond insuloting qualities,

The following instructions caver specific appli-
cotions:

SPARK PLUG Hold the terminal securing
WELLS nut back and opply o thin

coat of the compound on the
outside surface of the insulating sleeve, Also fill
the contact spring secured to the insuleting
sleeve with the compaund. Push the insulating
sleeve into the spark plug well until the ridge ot
the end of the elbow rests in position on top of
the spark plug barrel. Since the compound i an
insulotor, remove any excess which may be
forced out ot the top of the spark plug barrel
with a clean lintless cloth.

Insure that the excess compound is wiped off
clean to prevent its being forced into the thread-

I# i¢ recommended that o

ed portions of the terminal nut and spark plug
or past the shouldor on tho elbow thus insuring
that the required matallic bond is not broken.
After the excess compound is wiped off, tighten
the terminal nut.

SPARK PLUG Sperk plug elbows may be
ELBOWS filled by use of an alemite

type pressure gun with a
suitable adapter to fit the terminal nut.

Remove the spark plug termingl sleeve from
the ignition cable. lnsert the end of the ignition
coble into the cdapter of the pressure gun and
screw the spork plug terminol nut down tight
on the adapter. lnject the sealing compound
into the spark plug elbow by means of the pres-
sure gun.

NOTE: Care must be token to prevent the
compound from forcing the ignition cable back
into the spark plug elbow. After filling the spark
plug elbow, remove the pressure gun and wipe
any excess compound from the ignition cable
with @ clean lintless cloth. Install the spark plug
terminal sleeve in the usual manner.

MAGNETO BLOCK .APPW a thin coat-

ng of compound on
TERMINAL WELLS ;he outside s':l’:’face

of each ignition cable for a distance equivalent
to the depths of the respective terminal wells
in the distributor block. Push the ignifion cables
into the proper terminal well and secure with
piercing screws in the usual manner. Remove any
excess compound with @ clean lintless cloth.

NOTE: Since the compound hes an adhesive
quality, care must be taken that the coated sur-
faces are kept clean of foreign particles and
dirt befors installing the terminals,

EXHAUST MANIFOLD AND COWL SUPPORT

Inspect the air heater ring for breaks and
dents.

Inspect the exhoust pipes and flanges for
ctacks and nicks. Examine the condition of the
finished surfaces.

laspect the exhaust manifold for cracks.

Examine the cowl support for cracks, paying
porticular ottention to the supporting plotes

and the stud supports. Check aff auts and rivets
for tightness, Check the studs for tightness and
for condition of the threads.

Replace the air heater pipe clamp if it is
damaged.

Make whatever stud or rivet replacements are

necessary. Cracked parts should either be re-
placed or welded.

ACCESSORIES

Info-mation concerning the disassembly, in-
specticn, repair, and assembly of the carburetor,
magnefos, and spork plugs moy be obtained

from the Wright Aeronactical Corporation, Ser-
vice Division or the respective monufacturers.



CHAPTER X

FINAL ASSEMBLY AND TEST

CRANKCASE MAIN Place the crankcase
SECTION AND E‘ci"h se’fﬁm" on a
CRANKSHAFT ench with the for-

ward end up.

Lubricate the rear main bearing hub on the
assembled crankshaft and the rear main bear-
ing in the cronkcaose main section. Lower the
crankshaft assembly inta the crankcase, inclin-
ing the shaft ot such an angle that the master
rod can be thrust through No. 1| cylinder open-
ing without the shoft striking the crankcose at
any point. The counterweights are kept approxi-
mately 90° to the master rod during this opera-
tion. Straighten the crankshaft assembly and
lower it into the rear main bearing.

ARTICULATED Cleon the articulated rods
RODS and knuckle pins and lub-

ricate the pins ond their
heles in the master rod before assembling the
connecting rod group. The knuckle pins and
master rod are so designed that the pins are a
press fit in the flanges of the master rod.

The knuckle pins, articulated rods, lock plates,
and master rod flange all bear numbers which
must index in assembly. This is of the utmost im-
portance since it insures the alignment of oil
holes and the satisfactory fitting of the parts.
The knuckle pin lock plates must be a tight fit
between the pins.

Select two articulated rods which employ the
same lock plate, hold them in place, and insert
the two knuckle pins. Assemble the lock plate
and the guides on the master rod, exercising
care to see that the guides are bottomed in the
lock plate screw holes. Align the slots of the
pins with the with the ends of the lock plates.
Ploce the ram in position on the knuckle pins
and press the pins in with the inserting and re-
moving fool. Remove the tool and lock plate
guides and assemble the lock plate screws and
screw locts in position. Tighten the screws and
bend the edges of the screw locks over the hex
flats of the lock plate screws. Install the remain-
ing articulated rods.

If it is necessary to install a new lock plate,
this port will have to be fitted as:all new lock
plctes are made slightly oversize. The lock plate
must be a tight fit between the knuckle pins.

FRONT MAIN Place gasket
compound on

BEARING SUPPORT |, parting

flange of the intermedicte section and slip the
section inte position over the front end of the
crankshaft, being careful not to injure the sur-
faces and noting that the oil holes in the parting
flange index with similar holes in the parting
flange of the main section of the crankcase.

FRONT SECTION See that the seven

crankshaft adapter oil
seal rings are properly installed on the adapter
and lubricate the odapter and ring assembly
tharoughly with engine oil. Insert the adapter
with rings in the front section from the redr
with the flanged end of the adapter foward the
front. If the engine is not equipped with the
hydro-controllable propeller operating mechan-
ism, ploce the thrust bearing spacer on the
crankshaft,

Apply a thin coating of gasket compound to
the parting flanges of the front section and in-
stall the front section in position, exercising care
to prevent damaging the shaft splines or threads.
Assemble the washers and nuts on the main sec-
tion to front section studs, except the studs
which receive the cowl support. Tighten the nuts
and secure them with lock wire.

If the engine is equipped with a propeller
governor assembly, the following procedure is
recommended to assemble the front section on
the crankshoft. Two teeth, which are directly
‘above the keyway on the crankshaft propeller
governor gear, should be marked with red paint,
or its equivalent, in such a manner that the
marks con be seen through the breather plug
hole when the oil seal and gear assembly are
placed in the front section. The key is placed in
the groove on the crankshoft. The nose section
can then be worked onto the crankshoft taking
care to see that the red marks on the crank-
shaft propeller governor gear line up with the
key. The governor bevel gear drive shaft adapter
can then be mounted on the governor pad.

Lubricate the threads in the thrust nut ond
on the shaft with o mixture of white lead and
engine oil and install the thrust nut on the shaft,
using the front cover crankshaft oil seal ring in-
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serting clamp to prevent domaging the thrust
nut oil seal rings,

CRANKSHAFT Instoll the cronkshoft geor
GEAR on the rear end of the
cronkshaft with screws

provided for this purpose. Secure the screws
with lock wire.

Fasten the crankcase

CRANKCASE .
REAR SECTION rear and diffuser sec-

tion securely through the
mount holes to the assembly stand with six bolts
with the forward side of the diffuser section
facing up.

Apply a thin cooting of gasket compound to
the rear parting flange of the main section and
assemble the main section to the combined dif-
fuser ohd rear sections. Assemble the washers
and nuts on all rear to main section studs with
the exception of the studs which receive the
ignition wire manifold clips. Tighten the nuts and
secure them with lock wire.

Install the ignition wire mani-

RADIO fold radio shieldi laci

old radio shielding, placing
SHIELDING the manifold clips over the
front section to main section studs. Assemble
the washers and nuts &n these studs. Tighten the
nuts ond secure them with lock wire.

THRUST NUT [Insert fiber drift through

the piston pin bushing of
the master rod and tighten the thrust nut with
the wrench designed for this purpose and a lead
hammer. Refer to figure 64.) Care must be
taken that the parts have been installed prop-

erly and that the thrust nut is bottoming car-
rectly.

CYLINDERS Storting with No. I cylinder,

the master rod cylinder, as-
semble the piston and piston pin in place, lu-
bricating the piston pin before its insertion. Make
sure that the piston pin retciners are in place
and that the side of the piston becring the
stamped number is towards the front of the

engine. USE NEW PISTON PIN RETAINERS.

Apply a coating of lubricating oil to the pis-
tons and rings. Avoid excessive use of the oil os
droinage into the scombustion chamber may
cause fouling of the spark plugs. Coat the cyl-
inder bore with oil, place the rubber oil seal ring
over the borrel and down against the cylinder
mounting flange, and place the piston ot ap-
proximately top center. Using @ clamp to com-
press the piston rings, slip the cylinder over the
piston and hold-down studs. (Refer to figure 65.)
instoll the ignition wire clip in place ond os-
semble the hold-down stud nuts on the studs.
Tighten the hold-down nuts and screw on the
palnuts.

As soon as No. | cylinder is installed, proceed
with the installation of the remaining pistons and
cylinders.

INTAKE PIPES, AIR Slip the intake pipes
into th king nuts
DEFLECTORS, AND 15 7o 02 e

air deflectors on the
cylinders, Secure the baffles and the intake pipe
flanges. Do not neglect to insert the gaskets
under the intake pipe flanges. Tighten the intake
pipe packing nuts with the wrench provided for
this purpose, exercising care to prevent injury to
the pipes while performing this operation; it is
possible to swedge the pipes by excessive tight-
ening of the packing nuts. Install the hydro oil
line if one is vsed.

FIGUKE ¢<—Tightening Propelier Shoft Thrust Nut
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VALVE OPERATING 'ﬂsfa‘" the push rod
MECHANISM ousing hose con-

nections and
clamps at each end of the push rod housings.
Only one clamp is used at the rocker box end.
This end of the housing may be identified by its
smaller diameter while ot the crankcase end
there is beading directly on the end of the hous-
ing. Be sure the tappet springs and sockets are
in ploce. Install the housings on the engine ond
slide the hose connections into position at each
end. The housing should be held against the con-
nection at the rocker box end while the clamps
are being tightened.

Insert the push rods and assemble the rocker
arms and rocker hub bolts in the rocker boxes.
Insert the bolts from the cylinder side of the
boxes. Assemble the washers and hub bolt nuts.
Tighten the nuts. If these nuts are not tightened
securely, the inner races of the bearings will
turn, resulting in wear of the rocker boxes. If
tightening the nut causes the bearing ta bind, it
is an indication that the bearing is defective or
nat clean.

VALVE TIMING Slip the timing disc over
the front end of the

crankshaft and attach the pointer. nsert the top
dead center indicator in No. | cylinder front
spark plug hole and check the accuracy of the
pointer setting. To do this, turn the crankshaft
in. the normal direction of rotatian uatil the
pointer on the top dead center indicator reg-
isters zero. Nate the reading an the timing ditc
pointer. Continve to turn the crankshaft in the
same direction until the pointer on the top dead
center indicotor has gone post and returned to
the zera mark. Again note the reading on the
timing disc. Turn the cronkshoft backward about
one-quarter of a revolution; then turn it forward
until the timing disc pointer indicates o point
on the timing disc exactly midway between the
two readings previously obtained.

Adjust the poinfer to indicate exactly zero
degrees on the timing disc. Screw in No. 9 cyl-
inder intake valve clearance adjusting screw
until the thread is flush with the rocker arm.

Rotate the crankshaft in the direction of rota-
tion until No. 9 cylinder intake valve begins to
open. Tap the push rod end of the rocker
arm of No. 1 cylinder with g piece of fibre or o
mallet. Set the clearance of both valves of No. |
cylinder ot 070 inch (1.778 mm.).

Clasp the rocker roller of No. | intake valve
with fingers and turn the crankshaft in the normal

direc ion of rotation. As soon as the rocker
roller binds, loosen the lock nut on the rear end
of the starter shaft bolt. Insert o screw driver
in the slot provided on the end of this bolt and
push ine bolt forward to disengage the timing
serrations on the front end of the belt. (Refer
to figure 66.)

FIGURE 66—Disengaging Timing Serrations

Turn the crankshaft until the timing disc reg-
isters 10° before top center.

Permit the starter shaft bolt to slip back into
position, re-engoging the timing serrations.
Tighten the nut on the rear end of the bolt. Back
it off one-holf turn and attempt to rotate the
bolt to make sure that the serrations are in
mesh, Tighten the nut and secure it with a cotter-
pin, exercising care to prevent dropping the pin
in the rear section. Rotote the crankshoft again
in the direction of normal rotation and note the
point of which the cam opens No. I intcke valve
and the point at which No. | exhaust valve
closes. Allowoble variotions are: intoke volve
opens 8° to 12° before top center; exhaust
volve closes 28° to 32° after top center.

VALVE CLEARANCE As soon os the en-

gine is timed cor-
rectly, turn. the cronkshoft until the valves of
No. I cylinder indicate that the piston of No. [
cylinder is ot top center at the beginning of the
suction stroke. At this point both valves will be
open. Turn the cronkshoft through one complete
revolution, insert a .010 inch (.254 mm.) clear-
ance shim under the rocker arm roller and tighten
the valve clearance adjusting screw until the
shim is a snug it between the roller and the
valve stem. [Refer to figure 67.)
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FIGURE 67—Adjusting Yalve Clearance Adjusting Screw

Having adjusted the clearance of both valves
of No. I cylinder to .010 inch (.254 mm.] proceed
to adjust the clearance of the remaining valves,
taking the cylinders in order of their firing and
repeating the operations explained for No. |
cylinder.

As a means of insuring that the valve clear-
ance adjusting screws will not work loose in
cperation, it is recommended that their tight-
ness be tested each time they are readjusted.
This check should be made after the clamp
screws have been tightened. Use a screw driver
on each adjusting screw to make certain that
they will not move. Replace any that move with
parts selected to give the proper fit. The de-
sired fit is one which will require moderate exer-
tion on a screw driver to move the adjusting
screw before the clamp screw is tightened. Take
care to insure that the holes in the adjusting
screw do not line up with the split in the rocker
arm.

At the time the clamp screws are tightened,
make certain that the lock washers which are
used under them .ore not cracked or broken.

Install gaskets and rocker box covers on all
cylinders except No. 1.

MAGNETOS, Magnetos equipped
ADJUSTMENT OF  ¥ith the pivotlss fype

reaker must not
PIVOTLESS TYPE under any conditions
BREAKERS be altered to obtain

the .012 inch (.304 mm.) gap which is required
with the lever type breaker. Any such change is
almost certain to throw the magneto badly out

of time with resultont danger of loss of power
and fire hazard in starting.

Before installing the magneto, check the ad-
justment of the brecker contacts as directed in
the following paragraphs:

Before a breaker is adjusted in service, it
should be wiped out with a clean cloth moistened
in gosoline. When doing this, do not permit gaso-
line to come in contact with the cam follower
or the follower felt. Gascline on these would re-
move the glaze from the follower and thin the
oil in the felt. To check the contact breaker ad-
justment, turn the magneto drive shaft until the
timing mark provided on the distributor cylinder
lines up with the corresponding mark on the
magneto front end plate. The distributor rotor is
now in pasition to distribute a spark to the dis-
tributor block electrode of cylinder No. I.

Place a straight edge, preferably a steel
scale, against the face of the step cut in the
cam. Turn the magneto drive shaft slightly uatil
this straight edge coincides with the lines cut in
the rim of the breaker housing. In this position
the breaker contacts should be just opening.

Pivotless breakers must be adjusted so that the
contacts open at the proper position of the cam;
they are not adjusted for any fixed clearance
between the contacts as is the case with lever
type contact breakers.

If inspection shows that the position of open-
ing of the contacts requires adjustment, loosen
the two screws which fasten the breaker support
to the breaker housing. Hold the cam in position
to open the contacts as indicated by the straight
edge and adjust by means of the eccentric in the
breaker housing until the contacts are just open-
ing. Secure them in this relation by tightening
the screws.

The position of opening can be most conveni-
ently checked by placing o piece of thin cello-
phane tissue of the thickness used for cigar or
cigarette wroppings between the contacts and
pulling against it lightly. When the tissue slips,
the contacts are opening. Be sure, however, no
trace of such material is allowed to remain be-
tween the contacts. The position of opening can
also be checked with a lamp and battery, in
which case a piece of thin insulating material
must be placed between the primary contact
brush of the coil and the back of the breaker
housing to prevent battery current from flowing
through the cail.

When checking the adjustment of magneto
pivotless type breakers with cellophane, if the
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FIGURE 68—Timing Mogneltos to the Engine

brecker spring itself is lifted to insert cellophane
or paper between the points, a permanent set
may result from excessive bending. The correct
procedure in adjusting the points is to lift the
cam follower, causing the points to open. Do not
lift the spring. Inasmuch as the movement of the
cam follower is limited to a safe amount by its
cons‘ruction, the breaker spring cannot be dam-
aged by this procedure. If a breaker spring is
suspacted of having low tension, it can be check-
ed by using @ common spring balance reading in
ounces (grams) up to at least two pounds
(.90718 Kg.). The correct value for the tension of
this spring is 20 to 32 ounces (566.95 to
907.18 g.) ot the instant the points break, Mea-
sure the tension of the spring by using the spring
balance ot the point normally in contact with the
fibre cam follower.

Owing to the wear of the cam follower, it may
be found necessary to adjust the eccentric to its
maximum position in order to permit the com
follower to lift the main spring and movable con-
tact points at the instant the straight edge coin-
cides with the timing marks. If this relation can
be obtained, the cam follower is satisfactory for
further service. However, during major overhaul,
if, ofter having adjusted the eccentric to its
maximum position, it is found that, the straight
edge slightly passes the timing mark (as the drive
shaft is turned in direction of the rotation of the
magneto) before the contact points begin to
open, install a new cam follower. During period-
ical inspections made between major overhaul
periods an ollawance of !/ inch ,3.175.mm.) be-
tween the timing mark on the rim of the breaker
cup and straight edge is permissible.
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MAGNETO TIMING Turn the crankshaft

in the direction of
normal rolation until the timing disc indicates
25° before top center on the compression stroke
of Neo. | cylinder piston. (Refer ta figure 68.)
When the pisten is in this position, both valves
are closed. Apply a heovy grade of vaseline to
the spline of the magneto coupling geor ond
drive, and ploce the right magneto into position
on the rear section of the crankcase, noting that
the marks on the magneto distribuier geor index
with the marks on the front cover. If @ magneto
pilot spacer is used, make sure that this part is
in place.

Place a thin sheet of cellophane between the
breaker points of the magneto and move the
magneto by tepping it lightly near the base until
the paper can be slipped from between the
points of the breaker. Remember that the hold-
down nuts on the flonge of the magneto must
be loose enough to permit this movement of the
mogneto by light faps. As soon os the poper can
be slipped from between the breaker points,
tighten the hold-down nuts of the magaeto so
that the magneto is rigid. If the slots in the
magneto flange hit the studs before the proper
timing is obtained, remove the magnets and
mesh the next tooth in the coupling.

Replace the paper between the breaker points
and rotatz the cronkshaft ogain, noting the
point at which the breaker points part ond re-
lease the paper. If this is within 1° of 25° before
top center, no further odjustment need be
applied.

The same procedure is followed in the timing
of the left magneto. Both magnefos should be
synchronized.

Install the rocker box covers on No. { cylinder.

SPARK PLUGS Assemble the spark plugs

and waoshers in the cylin-
ders. Use a solid copper spark plug gasket, the
thickness of which is between the limits of .068
pericds ond allowance of /g inch {3.175 mm. be-
eylinder head thermocauple under the rear
spark plug of No. t cylinder. Tighten the plugs
with the special wrench designed for this
purpose.

GENERAL Check the ignition wires for cor-

rect location with @ buzzer, Con-
nect the wires Yo the spark plugs ond magnetos,
and see that the wires are properly braced to
prevent abrasion.

Place the gaskets on the exhaust elbows and

install the exhaust flanges with stacks. Secure
the flanges with washers, nuts, and cotterpins,

Fosten the cowl support on the main to front
section studs with the air scoop at the top.

Assemble the exhaust manifold and hegter
rings on the cowl support.

Place the gosket over the carburetor elbow
gttaching studs ond instoll the elbow, carburetor,
and heater assembly as o unit. Assemble the
woshers ond nuls on the studs. Tighten the nuts
and secure them with lock wire.

install the air heater pipe in pasition and
secure the pipe to the air heater with the clamp
provided for this purpose.

TEST PROPELLERS Whirlwind engines
that are to be test-

ed should be fitted with a four-blode test pro-
peller or ¢ modified flight propeller. Due to the
difficulty which is normglly experienced in ob-
toining the proper flow of cooling air over the
cylinder barrels while running an engine fitted
with @ modified flight propeller en o test stand,
it is desirgble o use the conventional type four-
blode test propeller. If a test propeller is not
avqilable and it is necessary to use a modified
flight propeller, care should be exercised to see
that the specified cylinder and oil temperatures
given in the Table of Engine Charocteristics are
not exceeded during the test.

To modify a flight propeller for test purposes,
the blade tips should be cut-off, the pitch in-
creased, and the propeller balanced.

There ore two factors which must be tcken
inte consideration: first, the pitch setting should
be such that the engine will turn its rated revolu-
Yions per minvte without exceeding the moximum
permissible manifold pressure; and second, the
propeller blades must be short enough to allow
an increase in pilch sufficient to provide the
proper cooling while at the same time their
length must be great enough to give the neces-
sary flywheel effect when determining the idling
characteristics of the engine.

Additionol information on the subject of test
propellers may be obtained from the Wright
Aerenautical Corporation, Service Division.

DURATION OF The run-in time which
TESTS should be given an aver-

havled engine depends
lorgely upon the number and the noture of the
parts replacad. The following tobles may be
varied according to the judgment of the opera-
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tor but it is recommended that in all cases the
total time given for the various runs be consid-

Before starting on engine the first time after
overhaul, the engine oil should be hecated to

ered as the minimum.

140° F. (60° C.).

OVERHAUL WITHOUT REPLACEMENT OF PARTS

Start run ot 45%, rated speed.
rated speed.
rated
rated
roted
roted
909, roted
95%, rated
roted speed. Run for thirty minutes,

Run for ten minutes.

Increase to 587, Run for ten minutes,

Increase to 679, speed. Run for ten minutes.

74,
Increase to 799,
85%

Increase to speed. Run for ten minutes.

speed. Run for ten minutes,

Increase to speed. Run for ten minutes.

Increase to speed. Run for ten minutes.

Increase to speed. Run for twenty minutes.
lncrecse to

CHECK the idling characteristics, operation on either magneto at a M.A.P. of less than 30" Hg., and
acceleration when throttle is opened both slowly and rapidly.

OVERHAUL WITHOUT REPLACEMENT OF CYLINDERS OR PISTONS

Start run ot 45%, rated speed. Run for ten
58%
Increase to &7%,
to 749,
Increase to 79%,
849,
increase to 839
MY,
increcse to 959,

minutes.

Increase to rated speed. Run for ten minutes.

rated speed. Run for ten minutes.

Increase rated speed. Run for ten minutes.

rated speed. Run for ten minutes.

Increase to Run for ten minutes.

rated speed.
rated speed. Run for thirty minutes.
rated speed. Run for thirty minutes.
roted speed. Run for thirty minutes.
rated speed. Run for thirty-five minutes.

CHECK the idling characteristics, operation on either magneto at o M.A.P. of less than 30" Hg., ond
acceleration when throttle is opened both slowly and rapidly.

OVERHAUL WITH REPLACEMENT OF MAJOR PARTS
] 000 Ay Start run ot 459, rated speed. Run for fifteen minutes.

Increcse to

Increase to

Increase to 609, rated speed. Run for fifteen minutes. /3¢ 4
/¥7 &~ Increase to 679, roted speed. Run fer twenty minutes.
Increase to 759, rated speed. Run for twenty minutes. /& o ¢
/28D Increase to 809, rated speed. Run for twenty minutes.
Increcse to 85%, rated speed. Run for thirly minutes. /&30
#7950 increase to 88%, roted speed. Run for thirly minutes. _
Increase ‘o 909, roted speed. Run for sixty minutes. 1579
&7¢ ¢ lIncrease to 95%, rated speed. Run for sixty minutes.

Increase to rated speed. Run for thirty minutes. A20?

CHECK the idling characteristics, operation on either magneto ot a M.A.P, of less than 30" Hg., and
acceleration when throttle is opened both slowly and rapidly.
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7J.-78 WRIGHT AERONAUTICAL CORPORATION

TATCLE OF CERVICE LIMITS TL-79
VRICHT VIRIDLYARD 7 ARD 9 CREINGS
Refer to Drowing Number 415842
All chanozs in the Tab'e of Limits arn issuad s Service Bulletins by the Scivice Divisian,
WWrisht Ariencutical Corporclion

am | Che:r Minimum | Moximum | Minimum | Moximum
Na, No. ITEM NAME (in.) (in.) {mm.) {mm.)

1 1 Racker Reller b and Pin Dia.| .0017 .00gL | 0,0257 | 0,051L

2 1 | Rocker Roller Hub ond Reller Dia.| .0015L | .020L | 0,038L | 0,508L

*3 1 | Rocker Raller Hub and Rocker Arm
Side Clearance | Rivet Tight Rive? Tight

41 1 |Rocker Roller and Rozler Aom
Side Clearance | 0025L | .050L | 0,241L | 1,270L

Rocker Box and Rocker Bearisa (Befare

Clamping) Side Clearance | .004L | .020L | 0,2709L | 0,508L
6| 1 |Rocker Bearing Bore and Rocker Bolt  Dia. | .000 .004L | 0,000 | o0,102L

e
-—X

Rocker Becring Qutside Diameter and
Rocker Arm Dia.| .0007T | .002L | 0,018T7 | 0,051L

Rocker Bolt and Cylinder Head Dia.| .0005L | .005L | 0,013L | 0,127L

Outer Valve Spring—Wire Dia. 1757
(4,445 mm.) Tension at 1.38" - 4 /?
(35 052 mm.) Height 49.39 lb. 22,35 kg,

1
10 @ Intermediate Valve Spring—Wire Dia.

~d
-k

.135" (3,429 mm.) Tension ot
1.387 (35 052.mm.) Height VS/

loner Valve Sprmg-—Wue Dia. .112 {%’L

30.07 lb. 13,63 kg.

11
(2,845 mm.) . Lle:'\slon at1.34"
(34,036 mm.) Heig l P Sy

£12 |1 1 | Valve Guide and Vc|ve latake (Large
Dia. Valve Stem) Center Dia. | .0025L | .006L | 0.,064L | 0,152L
End Dio. |.0095L | 0081, | 0,064L | 0,203L

20.91 Ib. 9,50 kg.

F12A| 1 Vaive Guide and Valve Intake
{Small Dia. Valve Stem) Center Dia. | .0095L | .008L | 0,064L | 0,203L
End Dia. | .0025L | .010L | 0,064L | 0,254L

#13 | 1 | Volve Guide ond Valive Exhaust

(Large Dio. Valve Stem) Center Dia. | .005L | .010L |0,127L |0,254L
or? End Dia. | .005L__| 013 | 0427L |0/330L

F13A] 1 | Volve Guide ond Valve Exhaust
{Sxali Dic. Valve Stem) Center Dia. | .005L |.012L. |0,127L |0,305L

nd Dia. | .005L |.0t5L [o0,127L 0381L

14| 1 |Velve Guide and Cylinder Head—Intake
(Shiink Fit) Dia. | .0008T |.00237 | 0,0207 |0,058T

® 3 Refer to carterpondingly numbared notas on poga 108,
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fre n Cher Minimur ximu nime xil
Mo, | Ne. TEM NAME Gy’ ™ M3 | Miimam [ Mximors
15| 1 | Valve Guide cnd Cylinder Head—Exhaust
(Skrink Fir) Dia. | .002T .0035T | 0,051T | 0,089T
16| 1 | Velve Sect and Cylinder Head—Exheuyst
(Shrink Fit) Dia.| 0117 |.015T | 02797 | 03817
171 1 | Valve Seat and Cylinder Head—Iniake
{Shrink Fit) Dia.| 0117 | .015T | 0,2797 | 0,3817
18| 1 | Cam Hub Beoring Spacer
19| 1 | Valve Toppet Ball Socket Sering
Wire Diameter 051" (1,295 mm.)
Tension ot 2.18" (55,372 mm.) 7.74 Ib. 3,55 kg.
¢0 | 1 | Valve Tepret Guide and Valve Teppet
{Selcet Tapoet to Chtain This Fit) Dia.| .0003L | .0018L | 0,0606L | 0,046L
21 1 | Valve Tappet Guide and Crankeease Dia.| .001T | .003T | 0,095T| 0,0767
22| 1 | Volve Toppet Reller and Roller Pin Dia.| .003L | .007L | 0,076L | 0,178L
¢3| 1 |Piston and Piston Pin @ Dic.| .0005T | .003L | 0,013T | 0,076L
24| 1 | Piston Groove #1 (Top) ond Ring
ide Clearcnce| .0075L | .010L | 0,191L | 0,254L
£294A] 1 | Piston Gicove #t{Top) end Rin
Wedge) gide Clearance | .002L >: .006L | 0,051L] 0.,152L
25| 1 | Piston Groove #2 ond Ring  Side Clearance| .006L | .0085L | 0,152L | 0,216L
225A| 1 | Piston Groove #2 and Ring (Wedge) K
Side Clearance | .002L "00sL | 0,051L ] 0,152L
26| 1 | Piston Gioove #3 and Ring  Side Clearance .OOQEL‘,{ .007L | 0,114L ] 0,178L
21| 1 | Piston Groove #4 and Ring (Scraper Ring)
ide Clearance| .0045L | .007L | 0,114L| 0,178L
#27A| 1 | Piston Gioove £4 and Ring (Uniflow Piston)
Side Cleorance| . 0,229L | 0,305L
270l 1 | Piston Groove #4 and Ring (Qil Control
Ring) Side Clearance 0,514L ] 0,191L
28 | 1 |Piston Groove £5 and Ring  Side (learance 0,114L] 0,178L
+99| 1 | Piston and Cylinder—Center of Skit €¥ Die.| .023L |.035L | 0,584L | 0.889L
30| 1 | Piston Pin Bushing and Master and
Auticulated Rods (Split Bush.) Dia.| .0045T | 00657 | 0,114T | 0,1657
#30A| 1 | Piston Pin Bushing ond Master and
Anticulated Rods (Solid Bush.) Dia.| .001T | .005T | 6,025T | 0,1277

® & Refee to correspondingly nutnbeted notes on page [08.
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liem | Chan Minimum | Mazimum | Minimum |Meximum
o, | Ne. ITEM NAME {in.) (in.) (mm.) (mm.)
31 1 | Piston Pin end Bushing Dia.| .0015L | .005L | 0,038L | C,197L
39 | 1 | Master Rod End Clearance on Crankpin 013L | .050L | 0,330L]1,270L
23| 1 | Cronkpin Beoring ond Master Rod
(Shrink Fit) Dia.| 0017 .003T | 0,025T7 | 0,0767
341 Crankpin Bearing and Crankpin (Select
at Acsembly) Dia.| .0025L | .CO6L | 0,064L | 0,152L
*3da| 1 | Cronkpin Pearing and Cronkgin (Selec
at Assembly) Dia.| .003L | .0065L | 0,076L | 0,165L
2341 1 Crankpin Bearing and Crankpin (Select
at Assembly) Dia.| .0035L | .006L | 0,089L ] 0,152L
73 1 | Knuckle Pia gnd Master Red. Dia.| .000 00157 | 0,000 | 0,0387
23| 1 | Knuckle Pin Bushing and Master Rod
Side Clearance| ,006L | .030L | 0,152L | 0,762L
37 | 1 | Knuckle Pin Bushing and Asticulated Red
(Split Bush.) Dia.| .0045T | .0065T7 | 0,114T | 0,165T7
37A| 1 | Knuckle Pin Bushing and Articulated Red
{Solid Bush.) Dia.| .001T ,005T | 0,095T | 0,127T
3 | 1 | Knuckle Pin Bushing and Knuckle Pin Dio.| .0015L | .00S5L | 0,038L ] 0,127L
39 | 1 | Main Bearing Support and Crankcase
Front Section Dia.| .003T | .005L | 0,0767 | 0,127L
40 1 Main Front Bearing Suppart and Bearing
Ring ia.| .0037 0087 | 0,076T | 01527
41 | 1 | Main Front Bearing ond Bearing Ring  Dia.| .0002T | .006L | 0,0057 | C,152L
42 | 1 | Main Front Bearing and Crankshaft Dia.| .0002T | .0013T | 0,005T7 | 0,033T
43 | 1 | Allowable Run Out of Crankshaft ot Center
Big. When Supported at Thrust and Rear
Main Bearing .004 Mlax. Full | 0,102 Mlax. Full
Indiclator Indic|ator
Redlding Realding
44 | 1 | Thrust Brg. and Frt. Section Dia. | .0002L | .004L | 0.005L | 0,102L
45 | 1 | Thrust Bearing and Crankshaft Dia. | .0002T | .000%9L | 0,0057 | 0,023L
45 | 1 | Theust Bearing and Front Cover Clamp Shim .005T |.007T |0,127T | 01787
47 | 1 | Allowable Run-Out of Ciankshalt at Thrust
Becring Joumol When Supported ot Front
and Rear Becrings 004 Mlox. Full 0,102 Mlax. Full
{ndiketor Indifcator
RecKing Realding

® = Feler %0 cartigoadiagly Aumbered aates on page 100,

&3 Ak Nomé
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frem | Chant Minimum | Moyvimum | Minimum | Moximum
No. | Ne. ITENM NAME (in.) (in.) (mm.) (mm.)
48 1 Crankease Front Cover and Crankcase
Front Cover Sleeve Dia. | .003T | 0067 | 00767 | 0,159T
491 1 | Main Bev:ing Support and Crankease
Main Section Dia. | .0027 .006L 0,051T | C,152L
SO| 1 |Propeller Shaft Thrust Beoring Nut
and il Seal Ring Side Clearance | .002L | .028L | 0,051L| 0,711L
*51 1 | Thrust Bearing Play . .090 0,5C8
59| 1 | Crankshalt Frant and Crankshalt Rear
(Before Tightening Screw) Dia.| .0017 | .005L | 0,02sT| 0,197L
53 1 | Cionksheft Rear End Plug and Crenkshalt Dia. | .000 0027 | 0,000 | 00517
54| 1 | Ganksheft Rear Geor Hub ond Crankshaht
Geor Dia.| .001L | .005L | 0,025L] 0,127L
55| 1 | Cronkshaft Rear Geor Hub and Crankshaft
Gear Side Clearance | .001L | .008L | 0,095L | 0,203L
56| 1 |Cronkshalt Rear Spring—Wire Dio. .195"
(3,175 mm.) Tension at .713" Height
(18,110 mm.) 181 Ibs. 82,2 kg.
57| 1 | Crankshaft Rear Bearing and Rear
Crankshaft Dia.| .002L | .0045L | 0,051L] 0,114L
58| 1 | Gankshaft Rear Bearing and Crankcase
Main Section (Shrink Fit) Dic.] .002T | .0047 | 0,0517| 0,1021
59| 1 |Rear Crankshaft and Counterweight
Pin Bushing Dia.| .001T | 00257 | 0,025T | 0,064T
60| 1 |Rear Crankshaft and Counterweight
Side Clearance | .006L | .015L | 0,152L| 0,381L
61| 1 |Rear Caunterweight and Stop .041L | .060L | 1,041 1,524L
62| 1 Rear Counterweight and Bushing Dia. | .0015T | .003T | 0,038T | 0.0767
63| 1 |Starter Drive Gear Bushing and Diff,
Section Dia. | .001T | .003T | 0,025T | 0,0767
64 | 1 [Storter Drive Gear and Bushing Dia. | .001L | .008L | 0,025L | 0,203L
65 1 | Starter Shaft Bushing ond Sholt Dia. | .00tL | .008L | 0,095 | 0,203L
66 | 1 |Starter Shaft Bushing and Rear Section  Dia. | .001T | .003T | 0,025T | 0,076T
67| 1 |Stener Shaft End Clearance | .013L |.0S0L |0,330L | 1,270L
68 | 1 |Swocter Drive ond Ciankshalt Gear  Backlash | .C08 095 0,203 | 0,635

Refer to corcaspondiagly numbered notes om page (08,
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100 APPENDIX
T1.-79 WRIGHT AERONAUTICAL CORPORATION
Iiam | Chan Minimum | Maximum| Minimum | Maximum
t4n, | No, ITEM NAME (in.) (in.) {mm.) (mm.)
60| 2 | Qil Check Valve Spring—Wire Dia.
036" (0,914 mm.) Tension at 1.44”
(36,576 mm.} Height 1.575 lb. 0,715 ka.
70 2 | Oil Suction Stroiner Soring—Wire Dia.
L063” {1,600 mim.} Tension at 314"
(79,502 mm.) Haight 6 ib. 2,72 kg.
71 9 | Vacoum Pump Drive Sheft end Vacyum
ump Drive Gear Backlash | .004 025 0,102 | 0,635
721 9 | Oil Pump Idler Shaft ond Oil Pressure
Pump Body. Dia.| .001L | .0095L ] 0,025L. ] 0,064L
73 2 | Oil Pump Idler Shoht and Pump Spacer  Dia.| .002L | .0035L | 0,051L | 0,089L
74| 2 | Reverse Type Geonerctor {dler Pinion and
Bracket Dia.| .001L | .008L |0, 025L] 0,203L
75| 2 | Reverse Type Generator ldier Geer and
Pinion Backlash | .004 050 0,102 | 1,270
76| 2 | Oil Pressure Relief Valve Body and
Oil Pump Body Die.| .000 | .00sL | 0000 |o0127L
77| 2 | Oil Check Valve Body and Crankease
Rear Section Dia.| .001T .001L | 0,025T | 0,025L
73 2 | Oil Pressure Relief Valve Spring
Wire Dia. .048" (1,2192 mmi.)
Tension at 114" (31,750 mm.)} Height 4.95 ib. 2,245 kq.
791 2 | Oil Pump Drive Shalt and Oil Pump
Idier Shoft Backlash | .004 .025 0,102 ] 0,635
80| 2 |Oil Pressure Pump Body and Oil Pump
3 Idler Shaft End Clearance | .002L | .005L |0,051L | 0,127L
81| 2 | OilPumpBody and Qil Pump Idler Shaft Die. | .001L | .0025L | 0,025L | 0,064L
82 | 2 | Oil Pump Body and Pump Geer
Side Clearcnce | .005L | .009L | 0,127L | 0,226L
%83 2 | Oil Pressure Pump Body and QOil Pump
Idler Shah Side Clearance | .004L 010L | 0,102L | 0,254L
84 | 2 | QOil Pump Body and Qil Pump ldler Geor
ide Clearance | .004L. | .010L [0,102L | 0,254L
85| 2 |QilPympBody and Oil Pump Drive Shaft Dia. | .001L | .0025L | 0,025L | 0,064L
86| 2 |Oil Pump Body and Vocuum Pump Drive
Shalt Bushing Dia. |.001T |.003T |[0,025T | 0,076T
87 | 2 |OilPumpldier Gearand Body End Clearance | .002L |.00SL |0,051L |0,127L

flafer to correspondingly numbered nofes on page iCS.
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APPENDIX 101
WRIGIHT AENRONAUTICAL CORPORNTION T1.-79
ltaen | Chart Minrimym [Maximom |Minimum [Moximem
No. No. ITEM NAME {in.} (in.) {mm) {mm)
83 | 2 | Ol Pemp Grive Shaft and Oil Pressuse
Pymp Body io. | .001L 0025L | 0,025L | 0064L.
89 | 2 | Qil Pump Drive Gear and Oil Pressure
Pums Body Dia. | .001L L0o08L | 0,095L | 02030
c0| 2 | Qil Pump Drive Shalt end Qil Pump
Czar Spacer ia. | .0c2L | .0035L | 0,051L ]| 0.,0¢5L
<91 2 | Cit Pumwp Drive Shaft Gear end Qil
Preccure Pump Rody Side Clearance | .004L | .010L | 0,102L | 0,254L
92 | 2 | Qil Pump Geer and Qil Pump ldler Gear
{Tctal Permissible Bocklash in Finished
Perin) Backlosh .025 0,635
93 2 | Oi Pump Body Bushing end Vacuum
Pump Diiverkeh Dia.]| .007L | .008L | 0,025L | 0,207L
#04*] 1 | Impelicr Shaft Rear Boll Bearing
Side Cleoronce | .005L | .0855L | 0,127L | 1.680L
95 | 1 |Impeller Shaft Ball Becring and
{mpeller Shaft Dia.| .0001L 0,003L
96| 1 Impeller Shaft Bearing Support and
Bearing Dia. | .000sL | .0013L | 0,013L | 0,033L
97 | 1 |Impeller Shalt Rear Bearing and Cage  Dia. | .0005L | .0013L | 0,013L | 0,033L
98 | 1 |!mpeller Oil Scal Ring Side Clearance | 0061 | .011L | 0,152L ] 0,279L
99| 1 |Impeller Oil Seol Ring Gap | 003 010 0,016 | 0,254
100 | 1 | Impeller and Shoft {Impeller Must Be Tight
Fit on Splines)
101 1 | Impeller Shaft Nut Lock and Nut
Side Clearance | .003L | .006L | 0,076L | 0,152L
102 | 1 | Impeller Shaft Nut Lack and Nut
End Clearance | .000 .004L | o000 | o0,102L
103 | 1 | Impeller and Supercharger Housing
(Feant) Side Clearonce | .022L | .027L |0,559L | 0,686L
104 | 1 | Impeller end Supercharger Housing
(Recr) Side Clearance | .018L | .072L | 0,457L | 1,8%%L
105 | 1 | Impeller Diive Gear Bearing and Support Clamp | Tight Clamp| Tight
106 | 1 | Impeller Drive Geos Pinion ond Bearing
Side Clearance | .008L 950 | 0,203L| 0,635L
107 | 1 | Supercharger latevmediate Gear ond
ushing Dia. .003T | 0,025T | 0.0761

3 Refer Yo correspundingly numberad noles on page 108,
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102 APPENDIX
TL-79 WRIGHT AERONAUTICAL CORPORATION
em | Chert Minimum | Magimum| Minimum | Moximum
No No. 1ITeEM NAME {in.} {in.} {mm.} {mm.)
108 | 1 |impeller Drive Geor Hub Bearing ond Impeller
Drive Geor Bushing Dia.| .003L | .006L | 0,076L | 0,i592L
109 | 1 | lmpelier Shaft Gear and Drive Gear Backlash]| .002 010 0,051 | 0,254
110 | 1 Impeller Drive Pinion and Crankshaft Gear
Backlash | .010 095 0,254 0,635
131 1 | Com Drive Pinion Spring—Wire Dia.
0627 (1,575 mm.) Tension ot 134"
(35,052 mm.) Heigh 8 Ibs. | 3.63 kg.
112 | 1 | Cam, Cam Hib and Attaching Screw  Dia. | .000 0027 | 0,000 | 0,051T
113 1 Cam Hub ond Com Bearing Dia.| .0015T | .0045T | 0,038T | 0.114T
114 | 1 | Cam Hub Support end Com Bearing Dia.| .003L | .008L | 0,076L | 0,203L
115 1 | Cam Hub Side Clecrance| .007L | .025L | 0,178L | 0,635L
116 | 1 | Cam and Cam Drive Pinion Backlesh | .006 095 0,152 | 0,635
117 | 2 | Accessory Driveshaft and Bushing Dia.]| .001L | .008L | 0,025L| 0,203L
118 | 1 | Hydro Contral Valve Adapter and
Crankcase , Dia.| .c02L | .006L | 0,051L ] 0,15¢L
119 | 2 | Aceessery Drive ldler and Starter and
Accessory Drive Gears Backiash | .004 095 0,102 | 0,635
120 | 1 | Accessory Drive Idler Gear  Side Clearance| .011L | .050L | 0,279L | 1,270L
1921 1 | Accessory Drive Idler Gear Bushing and
iHuser Section Dia.| .001T | .003T | 0,0257 | 0,0767
182 | 1 | Accessory Drive ldler Geer and Bushing Die.| .001L | .008L | 0,0925L | 0,203L
123 | 2 | Accessory Drive Shaft Bushing and
Crankcase Rear Section Dia.| .000 002L | 0,000 | 0,051L
124 | 2 | Accessory Drive Shaft and Rear Bushing Dia.| .001L | .008L | 0,025L | 0,203L
125 | 2 | Accessory Drive Shaft Rear Bushing and
Crankcase Rear Section Dia.| 0017 0037 | 0,025T | 0.076T
126 | 2 | Accessory Drive Shalt and Bushings
Side Clearance | .012. | .050L | 0,305L | 0,270L
127 | 2 | Accessory Drive Shaft—Bevel Gear and
Tachometer and Fuel Pump Drive Shalt
acklash | .004 .025 0,102 | 0,635
128 | 2 | Tochometer Drive Geaor and Sleeve and
Tachometer Shalt Bushing Dia. | .001L |.008L |0,025L | 0,203L
129 | 2 |Tochometer and Fuel Pump Drive Shalt and
Fuel Pump Diive Geor Dia. | .000 002l 0,000 |0,051L

2= Refer 1o cour dingl bered notes on poge 108.
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APPENDIX 103
WRICHT AERONAUTICAL CORPORATION TL-79
hhem | Chert Minimyrm | Moximum | Minimum | Mazimum
Ng. | Ne. ITEM NAME (in.) (in.) {me.) {mem.)
130 | 2 | Tochometer and Fuel Pump Drive Shelt and
Tachometer and Fue! Pump Drive Shalt
Adonter Dia. | .001L | .008L | 0095t | 0203L
121 | © | Tachcmeter and Fuel Pumg Drive Shoft ond
Tachemeter and Fuel Pump Qrive Sheft
Adapter ide Clearance | .006L | .020L | 0,152l | 0,5C08L
132 | 2 | Techometer Driving Gear and Drive Shalt
Gear Backlash | .004 025 0,102 | 0,635
133 | 2 | Teckometer Driving Gear and Sleeve Dia. | .00257 | .0015L | 0,089T | 0,02¢8L
134 | 2 | Techometer Drive Gear and Housing
ide Cleatance | 003 | .050L | 0.076L | 1,270L
135 | 2 | Reor Crankcase cnd Tachometer and Fuel
Pump Drive Shaft Adapter Large Dia. | .001L | .Q0SL | 0,025L] 0,127L
136 | 2 | Fuel Pump Adapter Bushing and Fuel Pump
car ia. | .001L | .00sL | 0,025L] 0,127L
137 | 2 | Rear Crankcase and Tachometer ond Fuel
Pump Drive Shaft Adapter Small Dia. | .000 002l | 0,000 | 0,051L
138 | 2 | Cronkease Rear Section ond Packing
Retainer Ring ia. | .001T | .004T | ,025T | 0,102T
139 | 2 | Fue! Pump Drive Gear and Tachometet and
Fuel Pump Drive Shatt Backlash | .004 095 0,102 | 0,635
140 | 2 | Fuel Pump Adapter and Bushing Dia. | .001T |.003T | 0,025T | 0,0767
141 2 | Drive Shaft Bushing and Diffuser Section Dia. | .001T |.003T | 0,025T | 0,0767
142 | 1 | Govemor Drive Adeprer and Cronkeose Dia. | .000 004L | 0,000 | 0,102L
143 | 1 | Governor Drive Bevel Gear Bushing and
Adaopter Dio. | .0015T | .0035T | 0,0381 | 0,089T
144 1 Governor Drive Bevel Gear and Bushing Dia. | .001L |.005L |0,025L ] 0.127L
145 1 Gavernor Orive Intermediate Bevel Gear and
QGovernor Drive Bevel Gear Backlash | .004 .095 0,102 | 0,635
146 | 2 |Reverse Type Genetrator Gear and
Support Dia. |.006L |.0t10L [o0,152L | 0,254L
147 | 2 |Reverse Type Generator Gear and
Bracket Dia, | .002L |.008L |0,051L | 0,203L
148 | 1 | Cronkshaft (Froat) Gear Qif Seaf Ring  Gap |.008 013 0,203 |0,330
149 | 1 | Crorkshaft (Frent) Gear ond Govesnos
Cirve tvermeaicre Spyr Gean Backlash | .004 025 0,102 | 0,635

® = Refer 10 corraspandingly aumbered aotes o8 page 108

/Y2



104 APPENDIX
TL-79 WRIGHT AERONAUTICAL CORPORATION
ltem | Chent Minimym [ Maximum | Minimem |[Mcximum
Na | Na. ITEM NAME (in.} (in.) {mm.} {mm)
150 1 Govetnor Drive Intermediate Bevel Gear
and Bushing Dia.| .001L | .005L | 0,025l | 0.,127L
151 1 | Governct Drive Intermediate Bevel Gear
Buching cnd Erocket Dis.| .0015T | .0035T | 0,038T | 0,089T
152 | 2 | Tachometer Driving and Diive Shaft
ecr Backlash| .004 025 0,102 | 0,633
153 | 2 | Tochometer Drive Shoft and Bushing. Dia.| .0025L | .cosL | 0,064l | 0,203L
154 | 2 | Tochometer Housing and Bushing Dia.| .000ST | 00257 | 0,013T | 0,064
155 2 | Tachemeter Drive Shatt Side Clearance| .008L | .040L | 0,203L | 1,016L
158 2 | Tachomeler Drive Shaft and Bushing Dia.| .001L | .cosL | 0,025L | C,203L
157 | 2 | Tachometer Driva Shaft Cover and Bushing Dia.| .0035T | .0055T | 0,089T | 0,140T
158 | 2 | Tachometer Drive Packing Gland Spring—
Wire Dia. .095" (2,413 mm.) Tension at
197327 (15,113 mm.) Height 16 Ib. 7,27 kg.
159 | 2 | Tochometer Drive Shaft and Gland Dia.| .009L | .020L | 0,229L | 0,508L
140 | 2 | Generator Idler Gear and Starter Gear
Backlash | .004 .020 0,102 | 0,508
161 2 | Generator Idler Gear Bushings and Shaft Dia.| .001L | .008L | 0,025L | 0,203L
162 | 2 | Generator Idler Gear and Bushings Dia.| .0005T | .00357 | 0,013T | 0,0897
163 | 2 | Generator ldler Gear Side Clearance| .003L | .050L | 0,076l | 1,270L
164 | 2 | Generator Drive Gear Support and
Bushing Dia.| .0015T | .00357 | 0,038T 0,0897
165 | 2 | Genetator Drive Gear and Generator
rive Support Bushing Dia.| .0095L | .008L | 0,064L | 0,203L
165 | 2 | Genetatos Drive Gear and Genetator
Drive Support Side Clearance | .006L | .020L | 0,152L | 0,508L
167 | 2 | Tachometer Drive Shalt and Housing Dio.| .006L | .016L | 0,152L | 0,406L
168 | 2 | Tachcmeter Drive Shaft Side Clearance | .00sL | .035L | 0,127L | 0,889L
169 | 2 | Tachometer Shalt Spiral Gear Backlash | .004 .0925 0,102 | 0,635
170 | 2 |Toachometer Drive Sieeve and Bushing Dio. | .0005T | .0025T | 0,013T | 0,064T
171 | 2 |Tachometer Drive Shaft and Bushing Dia.| .001L | .0065L | 0,025L | 0,165L
172 | 2 | Generator Drive Gear Support ond Rear
Crankcase Dia.| .001T |.003L |0,025T |0,076L

4 &' Refqs to correspandingily aumbered notes oa page 108,



RPPENDIX 105
VWRIGHT AERONAUTICAL CORPORATION TL-79
ftem | Chart Minimym | Maximum | Minimum | Maximum
Ne. No. ITEM NAME (in.} (in.) (mm.) (mm.)
173 | 2 | Generator Idler Gear Shaft Bushing and
Regr Crung(cc:e ie. ‘001 T 003T 0,0QST 0,0761
174 9 | Generetor ldler Gear Shaft and Reor
Cianlccase ia.| .000 .003L | 0,000 | 0,076L
175 9 | Generator Idler Gear Shaft and Bushing  Dia. | .000 .003L | 0,000 | 0,076L
176 | 2 | Generator ldier Gecr and Starter Shaft Gear
ond Generator Gear Backlash | .004 0925 0,102 | 0,635
477 | 1 | Cronkshaft Constant Speed Governar Drive
Gear and Qil Seol Ring Side Cleorance | .001L | .006L | 0,025L | 0,152L
178 | 1 Hydro Coatral Prop. Operating Valve ond
Hydio Contral Vialve Adapter Dia.| .0005L | .0037L | 0.013L | 0,094L
179 | 1 | Grarkeose Sleeve and Crankcase Front
Section Dia.| .001T | .0035T | 0,025T | 0,0897
180 | 1 | Cienkshaft Constant Speed Governor Drive
Gear and Crankcase Front Section
Sleeve ia. | .LO17L | .034L | 0,432L | 0,864L
#4181 1 | Crankshaft Constant Speed Governor Drive
Gear and Crankshalt Dia. | .0005L | .003L | 0,013L | 0,076L
182 | 2 | Generator Idler Geanand Bushing Dia. | .0005T | .0035T | 0,013T | 0,0897
183 | 1 |Spline Side Clearance—(Movement of Prop.
Hub on Cranksheft Measured ot 157(381,0
mm.} Rodius From Center of Gankshalt) 040 1,016
184 | 1 | Propetler Thiust Bearing Nut Qil
Seal Ring Gap | .000 .009 0,000 | 0,051
185 | 1 | Allowable Run-Out of Crankshalt Between
Threads and Splines at Forward End When
Supported at Front and Rear Main Bearings [012 Malx. Full [ 0,305 M|ax. Full
Indilcator Indi|cator
Redl|ding Red|ding
186 | 1 | Oil Sump Strainer Spring—Wire Dia. .094"
(2,388 mm.) Tension at 17 (25,400 mm.)
Height 1.45 b. |0659 kg.
187 | 2 | Gear and Accessory Drive Shalt Spline .001L | .o08L |Q.025L | 0.203L
188 | 2 | Geor ond Accessery Drive Shoft Dia. |.001L | .00sL |0,025L| 0,127L
189 | 2 | Gear ond Tachometer and Fuel Pump Drive
Adopter Dia. | .0015L | .008L | 0,038L | 0,203L
190 | 2 | Gear and Accessory Drive Shoft Adopter
and Bushing ia. |.0005L | .008L |0,013L | 0.,203L

® = Reler 13 cairargendiagly avmbaeresd notes on poge 108.
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105 APPENDIX
T1.-79 WRIGET AERONAUTICAL CQORPORATION
em | Chont Minimum IMoximum Minimum [Maximum
Na. No. ITEM NAME (in.) in.) (mm.) {mm.)
191 2 |Tachometer and Fuel Pump Drive Cover and
Bushing Dia. | .0005L |.0025L | 0,013L |0,064L
192 | 2 | Accessory Drive Shoft and Vacoum Drive
Bevel Gear Backlash | .004 025 0,102 |0,635
193 | 2 |Geor and Vacuum Pump Drive Sheft Spline 001L |.o12L |o0,095L |0,305L
194 | 2 |Vecuum Pump Dtive Shaft and Fuel Pump
Drive Gear Backlesh | .004 025 0,102 0,635
195 | 2 |Fuel Pump Adapter and Bushing Dia. | .0025T | .00457 | 0,0647 | 0,1147
166 | 1 |Piston Rings Gep | 032 0,813
167 | 2 |Fuel Pump Diive Gear and Bushing Dia. | .002L | .006L |0051L]0,159L
198 | 2 | Vacvum Pump Adapter and Bushing Dia. | .0035T | .00557 | 0,089T | 0,140T
1¢9 | 2 | Vacuum Pump Drive Shaft and Bushing Dia. | .001L | .005L | 0,0625L | 0,127L
200 | 2 | Geor and Vacuum Pump Drive Shaft Dia. | .001L | .006L | 0,025L]0,152L
201 | 2 | Accessory Drive Housing and Bushing  Dia. | .0015T | .0035T | 0,038T | 0,089T
2021 2 | Vacwum Pump Diive Shoft Geor and
Bushing Dia. | .001L .008L | 0,025L | 0,203l
203 | 2 | Vacuum Pump Drive Shaht Side Clearance | .008L | .040L | 0,203L ] 1,016L
204 | 2 | Governor Diive Geor and Vacuum Pump
Drive Shaht Backlesh | .004 025 0,102 | 0,635
205 | 2 | Governor Drive Gear and Bushing Dic.| .002L |.008L | 0,051L ] 0,203L
206 | 2 | Governor Adapter-and Bushing Dia. | .0015T | .0035T | 0,0387 | 0,089T
#9207 | 1 | Crankcheek Cop Screw Shetch | .004 005 0,102 | 11927
208 | 1 |Select Knuckle Pin Locks to Obtain a Light
Tapping Fit When Assembled Between
Knuckle Pins
209 | 1 | Thryst Bearing and Cionkcase Front Cover
Spacer Side Clearance | .001L | .004L | 0,025L ] 0,102L
210 . Cylinder Borrel Bore Toper 010 0,254
211 « | Cylinder Barrel Bore Out of Round .00S 0,127
219 . | Gankshatr Adapter Qil Seat Ring
Side Clearonce | .0O1L | .015L | 0,025L | 0,381L
213 . | Crankshaft Adapter Oil Seal Ring Gap | .008 013 0,203 | 0,330

* gz Pefer to corraspondingty numberad notes on page 108,
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APPENDIX 107
WRIGHT AERONAUTICAL COIRFORATION TL-79
ltem | Chant Minimum | Maximum| Minierym |Maximum
No. No. ITEM NAME (in.) (in.) (mm.) {mm.)
214 Hydro Control Proq. Operoting Valve and
Cronkcase Front Section Dia.| .0005L] .004L | 0,013L | 0,706L
215 Valve Tappet Guide and Volve Tappet
(External Lubrication) Dia.| .0002L| .003L | 0,005L | 0,076L
216 Impeller Drive Gear Pinion and Bushing Dia.| .001T | 0037 | 0,025T | 0,076T
217 Impeller Drive Pinion Beoring Ring and
Pinion Dia.| .0025T | .0045T | 0,064T | 0,114T
218 Impeller Drive Pinion and Cluich Band and
Dog-Slot Side Clearance | .000 o020L | 0,000 | 0,508L
PARS Imgeller Drive Ping CGear and Clutch
Assembly Total Clectance | .000 .020L | 0.000 | 0,508L
220 | .. | Storier DriveGeor Bushing ond Rear
Section Dia.| .000 .0o2L | 0,000 | 0,508L
2211 . Governor Diive Bracket and Cronkease  Dia.| .000 .004L | 0,000 | 0,1092L.
222 | . Starter Shalt (With Riveted Staiter Drive
ear) End Cleorance| .009L | .050L | 0.,229L | 1,270L
9223 | . Ceankshalft Adapter and Qil Seal Ring
Side Clearance | .0085L | .030L | 0,216L | 0,762L
224 Crankshaft Adapter and Crankcase Front
Section Sleeve Dia. | .033L | .050L | 0,838L | 1,270L
225 Crankshalt Adapter and Crankshaft Dia. | .0025L | .005L | 0.064L | 0,127L
226 | .. | Gankshaft Adapfer Qil Seal Ring Gap | .000 015 0,000 | 0,381
2271 . Prop. Thrust Bearing Nut and Front
over Sleeve Dia. | .0215L | .0485L | 0,546L | 1,232L
298 . | Tachometer Drive Shaft and Gland Dia. | .010L | .020L | 0,254L | 0,508L
299 Tachometer Drive Shaft and Housing Dia. | .006L | .016L | 0,152L | 0,406L
500 | 2 | !Intcke Pipe Flange to Cylinder Head
Attaching Bolt Tightening Torque | 125 150 144 173
in, Ib, | in. b, | cm. kg. | em. kg.
501 Valve Clearance Adjusting Screw
Lockscrew (With Tapered Head)
Tightening Torque | 135 150 156 173
in. Ib. | in. Ib. | em. kg. | em. ka.

Refer to cortetpondingly sumbered notes on poga (08,
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WRIGHT ARERONAUTICAL CORPONATION
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NOTES

ltem revised September, 1949,

Select ta altaia Q99°— 001°T (3. 00dmem —
0.0257 mm.) belore riveting,

Select spacer to align com with volve toppet
vollers.

Gide clearance for wedge rings obtawned when
tings are held in cantact with o suaight edge
which in turn is held in,contact with lands
£1. §2, ond £3.

Far R-740QE series engines anly.

Petween inner and culer roces megsured pn on
onis parsllel to crankshaft,

Do not use 1o set impeller shaht.

Use 625 (15,875mm.) diameter boll at head

end when measuring.
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C.2/71/37

WRIGHT WHIRLWIND ENGINES xv

APPROVED ACCESSORIES

The following accessories are approved by the Wright Acronautical Cor-
poration for use with Wright Whitlwind~engines:

STARTERS

Lclipse Hand And Electric Inertia, Series 6, Model 2048C

Eclipse Hand Incrtia, Seties 6, Model 2209C

Eclipse Hand Inertia, Series 6, Model 2046C

Eclipse Haad Inertia, Side Cranking, Series 16, Madel 2526
Eclipse Hand Inertia, Cockpit Cranking, Series 16, Model 2111A
Eclipse Direct Electric With Hand Crank, Type E-160, Modcl 2612B
Eclipse Direct Electric Without Hand Crank, Type I-141, Madel 2394
Eclipse Hand Turning, Type 3-HB8, Model 2364

GENERATORS
Eclipse Type G-2, Model 25G60G, 15 Volts, 15 Amperes
Eclipse Type D-2, Model 2568-D, 15 Volts, .25 Amperes
Eclipse Type E-3, Model 2512-4, 15 Volts, 50 Amperes

FUEL PUMPS
Evans No. 9030, By-pass-and Relief Valve Not Incorporated
Evans No, 9023-E7, With By-pass And Relief Valve
Pesco Type F-4, With Relief Valve, By-pass Not Incorporated
Romec Type F-4RB, With By-pass And Relief Valve
Romec Type F-4, By-pass And Relief Valve Not Incorporated
WAC Type C-3 Modified, With By-pass And Relief Valve
WAC Type C-5 Unmodified, By-pass and Relief Valve Not Incorporated

FUEL PRESSURE RELIEF VALVES
Acro. Supply Company Type C-2 By-pass and Relief Valve
Air Corporation Type B-1 Relief Valve.
Romec Type E-3 By-pass and Relief Valve

PRIMING PUMPS
Dole Type PR-3
Lunkenheimer Type D-1299-A
Parker Type 4050

CARBURETOR AIR CLEANER
Air.Maze Company, 5% Dia..x 614 Long, Used With Banjo Type-Air Heater

THERMOMETERS
Weston Type V10, Madel 602, For Carburetor Fuel Air Mixture

VACUUM PUMPS
Eclipse Model 2932-D-1A, Anti-clockwise Rotation
Eclipse- Type B-1, Model M-3170-2, Anti-clockwise Rotation
Eclipse Type B-2, Model M-3166, Anti-clockwise Rotation
Pesco Model B-1, No. 190, Rotation In Either Direction
Romec Type B2A (R-D2112), Rotation In Either Direction
Eclipse Vacuum Pump Relief Valve, For Use With Eclipse Vacuum Pump
Pesco Vacuum Pump Relief Valve For Use With Pesco Vacoum Pump
Romec Vacuum Pump Relief Valve For Use With Romec Vacuum Pump

OIL FILTER
Cuno No. 1522 Filter, 3s% Long, For Use 1n External Oil System

OIL COOLERS
G And O No. B-2495, 604 Tubes With By-pass Relief Valve
Harrison C-2297, 604 Tubes With By-pass Relief Valve
United Aircraft Products No. U-2060, 4 Ins. With By-pass Relief Valve
United Aircraft Products No. Ur2053, 5 Ins. With By-pass Relicf Valve



WRIGHT WHIRLWIND ENGINES C 211737

IGNITION SWITCHES
Scintilla Type A-1A-4, Single Engine, Radio Shielded
Scintilla Type A-2A-4, Two Engines, Radio Shielded
Scintilla Type A-3A-4, Three Engines, Radio Shielded
Scintiila Type A-1A, Single Engine, Radio Shielded
Sdntilla Type A-2A, Two Engines, Radio Shielded
Scintilla Type A-3A, Three Engines, Radio Shieided

THERMOCOUPLES
Spatk Plug Washer Type Couple, Iron-Constantan
Lewis Or Weston Iron-Constantan Thermocouple Leads May Be Procured In
Lengths From 10 to 50 Ft. In Increments of 5 Ft.

THERMOCOUPLE INSTRUMENTS
Lewis, Calibrated In Degrees Fahrenheit, Used With Iron-Constantan
Lewis, Calibrated In Degrees Centigrade, Used With Iron-Constantan
Weston, Calibrated In Degrees Fahrenheit, Used With Iron-Constantan
Weston, Calibrated In Degrees Centigrade, Used With Iron-Constantan

THERMOCOUPLE SWITCHES

Lewis 18 Point, Used With Iron-Constantan
Lewis 2 Point, Used With Iron-Constantan
Lewis 2 Point, Used With Iron-Constantan, Small Type
Lewis 3 Point, Used With Iron-Constantan
Lewis 4 Peint, Used With Iron-Constantan
Weston 2 Point, Used With Iron-Constantan





