
WAR D EP ARTME N T TE C H N I C AL MANUAL 

TAf 1-405 

AIRCRAFT 

ENGINES 

WAR DEPARTM ENT · JA NU ARY 194 5 

L'nilal Siak. C-rrllll<nI Prin!i"4 0ffo«, lV ... hinqlon, 191.5 • 

Fat" by Ihe SuptrinkndtnJ of 0.";",,,",", JVQlhillg/.on ZS, D. C. 



WAR DEPARTMENT 
Washington 25, D. C., 2 January 1945 

Tl\l 1-405, Aircraft Engines, i9 published for the information and guidance of 
all concerned. 

lAG 300.7 (20 N<>v 44)1 

By O RDER OF THE SECR£"rARY O F WAR: 

OFFICIAL : 
J. A. ULIO 
Major General 
T he A djutalll GelUral 

DISTRIB U1'ION: 

G. C. MARSHALL 
Chief of Staff 

AAF (10): AGF (10); ASF (10) ; AAFC (5): Area ASvC (5) ; D 1 (5): AF 
(5); W (5); G (IO);Sep s (10);S (5) . 

For explallation of symbols, see }>":\I 21-{:i . 

" 



CONTENTS 

-- "'" SECTION I. 11'o"TERNAL-CO) I BUSTION r..NG INE I' KINCII'I.ES . ..... .. . . . . .... . . 
II . CLASSIFICATION AN D IWSCRIl'TION O}" AIRCRAFt' ENG INt:S . . 11-14. 8-.16 

III . I>J::SC RlI"1"I0 N ANI> CONST RUCT ION o r ENGINE UNITS ..... . . .. 15-33 17-49 
IV. IN_I.I NE }:NGINES . ... . . ..... ..... . . ....... , . .. . ..... 34_38 

V. X_T \'I' }: AIIICRA}'" t:,"IGIN.:_· ... , . . . " ... .. ... .. , . .. .. .. ", .. . ... .. 39 ..... ' 
VI. OI' I'OS}:I>_ OK n .A T _ TYI'E AI RCfuU"'T }::NGINES .. . . . . .... , .. ... . "'1_18 63-66 

VII . ItA rnAI. AIIICHA}'T t:NGINFS . . ... ....... .... .. . . . , ..... ... . . . . . . 49-53 67_7,1 
Vill . }:NGINE MO UNTS ...... . ..... . . . . . .. , .. .. . .. . .... . . . . . ... . .... .. . 51--56 7S-76 

IX. STORAGE AND SIIIPMENT . ..... . . , . .. . .. ... . . .. . .. . .... . . . .. . .. . 5,..(0.1 11· 110 
lod..,. . .. .. . . .... .... ..... .... . ... . ..... , ... ... ... . . ... . . . .. .... . . ... ....... .•. . . . . . . . . . .. 81·83 

III 



, __ ' __ TM,-., r ' ... , 

SECTION J 

INTERNAL-COl\ffiUSTION ENGINE PRINCIPLES 

1. GENERAL. .n In order to gTtlSp the fundamen· 
t.als governing the operation of an air<:l'8rt power· 
plant, it ill necessary to understand the operatillg 

1 

principle of the internal-oombustion engine. The 
.ttldy of the po .... erplant begina with the definition 
of the term " mternal-combuation engine." Internal 



combustion means the process by which a minure 
of fuel and QlI:ygen is humed in a sealed chamber. 
The word "engine" is as meaning a 
machine in which beat energy (released from burning 
glll:lllS) is tranlIformed into mechanical energy (rota-
tion of the crankshaft). I nside t he c)'linder of a 
12-cylinder airplane engine, the crankshaft or which 
is revolving at 2,000 rpm, a series of evenU is being 
repeated very rapidly, In I minute, 12 pjstons start. 
and stop 4,000 times each: 24,000 electrical sparks 
jump across the points of 24 spark plugs; and the 
cylinder inJet and exhaust valves open and close 1,000 
times each. Therapidity with which these things ta1Ie 
place can outy be followed by the imagination. The 
operation of an engine may therefore seem compli_ 
cated to the beginner. However, an examination or 
these happenings will show that there are actually 
onlr five different operations (known as "events") 
taking place. Tb_ five event3 occur over and over, 
in the same sequence, with rapidity. Thereto..e, 
if the student mechanic each or these 
five event", he will undeJ'!ll.and the operating principle 
of an internal-oombll8tion engine. Within each cylin_ 
der ol an engine the event" occur in the !)8me sequence 
!IO't.hat. the mechanic need tho operation 
of only one cylinderio orderto undet!rtand t.he opera-
tion of aU DC them. 

. b. Basi" parlll. The basic parts of an internal-
oombwrtion engine an the crankcase cylinders, 
pistons, connecting rods, valves and crankshaft. 
(See fig. 1.) At one end ol the cylinder is the cylinder 
head, in which are located the valves and spark plugs. 
One of th_ valves is in a pa""age leading from the 
carburetor and is called .the inlet. (or intake) valve. 
Tho other is in a passage leading to the atmosphere 
and is called the exhaust valve. These valves are 
operated by a mechanism which is discussed in a laler 
section. The piston is attached to a crankshalt. by 
means oC a connecting rod. As the piston moves up 
and down within the cylindet the crankshalt 13 
rotated. 

2. ENGINE CYCLE. fl. An engine cyclo is a series 
of operations Of" evenu. which an int.ernal-oombll8tion 
engine mUllt perform in order to operale continuously 
and deliver power. These event.s are timed (made to 
occur in a certain sequence). The piston will dra .... in 
a mil:ture oC fuel and an:, and compress it. The mix. 
ture is ignited at the end of the compression stroke 
by an electrical spark, C8Ul1ing it to burn and expand. 
The expanding gases force t.he piston down rotating 
the crankshaft. The piston then moves upward and 
forces the burned gases out or the c}·linder. T his 
series of five events (composed of four is 
called a cycle of events ana must take place in the 
alorementioned order if the engine is to operate. 

b. Stroke. Stroke, as used in the discussiOl\ of 
internal-oombustion engines. is the distance that the 
piston travels from the top-dead-cellter to bottom· 
dead-center, or vice versa. There are, therefore, two 
strokes of each piston for each ",volution of the 
crankshaft. 

(1) Top.<kad-unler. To(Hlead-ceuter is the posi. 
tion that a piston assumes " 'hen it has reached it.s 
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Illnimum distance {rom t he center line of the crank· 
shalt. This may alw be tenned '"the top of the 
stroke." Top-dead-center is ahhreviated T.D.C. 

(2) Boltom-dead-unter. Bottom-dead-center is the 
position that the piston assumes when it has reached 
Its mioimum distance lrom t he center line of the 
crankshalt. Boltom-dead-eenter is at the 
end of the cylinder from toP-dead-eenter. This III also 
known as "the bottom of ihe s troke" and is abhrev. 
iated M B.D.C. 

3. FOUR.STROKE CYCLE PRINCIPLE. Moat 
internal-oombustion engines operate on the four-
8troke, five-event cycle principle. The", are four 
strokes of the piston, two up and two down, for each 
operating cycle. (See fig. 2.) 

a.lntakeStroke. As t.hepiston moves down .... ard 
00 the intake stroke; the intake valve is open and a 
charge of fuel and air is admitted into the cylindet. 
This is the intake stroke (event No. 1). At the c0m-
pletion of this stroke the intake valve closes. 

b. Compression As the crankshalt con· 
tinues to rotate. the piston is forced upward in the 
cylinder. This com"rcsaes the fuel-air mixture B.Dd is 
called the compreasion stroke (event No.2). 

c. Power stroke. A!J the piston n6B.1"!l the top of 
its stroke within the cylinder, an e1octrica.1 spark 
jumps acroe.s thepointaoCtbe spark plugs and ignit.et! 
the mixture. This is ca.lIed the ignitwn et'tnt (event 
No.3). The fuel-air mixture, now ignited, hurns. As 
it hUTll!l it expands and drives the piston downward 
ca.using the crankshalt to revolve. This is called the 
power suoke (event No. 4). It is the only stroke and 
event. that deli.vetS power to the crankshaft. 

d. Exhaust stroke. The exhaUlll valve o(lCll3 as 
the crankshaft continues to revolve and the piston is 
again moved upward in the cylinder. This forces the 
burned gases out of the cylinder, and is called the 
exhaust stroke (event No.5). Theexhaust valve then 
cl086S, the intake valve again opens, and the entire 
four-stroke, five-event cycle is repeated. 

e. Summary. This five-event sequence of intake, 
compression, ignition, power and eJlhall.'lt is called a 
cycle, and is repeated over and over as long as the 
engine contiuues to operate. for example. it is only 
when ignition is added to the other four events and 
takes place in the I?ropt;r sequence that the engine 
will operate. 1£ the switch is turned off. the 
mi.dure will not be Ignited, there will he no POWN 
stroke or event., and the engine will sUp. I( the 
gasoline supply is shut o ff. there is no gasolme in the 
charge to ignite and therefore no power event occurs 
and the engine stops. It must be understood that in 
order to start. the engine. the crankshaft must. be 
rotated by an outside !IOuree of power such as a crank 
or starler, until a power event takes place. 

4. CONVERSION OF HEAT ENERGY INTO 
ME(:IIANICAL ENERGY. There may be !lOme 
question as to why the burning of the fue1·air mixture 
C8U$6S the piston to he forced down in the cylinder 
on the power stroke. When the mixture is ignited by 
the spark it. burns, and it gives off heat. The heat is 
absorbed by the carbon dioxide, nitrogen. and other 
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Iasel in the cylinder and causes them 16e:rpand. The 
pressure of II oon.6ned gas is directly proportional to 
Ita temperature. (Cbarlee La .. ). Therefore, as the 
kmperature of the gas ill incr ... uM, the pressure of 
the gas is inemped. It ill this las pt'(IIJIIure acting 
evenly over the entire head o f t ho piston that importa 
motion to it and p roduces m«:hanical power. The 
8l.raigbt-line motion or t he pislon is converted to 
rotary molion by oonnecting t he piston to the crw-
shah with a colllleCting rod. 

5. TWO.STROKE CYCLE PRINCIPLE ••• Prill. 
c!ll le of opertl tion. The explanation previously 
given was (or a (oUI-lItroke cyclll engine. While most 
ain:ra.rt engines operate, on the (our-fltroko cycle 
principle, II fell' o f the small 8\U.iliary engineeop;rate 
on the two-6t.roke cycle p rincipia. The princIple of 
operation of the two t ypes ill similar. The dilTerellC(! 
is io the method of iDducting t he fud-air mixture into 
the cylinder, and the Dumber of st!'Oks per opera ting 
cycle. Ae the piston of the two-.troke cycle ellJine 
moves. up io the cylinder, a ptlrtial vacuum (low 

i, created in the ttankcase. 1"his partial 
vacuum dlllw, the fuel-air mixture from the carbur-
etor, through a check valve,andintothee rankcase. A. 
the piston movee dOll'nwaro and nears the lowest 
pointin it!lslroke, the intake port is opened and t he 
mixture compuS"ed in the crankcase flows into the 
cylinder. ThlS is the intake event . As the piston 
moves up in the cylinder, the intake port is clOl!ed 
and the fuel -air mixture in the cylinder.s compressed. 
At the same tilll(l, a new charge is drawn mto the 
erankcue. (See fig. 30.) This is the oompreesion 
event. A. the piston neaJ'8 the top of the stroke. a 

tht; pointli sPll!k 'p!ug 
and Ign.tee. the fuel-air mixture. 1'hia 18 the .gnltion 
eveot. The burning, expanding gases driv\e the piston 
down. (See fig. 3®-) This is the power evetlt. As t he 
p iston moves down, the eharge in the elllnk(.JlSe is 
eomJil ' w I.. A. the piston nearl t he bottom of the 
eylinder, the exhaust and iotake ports are opened. 
The e.xbaust gases eseape through the exhaust port 
and a 'lew eharge of fuel-air m ixture enter8 from the 
crankease. This is a combination o f CJ< haust and in-
take evelLtli. (See fig. 3®-) A baflle is incorporat.ed 0 0 
the bead of the piston to deflect the incoming ga8ell 
upward and escape through the ex-
haust port. The crank_ is parlof the intake mani_ 
fold of t his t ype of engine and must be air tight.. 

b_ Ad..antagea and disadvftn tagea. JIIechanical 
Mmplicity is the. principal advantage of the two-
IIlrole cycle engine. HOll'eYer this t ype is 1_ effi-
cient than the fou r-6t.roke cycle engine and pre&en13 
problems in cooling and lubrication which limit it!l 
use at the pnsent time. 

6. PRINCIPLE. ft_ Principle 
of operation. (1) Another type of intemal-com-
hllsb on is the Diesel. The principle of opera-
tion of thl3 engine variee from the principle pre-
viously u plained in that 00 electrical ignition is 
necessarr· On the intake st roke of a Diesel engine, 
air only .s dra,,·o into the C)·linder. On the compres-
MOO stroke this air is highly compree! ' :d; therefore 
ita temperature is greatly iDCreUed. 
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For a Diesel engine to operate, the air in the cylinder 
mll$t be hot eDOUgh to Ignite the fuel. As the pi.sLoo 
reaches the top of ittltroke, the fuel is iojected into 
the cylinder under a bigh pre88ure in a finely alomi&-
ed state. (See fIf. 4.) The highlY-<:OlllpH F E hot air 
in tbe cylinder Ignites the fuel. 

(2) The compre88ion ratio (par. 7c) of a Dieed. 
engine may be aa high as 14:1 aa compe..red to a 
mnimum of 7.25:1 for gMOline intcmal-combustioo 
engines. The comprtallion ratio of present-day guo> 
line enginC8 cannot be much over 7.25:1 or the Cuel-
air mixture will ignite it would and cause 1061 
of power, rough engine operation, and overhealill8 
of the engine. A Diesel engine may he either a t wo-
stroke cycle or fouc-lltroke cycle engine. 

b_ Advan lagea and dip dvftnlagftl_ The 
operatiI18 pressure of a Diesel engine inc,..,.,"lI .ta 

but aI90 n6( n ital.el that it be made 
IIl.roDger and heavier in order to ..,..;lhstand the high 
t:."ureand tempellltur"ll. This increased weight has 
. . ted the use of Diesel engines in airplanes. 

7_1I0RSEPOwER. ft. Definition. A horsepower 
is II m6ll.$ure o f the rok at which WOTJr. is being per-
formed. I t equals 33,000 foot-pounds of work IX' 
millult. It. loot-pound is a mea.sure oC'II'ork. One (oot-
pound of energy is required to lift a I-pound " 'eigbt 
1 foot. Ten foot-pounds are oecessary to li ft a 1-
pound weight 10 feet, or a 10-pound weight 1 foot, or 
a fi ve-pound weight 2 foot, ele. The foot-pound is a 
measure of the amouot of work; it does not take l imt 
into consideration. If a I ,OOO-pound weight is lifted 
33 feet, 3.3,000 foot-pounds of energy will be ex-
pended. I t ma.Jr.es no ",·hetber the time 
expended is 1 minute, I bour, OT 1 day, it 8till taJr.ee 
33,000 foot-pounds of energy. to IIlell.BlU'II. 
the rrm at whlcb work is accomplished, the unit, 
horsepoll'er, whicb ia 33,000 feot-pounds oC energy 
per minute, will be 118ed. Ir a 1,000-pound ""eight is 
liCt.ed 33 feet in 1 minute. 1 lI'owd be 
used. If 2 minu tes are oecuury, }i horsel,lO"'er is 
used. The capacity of an engine to do work 13 meas-
ured in horsepower. 

b. Piston d;' p laeement. The maximum horse-
power an en!ine IS capable or developing is dependeot 
upon severa factors. Oue of theee ill piston displaCCl-
ment.. The displacement or one piston may be found 
by multiplying the area of a cross section of the 
cylinder bore by the tolal distance the piston move. 
in the cylinder m one sLrOke. This figure is then mul-
tiplied by the number of cylinders in the engine to 
find the total piston displacement. For CJ<a.mple, a 
piston 5 incbee III diameter ttaveli"8 I. stroke dilltaoce 
of 6 inches will have a piston displaoer:nent of 117.8 
cuhlc inch"ll. (See fig. 5.) (Area olthettoMBectionof 
the cylinder bore _ X Dt _0.7854X5 X5-
19.63 aad 19.63 X 6 _ 117.8.) If an engine bas 14 
cylinders o f this size, it " 'i11 have a total piston dis-
placement of 1649.2 cubic incbes (1l7.8 X 14 -
1649.2). T his would be spoken of as a 1650 engine. 
A 14-cylinder engine with a 5M-inch bore (ditUDeter 
of cylinder) and a stroke will be an 1830 
engine. (0.7854 X X 5J,.<J X 5).1 X 14 _ 1830.) 
Other faetonl remaining equal , the greater the piston 
displacement, the greater the maximum horsepower 
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an engine will be c.pable of developing. 
e. Compreeaion I'd io. The coropreesion ratio of 

an engine 11 abo a controlling factor of the muimum 
bonepower developed by the engine. The higher the 
compression ratio, ,.ithin limita, tbe greater the 
maxlmulD bQr'Sepower. The oompn'l8llioll ratio is the 
ratio of t he volume of space in II cylillder when the 
piston is at the bouom of its stmko to tbe volume 
when the piston ia at the top ofi13 stroke. For ellam-
pie, if Lhel'tl are 120 c ubic mches of space wben the 
piston is at t he ootlom of it.8 stroke aud tbere art! 20 
cubic inchee of when the piston is at the top 
of il.ntroile thecoroptf;l!8ion ratio would be 120 1020. 
(See 6,. 6.) Both numbers are tben divided by tbe 
smaller number and the compression ratio in this 
dIM! is 6 to 1. It is "Till.en 6.:1. M men-
tioned before. theTe 1$ a maximum ratio Yo-hich may 
be used in an intemal-combuslioll ¥uoline engine. 
H too hil(hly comp' !lei, preignition (r remature 
ignition of the fuel) .. m occur. Thia wi! rtr6utt in 
overheating and 10!l8 of power. 
. d. U,llk(! hOl'lJepower. The horsepower that an 
engin(! is cape.bJe of transmitting to a propeller or 
otber mechanism is known WI the brake 
Tbill is not the total horsepower developed. by the 
engine, but is that parl ofthe total which can he used 
to do work. I t ill usually between 85 and 90 pereell t 
of the tot.! (iudicated) horsepower or the engine. 
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n, .... f. C •• ;,... ...... ,<Rio. 
e. Friction h Ol'lJepowet . All the horsepower 

developed by an engine callnOl. be delivered as brake 
boniepower. A part of it is r.= ary M o,'ercome the 
friction of the moving parta within the engine. This 
pIlrt is koown llll the rnction horsepoll·er. In modem 
ain:raft engine!!, the friction horsepm"er ill usually 
bet" .. een. 10 and 15 percent of the total horsepower 
developed by the ellgine. TIle friction horsepower 
(FHP) ill det.ennined by subtracting the brake 
horsepower (BlIP) from the w ta l indicated horse-
power (IHP). 

n IP _ !liP - BliP 
f. Indicated hO I'lJeI)Uwer. The ind icated horse-

power is th(! lotal honiepower coll"erted from heat 
energy lo mechanica l energy by the eDfiine. TIle 
indicated horaepower is found by using an mdicaling 
device which reooo:ds t he oombustioll pressure within 
the cylinder. Thill mading of OOlllbustiou pl'I'$IUre ill 
then used in a Connula to caklllat.e th(! iodiceted 

A combustion pre6llure card is$hown in 
figure 7. • 

a.a. T.t, 

r--tOMPR£SSlON 

• z 
" • o 

EICPANSION 
Fi,_,. 7. 1',Uft<,. ;",,-.- "".-./. 
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g. Heal l c!ull. and "m cl"ncy, Int.emal-oom-
busti<Jn engines are only about 34 ",,!'Cent tllermnJly 
effici"nt. That is, they tranllform only about 34 

of the total hut produced by the buming 
fuel into mecbanical energy. The remllinder of the 
beat is 1000t through the cooling of the engine or 
exhausted through manifold. This means 
tbat of every 100 gallollll of fuel completely burned 
in an only about 34 galJollS are used to do 
work. I t IS ,of course. u ndllllirable, but the heal must 
be removed lo prevent damage to tbe engine. 
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SECTION II 

CLASSIFICATION AND DESCHlPTION OF AJUCHAFT ENG INES 

8. GENERAL. Man)' In>C!l of intemal-combustion 
engines hII,'e been designed. However, t he use and 
application of the powerplalltunit has caused mlUlY 
manufacturers \.Q de"elop some designs tbat are used 
more commonly t ban others (lnd are J1lCQgnized as 
convent ional. Internal-combust ion engines may be 
clas;;ified according to cylinder arranKCmenl with 
respect to the crankshaft (in- line. V-type, etc. -
see fig. 8) or according to the lIlethod of cooliug 

, ... -' ............ """" 
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(liquid-oooled or air·cooled), Actually. all engines 
are cooled by tran.'!ferring el<ces!I heat to the sur-
rounding air. In engines classed 8.'1 air-cooled. this 
transfer is direct from the c)'linder.> to the air. In 
liquid-oooled engines, the heat is transferred from 
the cylinders 10 the coolsnt which is then sent through 
piping and cooled within a radiator placed in the 
airstream. T he radialor mllst be of suffic iellt size 10 
cool the liquid cillcieutly. Heat is transferred 10 air 
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more 5kowly than il to' II liquid. T herefore, il is 
11« err to pro\' jde thin metal fillS on the cylindel'\l 
of an alr<ooied engine in order to ba,'e increased 
l unace for lufficient beat t.ransIer. 

•• Liquid cooling. Liquid-cooled aircraft 
enginee formerl y used .... ·ater as II oooIant.. BocalUfl of 
ita relatively high freuin, point (32" t'.) and low 
boiling (21Z" f .) point, it IS not satisfactory lor use 
in pn:eenl-day engines. In mall)' place. 
ground temperatures are below 32" F. II ""Mer were 
IWld as II oooIant. some pro"isiollll ",ould have to be 
made w keep it from freezing and damaging the t ll-
Kine. Abo, waler boils at B. much lower temperature 
at high ai l itudetl. For example. at 9.11 altLtude of 
25,000 loot, .... Iltetwill boil at 6(00 . ' . For thesertasons, 
the coolant now used is either eth)'lene j1)'001 or Ii 
midure of ethylene glyool and ... ·ater. A I t)'P.E:S of 
coohmtoonlain a small amount of oorrosioI\ inlubilor. 
Only the coolant specified in Technical Orden should 
be used for any particular engine. GlyoollOld under 
tbe lrade name "PresI.ooe" ill DOt Builable for use in 
ain:rafL engines. 

( I ) Elhy/ellegfycol. Pure ethylene glycol ill a color· 
1_ syrupy liquid '/I'ith a sharp. BWeet UUle. It is 
1I0no()Ol'T(l6ive and has 1?MlCtically 110 odor. It htU I 
boiling poillt of approximately 3500 F. a nd a $lush· 

forming freezing point of approximately 00 F. I ts 
high boiling })<.lint and low freezing point·are advan-
tages which make it a good coollCnt for aircraft 
engine$. It has a lower rtlle or heat cooducth'ity than 
,,·ater. It abo has a greater lendency to leak out of 
the system. Ethylene gl)'col '/I'iIl absorh moisture 
from tbe air and ilIlIOIuble in '/I'ater in any propor_ 
tions. Type A cooIant·(94.S percent eth)'lene glyool) 
is used in unpre!l8urizoo systelll!l and is inflammable 
at operating temperature.. 

(2) Elhylerul glycol alld u'(Iler mix/we. As previously 
stated, ethylene glyool is soluble iu water ill any 
proportion. The t nlC8 of IIOlutions in use are 
listed in Table I. These solutions are used oil ly ill 
pressurized (sealed) To prepare these solu-
tions, measure the correct volume.! of water and 
eth)'leoc gl)'001 into a OOIlta iner aud stir them vip-
ousIy for 10 minule8. Dilltilicd water or s trtliued rain 
'/I'atu is preferred but tap ·,.·ater may be used if it 
oonfonns to the apecifM:atiiws listed in Technical 
Orders. When not knov.·n, the specir>e of tbe 
IIOlution may be determined by use of a standard 
h)'drometer or gI)'ool h)·drumeter. The specif>e 
gravity should be checked because a small 
percenta!,'e or " 'ater in glyool p-eatly affects the 
freezmg point alld the boiling pomt. 

eo...,...,;, ... C<>m-' .... b, • 
1, ... '" -, I GI ...... \\ ...... 
" par ... '-" 20% 
C ,- '-" "" 0 ''''" ,,... 

. . . (3) GooIali / ')'I/nm. Thecoolmg 5Y5Umof a liqUid· 
cooled eugine may be Ullpre8SUl"ized to tbe 
atlllOllphere) or pressurized (..ealed). A relief \'ah'" is 
inoorpol"8ted in Ole pressurized 5}'stern to preveut 
the development of eXce&iively high ililernal pres· 
sures. This vah'e opens wheo the IlfCSSure 
the value lfli" ,,·hich the valve has been adjusted. A 
check valve (sui mer vah'e) is also inoorporated in 
thiil type system. When the pressure inside the sYI!-
lern 88 it dotJs .... hen t he engille is lind 
the liqUid cools. this vah-e opens aiL<! a llow. ai r to 
euter the system. This equali.«18 the inten181 and 
tlJiteru81 pressures and damoge to the 8)'8-
tern. A mixture of ethylene gl)'ool alld water is used 
in l presiurizcd system. 

(" ) Pr«auliolU. Ethylene glyool (whether pure or 
d iluted) 100000us the rust and scale of metals with 
which it COIIletI in contact. It should tberefOf"e be 
periodically drtlined from the 8)·stem and . treined 
through licweral layers of ch_ cloth. If the gh'coI 
has l bluillh·green tinge, refill the S)'stem with ne .. 
wulant. I t iii important thllt air pocketa be eliminated 
du ring refilling of the as they will cause over-. 
heating and other t roubles. To eliminalCl a ir pockets, 
fiJi lhe system with the cooling syslem vellt plugs 
(air release plugs) removed. If the requi red amoullt 
of coolant cannot be })<.lured into the tallk. install 
vent plUg!! aM tank cap and operate the eugiue for 
5 rninuUII. then add the uecessary Bmount of cwiant. 

Il0l'''' .......... 
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. • • (See Techn .. ::aI Order apl)I)'u18 to the particular 
engine.) Special mixtures and procedures are speci-
fied in Techniclll Orders for the winlerization Of 
liquid-cooled enEine.!. 

(5) Adronklgu 0/ liquid coolillg. Liquid-cooled 
installations generally ha,"e a smaller frontal area 
than redial air-cooled cngine.! and therefore are well 
adapted to streaml in.ing. They al!lO maintain a more 
constant tempcroture during opcrlllion, Wbell lhe 
cooling is more even and temperatures are 
eliminated, it is poesible to obtain a higher 00111-
presaiOIL ratio fOl" 8 given octane rating of fuel and 
thus de" elop a higher power output per cylinder. 

b , Air c ...... I; lIg. ( I) In an air-cooled engine tlJice68 
heat is oonducted directly from the c11inder " 'alls Ie 
thesurro .... L<!ing air. To pro\'ide suffiCient beat trefU.-
fer to pre"ent o"erheatil18, the cylinder .. ·alis and 
bead ha"e thin metal fins projectil18 fl"Olll the ou\.el" 
surface. As Ole ai r flows o,'er the fIns, it absorb; the 
excess beat of the C)'linder and transfers it to the 
surrounding air. DclIector barne.!are {IISUlIed arouud 
thec)'linders todirect t he flow of a ir, al.d thus obtain 
IllOre efficient cooling. (See fi g, 9.) Cowl flaps llre 
located on the airplaue cowling, usually behind the 
cylinders, to regulllte t he amount of ai r passing over 
the entire engine aiL<! toooll trolihe opereting temper-
ature of the engine. (See fij(. 10,) The opera tion of 
these f1ape may be oontrolled either manually or 
thermostatically . 
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(2) Adroniager of air cooling. An air-cooled engine 
is generally lighter t han a Hlluid-cooled engiue of the 
same hon;epower. since it does not have the extra 
weight of the radiator, connecting liues, h():;C8, and 
the coolant liquid. It is also less vulnerable to small . 
.:aliher gunfire, which may easily puncture the rauia-
tur of 11 liquid-cooled engine. It is not afTected as 
much by cold-wCllther operation I!.'! a liquid-coolcd 
powerplant. 

9. IN_LINE on L-ENC INE. Ii. DCf>Cr ipt;on . An 
in·Hne engine (fi g. I I) generally has an even number 
or cylinders although some three-cylinder engines 
have been It may be ei ther Jiquid-cooled 
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or air-cooled. It hM only one crankshaft which may 
be located ahove or below the cylinders. If the engine 
is de.;ib·ned to operate with t he cylinders below the 
crankshaft, it is catted an inverted engine. 

b. Ad'·Ii"llige.t ... ",I .lis"tlvl ... T he in·tine 
engine has a small frontal area and is beller adapted 
to streamlining. When mounted with t he c)' linders 
iu an inverted po'!ition. it olfen> the added advan tagee 
of a shorter landing gear and greater pilot visibili ty. 
The in·l ine engine has a grea ter WeillhL-l.o-hotsellO,,·er 
ratio than moot other eU lliues. With increase in 
engi 5i ze the a ir -cooled 5 n· I i ue t ype ofTen> add i t iOIl 
handicaps to proper coohug; t herefore, the use of tlus 
type of eugiueis loa large degree con lined to \ow- and 
medium·horsepower engines for use in light lIirpl9.IlC$. 

10. VEE_ OR V_T\' I'E ENGINE. Ii. Deseril.lion. 
A V·type of engine is8hown in figure 12. Thill type of 
ellgine eml)loys an eHI! number of cyl inders in each 
Imnk (row or cylindet>l) . The two are mounted 
on a common crankcll.'iC and forlll the letter " V,"' 
The ang le between the banks Illay be 90. 60 or 45 
degrees. The V· type engine may be either ai r· or 
Iiquid-cooled. 

b. Ad"antages li nd TIle V-t)"lle 
engine ha:l thesame ad"antages as the in-line engine. 
Thooe consist of a relatively smail frontaillrea which 
permits easy streamli" ing. and. if the C)'linden> are ill-
,"erted, a short. landing gear and beller pi lot viilibilily. 
It has a smaller weight-to-horsepowcr ratio than the 
ill ·line engine since it has only one crankshaft for two 
rows of eylilldcn>. It has t he saUle uisadvanlages as 
other liquid-cooled engines. 

II . DOUBLE v_ on FAN_TYPE ENGIl\T.. 
R. D"SCription. A fan-type engine is shown in 

figure 13. I t has fou r 1m",,", of cyl inden> and two 
Cl"Ilnkshafts. Each crankshaft is connected to the 
pistons in two of t he cylinder banks. Both crank-
shafts are geared to the same Ilmpeller shaft. In 
reality the fan· tn)!) engine is merely two V·type 
engines joined into a single uni t. At llteSCnt aU fan_ 
t YI)!) engines are lillUid-cooled. 

b. Ad"un tug ..... " ".1 d is",J,'nntag"". TIle fan-
tYlle euginc h I!.'! a largllr frontal area than the V·type 
and so is more difficult to streamline. The Ilrincipal 
advantage of this type over the V·type is shorler 
overall length for a given number of eylinden> . 

12. X_TYPE KNGINK Il. An 
X·type engine is shown in figu re 14. This t ype of 
engine employs an even number of Cl'li"den> mounted 
on a common crankCIiSC in fon r hanks. The p!stonsof 
these cylinden> arc aU connected to a s ingle crank-
shaft. It may be either liquid· Qr air-cooled. 

h . Advnntllge8 lind The X·type 
engine has a lower weight-to-horsepower ralio Ihan 
the fan·type engiue since it hIlS 01l1y one 
ins tead of two. Like the fan·t ype. it is dimeult to 
st reamline because of iti:! large fmllla\ area. Its short. 
overa ll length for a given number of eylinden> is its 
principal 

13. OPPOSED- on O_T YI'E ENGINE. II. De_ 
....,ript ion . An opposed·t ype engille is shown in 
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figure 15. This t ype has two banks of cylinders 
directly opposite each other wit h II nonkahafl in the 

T he pistons of bolh cylinder hanks are con-
nected to the single crankshaft. I t may be either 
liquid- or a ir-cooled. It may be mounted with the 
q linders either vertical or horizon ta l. 

h . ,\d Vltntlig"'J lind disad ,ou ntag.".. The op-
posed-type engine ha a low weigh t-\o-horsepower 
ratio, and its n8rr(>W silhouette makes it ideal for 
horizontal iMtal1o.tion in the wings of large akpla nes. 
Aoother advantage is its compllrath "e freedom from 
,-ibrat ioll. 

II 

H. RADI,\1,.. TYI'E ENGINE. 8. Descril'tion. 
A radio] engine is shown in fi gure 16. T he cy inder'S 
are arranged radially in onc or two rows. Each row 
has an odd number of cylinders. All of the pistons 
are C<lnnecled to a sinJ,;le crankshaft. This t ype of 
engine may be e ither liquid- or air-cooled. l\lodem 
radial engines are air-cooled. If t here are two rows of 
c)'linders on an air-cooled radial engine, the cylinders 
of the rear row will be located directly behind the 
$PI!'ces bet ... een the C)'linders in the front row. 
aIds in cooling the rear cylinders. . 

h. Adnlnl"g"" .. ",I disud ...... b gcS. 111e radial 
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engine has the lowest weight -to-horsepower ratio of 
all the dilTeren t ty{Jffl of eng-infl'!. fu principal dis-
advantage is its large frontal area whirh makes it 
difficult to streamline. This problem is being 5\,1\,00. 
hov;ever, aud radial engines are used in Ihe majority 

V ·IV!" eng;.'. 

12 

of present -day A meriean aircraft. l3ecau!<e air is u"oo 
as a cooling me<lium. operating tempern tures of this 
type of engine are ver), hi"h. To !)Orne exlell\ this 
limits Ihe .:ompression ratio for a fuel of a gh'en 
octane rali"g. 
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StcrlON III 

DESCRIPTION AND CONSTRUCTION OF ENGINE UN ITS 

15. GENERAL. During the designing of an aircraft 
engine, the engineen to obtain a unit ... ·hich 
L. efficient. and ooulplUllth'e!y ligh t. 
Economy of lilllC aud eJpelllie in ils 
line maintenance, and shop repair are a lso items of 
major importance. De:i!igning an engine is by no 
means simple. The designer mllst C()nstantly make 
compromisee two or more fuclon;. For in-
stance, p..-nt-day a irplane engincs C(IoU\d be made 
moreeflicient, but they wOtild be hea"ier. Tbeycould 
bemadelighter, but they would be less efficient. The 
final design is alwa)'s the resultof many oompl"(lDli-ee 

Hi. CRANKCASE. The fouudalion of the engiue ia 
the crankcase. It contains the bearings in which the 
crankshaft Bes.idce supporting itself, the 
crankcase must provide a tisht enclosure for the 
lubricating oil, support. various internal and uternal 
mechanisms of the engine, and provme supporta for 
the attachment (If the power plant to the airplam'l 
and fOl" the attachment of the cylinder assembly. It 
must he sufficiently rigid and strong to pren.nt mis-
alignment of the crankshaft and i ta hearmgs. Cast or 
forged aluminum alloy is generally used fOl" ctankCIl\ie 
construction beceUl!e it is light aud 8trong. On some 
of the higher-po"'er-output engines. forged--etcel 
craw.C'tIses are sometimes used. CrankC'tls!9 olten 
appear in various shapes and fOtlnll and mllY be 
irTegular 01" symmetrical in shape and may consist of 
one or many piec:es. . 

II. In-line ..... 1 V-I YJ;Hl en gine c r .... kc .. lles. The 
ill-line and V-type ellgllle CJ"wlkcQI'lI:! are generally 
made in four major parts. 

( I) Tk/ro<l/ or nou This section of tbe 
CJ"IUlkClllie III loca ted nearest to the propeUer. It may 
be cast as a partof the {IO .... er 8OOtioo or it may be ol 
a separate dom&-&haped or conical OOIlStruction for 
.treamJine elTect. This 800twn houses t he propeller 
shaft, the propeller thrust bearillg and the propeller 
reduction-gear train. I t often provides a mou!)ting 
pad fOl" the propeller governor. In IIOme airplanetl. as 
III ooe t }'peof llghter, t he l106e800tion i8localed some 
dislance from tbe engine proper. In this case it is 
COIllleCted to the engine through an utension shah 
and. t he dri"e illOOl"JlONltetl a lubrica-
tion .)·stem of ita o .... n. 

(2) main or seclion. The main or power 
!leCtion of thecrankcw;e i& often made upoft .... oparta. 
an upper part to ... ·hich the c)'linder _mbly is 
bolted and which supp0rt3 the upper half of the 
cltlIlkshaft bearings; and t he kI""er part which in-
clo!iee t be crankshaft and supporta the lower hal f of 
tbe bearings. (See fig. 17.) The cylinder assembly is 
mounted on the heavier of the t ... o parta. Reinforcing 
.... eb partitions support the crankshaft bearinga. In 
many cases th ia !IOClion .... ilI pro,' ide el!l.ernal mount-
ing lugs and ixM!S'M for attaching the engine to the 
engine mount. 

(3) Fud induc/ion and didribuliQII ndion. TIais 
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8OOtion is usually located IIel!t to t be po .... er sect ion. 
It houses t hediD'w;er "anes and supports the internal 
blower-i.mpeller. The inductioo manifold i8 located 
bet ... ·ceu t he cylindetlJ and tbis &eclion. The housing 
pro"idetl an opening for the attachment ot a manifold 

line and rrovides internal passagce for the 
fuel drain valve 0 the hlo .... er-impeller. A crankcase 
breather openiug iSlIOmetimee loeated on t he external 
surface of this bousing. TIlliI opening il; connec:ted 
through internal passages 10 the crankcase 

(4) fMUUQry uclion. The acx:mory housing 
may be a part. of the indu(ftion and distrihu tion sec-
tion or it may be a separate unit which is mounted 
directly on the induction d istribution charnher 
section. It is generally made of an aluminum- 0/" 
magnesium-alloy casting, I:(lntains the accessory 
d ri"e-gear tra.in, and pf(w idee mounting pads for the 

pump, fuel pump. vacuum pump, lubricating-
oil pumpll. tachometer generator, and magllelo8. 

h . R" di.l-e,ngine crankcaK. The rodial -engine 
crankcase has from three to &even principal &ecliOIlS, 
depending upou the aud t ype of englue. A larger 
engine inCOl"porates more sections than a smaller one. 
For rur.plalllttory purp0se8 the con"entional radial-
engine crankcase IIS8ClIlbly can be divided into foor 
major sections. (See fig. 18.) 

(1) FI"OII/ Of" n08e-udion. The metal used in tbis 
aection is generally a luminum all0:l' The hOlll!ing is 
llI! ually 801De"'hat bell shaped an fastened to the 
po"'er section by studs ana nuta or cap S(:rews. It 
supporls a propeller t hrust bearing, a propeller-
governOl" dri "1'1 shaft and the propeller reduction-gear 
assembly, if used. 'The nose IleCIIOn of a rad ial 
may also house a earn plate or cam-ring mechanISm 
atld an oil«avenging pump. It. propeller-go"emor 
control ,·a lve. II crankcase brNther. oil sump. mag-
neto, or magneto di!;l.ribulol8 may also be mounted 
... n the uternlll surface of t he nose sec tion. 

(2) Mll in or &eclion. TIle main seclion may 
consist of one, two, o r three piece!! of high-&trength. 
beat-treated aluminum-alloy or ateel forging. If 111'0 
or three piece! used. they bolted together. 
Crankshaft bearing supporta are pro,·ided at the 
flf!nter of each main crankcase weh section. The main 
crankcase section usually houses and supports the 
cam-uperaling mechanism. Oil lleals are provided be-
tween the front crankcll\ie IItClion and the main-
crankcase and the fuel-distribn tiOll. section. Cylinder 
mounting pads pro"ided rad ially around the out-
side of the po.rer &eclion. Studa and 
nuls or cap ecte .... secure t he cylinders to the pads. 

(3) FUll induelion CIIId didribulion ftc/iM. TIais 
section (also called the 8upereharger or blo .... er sec-
tion) is located immediately behind the power sec-
t ion. I t may consist of one or two plecee. The 
principal purpose of this IleCtion ill to house the 
blo ... ·er or superebarger impeller and diIJuser ""'nell. 
Openings pro"ided on the oulllide circumference 
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01 the housing to aU.a<;:b the individllal induction 
pipes. A amall opening is provided for the attach· 
mentolthe manifold pressure line. Int.ernnl paosegee 
are provided for the IWpercharger drain vah'e. 

(" ) A«er-,-I«tion. In !!Orne eases, the cover of 
the auperebarger rear housing is oonslroetoo of au 
aluminum_ OJ' magnesium-alloy casting in the form 
of, heavi ly ribbed plal.e. It provides mountilli pads 
for the required accessory units. On olher cngmes, 
the acces&ory housings may be mounted directly on 
the rear of the crankcases. In all Case!! the housings 
,,·iIl contain the gears for driving the fuel pump!!. 
vacuum pumps. lubricating-oil pump!. tachometer 
generators, and magnet.oe. Mounting 
pads are provided for starters. twCHpeed luper-
charger ooutrol valves and oil-filtering &ereellS or 
CUIIO fillel'll. 

17. CRANKSHAFTS. The cl'1lllkshaft. is tbe back-
bone 0( an inlernal-«wbustion engine. I t is .ubjected 
to all the ron::es developed by the engine. I ta main 
pllrpoile is to transform the reciprocating motion of 
the piston and connecting rod into rotary motion rOl' 
rotllllolloflho propeller. The crankshaft, as tho namo 
implies, is a sbaft composed of ono or more cre.nks 
located at specified SpoolS between tho ends. Tho 
cranks, or throw8, are formed by fOl"giug oITse18 into 
a shaCt before it is machiued. As crankshafta must be 
,·ery strong, tbey are generally forged from a very 
titrong alloy such as chromium-nickel_molybdenum 
• ..0. 

1/.. 1'lI r tll o f the eranbbaCt. A crankshaft may 
be of single-pillCe 01" multi-piece construction. Cor-
mlp(lIldinS of a ll crankshaft.!! perfOl"m _ n-
lially the $lime fUllctions. Each part has a specific 
name and fu nction. 

(I ) J rJUI"lt4/. A main journal (fig. 19) is the p&J1. 
which issupport.ed hy, and rotales in, a main bearing. 
h serves as the center or rotation of lhe CIlUllr.shaft 
and is surface-hardened to prevent .... ear. 

(2) C'(lIlRpirc. TIlis is the 6eCI ion to which the 
conlleeting rod is attached. It is 01T center from the 
,uain journals (fig. 19) and is often referred to as a 
·· throw.·' Wheu a force is applied to tho cronkpin in 
any dirtction other than parallel or perpendicular to 
and throu!;h lhe centerline of the crankshaft, it ",·ilI 
cause the crtl"nllart to rot.ate. The OUlU surface is 
hardened to increase its resistance to ",·ear. The 
CltInkpin is nsually hollo,,·. This r«iUCftl the total 
weight of the eranksbaft and provides a passage (or 
lhe ttan!lfel" of lubricating oil. The hollow cn.nkpin 
aboseI"V1)II as a chamhec for collecting Bludge. carbon 
deposits, and other foreign materia1. centriful.lal 
force thl'01"s these substances 1.0 the outside of the 
chamber alld thUll keeps them from reaching the 
COUlu!cting-rod bearing surface. On $CInlfl engines a 
drill ed passagee:<tends from thecbamber 1.0 an open-
ing on th60utside surface of the connecting rod. This 
allowB clean oil to be sprayed on the cylinder walls. 

(J) C,"1Ikcll«k. The crankcheek is the purt which 
00111101::18 the crank pill to the journal as shown in 
figure 19. I n some designs, the check extends be)·and 
the journal and carries a oounter"1l·eight to loala'lCe 
lhe crtlnkshaft . The crankcheek must be or a sturny 
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CO<l!Itruction in order 10 oblaiu lhe required rigidity 
bet,,·een the crankpin and the journal. 

(4) Counlut«ighl Gnd dumpuf. Every piece of 
rot..ating machinery blill a cer1.8.in dermite speed at 
which e.Iom;j'·e vibration is set up in the revolving 
mass. Counterweighl3 and dampen! are suspended 
from specified cranlr.cheelr..s ill order 1.0 relie,·e the 
whip alld \·ibratioll cau.'!ed by the rotation of the 
crankshaft . . Floating damper ,,·eights are sometimes 
incorporated in a oountenl"eight assembly to reduce 
crankshaft vibratiOHS ,,·hich are caused by power 
impulses. 

b. T ype" of c ranks lmfl.8. In all eases the type of 
cnnkshaft and thll number of crallkpinll must cor-
respoolld with lhe C)· Hilder arrangflmentof tbeengille. 
The position of the crann on the cranlr.shaft ill 
relation to the olher craw on the !I8.fDfI shaft ill 
up' . ,se'l in . 

0 ) Singh throw The simplest crallk-
,baft is the singlo-thtow or 360- type sbo",'n in 
ligure 20 CD. This t)"J:.e is colllmonly found in a single-
1"(\11' radial engine.. It may be constructed in one or 
two (IiCCCII- Two main bea.ri1lg8 (one on each end) 1116 
pr<mded whell this tHIe of crankshaft is used. 

(2) DouIJlc..lllI"Ow crullluMjt. Tbe double-throw or 
180° crankshaft is shown ill ligure 20@. This type ill 
usually found on double-row radial ellgines and on 
two-- aud four-eylinder opposed en$illes. I n the rad ial-
type engine, the cranuhaft proVides one throw for 
each row of cylinders. I t IDay be constructed ill one 
piece or in three pieces. Three main bearing journals 
are p ro\'itled. Plain- or roller- or baD-type bearings 
or a combillauoll of types may be w;ed. 

(J) Ji'ow--llu-ow cronluha/l. Four-cylinder ill-line 
and eigbk:ylinder V-t)"l)fl engilW.8 I\IIC four-tlll"Ow 
crankshafl& (See fig. 20 @) Two thro"l"S o f thi$ 
cranlr.shaft 8.n'! placed 180- from the other two. 
Dependillg upon the and power OUlput of the 
engine, tbe crankshaft may incorporate tbree or fi,·e 
crankshaftjounlals. Any oftbeaforemenliOlled types or bearings may be used. 

(4) Six-lhrow crollhha/I. Six-throw cranlr.sbaf\.s 8.tO 
used in 6-c)·liuder in-line, 12-cylinder V·t ype engines 
I;I.lId 24-cyliuder X- and fau·type engines. The 
crank.pins or crallk are placed 120" aport as 

... n in figure 2OG), When this type of crankshaft 
is u..>ed in a 12-cylinder V-t ype engine in 2 .... 
c )·linder X - and fan-type engllle6, t'l[·o colillocling 
rods are attached to each crank pin. The cn.nkshaft 
may be constructed ,,·jth five 01" seven main jourllait. 
The manurllCturtr may U!lO all plain or a 
combination of plain bearinS- and. roller or ball 
"""""'-c. C rankAhaft bala lle ... Excessi,·e vibration nOl 
only resull.!! in fatigue failure of the metal struetUml 
but also callSell the IIlOving parta to ""ear rapidly. In 
some in"ta llctlll. e:<cessive vibratioll may be caused 
by a crank!;hah whicb is not balanced. T he two 
of balallce are static balance Ilnd dynamic balance. 

(I) balollce. A crankshaft is statically bal-
anced when the weight of the entire assembly of 
crankpius, crallkcbeeks, lind counterv.·eighl.!! is bal_ 
anced 8rotllld the axis of rotation. When testing the 
nankshaft for static balaooe, it is placed on t,,·o 
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knire edges. If the shaft tends to t um to one position 
during the test, it is out of static balance. 

(2) Dynomic boionu . A crankshaft is dynamically 
balanced when aU the forces created by crankshaft 
rotation and power impulses are balanced witbin 
themselves so that little or no vibration is produced 
when the engine is operating. In order to reduce 
vibration to a minimum during engine operation. 
d)'namk dampers are incorporated on the crankshaft. 
A dynamic damper (lig. 21) is merely a pendulum 
.... bich is so fastened to the crankshaft that it is free 
to move in a small arc. It is incorporated in the 
counterweight assembly. Some erankshafta incor-
porate two or more at these assemblies, each being 
attached to a different t rankt heek. Tbe distance t he 
pendulum monlll, and ita vibrating frequent y cor-
respond to lhefrequency oftbe power impulses of the 
engine. When the vibration frequenty of t he crank-
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sbaft oceUI"!! the pendulum os<:iUalell out of time with 
the trankshaft vibration thUll redudng vibration to 
a minimum. 

18. BEARINGS. 8 . A bearing is any surface whith 
supporta or is supported by another surface. A good 
bearing must be composed of material that is s trong 
enough to withstand the pressure imposed on it and 
should permit tbe other surface to move witb a mini-
mum of friction and wear. The parta must be held 
in position within very close tolerances to provide 
emdent and q uiet operation and yet allow freedom 
of motion. To acoomplish this and at the same time 
reduce friction of moving parts so tha t power losa is 
not 6J[cesIlive, lubricated bearings of many types are 
used. Bearings are called on to take radial loads, 
thrust loads, or a oombination of t he two. 

b. T ypes of bearingl!, There are two ways in 
which bearing swfaces may move in relation to each 
other. One is by the sliding movement of one metal 
against the other and the sewnd is for one surface to 

:<: 
-- "< , , , , , , 

" , >- , , , , , ' ,- , " , 
" , " 

, , .- " , _., _. 
Figurf t l. ... icd ... p<' • 

( 
Q 

II> 

• •• 

... 



rollover the other. T he three different type!! of 
OOaritlgll in general use are: plain, roller and ball . 

( I ) I'/ai" broring$. Plain bearings ( fig. 22) are 
generally found on the crankshaft, cam shaft, and 
the connocting rods of a.1l engine. Such bearings are 
usually subjected to radialloods only, although w ille 
have been desiglloo to take thrust loads. T he metal 
used for t his t ype of bearing rna)" be silver, lead. an 
a1l0)' (such lL'I hrollze or babbitt), or a combination 

, . '" '" ko,ing" 

of two metals. Babbi t t otTc!'>! liule frict ion when used 
as a bearing but it is unable to withstand high pres-
sures. Bronze on the other hand is able to withstand 
high compressivo 1)Nl$Sures bu t olfcr8 much more 
frict ion than babbitt. T o comhine the ad"8nlaj!e8 of 
these two meta ls. the hronze-backed babbitt bearing 

dc'·eloped. This t ype of bearing has a thin layer 
of babbitt (",'hkh serves 1IS a bearing surface) on the 
irlilide sudace of a bronze body. Other comhinations 
haxe developed alld are u;;OO accordi uJI,' to 
specific requiremcnli:l of a particular en!.';ne. Most 
modern bearings corlilist of {,recision steel shells lined 
with n suitable bearing limng nletal that is able to 
withstand t he high unit loads, high Fpeeds and high 
temperature!:! enco nntered in aircra ft erlgille! . This 
t ype of bearing is ,·cry practical it can be 
rcplaced without scraping or fitt ing ami it .... iII sus-
tain hi"h $hO<'"k loads. 

(2) Railer bearing&. This type o f bearing is made 
in va rious and shapes. Straijl.'ht roller bearings 
are used in plaCe;! where only radialloods a re I,resent. 

roller a re man"factured to absorb 
thrust loods. The ruller i\isC[f rons between an inner 
and outer race. both of which are of case-hardened 
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!Mel (See fig. 23.) When a roller tapered, it roIlson 
a cone-<ihaped race ins ide an ontffl" race. Such a bear-
iog ,,·iIl take both rad ia l and thrust loads. 

j 
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(3) Bail &eari'lf/S. T he ball consists of all 
inner racc, oue or two sets of steel balls. and an outer 
race. (See fig. 2·1.) The lmlls may be arranged in onc 
or two rows. T he inner and ill some cases the outer 
races are designed with grooves to fit the cun"ature 
of the balls, thus allowing lurge contact sudace for 
carrying high radia l The bearing mayor may 
not he seU_align ing. I f I he bearing is sel r-al ib'1ling the 
out er race may nut ha'·e The self-olij;'ning 



fea tu re enables the hearinl!" to pro"ide 
for onanHdal.le of $Ii;:hl rni_>II ligmnenl 
ca ust'(l h y frume d i, tort i01l or ddk'Ct ion. 

19. CONNECT ING n ODS. P. A connecting rod 
is the link "'hich t ra nsmits forces bet .. een the pislOil 
and I hecrunkshaft . While BOUle C()IlI le<:li ng rods ha,-e 
been made " 'ilh I ubulllr most of them 
a re of ·' 11 '· or " 1" eTtIOlll sc:<:1 ;011>1. ,\ tough steet 1I110y 

!(ellerall y usetl I he "mlef inl for U cUlinecl ia g rod. 
althouJ;h IIluminuUl «lIoy i8 used in !lOme of the 

sma ller engines. T he end or the rod .... hich connecU 
to the cranksllllfl is k nO" 'n 118 Ihe big 'n ue other 
e nd is k no ...... lll! t he p ir/o,,-pi,1 Con nect i IIg 

he 8t roU/-i" enongh to rema in ri j: id under load 
a lld yet be as light liS IlO!;I! iLle to reduce t he inertill 
forces ,,-hidl lire IJroduced " hen the rods 51 01'. "ha 
direction. and start a t the end of w eh 8troke. 

b . of ,-"<)II" o::ell " lI: ..... Is . ( I) ' >/a in-/yl't 
ro""td i" ,,·rod " .!utl/bly. A plain-type con llecting rod 
is shown ill ligllre 25. used on in_lilli' engille!! ·_····c 

and the smll ller opposed engin(lil.. It has a hushi llg in 
the pistoll-Ilin cnd. bushing i$ usua ll y made of 
bronze. pres6Cd ill lo place, ond then reo n,cd to size. 
On t he big cnd is I!. cap and a two-piocO) hea ring shell. 
·11le bea r ing , hell is usua ll y made or sleelaud is li ned 
" -ith "orne no nferrous hearinli: mllterial such \1.8 bab-
bill, bronze, leadbronze, copper-lead , or Icad-siher. 
The t .... o.piece ' hell lib snugly in the big e nd of t he 
connec t i,,!!" rod. D<.owcl pins or ret a ining pre'·ent 
it frolll tu rning. 111e COl) is held on t hO) end of t he rod 
by bolb 01" st T o mainta in proper fi land ha lance. 
C()I llIecting nxb are al'lay, replaced in the same 
cylinder. and in t he same rela ti.·e JIOI'il ion. 

(2) "·f)I"k-atld·bll.llie ("Qlw«/in!l-rod autrubly. A forl. -
a nd-blade connecting-rod assembly is shown in 
ligure 26. The forked Pllrt is spli t on t he big end so 
thal ,,·ilI be pnwided for the blade rod 10 fi t 



bellnl.m the proll(fll. OliO two-piOC(! beaTing shell is 
used. 111is is flUtened by IllS' or dowel piT\!l to the 
forked rod. The center area on tho outer /ludsC(! of 
the bearing ahell the prongs of the forked 
rod is COIlted with a non-ferrous bearing metal to 
8'<.;1. as II journal (or t he hlade rod and cap. The fork-
and-blade connecting rod is used on the V-type ami. 
on large o PIIOtied-type englJle8. In orrler to maintain 
proper fit and engine balance, the fork-and-blade rods 
are always replaced on the Cl'lInkshall in the 118m!! 
relath"" posiliollll as they were in tho original ins lal-
lalion. 

(3) rod ammbly. A master-
and-articulated connecting-rod 8S5embly is shown in 
fi"rure 27. Thill l )'pe of connecting-rod _mbly is 
used on X-type. radial-type, and on !lOme V-type 
en"oine$. The masler rod ia similar to 8ny otller COIl-
IlOCling rod except tha t provision is made for the 
atl.achment of the articulated rods on the big end. 
The articulated rods are fu tened by knuckle pins to 
a nanga around the muter rod. A bushing of non-
ferM 's melal, USUQl1y bM ,re, is p. p ad or shrunk 
into each Ilrl iculated connecting rod as a knuckle-pin 
booring. The knuckle pina are full -floatmg 
and a re sometimes held t ightly in the master-roo 
holes by pfeS8-l it and lock plates. When the big end 
of the master rod is made of two pioces. namely lhe 
rod and cap, the crankshaft will be one solid pieee. 
If the rod III moda of olle ,)ieee, the crllilkshaft will 
be oftwQ- or throo-pioce construction. In either case, 
su itable bearing surfaces will be provided. 

20. PISTONS. The piston of all intemal-oombustion 
engine is aim Illy a / "uuger which moves oock and 
forth ""ilhin a Slee cylinder. All the piston mo\'es 
down in the cyl inder. it drawlI in the fuel-air mixture. 
As it moves upward it coml)!! ,.tot the chlll"ga. Igni_ 
tion occurs and lhe cause the pbton 
to move toward the c rankshaft. On the st.ro/r,;e 
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(toward tho head) it f("IIUIS the burned 11_ out of 
the combustion chamber. 

/I.. DeljcriJltion. A typical piston is 8hown in 
figure 28. The top of the I)islon is known aa the 
The sides are lInowlI as the , kitl. The ring grool .... , 
are machined orowld the body o f the The 
metal between two grcl()\'es is a Wild. In order 
to obtain maximum engine life t M piston must be 
able to wit ll!lland high OI)Crating prll!!8u rC8 and 
temperatures. The mO!lt common v illton material is 
cast. iron or aluminum alloy. Cast iron givtllionger 
life with li ttle ",'ear, it can be fiued to doseT clear-
ances a nd itdistorts IIl!!8 than aluminum. The advan-
tages (If aluminum are its light weight and ils higher 
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heat conduct;"ily. T he piston lind ring assembly 
must form lIS nearly a perfect gas· tight seal with the 
cylinder wall 8 S possible. It must slide along t he 
cylinder wall with very little friction. All of the 
piston assemblies must .... eigh within ounce of 
each other in order to have a smooth-running engine. 

(\) Pistol! 8{Jeed. Some conception of the impor-
tance of light nC!ll! in a piston may be gained by 
cOII.'!idering the action of a piston when the engine is 
in operation. t 'Ot e:<arnple, a piston in an engine 
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21. I'ISTON RINGS. Piston rings bands of 
carefully machined, high-grade iron. They are 
used to seal the opening (clearance) between the 
piston and the C)'linder walt. They are split 80 that 
they may be slipped Olver the outside of the piston 
and into the ring grooves which are machined on t he 
ci rcumference of the pistons. Wilen they are tiued in 
the cylinder, t hey muat exert equal pressure at all 
points on t he cylinder wall. They must also fit t he 
cylinder \\"all perfectly t o pro,·ide Ii gas-tight fit. In 
addition to t he foregoing. the rings must also make a 
gas-t ight tit aga inst the sides of t he 1(I"OO,'e. Although 
many IllIlterials hav.e been used in making piston 
rings, cast iron is moot generally used. In some cases 
chrome-plated cast-iron piston rings are used in the 

25 

operating at 2,000 rpm will stop and start4,000 times 
in I minute. Moreover, if this piston has Ii 6·inch 
stroke. it " 'iIl reach maximum velocit y of more than 
35 mph after each start. I t is obvious that the piston 
must be as light as possible t o keep tbe inertia forces 
and vibration to Ii minimum. 

(2) Pi$/{)n premue (Illd lemperolure. The pressure 
against the piston during operation will be as high 
as 500 pounds per square inch and the temperature 
ins ide of the cylinder will reach 4,000· F. Aluminum 
alloy is usuall y used for pistons because it is light 
and strong and because it conducts heat a".ay 
rapid ly. T he hea t in a piston is t ransmitted t o the 
cylinder wall through the outside of the piston and 
to the engine oi l in the crankcase through ri bs or 
spikes on the inside of the piston head. Spikes offer 
more area from "'hich the heat can escar ' but fins 
increase the strength of the pu.ton an are more 
generally used. , 

(3) P is/Oil and cylillder-u.'t{ll cleorunce. Piston rings 
are used as seals to prevent the Joss of gases between 
the piston and cylinder wall during all strokes. (See 
fig. 1.) If the piston itself were large enough to fonn 
a gas-tight $WI with the cylinder wall. the friction 
between the piston and cylinder wall would be ex· 
cessive. Therefore, the piston is made se\'eral 
thousandth!! of all inch smaller t han the cylinder and 
rings a re installed in the I(I"OOves machined in the 
piston. ri ngs act as seals and prevent t he gases 
from escapmg. 

h . Pistons differ as to the type of head 
used. -The head may be lIat, recessed, cup-shape<!. 
dome-shsped, or truncated-cQne. (500 fig. 29.) Each 
type is supposed to have some advan tages the 
others. However. most engine manufacturers are 
using a plain flat headed piston if it!! use is at all 
possible. 
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top ring groove only because t hey are better able t o 
wi thstand high temperatures, fonn a good wearing 
surface, and retain (I greater amoun t of the original 
elasticity after considerahle use. 

a. T ypes of pis ton rillgs , P iston rings may be of 
the same thickness all the way around or they may 
"ary in t hickness. Those used in aircraft 
engines are of the same thIckness. The two t ypes of 
piston ringa used in an internaJ-combustion engine 
are compression rings and oil rings. 

(l) rings. The principal function of 
the compression ring is to prevent gases from leaking 
past the piston during engine operation. T hese rings 
are placed in the ring grooves Just below the piston 
head. The number of compression rings used on a 



piston is specifitd by the designer, althoogh three 
are found ()II most aircra/'t.-engine pi..'ltOlU!. These 
rin/lS may have any of the three crose lM:(:tiOfloll 
deecribed in paragraph 21b. A compression rillg o:aJ 
have a straight bearing edge, or a sligbll )' tape 
edge for bearing against the C)'\inder wall. n.e 
lapemd edge hllSltns the sealing of new rings against 
the hardened cylinder·wall surface. 

(2) Oil rinl11. The principal purpose of this t ype 
of ring [li la oontrol the amount of lubricent supplied 
t.o t he cylinder walls and to keep this oi l r rom p8!1O.1i ll/l 
into the combustion chamber. Two types of oi l 
riugs---oit-wlltroi rings and oil·wiper ril1gs-are 
w.ed, Oil-conlrol rinlP' occupy the ring grooves just 
below t he compressIon rings. 111e number of oil -
control rings varies from one to thnoJe forCllch piston. 
The thick.ue.;II of the oil film on t he cylinder wall is 
controlled by these rings. 1£ oil in 1U000000ve amounl!J 
is ,JlOII'ed to cnter the combustion chamber. it .. ilI 
bUrl! and possibly leave a thklr. ootiting of carbon 
o,'er the pislOO head, combustion-chlllnber ... ·alls. 
and vall"tl beads.. Thill carbon oondition may also 
miult in sticking "al\"f:/l and piston rings if it enten 
tile "alve guides and ring grooves. It may also cause 
pn:iguition, detonation, and increased oil consump-
tion. Holes are usually drilled through the base of 
the groove!! of the oil COIltrol ring!! or in the lands 
next to these groo"e6 to a110 .... the . url)lu. oil to 
retu rn ellSily to lhe crankcase or lump. To 
oil frOIll seeping into the cylindelll .... hen tile engine 
is not operoling, pistons used in inverted cylinders 
rna)' be manufaL1.ured .... ithout these holes. On !lOme 
eugine8, oil ring:s. generally called the oil-wiper or 
oil-scraper rings, are ;ustalled on the sliirttl of the 
pistons. 'l1icse rings regulate the amount 01 oil 
pa.'lSing lJet .... een the pi:;ton skirlltl and the cylinder 
walls during each piston stroke. Tbey usually 
be"eled in CI"Oll6 section. The beveled edge mly be 
iustalled in either of two positions. When imtal led 
.,.·jtb the be,·t led edge nearest tile pistOll head. the 
ring ICralJea oi1 to .... antthecrankcase. When installed 
in l"even;fl (beveled edge a .... a)' from the piston head) 
the ring acl.8 as a pump to mainlain a now of oil be-
t .... een the piston and cylinder ""011. 

h. Pillion_ring CI"OllS sectionll. The croes IIOOtion 
of pilltun rings used in an airoraft engiue will vary 
.... ith the t ype of enjdne and the manufacturer's 
specifications. Genero.ll,. a nllrro .... ring is 
preferoble t o a "'ide one because of its betler !!Cllting 
characteristics. B)' U:!ing !Ie"era) narrow rings in 
place of fewer ... ·ide ooes. more oonl&Cl lroa is pr0-
vided between the riug lands and the riugs. To 
functioo in modem high-performance engines. piston 
rings. e6pecia1ly the tOPOUe6, must beC(M"llltructed Ill! 
ruggedly a. possible. Some rings marked to in-
dicate theJ»"OpCr posit ion of ilUlallation. 30 
<D, (D, an @ are COlDmoo t ypes of CroM aectl()11l! 
found in the rnonufaclure of coml)ression riugs; 
Iigure 31 0 , (!). alld @areexamplesof cl"(l88l1OOtions 
found in oil -control rings. 

( I ) Rtcla'igular crou $tclian. The early piston ring 
.... 0.8 generll.l1 y in crose 
Ilg. 30 <D.) The particular advantage 0( t in. type he6 
in the ease of its manufacture. 
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(2) /,pt,. The tapered- or ooveled-
edge ring (fig. 30 (D) 18 the most commonly used type. 
The bearing again'!!. the "'all 
hastens the !leatmg of lIew rings against the cylinder's 
hardened surface. 

(3) cro., l«lion. Wedge-shaped rings 
(fig. 30 @) litted to beveled-edge groo\'es 80 !ltlf-
cleaning, sliding aclioo " 'iII pte,·ent. ring-to-grooye 
sticking. These rings are iuslal1ed 119 comprellSion 
rillgs since compH ; don rings operate at the highest 
temPel'9.ture, get the lea.sliubriea.tion, and therefore 
bll.,·e the greal.e5t tendellC)' to Btick.. The be"eled-edge 
groo"es on the piston al!lO l(:a\'e strouger ring lands. 

(4) Vellfi/"Iw type. 'Ilu) oil-control ringS ml)' be 
of the "entilated t ype. The two-piece " entilaled t ype 
is probably t he form Il108t often used. The ventilated 
pillIon riug is desi1)ned .... ith a number of equa lly 
$pactd slots aroulld the entire circumference of the 
nng. These slots allow the oil to drain through to the 
holes in the ring groove and into the cl'9.nkcase. 
(See fig. 310 .) 

(5) Oil wiper. The oil·wiper type (abo called the 
IICI"8per or bevel ring) i.lSCneraily used in the boUI)Ill 
groo"esof the piston. I t IS placed 80 thatit wipeetlle 
oil to .... ant the cranksbaft. (See fig. 31@.) 

(6) On !Ie"era) rad ial-type en-

r,'nes tbe oil-.... lper n np OIl the upper C)·linde ... are 
aood toward the dome or head of the piston to help 

carry more oil to the lop ringll. With this method. of 
assembl)' Ule oil rings located aboye the top n ng 
!;(lo'e as oil .... ipe,r rings. I n an inslallalioll or type. 
the oil-control rings on the lo .... er c)'linders are usually 
faced toward the crankshaft to prevent. o\·er-oiling. 
(Seefig.31 (!).) . 

c. TyP"'I ur pi8lOll.ring joillu. Piston rillgs are 
spli t to permit t hem to be slip(M'll o,'er the of 
tbe piston. 'I'he split is commonl)' called a PlStoo-
ring joint and may be any oue of many differen t 
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1Ib.pee.. There to be no particular 
of one shape of Joint over another. When iii ring is 
inst.aUed in II cylinder, tbereshould be a specifoed gap 
clearance between thejointernk Thill r p allo ..... for 

during ensine operatWm. \\ hen a pislon 
dllllllallOO in II cylinder, the joints of the rings must 
be staggered arourtd the piston to reduce blo .. -by. 
The three IDO!Ileommoo lY.-Or j ointl! used are: the 

01' butt joint, the angle joint, and the 
atep Joint. (See fig. 32.) 

I 
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Ti,.. .. n. T,pu of pUcoR-ri., joi.b. 

(I) SlI"aig/tl-{:ut or butl joinL In this type 01 joint. 
the enlb of the ring are cut at right anslell to the 
paraDe! edge!! of the piston ring. 

(2) Sltp join/. This type is kllO"'n by this nomen-
clature becaUllO the joint ff;Sembles a step. h is used 

frequently because it is more difficult and expen-
sive to manufacture. 

(3) Allylt}oilil. This t ype ill 110 named because the 
split occura at an angle to the edgal of t he ring. 

22. 1'lSTON PINS AI'"lI) KNUCKLE P INS. The 
piston is auached to the rod by of 
a. piston pin, 80Illelimee called a. · .... risL pin." The 
knuc:lde pin is UMld to a.ttach an articulalmg rOO to 
a rOO. In ooll8t.ruction, th_ t .... o pinl! IlNl 
very much alike. 
.• ' l'ialOn pin". The Jlist:on pin is located in the 

pISton buses as aho .... n Ul flguf'(l 33. The pilll af'(l 
made of steel- hol lowed for lightness and surface 
hardened to resist. wear. The piston · pinbc " ell areof 
the same metal as t he piston. Wben t he piston is 
madl! of an aluminum alloy, t he l1O!!se6 mayor may 
not ha \'e bU.'lhings of tIOffie nonfcl'TQUll metal such I\!j 
bronze. The piston pin paSSel! th rough the IY''''eI! and 
the little end of theoonuecting rod .... hich ridee on t he 
central part t he pin. pins are generally 
clB.soItd I\!j s18tlOnary, semlnoalmg, or futl. n08ting 
type. A rigid t ype is fastened securely in the lXlf!S 
by means of a set screw and is not free to move in 
any direction. The seminoating piston pin is held 
&eCurely by means of a clamp 1Ittf! .... in the end of the 

rood: and a half slot in the pin. The piston 
pllll!l II!Ied !n au'(:raft engines are oC the full.f1oating 

that IS, they are free to tum or slide in both the 
PISton and connecting rod. Contact bet .... een the 
piston pin and t he cylinder wall is preven ted by 
circlet.a (circlips), by spring rings, or by nonIelTOUS 
metal plugs. 

(I) Circkl,. Circlets or circlips. I\!j 8110wn iu figure 
34. are almOllt complcte circles of spring steel which 
fit into grooVeI! st the outside end of each piston bOIls. 
They perf?"U illUDe I\!j the spr ing rings. 

(2) Sprmg rmgl. A spn ng n ng, lIS IIhO'll'n in figure 
34. is an endless circular roil of spring steeJ which fita 

"' 

the circular groo"ee cut into the outside end of each 
lJ.o::IiB preventa the movement of t he pin 

agruost t he c)"lmder These rings are also kno ..... n 
I\!j !l9.rter-spn ng retainers. 

(3) mt/al plug,. NonferTOllS plugs. 
usually a!umJllum alloy 34). are ill5erted into the 

ends of a hollow piston pin to prevent t he steel 
pm from bearing against t he cylinder ,,·all . Piston-
pin hossee frequently inoorponl.e drilled bole!! 
through them to aid in supplying lubricant to the 
piston· pin bearing .urflW:a since these surfac:e8 IIl'II 
not pressUn! lubricated. 

b. Kn uekl., pins. Th_ are the hinge pins by 
.... hich the articulated or link rods are fastened to the 
big end of t he master rod. (800 fi g. 35.) They an! 
surface hardeued to reduce wear and are hollow to 
make them light Bnd to provide a passage for t he 
lubricating oiL 

( I ) Knudde·pin bort. The knuckle-piu bore of each 
steel articula ted OOIInecting rod incorporales a bush-
ing of nonferrous bearing metal, usuIIlly bronze. 
These bushings are usually shrunk, P,( 5Sed, pinned. 
or spun into r.lac:e. . 

(2) Knw:k t;.pin illlial/{tlion. Knnckle pins may 
be retained and prevented from tnrning inlhe master 
rod by a tight presII fit or t hey may be installed with 
a loose fit. In both ca.see a kick plate on each side 
bears agllinst the pin and keepa it from moving 
laterally. (800 fig. 35.) If the pin is installed ... ith a 
loot;e fit. it ca.n tum in t he master-rod flange holes I\!j 
YO'ell as in. the !l"ticulated.rod bushings" Knuckle pins 
IIls taHed In th,s manner are knownl\!j the full-Doot ing 
t ype. 
%3. CYLINDEItS. The cylinder of an 
bustioo engine is t bat part in 1I'hic:h the vo ..... er for 
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rotating the crankshaft is de,'eloped. The modern 
cylinder 8l:<Sembly consists Qf a cylindrical steel 
barrel. capped at one elld, usually by an aluminum-
alloy head. The primary pUTlMJSe!l or the cylinder 
IIllIltmbly are 10 pro,ide a oombustion chamber (in 

28 

which the burning and expansiQn or gases take place) 
and to house the piliton and connecting rod. Tog<:lher 
.. ,-ith t he Cl'1lnkcase it fonn.'! t he power ()l' main llect.ion or the engine. The two major pat18 or the cylinder 
I15SCmbly art the head and the barTeJ. In the design 
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and conslruction or the assembly. many factors must 
be considered. T he unit must be strong in order to 
withstand the internal pressures created during en· 
gineoperation; it must be collSlructe.:! of ligh t-weight 
metal 10 reduce the total engine weigh t ; it mU$t l'TO-
,·ide adequate heal-oonducting propertiea for effiCient 
cooling; and it conform with certain manu-
facturing requirements. 

a, Cylinder hcud. The head may be produced 
singly for each cylinder in the ai r-cooled engine, Or 
cast in-block (all e)·linder heads in one block) for an 
in-line engine. The cylinder head is generally madeof 
aluminum alloy because aluminum anoy is a good 
conductor of heat and iLl Jijlht weij1ht reduces the 
over-all engine weight. C ylinder heads are forged or 
die-cast for greater strength. The inner shape of a 

head may be l1ut, semisphcrical. or peaked 
in thc form of a house roof. (See fig. 36.) T he scmi-
spherical shaped type has pro,·ed most salisfadory 
because it aids i u a more rapid and thorough scaveng-
ing of the t;(haust gao;es. In each cylinder olle or two 
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round n are provided for the installation of 
plugs. Aluminum alloy is not hard 

" 
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contained in gasoline. The greatest improvement in 
air cool ing resulted from reducing the thickne1!8 of 
the fi ns and increasing their depth. In this " 'ay the 
fin area wuincrea9Xi from approximately 6C() square 
inches to more than V;OO IJ(juare inches per eylinder. 
Cooling fins taper from 9/ 100 inch at the base to 
6/100 inch at the tip end. Becal15e or the difference 
in temperature in the va rious of the 
head it is uec:' l UI")' to provide more cooI ing-fm area 
()fJ IIOflle lIOClions than 011 others. The exhaust valve 
region is the hottest part of the internal surf&ee; 
therefore. as shown in fij.i"ure I , more fin area is pro-
vided around the out.side of the cylinder in 
section. 

(2) In-Uoclt cy/indtr ht:ods. An in·block cylinder 
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head is Clilst or (Ofli:ed in one piece to occornmodate a 
bank of cylinders. The metal used is aluminum 0.110)'. 
Intraconnec:ted passages are pro" ided to permit the 
now of coolant liquid. Compact ness, a more rigid 
construction. less C06t. and simplicity of assembly at 
overhaul are ad"antage!! of the in-block cylinder 
head o,'er t he individual cylinder head, The in·block 
cylitlder head also sin11llifte6 t he enclOlillre of the 
vah'e-operating meehamsm. 

b . C) liud.-r b"rrelll, The c"linder barrel. is 
of a steel-alloy forging. the inner surface 

18 hardenC(1 to resist het ter the .... ear of the piston Bnd 
piston ri ngs which bear against it. The steel used 
must ha,'e a high ICll!!.i\e strength Bnd must be able 
10 " 'ithstand high operating tempe .... t urell. In some 



instanoes, the barrel is prov ided .... ith thnladllllt one 
end (on the outside dia.meler) for joining it to the 
cylinder head. 

(I) Air-oookd cylindo barMU. Cooling fIllS ate 
machined OIl the outside of the ateel barrd. Thf'J!e 
flllll .erve primarily to conduct the excu beat from 
the c)'linder, hut they abo sen 'lI to streogtben and 
increase t he rigidity of the barrel. Some designs em-
ploy plain IIteel" IO-jth closely finned aluminum-
alloy or muffs shrunk on the outaide 01 the 
oorl'f;ls. 

(2) Liquid-<OOkd cylindt,. barrdr, The cylinder 
barrel of Q liquid-oooled engine ill sometimes called 
II liner. This barrel is made of steel which is treated 
()II the iMide to give it bet ter wearing quaiilillll. The 
ban ci5 are shrunk-fit in\.Q t he cy li nder beads and are 
retained in this position hy studs and bolts. 

c. Joining th., cylinder head and cylinder 
barrel. Three methods are used in joining cylinder 
barrels to c)'Iinder heads.. 

(I) Thrtothd joinl. The cylinder head is first 
healed .... hile the cylinder baneI. ill fttai ned at room 
temper8ture or chilled. The two ar-e then 
joined by screwing the cylinder barrel into the Cl'lin-
der head (See fIg. 1.) A jointing oornpound is UIWld. 
on the threads to prevent oompression leakage. 

(2) Shrinlt.fil. rn th is method, the cylinder barrel 
and t he head are joined while the head is hot 
(expanding the metal) and the barrel is chilled. No 
threads are used. This provides a 
joillt between the h 'o Jml"ts. However. this rt(I UlreI 

. an added means of holding the two parts 
and conven tionally long aleel stud bolts set 
iu the crankcase. Thesestuds protrude t hrough holes 
in the c)'Linder head and thus provide a means 0{ 
rela ining the " 'hole assembly to the crankcase. 
Cylinder barren and head assembLiell that are joined 
by a shrink_fit are not generally lICparated at enl'ine 
overhaul since theirsep&nltion is not nec:ppry unless 
the herrel or the assembly is badly IK.'Ofed or worn 
beyond regrinding limits. In this ease the " 'hoIe as-
sembly is usual ly replaced.. 

(3) S tud- and nul-joinl. In tbis method, the cylin-
der barrel. and the head by a number of 
ahort sleel studs and nut.s. The studs are plaood cir-
euJarl)' around the cylinder bead and protrode 
lhroudt the boles of a heav)' st.eel llange OIl the head 
end of the barrel. A metal gasket. is placed between 
the head-aoo-barrel joint surfaces to provide a 
pre!!!;ure-tight joint. 

d. MethodJ!l of cooling_ The intensit y of heat 
produced ill enginell haa increased greatl)' as a re:!!ult 
of the rapid increase in eize or cylinders, the volume 
or charge passing through them at high crankshaft 
apee<l!S, and tile high supercharger pressure!!. To pre-
vent trouble thot would be caused by an excessive me in cylinder temperature, it is necessary to pro-
vide some means of eliminating the unused part of 
the heaL The combustiou-chamber and cylindcr-
barrd ..-alls are exJlOllC(l to considerably higher 
temperature:!! than that · or the outside cooling 
medium; therefore beat 1I0l'8 from the interior to the 
exterior surfac8. . 

(l) Air roofi"g. Heat is tClllW"em-rl rrom the 
cylinder to the cooling a ir b )' eouduction through 
the melal wain and the ti ns to the rm surfaces. The 
fins 011 the head are or the some metal as the head 
and are generally die-<:lI!It or forged as a part 0{ the 
unit. Those on the sleel barrel a re usuall)' of the 
same metal and machined from the some forging 08 
the barrel. A plain steel cylinder baJ-re1 which dDe!! 
not have steel fins may be cooled by a closely finned 
alnminum·alloy Illceveor muir 8hrunk on theouwide. 
Thi;; illcre8!1e8 the Irausmi!l6ion or heat to the cooling 
air. The outilide of an air-cooled cylinder assembly 
protected ogainst corrosion by a coating 0{ baked. 
heat-resisting block enamel or a thin coating . of 
aluminum applied b)' spra)' in a molten slate. The 
aluminum coating atrordJ greater prot.eo::tion than t he 
enamel ogainst tbe COI"roISive actlOll 0{ salt air and 
salt-water spray and has more resislanee t o t he 
blasting action of gritty particles in the cooling air 
Jlow. In !lOme cases the two methods are combined 
" 'i th the enamel applied last. 

FLAT SEMI - !.PHERlCAl P(AKED 
fi,o .. 38. <JU.J ... "<III,. 

31 



(2) Liquid-eooling. The C)'linder-head block of a 
liql,lid-oooled cugine is of cast or forged aluminum 
alloy with intra-ronnecloo passages through which 
coolant liquid flows. An aluminum-alloy jacket is 
placed around the steel cylinder barrels in such a 
manner as to cause tbe coolall t medium to circula te 
around the cylinder barrels. T his coolant absorl>s B 
large percentage of the combustion heat and trans .. 
mits it to a radiator which in turn is exposed to the 
airstream. 

24. VALVES. a. Genera l. The internal-combustioll 
engine requires passage-ways to snd openings inlo 
the combustion chll.tnher. These openings ate caned 
"potls." The main purpose or the valves is to open 
and close these ports. One is known as t he "jlllake 
port." It a llows entrance of the fuel-ai r charge into 
the cyl inder. The other is known as the "exhaust 
port" and provides an opening through which burned 
gases are expeUed. Each cylinder must hlive at least 
one intake and one e:<haust valve. On somc liquid-
cooled enboines of high-power output. two intake and 
two exhaust valves are employed. The shape and 
form of all vahes is detemUlled by the design and 
specifications of a particular ellboine. 

b. POI'I,e t-ty))e valve. The word "poppet" was 
derived from the popping action of t he valve. This 
typeof valve is called a " mushroom" or "tulip" t )· pe 
because of the general resemblance of the valve heads 
to these objects. (See fig. 37.) Int ake-valve heads 
are generally tulip-shaped and exhaust-valye heads 
are usually mushroom-shaped. Valve material must 
withstand high temperatures without corrosion. For 
intake valves, which opera te a t lower temperatures 
than e:<haust val ,'CS, ehrome·nickel steel is /o:Cnerally 
u>lCd. Exhaust valves are usually made of silchrome, 
nichrome, or tungsten steel. Poppet valves are 
forged in one piece from t hese special steels. The 
stems.are surface-hardened to resist wear belter. A 
bardene<l-steel tip is welded to the stem cod to pro-
vide resistallC() to the wear and pounding to which 
it is subjected. A maehined gnxwe located on the 
stem below the tip is filted with a tapered. split (two 
piece) lock of bronze or steel. After the vah'e-spring 
washer is slipped into place, the two-piece split lock 

",U$I<Oo ",", 
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ring fits into the groove and the spI'ing tension keeps 
it in position. On some valve stetllS Uust below the 
lock groon'l'S) II narrow gt'OOye machined for t he 
inmallation of safety circlets or pring rings for the 
purpo.;e of preventing the valves from falling into 
t be combustion chambers at val"e assembl )' and dis_ 
assembly, &nd durin! engine operation should the 
val"e springs break. n some engines, t,,·o small ex-
baust and two small intake valves per cyl inder are 
employed. T his reduces t he o,'er·&11 of the valve 
and the opening and thereby reduces the operating 
temperature of t he valves, The complex mechanism 
required to o\>erate the v&lvcsofr&dial engines limits 
the use or v& "es per cylinder to not more than two. 

( I ) E:x:haust An exh&ust valve i.i! manu_ 
factured " 'ith a holLow stem and head. As the \'RIve 
does not receive t he cooling effect of the fuel-air 
charge, it must be designed to d issipate heat more 
rapidly. The hollow portion of the valve is partly 
filled with either metallic sodium, a composillon of 
sodium and mercury, or a ehemic&l salt. During 
engioe operation, this composition carries heat 
rapidl)' from the valve head to the vah'e stem. From 
here the heat is couducted 10 the ,'alve guide and 
thence to the cylinder cooling fius. 

(2) Inlet T he inlet or intake v&lve is 
generally of lhe solid-stem type. With the increase 
of power output the neces!!ity of cooling the inlet 
valve has increased. An inlet ,,&h'e of the llOl1ow 
type is partially filled with one of the cooling agents 
mentioned in paragraph 24h (1). T he main require-
mentsorthe inlet valve are: it must allow unre:<trict-
ed passage of the maximum possihle weigh t of fuel-
air ehnrge into the combustion chamber. its operation 
must absorb the least possible hO"iCpower. aud it 
must help produce a high port and a maxi-
mum turbulence of the charge within the eylinder to 
basten the buwing of the mixture, 

e, I'oppet-valve faces a nd $Cuts. T he "alves 
operate at very high temperatures and the mating 
surfaces must resist the pounding and burning to 
insure good contact oot"een the vah'e alld the seat. 
Il is important that a good seal be maintained 
becaU.';C pressure leakage or blowing of the valve 
would later be followed by burning or warping. 

( I ) The angle of the vah'e face may 
range between 30° and 45°. An angle 30° gives 
hetter fuel·air flow while angles nearer to 45° pro"ide 
better seating. Because of the high temperature of 
the gases t hat pass by the valve, it is quite 
important that the valve faC() be made of the higheat 
quali ty steel. T he vah'e face is coated (" 'elded) with 
a hard heal-re:<ii!tance metal called "Stellite" to pre-
\'ent corroding, pitting, and wear. Because 
Slelli te is very hard and cannot be cut with cutting 
tools, it requires grinding (or proper fittiu!;. Stellite 
is almost totally re:<istant to the effect ofho! gases. 

(2) Va1toe seab. The metal of the cylinder head is 
not hard enough to withstand the constant hammer-
iug produced by the opening and c1osingofl he,'alve. 

bronze and steel vah'e seats are shrunk or 
screwed into the circular edge of the valve openings. 
T he valve seat (fig. 38) is a circular ring of high-
temperatnre-resistant non-eofl'()!;I>'e bronze or steel. 
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Fit .... u. P"',.. . ..,} .. _ .... otbI,. 
The br()flU or steel illserUiuot ouly wear but 
may also be replaced if they become so badly worn 
that they no longer funct ion sat isfactonly. Brollze is 

used for the inlet-vah'e opening and s\.eel 
Inserts faced .,..ith Stellite for the exhaust port4. At 
the time thecylitlder head is heoted.od fitted 011 the 

barrel. the ' ·lI.h'e seats are al.iO chilled and 
sl ipped into place. The shrink· fit joint provides a 
0l0N) intimate oontact for the oonduction of heat 
than is provided by SCI"('l\O'ing the "alve seals in pluce. 

25. VAL\ 'F, SPIlINGS. Vah'es areclO6ed by helical-
coiled springs. I r II single spring "!'I'eN) used. it "'ould 
vibrate or SUfge at cerlllin speeds. To elimiullte this 
ditTlCulty, two or more sprinjiS (one inside the other) 
liN) installed 011 each valve. (See fig. 38.) Each spring 
is made of round "'iN)o{ a different diameter and the 
coils differ in J);tch. Each 8pring will therefore 
vibra te at a different engine speed and mpid damp--
ing out of 1111 spring-surge ,·ibml.ionll during ell¥ine 
opemtioll " 'iIl resu lt. The uS(! oft"·oOl" more spru'gs 
. 1$0 danger of ... ea.kntM 1I1K! po6Sible failure 
by breakage due to Met alK! metal fatigue. 

26. VALVE_OI'EIUTING MECIM NJSMS. For 
an inten,ol-combustion engine to operate properly. 
each valve must he timoo toapen at the proper l ime, 
slay open (or the required lellglh of time. and close 
a t the proper time. This timing or the valves is 0011' 
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trolled b)" the valv&<Iperating mtoChll.nism. This 
moohaui,m shQuld be simille and in OOlllltruc-
lion and should llrovide 8fltidaclory service over long 

of time 'l'ilh little care or maintenance. The 
two t ypes of valnt .. operating meehanislll.'I in general 
use III'f! the tyro used on in·line engine!land the t ype 
used on radia engines. 

a. In_l i n e and V·1-Y/>e e n gin e vll l ve--operatin l!l 
m «.I ..... i,;Jn. The ' ''a ve mechanism consists 01 • 
number or rooker-ann _mblilllloperated by a cam· 
shaft either di rectly or through push rods. In some 

whicb have the tamshal'i. on the top of the 
cylinder block, the shaft is driven {rom the crank-
shaft by be,'cl geal'll and other Mit( .. ery shafts. (See 
fig. 39.) Other enginllS mR y inoorporale the camshaft 
in the cylinder block. and uso push rods to operate 
the rocker-arm , .. embl;_ (See fig. 40.) 

( I ) Comshofl. A camshaft. is a steel rod with calli!! 
or IobIls macluned at certain Bpecified poo;ilions along 
ita lenglh. A ce.m or lobe is the n.ised portion on the 
thaft surface. l be ahaft Ulends from one end of a 
cylinder bank to the other and ia parallel to lhe bank 
of cylinden. One ce.mshaft i8 generally u.oed for the 
operation of all inlet and exhulJ3t nJvosor each bank. 
It is 50 located that, .... hen it turns. t he 10be8 operate 
the nlve mechanism. As t he camshaft rotates and a 
earn lobe moves the valve mechanism, the vah'e is 

raised, opening the port in the c)'linder, as 8ho"'n in 
figure 41 . As t he C8mshoJt a)1Lti ll uCjj its rota! ion, the 
eam loile mo,'O!!$ a .... ay from lhe "ah'e mechanism. 
allo .... ing the valve spring to force the vllh'e dOlled. 
This closes the jlOrt III the C)"linder. 

(2) P!Uh rotU. On !!Orne t ypes of using 
overhead. valves the camshaft is ;'I$talled in the 
cranJ,,;case. Push rods alll incorponroted 011 th_ 
engines to !nlDsmit the camshllft action to the rocker 
assembly_ Push rods are l1.'Iually made of alurnillum-
alloy tubing, steel rod, or &eamlelllHteel tubing. 

(3) ROthr-GTTn PlUmb/in. The valve-&ctualing 
rocker used on I!Orl1fl in-line and V·type engines i'! 
ooostructed .. ilh a atattOll1!.ry pi'-o\' alone end 0( the 
rocker It'-n". The camshaft beal'll 011 the venter and 
the assembly on the other end 0( t.he lever bears on 
the Val"1l Bkm.. A typical arnngetllent of thi'! kind 
i'! shO'li'II in figulll 42 0- The pivot end pro"idet an 
oi l pBssage to the _mbly_ The val"e-.tem end of 
the rocker It'-er is p"-," ided ""ith a !!Crew-type ad-
justing tappet for the proper adjustment of .-ah-e 
cleaJ"al"Ke. fn !IOIlle engines the rocker le,-er 
inoorporates a plaiu, roller or ball bearinp: near lhe 

and pi"Ola frotn Ihat IJOinL. (See Jig. 42 (!j.) 
One end of the rocker lever bearsOIl I he camshaft and 
receh"es the vQh"e-operaling force. 11111 olher end 
bears 011 the ,"al .. e stem Bud transmits the camshaft 
mo"ement to the valve. The camshart end of the 
rocker-lever will generally l>e cqui l)l)4)(\ with a roller. 
The valve end of the rocker arm illcorponlte8 an 
adjusting screw to permit the selling and adju, tment 
of valve clearances. Many variations M to size and 
shape of rocker aTIlI le"en can be found. In one 
V-type engine a rocker-arm le" er is forked to operate 
two "alv66 per cylinder_ (See fig. 39.) 
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h . Rildilll·cn gine "II I vc-opcra ting 1ll.,.,hanis m. 
The valve mechanism of II rad ial engine ;.'1 operated 
by one or two cam plat('S or rings, depending upon 
the lIumber of rows of cylindel'!l. In a s ingle-row 
radial engine, one plate or ring " .. jih It double cam 
track i!; used. One truck operates the intake valves 
and the other the exhaust valves. T he mechanism 
also includes the tappet assemblies, push rods, and 
rocker-arm assemblies 
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( I ) Cam ring or cam pia/e. A cam ring OTcam plate 
is used in a radial engine for the !l8.me p urpo::o>e as a 
camshaft is u.>ed in a V-type or in-line engine. 1be 
cam ring is It circular piece of steel with a series of 
cams or lobes on the outer surface. T he surface of 
these lolxoi and the SpIlOOil between them (on which 
t he cam rollers ride) is known as the cam track. (See 
fig. 43. ) The inner surface of the cam ring rides on Ii 
bronze bearing Vl'hi<.:h is se<;urely fastened to the 
crankcase. A set of gear teeth on on6 side of the cam 
ring provides !.he means (Of rotatiug it, As the cam 
ring revolves, the raised Portions or lobes cause the 
cam roller t o raise the tappet in the tappet guide, 
thereby traJlsmitting the foree through t he push rod 
and rocker aJ'm to open the "ah'e . (See fig. 4<1.) 

(2) Tappet ussembi,e., A vah'e l appet IlSIiembly 
consillts of a short !;teel rod (called a tappet) jnclOO>ed 
in a tube called a tappet guide, (See fig, 44,) At one 
end of the tallpet i$ mounted a hardened-steel roller 
" 'hich rides on Ii cam truck. Thill roller is made of 
steel and is attached to the tappet which slidcs up 
and dOlO'n in the ta l>pet guide, At the other end of 
the lappet a hardened steel recess is found. Thill 
recess accommodatcs t he ball end of a push rod, A 
hole is drilled through the tappet to alloVl' engine oil 
to f1oVl' to the holloVI' push rods in order to lubricate 
the rocker IlSIiem bJics. 
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(3) Zero-lash hydroulit-tv.dt>e Another method 
of transmitting the force to operate the valve!! em-
ploys II column of oil which is confined between the 
cam follower and >:I (See fig . 45.) When t ile 
cam foUower is pushed upward, the column of COIl-
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fined oill?llshea the plunger upward. M the plunger 
beal'1l agamst the valve stem, the valve will be moved 
upward against the spring. A very small leak. is 
allowed to exist in II system of this type to com-
pensate for temperature eJ:pIIIIsion. This sl ight 1088 
18 constantly being replaced by the engine-ciling 
system. No valve-clearance adjustments are neces-
sary on engines using this system at major 
overhauL Thisdevice hsuofarbeen . only on the 
low-outpnt engines. 

(4) P l).$h rodf. A push rod is used t.o transmit the 
lifting force from the valve tappet t.o the rocker ann. 
I t is tubular in form and is made of either aluminum 
alloy or seamlesa steel. A ha rdened-steel ball is 
pressed over or into each end of the tube. One ball 
end fits into the socket of a tappet and the other into 
the socket of a rocker arm. In some instances the 
balls are on the tappet and rocker arm and the 
sockets are on the push rOO. The tubular form is 
emplo)'ed because of its lightness and strength. It 
permits the engine lubricating oil under pressure or 
gravity feed to p8S8 through the bollow rOO and the 
drilled ball ends to lubricate the ball ends. rocker-
ann bearing and val"e-stem guide. This circulating 
oil flow greatly reduces valve-mechanism ..... ear. 
io'requent checking of t he valve clearances has been 
practically eliminated in engines using automatic 
valve-gear lubrication. The length of each push rod 
is determined by the dislance bet ..... een the lappet 
and the rocker ann sockets. Each push rod is in-
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closed ..... ithin an a1umin .. m-alloy tube. The t ube or 
housing r.rovides a passage through which the lubri-
ca tiug 011 returns to the crankcase. It also protects 
the push rod from damage eud prevents dirt from 
oommg in oontact with the valve-operating me-
chanism. 

(5) (J$8e1nbliu. Rocker anDII or levers 
are mechanical devices for transmitting t he liftins: 
force from the carTl!l to the valves. (See fig. #.) 
Rocker-ann IIlISembl ies are made of steel and are 
supported by a plain. roller, or ball bearing ..... hich 
serves as a pivot. Generally one end of t he a rm bears 
agains t the push rod and the other bears on the valve 
stem. One end of the rocker ann is sometimes slotted 
to accommodate a steel roller. The opposite end may 
be constructed with either a threaded split clamp and 
locking bol t (see fig. 46 @) or a lapped hole (see 
fig. 46@). Adjustments of valve clearances are made 
at this point . Arter the clearance has been adJusted, 
the locking bolt (or the lock Dut) locka the adjusting 
screw so that the proper clearance ".i11 be retained, 
On some engines. the adjusting ball socket is gener-
a lly drilled to provide a passage for lubricating oil . 

21. VALVE-TIMING DEVICES. Variations in 
valve timing " 'iIl vary tbe power delivered at a given 
speed. To obtain the best perfonnanoo at high speeds 
means a sacrifice at low speeds and vice versa. A 
compromise must be made to obtain t he desired 
results. The val"e timing on practically a ll modem 
engines is arranged in sitch a manner that it is almost 
impo.li!ible for it to change once the mechanism is 
prQperly connected. H o .... ever, t here are some valve 
mecbaniSlll8 tha t are driven by certain t ypes of 
drives in which the t iming may change enough to 
cause eventual engine failure. In a few instances. the 
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coupling devfl:e8 have become dbconnected and 
caused maJtuDCtion or tbe valves. III order to y'ovide 
for ease of operation, such apeelal tools 
83 t he top<enter ind icator and the l iming d isk are 
used. The top-center indicator is a tool used to deter. 
mine the tolHlead-<:enter position of a pislon in eo 
cylinder. The t iming disk is a device which measures 
the ClllnksbafL rotation in degulCS and help!! to deter-
mine wben the cl1lIlbhalt is in t ho (l(Im!ICt. positioo 
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for timing the valves or thfl engine. n- tools are 
aJso used in ignition timing. Several metblXb of ad. 
j usting valve t iming follow. 

•• Vernier coupling. One particular model of 
V-type engine inC()rporates a gear-coupling vernier. 
The gear which is boiled tn the C8Dll1haft by meall!l 
of 1 bol ts. has 36 teeth. (See 6g. 41.) Since t here are 
360° in !.he circumference or the gear and 36 teeth, 
adjacent gear teeth are 10· apart and tbe space be-

OfAR 

tween the centera of tWD adjacent bolt holflOl ilISl.'" 
Therefore, if the gear is removed and turned tbe 

between two boiL holes and replaced. it will 
no longer mesh with the driving gear. (See fig. 48.) 
The camshaft wiU have to be t urned l AO to allow 
the gearl to me:sh. This arrangement provides an 
adjustment by rlUlillUi of which t he valves can be 
accurately timed. ll1f1 number of teeth on the gear 
and thll number of bolt holes oould of course be 
different 110 long Ill! the number of tmh is not. e\'enIy 
dh'"': by number of holes. 

i the 
stroke (_ 
crankshaft must 
potsition i, usually 
propeller reduction geaR. 
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seen by looking th rough the inspection hole located 
in t he fN.l1It- (nose-) section housing. Before timing 
t he vaIH:.'!, II thrust cap must first be remo'-oo from 
the upvcr end of t he spliut'<i dri>-e-shaft re-
ta iner. Thiil permit.'! t he lifting of t he shaft. "hen 
t he inclitJoo dri,-c shaft i'! lifted, the upper bevel 
I)inion Ille;hed wilh l bc gear on t he cam-
slw,(t, but out of lIle;h with the lower-pinion dri'"c 
J,'Cur. This IIlIo .... s t he camshaft to be rotated ;ude-
pelltlcn!ly of t he crankshaft. T he c!uflshnft can then 
he placed in the proper ,x.o; it ion. T he inclined shaft is 
then lo ,,-ered, permi tting the spl ines of t he shaft to 
mesh with t he jll tcruu] of t he OO\-el-Ilin ion 
gcar. I f 1 he $1'1 iues do not mesh, t he shaft is rotated 
unlil t he proper mesh is sec lln'd. At times. slight 
m''''crncnl of the camshaft is permi lted, usually 
..... ithin a tolerance of I", T he same operu tion hi per-
formed in liming the " nJves of t he other bank. 

e . [)ired geHrin" . T be vah e-operat ing mechan-
ism of .'WllItl OPP(';;oo-<:)' linder engines iuoorporo tel:l Il 
rocker-arm assembly. p u.sh rods, and a cOlllshaft 
d ri",n d ireclly through a set of g(lan!, (See fig. 50.) 
The cmru;haft is located within t.he craukcase hous-
illg: T his type of cam,limfl mochauism ope rates on 
the !;lime principle as the overhead camshaft pre-
\" iuu.sl)· described. The olll)' difrerence is that push 
rods arc used to t ransmit t he action of t he cam lobe 
to the rocke r-a rm assembly. T he camshaft is con-
nected to the (:rankshaft by a gear arrang(llilen t that 
cau;;cs t he I;amshaft to rotate one-Iudf as fast M the 
I;rankshuft. During engine assembly the cam shaft 
is ill its proper localion. T he (:raukshaft 
cam-uri\"e gear marked with center-punch marks 
on two teeth. T he camshaft gcar marked 
w hI> one cellter,pu nch mark on one to<.>t! ,. T his tooth 
is meshed betweeu t he two marked teeth 0 11 the 
crankshaft gear. When t hese gean! lire meshed 
accord ing to t he marks, t be "ah"es are properl)' 
t imed. 

tl . UHdia l_Cllg illc va l ,·c tim ing. On moot radial-
type ellgille6 JH) externlll adjustmenls are incorpuro l-
ed to provide for "aj,'e timing after the engine has 
been assembled. During the t ime of engine 8$$Cmbly, 
after a major ovcrhllul, the vllhe-liming operalion 
is performed. The exa(:t meshing of the murked teeth 
of the cam ring mid t hc marked tooth of t he cam-
dri,'e gear must be fixed as designated in the T ech-
llieHI Order for the specific T he operation of 
the vuj,'e nlechanism is' acconlplished by the (:am 
rillg or cum plate. In some engines. the riug or thc 
JIlute is SUJlllOrted on a journal which is muunted 
dire<:tly 0 11 lhe main crankcllSC, I II other engines, I hc 
cam plate rides on a bushing which is mounted 
d ire<:tl y on t he cranksllllf t. T hc ,"'Car teeth lil a)" be on 
the inside or the outsidc of the CIlIll r ing. T he;,e teel h 
ma te " 'itb an intermediate cam-uri,'c pinion gear 
lind muses t he (:a lll r illg (or plate) to rotate at a 
fractiun of the crankshaft speed (dependin!!, upon 
the number of lobes). 

28. IGNITION TI MU" G DEVICES. On nearly 
a ll of the present ai rcraft engines, dual high-ten-
sion ignition is supplied. T he high \'oltug(l neces-
sur)" for ignit ion t wo selJa rlil e 
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cllgine-dri\"en high-ten;;ion magnetos. Some engines 
usc t wo IDlignetos incor/lOratcd in olle housing. The 
maglleto is t imed to dc i"er high "oltage at certain 
specilied intervals. fiince t his high \"oltaf,'C must 
reach each spark plug a t I he proper I imc. all arra ""'C-
meut is Ul50 pro' ided for IIIn iu!!, each magneto to 
the engine. 'I he magneto has a distributor which 
d irects the electric current to each of the cyli"dcN 
in the (Iroper ooquellce (firing order). T hcrefore. if 
Ihe magucto is properly timed fur olle cyl inder. it 
will be properly timed for a ll (:ylilldeN. Two general 
methoo1! of l iming the magneto to the engine are 
the vcrn ier-coupli"g and splillC(l-<:oul)l ing methods. 

H. \'e fllie r cou p liug . t iming ilia)" be 
accomplished by means of a hard synthctic-rubber 
COUI)l ing with geM teeth 1II0ided on each side of it. 
T herc is one more tooth on one side than 011 the 
other ; thcrefore, t urning the rubber plate one gear 
tooth in reilition to the two gea rs tha t me:>h wilh 
it will change the magneto timillg by the d ilferellce 
in the size of the teeth 011 each side of lhe rubber 
plate. (Se<l fig. :>1.) 

b , 5 " lin ..... 1 ",,"plin ,:. ( \ ) 0" some t.)"pes of 
engilles. a splillC(1 co"pling is u;;cd 10 connect the 
magneto dri" e shaft to the splilled sllOft llrotrudiug 
from the magneto I,ousing. Before the 
magneto, remo"e the breaker c<)\cr and align the 
step Cut with the mllrks on thc fl(lge of the housing 
with a straight edge. (See 11)(. 52.) ne cerlain that 
the position of thc I)iston 9S specified in the 
Technical Order for the particular engille. Place the 
,/Ilined coupling on the cud of t he drive shaft llud 
t leulll\Cmpt to mesh the spliued end of the magneto 



shaft with the coul,ling. If the maJ.(nelo does not 
drop into the COUl,ling spline within Ii specified 
tolerance, remove the ma/l"nelo and try another 
mesh position .dth the coupling. When .the magneto 
is tnetihed .. ·ithin the J>fOI>er tolerance, p. oceed u 
explained in c (I ) tJelow. 

(!!) mfJ9ndo flange. The mounting flanges 
of magnetO!! utiLiz;nf: the spi ined<ouplilig method 
are slolled (See fig. 53.) lllflSe slots allow rotation 
of th" mngncto h ..... sing (within the length of the 
slou) and permit clOIICT adjustment of engine timing. 
When the magneto is ill the posit ion aftef 
the SI)linc<l coupli ng is correct ly meshed. rotnte t he 
magncto housing until the magnelo is eXllct]y t imed 

to the enJ.(ine. The lIloll llt iutt bolts a re t hen t ight.ened 
to hold the magneto securely in place. 

aMemhly. The blo .. ·er is II 
The fuel-air charge is 

. .. ·here it is 
I . Th" 

I ill to atomize m OT" 
thoroughlY til" fuel _ai r mixture and assure (as 
ilearly as equal distribution of the mixture 
to the ,·arlOW! I t lliso improves the ae«!e-
ration of an engine during operation. 

( I) Aircraft-engine blowu 
impellers are of the ()(':n trifugal l ype and are forged 
of aluminum alloy. An impeller consists of a circular 
disk with blades extending radially from ita surface. 
(See fig. 54..) It may !)(I attached d in:lctly to til" 

I 
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crankshaJt or it may be driven th rough a gear t raio. 
I{ t he impeller opemtes a t approximately t he same 
speed as the crankshaft, it does not oo.::..t or in-
crease the pres;;ure on the fuel-ai r char!,>e. The 
speed is selected by the designer and it is mainly 
lfependent upon the pistOl) dis/)lacernent of the 
engine. the octane ra ting of t he ue] used. t he dia-
meter of the impeller lind the strength of the engine 
structure. I t is also important t ha t the impeller be 
light, yet perfectly balanced and stroug enough to 
"ithS\llnd t he high centrifugal forces. 

(2) DiJlu.ser &«I;on. T he dilTuser section is that 
part or t he induction manifold that surrounds the 
blower impeller. T he diffuser p late (fig. 55) is filled 
closely around the impeller. The unit CQIIsists of a 
circular plate and curved vanes on one surface. T he 
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vanes may be plain or shaped as airfoils. The Ilclioll 
of the impellcr on the f(lel-air charge tends to create 
a swirling of tile fuel-air Oow. The purpose of the 
diffuser \'rulet:l is to eliminate th is swirling of the 
fuel-air .... ·ilhin the diffuser chamber in order to 
obtain efficient Oow into the cylinders. 

(3) Didl'ibution c/lamber. This section may be 
called "the manifold ring." and inci(l6eS the entire 
blower assembly. In a radiaJ-type engine. it forms 
part of t he engine crankease and is generally made 
of forged aluminum alloy. Indh-idual intake pipes 

into openings on the ring Illld provide passage-
ways through which the fuel-a ir charge reaehes the 
engine cylinders. The pipes are held in the openings 
by sYIl thetic-rubber paekinj rings Illld packing 
retain.lll8 outs, which form s ip joints to allow for 
cylinder expansion and contraction. In an in-line 
engine. the fuel_air charge passes from the d iffuser 
"ane!> inl.o II chllillber. )<' rom here it is conduct.ed 
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t hrough t he main intake manifold to smaJler branch 
manifolds Illld into the engine c)·linders. 

(4) An aftercooler unit is incorporated on !I()Ill(I 
enginet:l equipped with II two-stllge intemal sUJlet-
charger. The purpot;e of this unit is to cool. the fuel-
air charge after it has been compre>sed by the; 

T he a..'iS(!mbly consists of a housing. a 
rad ial.or core lind t he necessary units for a cooIllnt 
system. I t is iocllted between t he snpercharger 
ontlet and t he main induction system. The fuel·air 
charge cir(:ulalet:l around the ewe t ubes in order 1.0 
dissil)/lte the heat produced during compression. A 
seporlite cooling sys tem is maintllilted for this parti_ 
cular installa tion. It uses the same type of coolaut 
mixture as used in the ell(,oine-rooling 8)·stem. The 
li{IUid is forced through the core tubes by t he after-
cooler pump. A relief "all'e is incorporated in the 
system to prevent the development of excessi,"e 

(5) Droin roicu. Each time an engine is started 
or stopped the f uel is not entirely vaporized and 
takeo into the c)·linders. T illS unburned gMOline 
gathers in t he lowest part. of the induction system 
and becomes a seriolUl fire hazan! . To remo,"e this 
wlVaporized gasoline from 80me systems, a drain 
hole (OJ?llIl to t he atmosphere at a ll times) is p rO" ided 
in the JIlductioll system at its lowest point. 

however, an au tomatically opera ted 
d ram-valve assembly is inoorpora ted. (See fig. 56.) 
When the engine is llOt operati.ng, the weight of the 
valve canses it to fall away from the 1ICIl t. TIlis 
opeus a passage to the atnlOl'lphere through which 
unvaporized fuel may drain troln the s ),st.em. WhC.tl 
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the engine is operating. the pressure in the regurgit-
ation or gurgle lube is below atmospheric pressure 
because the upper end of the tube is open to the 
inlet side of the impeller. The pressure on the valve 
will, therefore, be ItllS than that on the bottom and 
the valve ... ·ilI be held on the seat by the differential 
pressure. This closes the opening and any gasolin&-
vapor condensate which forms in the induction 
system is piped_up to the inlet side of the whirling 
impeller throullb the regurgitotion tube as shown by 
the arrows in figure 56. The piped-up action is 
hn)llght about by the same diffen:nUaI pressure 
which closes the valve. 

b. Superchargers. The supereharlP't of an inter-
naI-eombustion engine is II mecharucal unit that 
oompi ... '/8 the fuet-air cbarge in order to maintain 
the manifold pressure at or above atmospheric 
preII6ute. This unit provides a pressure greater than 
atmospheric whereas the blower doell 1I0t. 

Intemalsuperchargers are of $e'"eral types such as: 
single-speed, tWo-llpeed with a mechanical or 
hydraulic clutch, and tWo-lItage. External super-
chargers are of the varisble-speed t ype and are 
generally turbine driven. 

( I ) l nkmal supef"(harger&. An internal super-
charger (shown in fig. 57) is a unit whose impeller 
is located in the induction system between the 
carburetor and the intake ports of the engine 
cylinders. This unit is designed and assembled as an 
intergral part of the enlfine, and is gear_ or hy-
draulic-drlven. The speed with which the impeller 
rotates is limited by the impeller_tip speed and the 
heating of the charge due to compressIOn. J mpeller 
speeds may be WI high as 15 revolutions to one 
revoluti911 of the crankshaft The average impeller 
ratio ranges between ratios of 6: 1 and 10:1. The 
internal supercharger oonsists of an impeller. a 
dilTuser cbamber, a distribution chamber (manifold 

High supercharger pressure (high manifold pressure) ring) and an impeller-driving mechanism. It may 
is used to obtain more engine power for take-olT, or have a single impeller-spced ratio, a two-speed rat io. 
to maintain or increase enginp. power at high or a variahle-speed ratio. The 'ingk-sp«d unil has 
altitudes. All a li'lane equipped · ... ith an unsuper- afixed-gearratioand ia similar to the internal blower. 
charged engine rtSes to a higher altitude, the car- altbough the aing le-speed unit rotates at a speed 
buretor-intake pressure will decrease because or the sufficient to maintain the manifold pressure lit or 
decrease in atmospheric pressure. This will result in above standard atmospheric pressure at certain en-
a decrease of manifold pressure and power output gine speeds. The two-spud driNl mtChani,m oonsists 
To prevent this, airerafwngine designers have of gean and clutches. When the actuating oontrol 
developed internal and external -superchargers. ' valve is moved, oil p ressure is applied to onesideof a 
Many \'arialions in the methods of supereharging. disk. There.s no nelltral position in which the 
each with its particular advantages, are 1L'Jed. :-nutches are disengaged. Select.on of the gear ratio .. 





ill performed ,,·jtb a pw;;h-pull control. The control 
umt is a piston-type selector vahe located in the 
supercharger rear coyer. The setting for the lower-
impeller ratio is called "the low-blower position;" 
that for t he higher-impeller speed is called "the 
higb-blowerposit ion." Low blower is generally used 
at take-ofl' and during flight at low altitudes. As the 
airplane climbs to higher altitudes and engine 
power begins to decrease, the pilot will shift the 
control vahe to the high-blower position for 
increased supercharger pressure and engine power. 

(2) E:r:Urnol An enemal super-
charger is not a ooroponent part of the engine and, 
therefore, will not be discussed in this manual 
(reference TM 1-4(7). 

30. INTAKE l\IANIFOW AND PIPES. Induc-
tion manifolds and pipes are the sealed passage ... 'ays 
II!Ied to conduct alf or fuel-air mixture from the 
distribution-.chamber section to the intake-'"ldve 
ports of the cylinden. The number and construc-
tion of manifolds or pipes depend 011 the engine 
tr,pe and the towl number of cyhnders to be supplied. 
1 he manifolds and pipes are light in weight and 
designed to offer the least JlOl'Sible resistallce to t he 
/low of the air Of mixture. 

II. Int.a.ke manifolds. An aircraft engine with 
in·line or multiple banks of cylinders d istributes the 
fuel·air through a large main induction 
manifold into smaller branches attached to t he 
cylinder intake ports. The other end of the main 
manifold is attached to the distribution chamber. 
The manifold assembly is generally made of a1umi· 
num or magnesium alloy, manufactured in one or 
two sections per bank. The single-section unit 
incorporales openin8$ for all c}" linders on one bank. 
The double-section assembly consist.s of two 
branches, each supplying the mix ture charge to 
half of the cylinders. Tubular synthetic-rubber 
coupliugs are used in colUlecting the two branches 
w the main section. (See fig. 58.) This al1ow8 for 
expansion of the cylinder block due w beat of 
combustion. A gli!lket is placed between the mani. 
fold Dange and the cylinder intake ports and the 
assembly is rigidly secured to the cyllllder block by 
studs or bolts and nuts. T hreaded holes are 
vided for c}· linder·primer nozzle connections an for 
the manifold·pteal!ute-gauge take-off line. 

h. Intake pipes. Intake pipes are individual 
pipe connections between t he distribution chamber 
(manifold ring) and the cylinder intake ports. The 
pipes are circular in cross section and are generally 
designed to eliminate sharp bends, thus providing a 
smooth Dow of fuel ·ai r mixture to each cylinder. 
lIIost rad ial·type engines IIfld some in-line engines 
employ this system of induction instead of tbe 
manifold t ype. (See fig. 59.) In some in-line and 
double-row radial powerplants, Y- Of T -type intake 
pipes may be employed. Each of t hese conducts 
the charge to two adjacent cylinders. The pipes are 

made of aluminum alloy or steel. Steel 
intake pipes are strouger and are leal! subject t o 
dents or warping. A gas-tight connection is pro-
'"ided at the distribution chamber by a synthetic-
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ruhber ring and a packing retaining IlUt. 
This fol"llUl a shp-join t r;eal allowing tbe inlake pipoes 
to slide in and out of the distrihution-chamber 
opening during the expansion and contraction of 
the metal. At the cylinder intake port, a 
gasket is placed between the pipe nange and the 
-cylinder port, aud the /lange is rigidly secured by 
bolts and nuts. Another method provides for 
attachment of the inlake pipe by a packing ring 
and packing·retainillg nut which $Crews into or 
o"er the intake-port opening. On other engines, 
short stacks protrude from the ill lake ports and 
incorporate rubber couplings to attach the pipes to 
the extensions. The upper iutake pipes o( some 
radial engines have threaded holes for the install -
ation of p rimer nontles. 

31, EXHAUST MANIFOLD AND STACKS. 
The exhaust manifold is a unit specially designed to 
pro>'ide a passageway for tha removal of exhaust 
gases and Dames from the vicinity of the engine. 
The gases may be conducted directly to the atmos-
phere, or by·passed through special dncts and used 
to drive t he turbosupercharger or to provide hea t 
for the carburetor inlake or the cockpit before being 
released to the atmosphere. The assembly must 
conduct thl! gases away from the engine with a 
minimum of back pressure. T he metal used is 

stainless or inconel steel. Inconel steel is 
used because it expands very little when heated and 
is resistant to cotrOl>ion. An exhaust assembly may 
be made in any of the following t ypes: short stacks. 
exhaust manifold, or a collector-ring assembly. 

a. Short exhaus t s tacks. Short exhaust s lacks 
are short pieces of piping, generally cnrved toward 
the rear of t he airplane. They are attached to the 
exhaust·port op-:nings. Thesestacks may be designed 
foc each ind iVidual C)'linder or they may combine 
two adjacent cylinders. (See fig. 60.) They minimi-U! 
exhanst-gas back pressure 'nd exhaust-valve tern· 
perature, and also reduce fire hazard in tbe event o( 
II crash llind ing. Short stacks present certain dis-
advantages because of the JlOl'Sihle sudden oooling 
of the exhaust valves during side-slip maneuvers of 
the airplane and they are Dot efficient in conducting 
t he exhaust gases away from t he airplane cockpit. 

b. ExhalUlt manifold. On some in-line engines, 
exhaust manifold.'! may be attached to the cylinder 
banks as single units. The unit consists of a manifold 
housing with one elO6ed end. Protruding from the 
hous ing are short st acks which are bolted o"er the 
exhaust ports. The manifold bousing enlarges pro-
gressively toward the outlet. (See fig. 61. ) 

c, Collector ring, Radial-(lngine exhaust mani-
fold.'! are generally known as collector rings. The nnit 
consists of a large ring (nsuaUy the approximate dia· 
meter of the engine) to .".hich are attached exhanst 
pipes from the exhanst port of each c}" linder. (See 
fig. 62. ) The exhaust·ring !!.!;Sembly is usually con-
structed ;n several sections and slid ing joints are 
provided between sections to allow for and 
collector.ring expansion. Cases are collected alltl. 
cond ucted from all cylinders to t he colleetor ring and 
thence to the atmosphere through a oommon outlet. 
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The ri llg become'! larger in (T'()!I!!-

lMlCl ioUfll "illmeler towprd t.he common oll t let. The 
out let is 51 reamlillCd towllrd t he rear of the 8; rlli n lie. 
111_ COIiOClor ringll limy be ; Il'ita!icd 011 the fWllt 
or the rear side of the t ill/inc cylinders. The rrollt--
t ype ooI1ect(H' ring is ,,-idely used becalll!ll it (cmb 
\0 (}\"crheati"i or the cugine. 
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32. I'ItOI''':LLER REDUCTION C .. :'\UING. Pro-
pellers used " 'jth low·horsepower engineIJ are usually 
attached directly to the crankshaft. The increlllled 
brake horsepower deli"ered by a high-horseJlO""er 
engine ""ul ls part!)- from inereesed CI'llnkshal\ 
speed. is therefore nee : sa T)' to provide reduction 
guriug to limit the speed ofrotation of tile propeller 
10 II "ldue at ,,·hieb eRicient opemlioll is obtained. 
The general practice has been to provide reduction 

l)ropeller 6pocdS above 2,000 rpm be<:au;;e 
it hIlS II found lhat propeller eflkhmcy decrealle$ 
ropidly above this speed. As the reduction gearing 
mu.st extremely high IIlrflll Ses, t he ge&1"S 
are machined from steel forgings. MallY t)'Ile8 of 
reduction gearing systems are in use. Four or these 
typeol.l'ill be discussed. 

II . • .. l spur_and.pinion reduc tion gear_ 
in lJ. 11);11 as&embly oonsists of an erlerno.l spur gear 
mounted on the propeller shaft and an external 
pillion (dri"illg) gear located on tho crenkshaft . 
(See fig. 63.) In IIOIDe c8fM .thi$ gear is mounted on 
an e.ztellsiOIl shaft which may be auached diuctly 

to or may be driven through a nexihle 
sllIined COlIJlling. The propeller ahaft is 8ullilOrted 
in tho middle by a thrust bf,aring and at the rear hy 
a roller bearing or a steel-backed, hron7,e bearing. 

h. Spur pl .. "-'<Iuction ,car-
ing- rotnti .. g hell The spur I,llaoetary re-
duction gearing consists of a large dm'ing or bell 
gear thlll is slllined (and !IOmetilllOli shrunk) to the 

a large stationary gear (called a lIun 
gear). and (I !Set of small spur planetary ,,;lIioll gean 
mounted on Ii carrier ring. -(see fi g. M.) The ring is 
fastened to the propeller and tile phmetary 
gears mesh with both the bell gellr and the stationary 
gear. 111e stationary gear is bolted or splined to the .. 

housing. When tho engine operati"g. 
the bell gear rotales. As the phmelary gears all! 
IllMhed wilh thi$ ring. they al!lO must rotate. Sine(! 
they also me6h ,..ith the stationary gear. they '!.-itt 
walk or roll around it as they rotate; the ring in 
,,-hieh they are mounted will rotate the propeller 
shaft in t he some direction as the crankshaft but at p 
reduced speed. 

c. Spur 1,!tIl,c lllrY_S}'nem reduction gear-
bell gear. In IIOfll(l engines. the 

bell gear is mounted as the stationary gear in tho 
front-soction housing. TIIO planetary pinion gears 
walk around inside of it. TIle sun gear acta as a driv-
ing gear bocall.'le it is splined to the crankshafL 

d. &,.0:1 pla .. roouct;on .. !;. 
In thi$ system. the driving gear is maehiued ""ith 
beveled external gear teeth and i$ attached to the 
crankshaft. A set ot mating bevel pinion gears is 
moullted in a cajCe ... ·hich is attached to the end of 
the propeller shaft. Tho ]Jinion gears are dril'en by 
the drh'ing gear and walk around the stationary 
gear which is bolted or splined to the front-&eetion 
housing. (See fig. 65.) Tho thrust. of the iJe"el pinion 

l ears is absorbed by a thrWll ball bearing of special 
esign. TIle drive and the fixed gears are generally 

supported b)' heav)'-duty ball bearings. 

33. PROPEU.E1t SII,\ FTS. The types ot 
shafta are tho lIIpered-end and the 
The COllect propeller 8lI6embly must he used ... ith 
each t)"!)C of IIhaft. Tallered shafl$ are identifoed hy 
taper numbers and the spl ined shafts b)' num-
ber Si1e6. 

a. Tllpered In many low-power-outllUl 
engines, the propeller shaft is forl(Cd or cast as a part 
of the (See lig. 66.) The shaft is tapered 
and a milled slot is provided !W that t I,e Ilropf:llcr 
hub may he keyed to the .. fl. The end of the shoft 
i$ threaded to the Ilropellcr relaining nnt. 

h. Slllinoo (: ... 18. (I) On a high-olltput eugillo 
the Jlropeller shaft is splilled. (See fig. 65. ) It is 
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threaded 0" o"e elld ror u prupeller I,ub nut. T he 
thrust hea ring. IIllieh absorbs pw pdler thrust, is 

." 

.. . ,,-
....... ......... 

loca te<1 neur the ",iddle or IfJe and Ifllnsmi l..:! 
lhe I hrusl to t he r ,,)!I t-sec t ;O,Nl<:IIdng. T he shaft is 
threaded near t he middle to provide a location rOf 
the thrust-beari,, !;" reta ining ""l. Oil the 
protruding from the hOllsing (betwccn t he two sets 
of threads) are located S11line:> to Ihe spl ill e<1 
propeller hub. T he shaft is generall y machined from 
a steel-a lloy forgillg and is hollow throughout it s 
I<! IIgth. 

(2) I'rofJelier brett/herH. I II 0, ,e IIC 
of j"slalla tion a brea ther t uhe is ir ... ta lle<1 inside the 
hollow Jlropeller shaft and extends in to the c ra. nk-
shaft front exlcIIsioll . On un cngine e<luiJII)<'(1 wilh 
II hydromat ic propeller. the tube is so constructed 
and installed tha t it also Ilro ' ides u fOf I,igh-
pressure oil to ('Ilerate the Ilrope ller unit. These 
met hods eliminate the br<!a t h<!. unit genera II y loca ted 
in the oil sump or frout supercharger housing. 



S ECTION IV 

IN-LINE AIRCRAFr ENGINES 

J.l. GE1"'lEltAL. Engines which have a ll of their 
cylinders mounted or assembloo in one straight line 
are knO"'n Il!I in-line engines. I n t he "ery low-power-
output class, this engine may be constructed with 
one, t .... o or throo cyliuders. T hese engilles have re-
spectively 180°, and 120" crankshafts. High-
po .... er-()utput engines of this t ype are manufaeturod 
with an even number of cyl inders in olle bank. The 
most cOlllmon t yJlC8 arc the four- and six4:ylinder 
engines which use respectively 180° (lIld 1200 

crankshafts . 
It. Cylinder Il f rnngenle n ts . The cylinders of an 

ill ·line elillinc are located in a single row or bank 
parallel to and mounted above or below the crank-
shaft. When t he cylinders are mounted Oll the lower 
side of t he crankshaft t he eugille is called an " invert_ 
00 type." The in·line engine lends itself to excellent 
etreamliniug of the a irplane in either t he uprigh t or 
inverted position. T he uwerted tHIC otTen; imllrovoo 
pilot visibility and the use of II. shorter lauding gear. 
This t ype of engine may be either liquid· or air_ 
cooled. The problem of cooling the engine by air has 
been fIOh·oo installing haUle plates to the 
air lIow around a ll cylinders, e;pecially the rear ones. 

b. Firing 'lrder. T he firing order of an engine is 
the sequence in which the po .... er stroke; occur in the 
cylinders. Six4:yliuder in-bne cngines generally have 
a fmng order of 1-5-3-6-2-4. The firing order fvr a 
four4:ylinder in·lineengine may be either 1-3-4-2 or 
1- 2-4-3. 

35. CONSTR UCTION CHARACTEltISTICS. 
a . Gcncral. Engine IJarts and engine units vary 
in shal)e and size, but each of any t )'J)e Oper.Hes 
lIS fC<:luircd to provide satISfactory perfonnall(.<e of 
the eulire a;;semLly. It will be well fvr the student 
mechanic to familiarize himself with the design of 
the component parts of each t ype of engine. 

b. !'ower ""elion. T he power section of an in-
line engine consists of the rna'" crankcase, the crank. 
shaft, the cylinders, pistons and connecting rods. the 

ffie<:hanism and valves, and the 
lle<:essary bearmgs. 

(1) Crankcase. The crankcase is made in two 
aluminum-alloy hah'es and is very sturdy. Each half 
has web IIatLitiona which support t he main crank. 

bearings. One web is located between each two 
crankshaft throws. T he upper and lo .... er parts of 
the crankrases are bolted together ,,·ith long bolts. 
one of which is locatoo on each side of each main 
bearing. The outside edges (flanges) of the crankca>e 
are held together b)' small bvll.$ and nuts. Oil leakage 
is by a gasket inserted in re<;eS!;CS in the 
flanges. 
. (2) Crankshafl. The crankshaft of an in_line 

cngine has one throw for each cylindcr. It is made 
of forged steel and is ground 110t ollly on the wearing 
surfaces but a lflO on all other surfaces to remo,'e small 

scratches which milht cause failure of the crankshaft 
during operation. )ltS$(Iges are drilled through the 
main journals, the crank pins, aud the crankcheeks 
to provide for the flo .... of lubricating oil and to make 
the crankshaft lighter. T he crankshaft is statically 
and dynamically balanced within extremely clo;;e 
limits. 

(3) Cylinder. The cylinders of an air-cooled in·line 
ellgine are made " 'ith steel barrels and aluminum-
alloy heads. The heads have t he valve seats and the 
spark-plug bushillg9 shrunk into place. Each head is 
screwed and shrunk on the barrel and both ha,·e 
cooling fins on their surface T he barrel is held to 
the crankcase by me81Ul of studs and nnts. 

(.1) P i$/QII IUStmbl;y. The pistotUl are generally of 
forged aluminum alloy, are heat treated, 8l1d are 
ground t o final size. Compression and oil· ring grooves 
are machined atOWld the piston. T he pislon may be 
of the flalt-head or dome-shaped t ype. 

(5) Connuli"g rod. T heconllecting rod iJ! generally 
forged from a stool beam of I or H CrolS section. A 
bronze or brass bushing is pressed into the small end 
aud reamed to for the piston pin. T he big end 
lIas replacable bearing inserts. 

(6) Cam$/Illf/. The caoUlhaft may be located in 
the crankcw;e housing (fig. oW), in the cylinder block 
assembly (jig. 41), or above t he cylinder head 
(fig. 42). If the camshaft is located in t he crankc8.5C 
or t he block assembl)', it is driven by a set of gear.>. 
If located above the cylinder head. it is drhen by an 
exten.sion. shaft .... hich is geared to the crankshaft. 

(7) BeariIIYS. The bear1I1 !;!:1 .... hich support t he main 
crankshaft journals are fIOrt-metal inscrta .... hich are 
baeked "'ith brvnze or steel. The crankpin bearings 
are of the same t yP':o The piilton-pin bushiug is 
bronze and no specIal bearing is in t he 
pistvII since aluminum alloy itself a good bearing 
malerial. The rocker a rm is supported in the center 
usually by a bronze or needle bearing. 

c. l' mnt sect ion. The front section is usually 
made of aluminum alloy. It houses the propeller 
thrust bearillg and the accessory and vertical drive 
shaft. It is bolted to both hah'es of the main crank_ 
case section by short hulls and nu"" Or hy cap scre,,·s. 
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(1) Proptller Illmsl bearing. T his bearing is a haH 
bearing. It recein ::!i the forward thrust of the pro-
peller and transmits it to the engine crankcase. 

(2) Driresllafls. An arce;sory d rive shaft is geared 
to the craukshaft aud the po"·er uccessary 
to drive the acct:Sl>Ories in the rear se<:tio)l. The ver-
tical drive shaft is driven by the crallkshaft and 
transmits the po .... er 10 d live the cun",haft. 

t1 . V .. h e TI,e 
mechanism used in th is t ype of engine may be any 
one of se"cral types . 

(I) I" t he t ype shown in figure 40, the camshaft 
located in the crankcase housing. Push rod.':loCxlend 
from the l'am lobes to the rocker ann. Movement of 



the push rod (due to c.rn action) CIIU5e5 
of the rocker arm, " 'hich in tum opellS the ,'ah'e. 
The v.lves are closed by two lpri ,'8" " 'hieh are hekl 
in by II ",asher and II split lock. 

(2) In the type sho"'rl in ligure 41. the camshaft 
is located directly below the ,"ah·es "nd cam action 
is d irectly to each v"ive. 

(3) In II third type (fig. 42) located 
above the q%lder head, The TO<:ker arms bear on the 
cam lobes and l rarl;lmit cam action 10 the vah'eII. 

e. Exhaus t a nti induction ( I) The 
uhaust stacks are made of oorrosion-resistant . teel. 
These do not munleellgine rlOise. but merel)' conduct 
the engine-exhaust gases to \I point ... ·Ircre they ,..iIl , 
neither alfect the personnel in theooclpit nor preeent 
II lire hll1.Brd. 

(2) Theintake manifold of t .. ·o alumi-
rll.lrn-alloy !;eM ions. o;c:cl il)n supplies half of thl! 
cyl iudcnI. T o aid in vapori l ing Ihe fuel. a hot is 
IloOmetimes located hetwcen the carburetor and iuduc-
lion manifold. unit ., .. arl1l$ the fuel -ai r mixture 
by heat from the uhaust gases. 

r. Co...linl(. TILe temperature prQdOCf!d b)' the 
burning ruel in an inten lal-combustkMl engine of len 
reaches 4,0000 F. or nlOre. The hot gases come in 
contact " 'ith the pistons , cylinder " 'all$, vah til, and 
the cylinder head. all o f " 'hi£h absorb heat. Two 

of cooling anl used : air-cooling. IIOme-
time! referred to aadirectcooHng; and liquid-cool ing, 
... hich is pccomplished by II circulatillg liquid. 

( I) Air rooiillg. An in-line engine may be cooled 
h)' air ,,·hich IS directed around the cylindeT1l by 
_aIlS of balTles. (See lig. 6i.) By using co ... 1 flaps to 

•• 

I'"" ... .• 1;, .. ...... . " ."i.J". •• i •. Ii •• 
' ·Ii·', 

control the amount of air tilal 00"'5 around tile 
cylinders. t he engine teml)l'rnlure can be kept " 'iUlin 
the de..ired rar:ge. 

(2) Uquid cooIinfJ. Uqui!! wol ing is accomplished 
by kceprng a coolalll medium (e lh ylc"e glycol or 
water) on circulating contact with the metal surfaces 
to he cooled. 'fhe cylinder head and the lindeT 
block are cast. ... ith intl1lCOllnecled passages (ur "''',,r jackets) through " 'hich the mant medium 
cireulate!. The coId ·liquid Of)l'ning (outlet) Iocllted 
at the lop of lhe block to Ilre"eut the fomu:alion cl 
neam pockets. 11le hot coolant is directed from the 
lopofthe throuJ;:h pitJeS 10 tbe top of amant 
radiutor. As the hoI liquid ci rculates through the 
rudialor. almoollhcric air passes around the radiator 
lUbes and remonll:l the heut from the li1luid. The 

li(IUid theu f1o'l's from un opening at. the 
bottom 0 the radiator to l'I coolant pump and iJ re-
circulated through the I )·stern. TIle pipe!! of the 

51 

coolant system should ha"e as few bends Ill! poo<IIible. 
To prevent damage from vibration and twisting 
8Irams. short lengths of Bynthetio-rubher hose are 
used as pipe couplings.. 

g. L"briwUo n , A I?reIlSure-lubrication Iystem is 
employed for the malll crankshaft lJearings, the 
crank pin journals, and t he camshaft bearings. The 

boxl)S, valve guidell, cyliader ... ull-ll, piston 
pins, and gear!! are sllhuh- or ijpray-Iubricated. 
f':":ces.s oil draiJls down lutO the craukshQ(t housing 
,,·here it is picked up by the sca.-enging l)JImp and 
pumped back to the oil J wcr ... oir. 

h . AC<"p 'Pori t'll. The acce;;sories of this t ype of 
engine are all ioceted in the rear. The)" are dri .. :" hy 
a 10nK IWXl.!tOt"y dri ,·c 5haft " 'hkh is I,'ellred to the 
camshaflal the front of the engine. lSec:au>!e of its 
length. the acces/lOl"y drive shaft" ill twist 
This abso rlllj the "ibration (d ue to po ... er impulses) 
and pre"euts O"erlooding of the acce>!&>ry drive-gear 
teeth d uring sudden aud decderalion. 
The aeces.ooriea indude the generator, magnelOs, fuel 
und vacuum pumps, tacuometer, eu:. 

36. \'ALvt: AND ICNITION TIMING. Mttr 9 
lIew erq; ine is de;;.igued and the first mudel is made. 
it is sd Oil test bloclul aud operated. I t is operated at 
dilTerent speeds, varioUli fuels are used, and tl :e 
and ignil iou timius are challged from olle extreme to 
the other. During these tests u"der COli trolled 
operating conditiolls, the horsepower de'·clopcd. u)" 
the engine a<:<:lIrately c1lfX:ked. From thCOle dala. 
lhe det;ign eUl,";ueer!! determine the exact limi"g of 
the wr.lvtlland the ignilion ,,·hkh " 'iII !Ii"e the IJeSt 
performance.. I t is important, therefore, thpt the 
ellgine be timed uactly 8!1 specified ill T echnical 

a, Checking "Mh'e t iming_ The val"e timing of 
an in-line engine is ehecked as follo"'8: 

Step I. Hemove the accessory unit.'! tl.'I d i-
roolcd. by Technical Orders. 

Step 2. n elllo"e the c)'lindcr-"ah'e covers. 
Step3. ChllCk the clearance of all illtake and 

exhaUlit ,·uh·es. If nee : wet)·, adjust 
clearance areording to 
ill lubsequeut paragtllpb 37b. 

Step 01. Install a t.op-<:enter iudicator in a 
sl)Ilrk-plug hole of No. 1 cylinder 
lIml rotate the crankshaft II III il the 
piston is III top-<\ead·l"tlltcr. 

Step 5. Sel the IJOinter of the timill/-( iud icator 
at zero aud install the iud icaL..,r 011 
the I)ropeller shafl. 

Step 6. n otato I he crankshaft clock " 'ise 1./111 il 
No.. I intake--"ah'e roc·ker·arm roller 
C8l1not be lumed ... ith lhe 
bee.use of the pressure of the cam. 
The point of opening of the intake 
vah'e " 'ill be shown on the timing 
indicator. This should UJll"OO " 'ilh 
the ,·alue given in the Technical 
Order rOT lhe particnlar engine. 

Step i. I r the vnl vcs are not CO!TeCt I y lilliI'd. 
proceed as directed in paragraph 
36b. 



Step 8. Hep lace the parlil which wereremovoo 
from the engiue. 

b . Adj .. s ting.vah-Il tin';ng. T o time the ,-alyel'! 
of an in-line engine, first fol low the listed 
in the fiMlt five steps or foregoing paragraph J6a; 
then proceed as fol lows; 

Step I. Place the camshaft in i18 proper posi-
l iOll by rotating the CMlukshaft 
unt il the intake vah-Il of No. 1 
cylinder is about to open. 

Step 2. Discorlllect the vertica l tlm'c shaft 
from t he camshaft bevel gear. This 
will allow the cumshaft Iiull crank· 
shaft to be rotated illucpendenliy. 

Step 3. Hota te the in the llel'mal 
direction of en/o[ine rotat ion until 
the timing indicator shows that 
No.1 piston is at tJulspecifted IIum· 
ber of deg. ees BTC. 

Step 4. T empOrarily engage the vertical drh 'e 
shaft. 

Step 5. Holate the crankshaft backwlU'd 
about 300 and then tlo"'ly rotate 
it forward until the valve rocker-
a rm roller can no longer be turned 
with the finge .... 

Step 6. Check t he vah'e openins point 8..'1 
shown on t he timing ind Icator. TIlb 
should agree wi th t he villue given in 
the Technical Order 19r t he par-
ticular engine. 

Step 7. I f the timing is incorrect diJloCngage the 
,·ertical drh·e shaft then diJloCngage 
the camshaft gear frQIn the cam-
shart. I f t be vah·e opened late. 
Mate thecalUshaft gear in a direc-
t ioo opposite to that ill which it 
normally turliS., then it on 
the splines. Ir the valve opened 
early, rotate the gear ill the Jlormal 
operating di rection and i t 
on the splines. 

Stcp 8. Hepeat foregoing eteps 4, 5, and 6. 
Step 9. Hotate the crankshaft in the normal 

direct ion of rotat ion and chook the 
closing of the valve of No. 1 
cylinder. This is the point lO·hcre the 
pressllreofthe vah"e i! released and 
the ex,haust-.·all·e roller call be 
tun>ed with the finger. 

StepIO. It necr ."ary, readj ust the 
opeuing to bala,1Ce the exhaust.-
.·al.·e closing error. In this lO·ay, 
both vah·es can be t imed with in 
th(! desired tolerance. 

Step l l . Heplaoe t he parl.8 ... hkh were remov-
ed from the cugine. 

c . Ign itioll t imi"g. To set the ignition l iming. 
tho I18mo timing indica tor is used. The crankshaft is 
rotated (0 11 t he compression stroke) unt.il the pointer 

that the No.1 piston is in the firing posi-
lion. The magnetos a re .-emOI·ed and the d ril·o 
of each maglleto is rotated unlil the ,,·hile mark 
appeaM! in the inspection " 'indo,,· of the magueto. 
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This indicates that the magneto is in the proper 
position to lire the charge in No. I c)·Ji nder. The 
magneloli are t hen placed ill positioll and their dri l·e 
gtanl meshed with the geaM! that are dri\"en by the 
800Ces90r). drh·eahafl. Adjustment for igni tioo timing 
is aocomplisbed by a aYlitbetk-rubber plate " 'hieh 
has gear teeth molded 011 eaeh side. A 0.0015·illch 
feeler gauge is placed belweeu the hreaker points of 
each magneto. A tiPi ing light ifill! be used. if a,· ail· 
able. The crankshaft is then slo .... y rotated while B 
light pull Ii; exerted on the feeler gaugcs. Watch the 
timinli ind icator to check t he position of the crank· 
shaft Just as the l)(>inl.8 open and release the 
feeler gauge!!. If either set of po;nl.8 uOC!S not open lit 
the specified l)()Sition, rePiove the maguelo and 
rotate the rubber coupl ing. I f t he poillts opened late, 
tum the ru bber coupling in lhe d irect Ion of t he 
magneto dri '·e shaft·8 rotation. If they opeued earl y, 
rotate the rubber OOIIpl ing in t he direction. 
Then inslall the magnet.o. 

37. VA.LVE CLEAn ,\ NCE. All engines must h" "e 
a slight clearance between the val I·e sltm and the 
rocker ann. If t here were no clearance. the \,&1..", 
might be held slightly ofT its seat lO·hen it should be 
closed. This ,,·ould cause erratic operat ion of the 
engine and won cause destruction or the .'aJ .. e il3elf. 

a. Clcurll n ee .;p.:cificjt t io ,uI. The specified vlI.h"e 
clearauce tor one t ype of engine ilia)· he 0.015 inch 
for the il,tnke .. ail·e and 0.030 iuch for the exhaust 
Vall·e. T hese d ellranccs are referred to as t he ··coId 
d earancetl." Wilen t he ellgine .... arms up during 
operat ion, t he lIIe l ll.l lO·iII u l>II.nd aud chll.nge th_ 
ciearallces to a certa iu extent. T he exhaust , ·al .. e 
... ·ilI be hotter t han l he intake ,·ahe. T herefore, it 
u pands more and a greater cold clearance may be 
necessaI)I in order to have tbe proper clearance 
during opera tio.u. 

b. Adju"tment I'rocc:dnJ"e. To adjust ."a ll·e 
eiearance. the lock nu t and the adjustinlC 
&crew is turned u.ntil the l)roper t hkkue&8 gll.uge lO·ill 
euler t he 8l)Q<:e he tlO·cell t he vah·e slem and rocker 
arm but the next thickness gauge ... ·ill not. 
The adjusting !!Crew is then held securely nud the 
lock nut is t ighleued. Duritlg the adjustment, the 
camshaft lIIust be in a Il(l!;ition Ihat the cam 
lobe does Ilot bear against the rocket·ann roller. 

38. INSPECTIOX AND MA INTENANCE. 
a. In9J..,,,l io" I. roccdure. I llspections are per· 
fonned to pre.·en t trouble on an airplane. By 
periodically IIlslMlCtlng I he airplane and engine parts, 
minor defecl.8 can be found and be before 
they become TIM! inspect ion n'lISt be per-
formed in a eystematic manner and c:are must be 
exercised to locate alill oorred. e.·en the siliallest 
dcfecu. To permit the loca ting of 11.11 derec:I.8, the 
parIS should be thoroughly cleaned a t the time of 
the inspect ion. 

b . i\t,,;nte ,nlf'ce "".I .... :""'" I t is tke 
moohallic's duty to keel) the Ilirplane in 0 )" i1l8 COli ' 
dition as much of the lime as JlOOi'S ible. To do th is, 
lIe should be al,le to I"tlCQgll ize probable trouhles 
before they hapllen and to determine accura tely 



the causes of these trouble!!. If the mechanic i" 
qualified to perform the proper maintenunce, he 
should do so. If not, he should r(lplace the damaged 
part and return t he unit which contains it to the 
proper department to be repa ired by more highly 
t rained personnel. The airplane mechanic must 
periodically inspect for and repair any of the folio\\'-
mg t)'l)1)8 of minor damage: 

( I) Scratches on highJy stressed, polished parts 
are a rather enmmon source of <::racks. These 
scrat.<;hes may nentuully cause a fracture of the 
part. Inspect thoroughly and relllQve the scratches 
at the time of disco,"ery. On SOllie units it is per-
missible to rollnd or smooth the groove in t he early 
stage of t he damage. 

(2) Loose connections in the ignition system ffill$t 
be resoldered. Loose s park-plug CQllne<:tiolls must be . 
tightened. Loose ignition wires will be Ilmperly at-
tached, The magneto will he cleaned if nee -enr)'. I II 
some cases (designated in Technical Ordera) the 
magneto breaker point.s ,..iII be dl( ssed if found lo 
be burlled or pitted. 

(3) Loose bonding must be properly secured. 
(.f.) On the fuel and oil systems, loose or leaking 

connections ,..ill be tightened or replaced. Loose lilies ,..moo anchored. Screens and be period-
ically remoyed and cleaned. Check all Ilexible-hose 
connections and hoses. Heplaoo deteriore ted 
hoses ... ·ith ne'" hoses. 

(5) T he control s)'stem is more likely to result in 
malfunctioning than any other part of the engine. 
The numerous movable parts {consisting of cables, 
pulle)'s, bearings, bellcranks, and other unit.s} re-
quire inspection and in !lOme ell$e$ frequent 
adjustllle"t. On the engine controls, free 

play must be remoyed. Binding of the controls must 
be corrected. 

(6) The propeller thrust-bearing nut ,..ill be 
tightened if necessary. 

(7) Loooe cowling must be tightened and secured 
in it.s position. 

(8) \ alye adjustment and valve and ignition 
timing will be checked and corrected if found ,..rong. 

(9) The crankcase and nose sections should be 
carefully checked before removing t he oil. grease, 
and dirt. T his inspection prior to t he cleaning of the 
engine ,..ill. in !lOme CIl$e$, re"eal an exceo><;i\"e accu-
mulation of oi l and d irt ,..Ilich may be an indkation 
of dumage. If an excessi"e amount is found, the 
engine ,..ill be thoroughly cleaned and t he section 
checked ror cracks. I r any section is found 10 he 
cracked. the engine must he replaced. 

c . Rcplae.,n>.,Il1.l!. Parts t hllt are damaged he-
)'ond repair or t hat require more highly t rained 
pOlraonnel for repair must be replaced hy the airplane 
mechanic. &>me of the parl;j that wi ll he repluced. 
if damaged, are given below; 

0) Spark plugs that ure not functioning properly. 
(2) Ignition cable that is ehafed or ahraded. 
(3) Shorted or oul-or·lime magnetos. 
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(4) Cracked manifolds and leaking gaskets. 
(5) Cracked or kinked fuel and oil lines and leak-

ing connections that cannot be sealed by tighten ing. 
(6) I'ropellera t hat are out..()(·balance or do not 

track properly. In all cases where the airpla"e has 
uOt<ed over or when the propeller has corne in contact 
with !lOme large solid object, the vowerplant must 
be replaced. 

(7) cylindera tbat ha"e excessive damage 
to the cooling tins. 

(8) Any aCCCllSOry found to be dama,,-ect . 



5 .,;CT ION \' 

V-TYPE AlltCnAFT ENGINES 

39. Ct::''I,' EII,\ I.. a. C ,·I imler a rrn ng"" " "" IS. One 
0( the IllOIIt common InJ0e3 of u-t to JlO'I'·er 

i$ the V·type engine. T he cylindel'!l of 

t ype of are arrang«! in t ... ·o rows or banka. 
The of t he banu 0( cylindcl'!l form the 
letter V. (See fig. 68.) Thii t ype of ellgine may he -NO "OLO 

........... , 

"" 

, :;;, • .. ,i.,. 
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mounted in the inverted posilkm, but it is generally 
mounted upright. 

h. Firing order . The firing order is the llequellC(l 
in which the po"'er e,'ents occur in the cylinders of 
theengine. It asdetennined by thedirectiOllor crank. 
abaft rotation. A common firing order of a V-12 
4:fIgine, the crankshaJt of ... ·hleh rotatfJI counter-
clockwise, is \lr(jIl- SL--2R-3lr-4R--tiL-lR- 2L--5R-
4L-31\. (See fig. 69.) A V-12 engine, with II clock-

c , 

0) 0) 
8 0) 
0) 0) 
0) 0) 
0) 0) 
0 0 
un ... " ... ..* -, 

L, M, !5l,2ft, 31., 4R, 61.,111, 2\., !SII. 41..,311 
59. Firi", odn oj Vol,,.. 
(right-hand-rotatinlf) crankshal\, msy 

fire I- I .. 2- H, S-L.. 4-H. 3- L. \ - 1\, 6-L, 5-1\, 2-L. 
:J-Il, 4-L and 6-1\. An V.tl'pe engine 
with a left-hand-rotating cnmkshaft. wil tire J- L. 
4-R, 2- 1 .. 3- lt 4-1... I- fl, 3-L, and 2-1l. A Y-8 
type engine with a right-band-rotating cranbhaft 
will rife I- fl , 4-L, 2- R, 3-L, 4-ft, I- L, 3-1l, IIlId 2- 1... 

40. CONSTIWCI'IQN ClIARACTERISTICS. 
•• Ccnerul. The various parts and units of a 
V-type engine accomplish the same pllrpose as the 
parte o{ the other t ype engines, tbOllgh they nllly 
orten dilTer in shape and size. The mechanic shOllld 
familiarile himself with these diO"erenOOI. 

b. I'ower The power lICCtion of a V-t ype 
engine consists of the upper and lower main .ection 
of the crtn.kc8.5ll, t he crtnkt;haft, the C}'linden, the 
connecting rods and pistons, the vah'es and "ah'e-
operating mechanisms, and the I\eIlfF8'ry bearings. 

( I ) Cranlccue. On some V-lypeeng;nes, t hecrank_ 
cases di"Kled into two bah-ell al lhe center of the 
cranbhah_ Each hair contains web partitions which 
support. the main bearing inserts. The t ... o balves of 
IJOIllfl crankcesee are held together " 'ith long Btud 
bolts. one on each side of each main bearing. 
Numerous ahort bolts around the parting Il anges 
hold the \'11'0 balves ri!(idly together. The lower half 
of the crankcase lJ.'Iually has a small oil pan bolted 
to it. Other V·t}'pe engines havlI crankcases " 'hich 
are apl it well below t hecenterlines. The Ilpper halves 
have heavy " 'eb partitions. Thll Ilpper portiolls of 
thll main bearings are inslalled in these web&. IDdivi-
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dual bearing caps are fastened to tbe webs by means 
oCstud.ll and nll\.8. A sma.lldowel p revents the bearing 
insert from turning. The lower p&rt. of the crankC8l!ll 
is held to t he upper part. by ruea..tlll of closely spaced 
&tuW.. The engine-mounting pads are located on the 
Ilpper half of tbe main crankcase &ection. 

(2) CranluhaJI. The crankshaft of a V-t ype air-
plane engine is for2«l of ateel and is machined and 
polished on allaurfl\CelJ. A V_12 \ ype engine has ail: 
crankpi lls and &eYen main bearing journals. The 
V-8 type engine has {Out crank pins and five mai ll 
bearing journals. The cranuhaft must be statically 
and d ynamically balanced. The main and crankpin 
journals and the crankeheek4 Ill"(I drilled to proVide 
palIII8ges for lubricatill, oi l. Tbill aJso makes the 
cranksbaft lighter in weight. 

(3) Cyiindul. The cylinders are made of steel 
barn:1s shrunk into alumillum-alloy bMds. The 
barrels are made lIS indivKlual units .... hile the six 
beads of each cylinder bank "IIlIIy be cast. or forged 
in a single unit. The barrels of each bank 8nI in-
closed in an aluminum coolant jacket " 'hich is 
lIIICured to the bead by studs and nuts. Space through 
'll'hlch the cooling liquid lIo .. ·s is provided between 
the cylinder barrels and the cylinder blocJ;.. Intra-
oonnected pasi!ll.l'es for the cooling liquid are pro-
vided in the c)'hnder head. The entire assembly of 
the cylinder barrels and cylinder block of each bonk 
is held to the crankcue by meanll of long stud bolts. 
On some V-type engines t hec)'liuder barrels are held 
to the c)'linder block by means of large lock lIu lll. On 
other t ypes. the barrels are pl ' sed into the block. 
In each type a gas1;et is provKled to sea.] the cooling 
B}'stem from the crankcue. Aluminum gaskets_I 
the join\.8 .bet"·ecn the c)·tinder blocks and cylinder 
heads. The bronze spark-plug bll!;hings and ateel 
val"e _\.8 are 1Ihrunk., or IJCrewed and shnmk. into 
p .... 

(4) Conn«iing rod.t. The connecting roda of this 
type engine are of I CJ'OM MlClion and are forged of 
steel. They are machined on all surfaces to remove 
any small scratches which mightcaUS6 fail ure du ring 
operation. The fork-and·Wade t ype is geuerally IISed 
and each rod is marked by the manufacturer 50 that 
it can be replaced in the cylinder from " 'hich it was 
removed. The bearing on the hig end of the oonnect-
iug rod is an insert ..... hile the bearing on the piston-
pin end is II lWon.te bushing pt(;sed in place and 
reamed to size. 

(5) P idon /luDnbly. The connecting rod is at-
tacbed to the piston by mllBM of a bardened-steel. 
fnll-floating piston pin. The pin is retained in the 
piston by l\O'ocirclets which are fitled in the piston at 
each end of the pin. The pistoo is made of forged 
a1uminWII alloy and is machilled Oil all exlcmal aur-
faces. Three grooves are provided aoo"e the.,piston 
pin for the three oomprefl8ion rilll!'!. On some types 
of piston, II groove is provided for one oil rillg aoove 
lhe pin and another below the pin. Other models have 
both oil rillgs in 0. single groove located below the 
piston pin. 

c . Nose section . (I) The 1l0llC section ol the 
crankcase of a V-type engille hOllses the propeller 
thrust bearing and tbe propeller reduction gears. On 



1j()1n(! models it also oontains an oil pump which 
lhe oi l used t.o lubricate the nose seclion 

gears lind bearings. 
(2) The noosc-sectioll crankcase is Uliually forged of 

aluminum alloy and is boiled to the main crankcase 
section by means of studs and nu ts. The propener 
thrust bearing, located in the forward end of the 
nose SC(;tion, receives the forward thrust of the pro-
peller alld transmi ts it to t he nose section and to 
the main crankcase section. 

d. V .. lve m ech .. T he of V-type 
engines are operated by two camshafl.$--Qneon cach 
bank of cylinders. Hocker ormsa.realso abo,'c 
each cylinder \.() t ransmi t the lifting motion from the 
cam to the valve atems. 

( I ) Camshaft. One camshaft is located on top of 
each cylinder bank and extends from one end of the 
bank to the olher. The camshaft is mounted in plain 
bearings which are located be tv.een cach two cylin-
ders. &lme models have flanged pla ill bearillgi! near 
the drive gear to take care Ilf thrust loads while other 
models have ball bearingS for th is purpose. A separate 
cam is provided lor each rocker arm. 

(2) Rocker arm. The rocker arms used on this 
engine may be pivoted on the end or in the middle. 
They bear directly on the camshaft. (See par. 
26h (3).) 

(3) Vallot! ,pring" Each valve is held on its seat by 
means of multiple compI1!8'!ion springs, one inside of 
the other. The springs are held in place by means of 
a cone plate and split locks. &lme V-type engines 
have one intake and one e>:haust valve for cach 

Other models have two valves of each kind 
for each cylinder. This facilitates cool operation of 
the valves. 

(4) T he valves a re of the poppet type, 
made of steel, and faero. with Stellite or bright-ray. 
T he end of lhe val \'e steffill a re hardened to minimize 
wear. The stems of the exhaust valves of a ll models 
and of the intake valves of some models a re partly 
filled with sodium to aid in dissipating heat from the 
vah'e bead. The valve guides are made of cast iron 
or ph06phor-hronze and prC!ioSed into place in the 
head. 

e. Inlake lIystem ll. The induction system of a 
modem V-type engine consists of a carburetor, an 
internal blower or supe,charger, and the necessary 
manifold to conduct the fuel-air mixture to the 
cylinders. On some models, the internal blowers are 
of the single-speoo centrifugal type. On other models. 
internal superchargers of the two-speed contrifugal 
type are used. In either case, the impeller is d riven 
by a gear train from the engine crankshaft. An engine 
that has a slngle-spC(l(i internal blower is sometimes 
equipped with an exha ust-dri ven turbosUIICrcharger. 
Whether or not a turbosupercharger is incorporated 
depends upon the type and use of the airplane on 
.... hich the engine is installed. T he intake manifold is 
made of east alwninum or magnesium alloy. It is 
designed to conduct the fuel -air mixture to the 
cylinders with a minimulll of turbulence. 

f. Exhaus t systems , The t ype of exhaust mani. 
fold used depends on the type of the airplane ra ther 
than the type of engine. If a turbosupereharger is 
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used , the exhaust manifold will collect the exhaust 
gases from all and direct them to the 
supercharger turbine. I f the turbosupercharger is not 
employed, the exhaust system will be merely short 
stacks leading from each to the atm06phere 
or w a common exhaust outlet for each bank. In 
either case corrosion-resistant steel is used for all 
parts of the exhaust system. 

g. Cooling. ( I) A ir tooling. Pressure-type cyl in-
der baflles are stsndar<l equipment on an ai r-cooled 
engine. Pressure baIlling forces the cooling air at 
high velocity litQund the linned surfaces of the 
cylinder. This t ype of engille does notd iJfer greatly in 
construction from the liquid-cooled powerplant. T he 
cylinder assemblies of this t ype of engine are usually 
cast or forged individuall y. 

(2) l.iJJuid cooling. On some models, the liquid 
used is a mixture of ethylene glyool and water. Sys-
tcmsofthis type are sealed to prevent the water from 
boiling away lit high altitudes. Other models use 
ethylene glycol as the CQQling liquid and do not need 
to be sealed since ethylene has a hilher boiling 
point than the mixture of gl)"co and water 
previously mentioned. The pressure system is a 
closed system which has a relief valve to prevent 
e>:cessive PI1!8'!UTCS. The s)"stem using pure ethylene 
glyool is an open system which is vented to the at-
m06phere. A centrifugal CQQlant pump sUllplies cool-
ant w each cylinder block at two inlets, one located 
at t he CQQlantjacket aud t he other at the rear of the 
cylinder head. An integrally cast, inlet manifold ex-
tends the full length of each jacket and distr ibutes 
lhe CQQlant to each cylillder through metering holes. 
T be inlet at the rear of the cylinder head pro"ides an 
opening through which the coolant flows to the 
passages surrounding the combustioll chambers. 

h . LubrieaHnn. Oil is circulated to the moving 
par LS of the engine through a pressure system. Cir-
culation is maintained by a PI"C$SUre pump and one 
or two scavenger pwnps. A desired pressure 
is maintained by use of the pump and all oil-pressure 
relief valve. T he oil is supplied to the pUIllP from an 
external supply tank. An oil-iulet check "alve ( .... hich 
preveuts tile flow of oil from the tank inlO the engine 
when the engine is stopped) is installed in t he main 

line from the pump. A pre;ssu re. of ap-
proxImately I' to 3 pounds per square meh IS suffi-
cient to open the valve. The relief valve rna)" be 
located in the oil-pressure line from the Cuno or 
screen filtcr or it may he incorporated at the dis-
charge side of the PUffil'. The oil is delivered to the 
CllIlO filler where all foreigu matter removed, Oil 
from the filter outlet is then distributed to the mov-
ing parts of the engine. 

(I ) Engine Qil-press!Ut wlllrol. Oil pressu res JIlust 
be sufficiently high to provide ade.;juate lubrication 
of the enF,ine and its accessories du ring maximum 
output. rhey must not be too high or leakage and 
damage to the oil system result. T o regula te the 
oil pressure in a V-type e n,,';ne, one or the following 
types of oi l-pressure relief valves is used. 

(a ) Dual prnsure type. In this type valve, Iwo 
pressure-regulating valves are buil t into the same 
housing. (See fig. 70.) Oil from the pump euters the 
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high·pteMure chamber of the reliel' n lve through 
the WeI. port. Valve A limil8 the P""1lI'O of the oil 
delivered by the pump. U the prel!i8ure uceeds the 
value ror which this valve is set (usually 60 to 90 
poonda aquare inch) the valve unseatll and lUl'+ 
plus oil III hYp"·re lito the inlet Bide of valve B. 'I'bb 
valve iSlN'lt to open at 4 to 8 pounds peT aquare inch. 
If pNl\lluu in the low,pre88ure chamber uceeds the 
value for which valve B is set, the valve opeliS and 
hy·passes oil to the crankcase. A small blood bole in 
valve A II!I8Illft1 flow ot oil into the lo",pre6llure 
chamber at any pump pressure. High,pre86ure oil is 
auppJied to the crankshaft. and bearings through 
port C (locat«lon the back tace ot the unit). l li«h· 
pewre oil is a1so conducted from port D to the 
propeller governor. Lo .... pressuu oil lar lubrication 
Of the reduction get.ring 18 supplied througb port E. 
Port P, which is also oonnectea to the Iow·preesure 
chamber, . upplil!lJ oil to the camshaft and the ac-
e oriel. Port G is an OOIln«:l.ion. 
A pre88lJl'&.puge connection (not Bhown in the 
figure) is provided on the front of the unit. 

(b) Spril1fl4JP{Jt'Atd baumced relit! 1'II1t't. An in· 
1It.aI1Btion incorporating tbis type ot relief valve is 
BhO'll'Il in figure 11. The valve consista of a t hree-port 

-
housing " hicb contains a spring· loaded piston. discharge side of the pump. Engin&oail prestluu is 
A ill oonnected (through the check valve) to tbe applied to the end ot t he piston through portB. Thia 

" 



tends to move the piston to the left. The spring 
Ioc;aled on the oppo6ik oDd of the opposes this 
movement. If engine...oil pressure the value 
for which the valve is set.. the pistotl " 'ilI be moved 
to the left. Port A " 'ill then be cormecled to port C 
" t he culraway part of the pisloo, and the output 
o the pump 'II' ilI be bypemd to tile inlet port. of the 
pump. When the prc Ture drops below the value for 
which t he valve iseet. the spring will movetbe pinon 
t o the right and the output of the pump will aga in 
be directed througb the oil filler to the engine lubri-
cation Bystem. 

(2) Oil lump.! . Oil sumps EIre located in the lowest 
part. of the eugiDo. There are u8ually t.wo Jlllmps in 
tach tngiue. The housing oftbe Bump may be cast as 
part of the main crankclIIlf: o r it msy be a separate 
unit. The primary purpose of the Bump is to provide 
a .. 'ell for collecling tbeengine oil 1:10 that the &Caven-
gel" pump (located in the sump) may return the o il 
to the supply tank. 

(3) pump.!. The number of scavenger 
pumps in aD engine may vary from to three. 
dtptuding on t he sire and t)'"lle of the tllgint. The 
usual p.-.ctice hlUl been to loea.leone llCavtngtr pump 
at the rear oC the ellgine and one at the Corward tOO 
oC t he crankcase or in t he nose section hOU!iing. The 
pUffipsare located in such a . 'ay lUI to permit positive 
lICaVengillg or t he oil at alltimel! during normalilight 
maneuvers. 

(4) M(lin-MIrinI11ubricalion. A large t ube in the 
crankcaserleliveJ'lloil to a drilled passage in each weh 
partition support and lubricate!! the main bearings. 

(5) Coilllecling-,-od lubrioolion. Connecting pas-
&agell a re d rilled in t he crankshaft to alloW" oil to 110W" 
to each COllnecting- rod bearing. Oil spray. thrown 
Crom the connect ing-rod bearings. lubricates t he 
c)'linder 1'·alls and piston pi ruJ. 

(6) Sludge .um".. In some engine!! the main hear-
ings and t he crank{rin journals hollow and liued 
with specia l alummum-aJloy plugs. (See Ilg. 72. ) 
Th_ prov)de pa"sages for the oil )·et 
permit the eoliectiOlI oCCoreign matter and oil sludge. --

(7) Redutli('lll-gearing lubriroliofl. Oil to lubricate 
the reductioll-gear hushings and hearingll flows 
through posseJ,'eiI and h('lll('lw aharLB to the nOlle flec-
t ion. The reduct ion gears are lubricated by spray 
from these units. 

(8) Oil uOOtr pl"e58ure is 
directed t o t he propelltr-govtmor pod and carried 
through t he propeller ahart to provide the operati.ur 
pressure fOt hydraulically operated propellers. 

(9) CwnIhafllub.-ioolion. A brancb lead from the 
crankcase tube calTiee the o il to the inclined hol low 
shafts oC t he camshaft From there. it pasosee 
into the hol low c,mshart. At the beeI of each cam 
lobe, a hole is located tc lubricate the lobe and 
J"OCker-ann mecheni!!m. . 

(10) Blowtr-imp'dkr lub.-iootwn. Drilled passages 
usually pro\',ded Crom the Cuno or screen-filter 

outlet to t he supercharger bearings. 
(ll ) A .:wlQl")' lubrioo/ion. Other drilled passages 

are to provide lubricstion Crom tbe 
filter outlet to each lice' ocy-unit heMing. 

(12) 1nl(1l101 ('Iii drai!lf. Oil drains provided at 
every port of the engine. Oil po"ages st 
both ends of the camshaft housing allow the oil to 
drain to tbe cnmlu:ue 6umpll- The pumps draw the 
oil Crom t be 8uml?!' and return it through pa .... ges 
and lines to the od .. upply tank. 

i. Acct:lj8Ori .,.. Most acc:eMOries are located a t 
the rear of V-t ype engines. They gear-driVeD hy 
powerfrom the cranbbllf't. A spring orfluid coupling 
located bel'!l'een the crankshaft and the acce '''()':"ies 
ahsorbs ;;rank3bart ,·ibration and prevents accelerat>-
ing shoek from sbearing the gear teeth. The ae<:e:" 
sones include t he genemtor ; magnetos; fuel-od , 
coohmt IlIld vacuum pump!; tachometer generator; 

41. VALVE C LF-ARANCE. Cieerance bet'll;ten the 
val"e litem tOO and t he valve-actuating mecharililm 
is nt.C'so ' q to permit posit ive valve seating. If cold 
cleanmce III inadequate, the intake valve '!I'ill be 
held oIT its seat, causing a Ios6 in compression and 
JIO"':er output. Tbis condition also causeR 
III t he induction SY8ttm. IC the exhaust. valve III beld 
off of its seat it also causee a loss in eompres.'lion and 
poorer. and "arttT-firing" ... ·iIl occur in the exhaust 
manifold. Burning and wllTping of the valve head 
and stem results from the CllCape of the hot flSDJe!l 
through the !JIIail OllCning between the valve face 
and vah 'e seat. 
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a. Checking va lve clearance. 
(I) Remove c)'lindtr valve oover. 
(2) Rotate the propeller shaft unt il the cum roller 

is on the heel (lOW" point) of the cam lobe (Ol" the 
val"e being cheeked. 

(3) In,,ert.theeorrtCt feeler gauge bet .... een tbetnd 
of the vah'e attm and the adjusting screw. (The 
c:orrectclearance may be found in Technical Orders.) 
The gauge should j ust slip into the opening and the 
nut. larger gauge lhould not. 

(4) If the valve cltarance is not 00ITeCt, adjust 
according to the procedure given below. 

h . Adjullt ing vllive clearance. This adjustment 
must be made when the engine is oold. I t is neither 
r;afe nor precticlIl to adjust valve clearances when 
the engine ia operating. Valves should be adjullted 
at temperaturefl between 10· C. and C. (50" F. 
and 122" . '.) . 



(1) the lock nut on the vllive-elearllnce 
adjusting 1/ICl'e.... • 

(2) If the clearanee is too small . back out on the 
adjusting I/ICl'eW unlil the specified feeler gauge can 
be in!!IUted bet ... een the end of the vah'e stem and 
the adjusting 1/ICl'e .... (See fig. 73.) Tighlt!n adjusting 

IICT6W until it belltll lightly on the feeler gauge. 
n emOl'e the gauge. hold the adjusting IICrew and 
tighten lhe lock nul. The clearance should be re-

after the lock nut is tightened. 
(3) If the clearance is loo large. 100000n the ad· 

j usting licrcw and proceed as in (2) abo>'e. 
(4) Care should beexercised to keep the adjusting 

IICnlW from turning " 'hen the lock nut is being 
tightened. 

42. VALVE AA'D IGNmON TnfING. After a 
new engine is designed. and the litllt model produced. 
it i8 installed on a test s tand and opers ted. During 
operation it is operated at different 8peedi, on dif· 
ferent grades of fuels, and the va lve Bnd ignition 
timing arB varied. During these tesl,ij an accurate 
record kept of the brake horsepower develuped by 
the engine. From these data, the design engineers 
select the \)ejst t iming for the valves and ignitioo. It 
is important. therefore, that the mechanic time the 
engine exactly II!lspecified in Technical Orders. )-'or 
timing the val.·es and ignition ofa V-type enl,-ine. a 
top--oenter indicator and a timing disk are used. T he 
top.center indicator is used to locate the tolHlead-
center (TOe) positiun of the piston. The poin ter 
and the timing disk arc nsed 1.0 mdicate the amount 
of rotation of the crankshal'l.. The method of using 
these de.·ita is dB!ICribed in the timing procedures 
... hich 10110'1'. 

II . CI .. ,.,king ¥a)ve tin,ing. "alnlll al1l o pelll!<;l by 
movement of a cam and c lll8ed by tension. 
The Ihape of the cum lobe determines the opening 
and clO!IlIIg $l'ce<1 uf the valve and the length of time 
it ijlo Y8 open (in degrees of crankslu. ft rotnlion). The 

i8 al .... ays turned in the di reetion of rotll-
tion during timing opera tions to eliminate errors I hat 
miglit be CIIused by gear lash (clearance bet"'CC'n 

" 

gear teeth). One purpo6e in ch6(:king , ·a.Ivc-opening 
and valve·closing pooIilions (in relation to 
po:.$tion) a 1.0 determine the amount of " 'ear 
exists in the v.lve-operating mechanism. A ftlw 
deg.ees of tolerance are generally permitted for con-
tinued operslion. Any tolen-nee great.er t han that 
$pecifted in T6(:hnieal Orden requires that the valves 
be retimed. If thiB does oot ooi-rect the cooditiQ.ll 
the engine mWlt be overhauled. 

( I) Ch«king l iming oj an lngW wiih righl-
lullld propllkr rokJlion. 

Step 1. Hemove t he valve co¥ers 
and check the valve clearances. If 
neceilaltry. adj U!:lt 1.0 that specified 
hy Technical Orders. (See par. 
41.) 

St.ep 2. Install the top-oe:nter indical.or in 
the No. 6L intake $park·plug 
opening. . 

Step 3. Ilemo"e the roa.gneto cover and cam 
IICre ... . Iustallthe timing disk and 
the pointer on t he magnel.o hou!i-
inl!' Be l ure that the $tep of the 
pointer is properly placed with the 
etep on the magnel.o cam and III'>-
cured ""ith the special llCrcw. 

Step 4. Rotale the propeller shaft until the 
top<enter i"dical.or tha t 
No. 6L piston isat TOe . The rela-
tive po!!itioll of No. lL pisl.on i!J' 
the !lame al the poo!ition or No. 61. 
piston becaWIC both pistons are 
OOllllected to CrBnkp;llS which are 
of the !IIlIlle angle on the crank· 
MafL 

Step 5. Chtrckillg rolla oj /he kft />Mk. HI> 
late the propeller in the normal 
d irection of rolation uu lll the u -
baWl! valves of No. 61.,. cyl inder 
al1l clOIII:d. The pressure must be 
removed lrom the rocker-arm 
rollers. Check the reading 011 the 
inner lICale of the timing disk. This 
reading should be ll",t specilled in 
the Teehnical Order of that en· 
gine (fure;.ample. 260 + 20 ATe). 

St.ep 6. Chtckillg mIra of right /i/lIlk. 
The fl u t valve to operate is No. 
51\ (ri$"ht bank). Rohlle lhe pro-
peller III the ounnal direct ion of 
rotation un til the exhaust \'B lve& 
of No. 51t are ck«d (pressure i! 
ofJ' the roller). Check 
the rcad ingon theouftr8Cllkorthe 
timing disk. TIu, reading shooid be 
thn specilled in T6(:hnical Orders 
(fur exwnl)le. 260 + 2" ATC). 

(2) Ch«king tl(IlNllimill1l oj (III with /ef/·hand 
propelkr rotalioll. 

Step 1. TIle first $ix st.eps of tha procedure 
Ilre thell!lme as Steps 1 throllgh 6, 
( J) alx)\'e. 

Step 2. 001«, oj Ille rigill ballk. no-
late lhe propeller in the uormal 



direction of mta tia ll until the e..:. 
haUll! vlIolves of No. III art cloooed 
(pressure orr the rocket-ann 
roller). The read ing on the outer 
IlCale o f the timing disk Bhould be 
that specified in Technical Orden 
(for example, 26- ± 2- ATe). 

(3) Checlring 1M ml« timing 0/ (I ""If/ine ill-
corporolinf/ a fiming-iJup«/ion ' 

Step I. Ilemo,"e the cylinder valve covel'll. 
Step 2. Hemove the t imin,.inspootion plug 

which is located If! t he crankcase. 
Step 3. the mira of the ri91lj bank. 

Adjust the tapper clearance of one 
of the intake va lves of the A-fJ 
cylinders (or No. 6 cylinder in the 
right bank) to that Bpecified in 
Technical Orders. Be sure tha t the 
rocker is on the base o f lhe cam 
lobe point ing away from the rock.-
er ann when th is clearance i8 !let. 

Step 4. Rota te the crankshaft counterelock-
'Wise (looking from the re8 r of the 
engine). Obi!erve the movement of 
the crankshaft. coupling nange and 
when the mark " 1.-6 1-0" (1.-6 
intake opening) approaches the 
pointer, slop the rollllion. 

Step 5. Insert iii O.OO5-inch fee ler between 
the previousl), adj listed A-6 cylin-
der-in take valve and lUllllet, then 
continue rol.a.ling the craukshuft 
slowl ), counten.:lockwise until the 
feeler is j ust pinched. 

Step 6. the position of the erankshart 
b )' observing the positioo of the 
timing marh. If the murk " 1.-6 
1--(1 " is aligned .... ith the poinl.el" or 
with in inch past, the valve 
timing is C()fUC1. If th l! pointer 
does not register within th_ 
limits, retime the valvell. 

Sup 7. Readjust t he intake lIIppet lo that 
dearunce specified in Toclmical 
Orders (example, 0.010 inch) und 
reinstall the e}'linder-head cover, 
using !l. new gasket. 

Step 8. Ch« killg' ilIe rolt't, oj 1M ltJl bank. 
The va1Vel in this bank chock-
ed in the SftJIle manner as the 
valves in the r!-¥llL bank, except 
that the 0-, cyliluUr and the B-1 
1-0 mark !Ire 

b . Adjuuin8 vahe timing . . 
( I ) V(l lt't-liming proadure jOl" (I tngim 

righl-Ml\d rololion. 
Step l. Cbock valve dearaooes. (See par. 

41.) 
Step 2. Insl.a.lI the propel1er-&baft 

When timmg the engine the me-
chanic must bear in mind that 
these enginell operate with ler(.. 
band crankshaft rotation. This 
rotation is dctemlined when view-
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ing the engine from the rear or 
etarter-lohaft end. AI!!!) hear in 
mind that the /ltarter shaft, on 
.... hich the timing d isk. i$ mounted, 
.... iIl rotate in tile opposite dire<> 
tion from the cmnbhaft, that is, 
right hand. 

Step 3. IOIIuul the timing disk on the mag-
neto housing. 

Step 4. Insw.ll the lop-«nter indicator in 
the in take , park-plug opening of 
N,o. 61. cylinder and locate the 
TDC po$ilion of the piSlon. 

Step 5. Set the IlOinter or the timing disk at 
O· when the TDC poo.ition of No. 
61. piSlon is located. 

Step 6. }-' rom TDC po$ilion rotate the 
peJler shah counterclockwise until 
the pointer ngistel'll about 60° 
BTC. 

Step 1. I t m Wll bII borne in mind that the 
propeller abah must always be r0-
tated in normal direction ol 
rotation when making a reading 
on tile t iming d isk. Rotate the 
propeller shaft in a e10chise di-
rection until pointer indicates t he 
oorrccl number of dcgret& I.!TC. 
This rnA)' bII found in Teelmical 
Orderil. . 

Step 8. n otate t.he lefl,.bank camshaft (with 
thesl*ial camshaft wrench) until 
the intake-taJlpet clearance of No. 
61. c), lilMler 1$ t.aken up and 
the valv.,. are beginning to open. 

Step 9. Remove the camshart wrench and 
install the beveled camshaft gear 
80 that lhe&even boll holes line up 
with the flange on the camshaft. 
Install null on two of the boI t.tI to 
hold thegear whileoompleling the 
chock. 

Step 10. Rotate the propeller shaft clockwise 
until the exhaust valves of No. 61. 
dose. T he exhaust.-valve d Olling 
position is noted (for example, 
26" ATe) on the t iming disk. U 
the position does not check with 
t hat given in Technical Ordel'$the 
camshah should be readjusted 80 
t hat the differenCtll'i of the intake-
vah-e opening and the exhaus(.. 
valve d Olling position fl'lHD the 
specified values are equal. The 
intake-val\'e opening time alMl the 
exhaust clot;ing time should be 
" 'hhin +2" or tolerance of their 
specified positiol18. 

Step II. If timing is correct, insuul the re-
maining fi ve nuts, tighten and 
safety with COlter keys. 

Step 12. The vslvesofthe right bank arenext 
t imed. Rota te the propeller IIhaft 
clockwise unt il t he timing dillk 



reads 60° ATe which is the top-
dead...;enter position oCthe No. 5 1t 
piston. Since the intake valve of 
No. SR should open 48° before 
TDe, the propeller &haft is 
tatoo in ooullterdockwi&e din» 
t ioll ..a0 ""'hich will read 12'" ATe 
on the timing d isk. 

Step 13. Take up the backlash (or this 12" 
reading. 

Step \<I. Ilotate the camshaft of the righ t 
bank SO that the intake vah'(l8 of 
No.5" cylinder are j U$t beginning 
to open. 

Step 15. In.'I1.all the camshah gear u men-
tioned in step 7. 

Step 16. n otate the pl'Q(>elier shaft clockwi&e 
to the e:chaust-'-a lve opening pooI'-
lion and check the reading on t he 
timing disk. 

Step 17. This reading is spedrted in T echni_ 
cal Orders 86° A TCl, 
This is also the lOP-dead-center 
position of No. 51{ (260 ATe) 
piston. 

Step 18. Di,-ide lhe difference between the 
inlake-valve opening and the eJ[-

hllllst-vaive opening poIIition as it 
" ' IL'S performed in step II. 

(2) proadurdor (I V-Iype t,lgint lVilil 
ItJI-Ju,lIld rofulion . 1'he proced Un) for t iming 
the ,·al.·ee of all engine of thks t n >e is the Nune all the 
procedure described in a(l ) above. that the 
propeller shaft " 'i11 be rotated in the 0PI_ ite direc-
tion. 

(3) V(I/t'Niming pro«dun JfN a 
i'lCl/l"poraling (I liming imptlClion opening. {(I) Timing 
IhI righl bllllk fln l. 

Step l. RenlO'·e t he cylinder head oover. 
Stell 2. nemo,·e t he t hrust cap from the 

upper end of the vertical sinined 
camshaft dri "e shaft. 

Step 3. nemove t he tirning-inSptXllion plug 
located in the crllll kc8!lC. 

Step 4. Lift the splined camshaft drive out 
of mesh wilh the bevel I)inion 
gear (ng. 5 1) and lie it ""ilh a cord 
or rubber band in t he Oll t of mesh 
position. Thill permits the cam-
shaft to be (rom the 
cralIkshllrt. The camshaft then 
may be turned independently of 
the crankshart. 

Step 5. Check the Ulper pin ""hieh holds the 
thrust plug in the upper end of the 
dri"e shaft to make ecrttlin tha t 
it ig securely in posilion. 

Slep 6. HOUlte t he camshaft and set one of 
the inUlke val,'eo! dthe eylin-
der to the specillt-d clearance. The 
rocket m ust be on t he base of the 
cam and t he poin t of t he cam lobe 
must he pointed upward. 

" 

Step 7. Rot.ale the crankshaft counterclock_ 
wise from the rear of the 
engi' le) until the t iming marks 
"A-6 on the crankshaft 
oouplillf flange al igns with the 
pointer. 

Step 8. Insert. a O.OO5-inch feeler bet .... een 
the previously adjusted c)·Ji nder-
intake "alve and Ulppet. Rotate 
the call18haft until the feeler is 
j ust pinched. 

Ste.p 9. n emove the cord or rubber band 
lha t is holding the camshaft drive 
Qnd carefull y lower it to engage 
both the upper Qnd lower eam-
.. haft drive gears. Only the weight 
of the shaft is to determine the 
engagement . It may be neooasa.ry 
to try several different posi tion.'!. 

Step 10. With a 0.OO5o.inch feeler between the 
A-6 cylinder-intake Ulppet. check 
the tinung Wi follows : 

Step 11 . n otate the cnwlshaft haclurd 
(1)tQJ)tller ill rolaled dod."'·i.se) 
aboUt of a revulution . 
then rolate It slowly in normal 
d irection orrolat ion. Stop rotation 
when the flleler i ll just pinched be-
(Wilen the vah'e stem and tappet. 
(When it i ll nut pra.c ticable 10 ro-
lale the crankshaft backward. ro-
lale it two oomplete revolut ions 
in the llormal d irect ion and stop 
when the O.OO5-ioch feeler gauge 
ill j ust pirlChed bel .. ·een the \'ah'e 
stern and t he tappet). 

Step 12. Check the or the crankshaft 
by the t mlin! DUlla The timing 
math " A-6 be align-
ed " 'jth t he pointer or .. ·ithin 
inch paSL If the pointer not 
regisler .. ·ith in Ihese limits repeu t 
the operalitKlll listed. 

Step 13. Heiulital l the camshaft d rh·e-.;htifl 
thrust call, tab washers, and nuts. 
Tighten the nuts securely and 
bend the tabs. 

Step 14. Adjust a ll exhaust and intake tap-
pets to the clearance. 

Step 15. Heinstal1lhe tinung plug and c)'lin-
der-head oovt't, using a new CO\'er 
gll$ket. 

(6) T imilrg lire It/I oolrlt.fird. This procedure is the 
5Ilme all that gi"en in (3)(/1.) abo,·e. except that the 
8-1 qlimkr and B- 1 are used. 

c. Ignition timin g. To time t he ilj:llilion, the 
magneto dri ,·e shaft. is turned until t he break!'!' poin ts 
are just ready to open and the distributor rotor is set 
10 direct t he current to fi re the chlltge in lile prorer 
cy linder. The is then placed on the engme 
Ilud the mo!;\ueLO drive shaft is engoged with a 
veruier-couplIHg she.rL The olher end of th ill conplill !; 
is engaged witll a shaft which is driven indirectly by 
the crankshaft. TIle ooupliug used in one Y-t )"f16 
engine h8ll 12 internal SI)linee on I and II external 



aplinee on the olher end. The interual spline!! engage 
I.be magneto COIl pling and theuternal splille8 engage 
the magllelo drive shaft... The d ifl'erenC(! in the num-
ber of spiiollll makes it pot!IOibie to .elect all engage-
ment .. 'hicb will gi\"e very aocurale tinling. 

d. •• While all models of II 
simila r type have similar timing specifications, they 
are not exactly the Exact spe<:iJicalions lIhould 
be checked in the Technical Ordcf'Ii. for example, 011 
oue V- 12 engine model, the intake vllhe 0,rons 31° 
ber()f'(l the exhaust Yiliveopel1>l7 H 

0 beron) 
bottom-oeIlUlr, the s park occurs in the exhaust spark 
Vlug 50° before lop-«nl.er and in the intake sj)ark 
plug 45° before lOp-<:enter. On ftllother model , t he 
1Il1llke valve opens <1.80 before lop-t;enler, the ex· 
hp ll!Il valve opens 76° before OOttom-c:ent.er , the 
81l'ark QCClU'8 in the exbaU!lt spark plug 301° before 
t.op-cenler, a nd ill the intake spark plug 28° before 
lop-center. 

l NSPECTION At"l"D i'HAI N'Y'E..IliANCE. II. In-
III>Cel;on Inspeclioos are performed on 
an airplane to locale a nd COIlllCt ru mor troubles 
before they become serious. Tbey should be per-
fornied in a manner and the part.8 to be 
ill/ipected should be thoroughly cleaned to enable 
I.he Dlet,:hanic to locale small d efeel.8, 

b , !\I1I;nlenunce requ;...,"'e n ..... It is the me-
chankl'8 duty to keep the a irplane in n ying condition 
as llIuch of the time M poII!!ible. To do th is. he should 
be able to rocognize troultlee M 80011 &.'I they appear 
and to delAlrmine accuralely the C8U_ of tllese 
troubles. A member of an ai rplane ground crew mU!lt 
he familiar ""ith ma"y t)'lJell alld models o f the unit.8 
th!it COUlpose a powerplant, The hldividual mU!lt be 
able to handle maintenance and tell&ir withont add-
ing to the damage or malfunction atreedy p resen t. 
WOOt.her the airpla.ne has crasbtd 01' maJrunction is 
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due to norlDal wear. the mechanic must know de-
fillilAlly what actiOfl to taka. If the maintenance 
required is not e f a nature that cau be performed on 
t he site or if it require. the work 01 a specialist. the 
part or unit is removed and one known to function 
properly is illlll.alled. 

c. Minor ",pair of Some of the 
repair work that is done b y the airplane mechanic 
is list.ed below, 

(1) The C uno strainer or &creen f11lAlr is remand. 
cleaned with kerosene or gasoline. coat.ed " 'ith 
engine oil, and rel)l&eoed whenever necOlery. 

(2) Loose connection of t he ignition system end 
shielding are t ighteried or r6tIOldertd. . 

(3) Loose or leakinij connections on fuel and oil 
lines are tightened. I f tIghtening does correct the 
dif\ieulty. the line is replaced. 

(4) Faulty cooIant-h06e connections are correct.ed. 
(5) The cooIa.nt.-pump packing nut is tightened 

and new packing is installed whenever nee sa.ry. 
(6) Vah·e and ignition timing is adjust.ed .. ·hen 

requiud. 
(1) Valve c!eanlnoe is adjust«! as needed. 
(8) Cylinder hold-down nutJJ are t ightened period-

ically after Ol'erhau l. 
(9) The oil -lIr_ure relief vah·e is adjust.ed when-

e,'er necessary. 
(10) ? Iagneto poinu are honed if slightl y pitt.ed. 
d. RCI,l lIcc ]1lc n l.ll. Parts thll.t are damaged be-

yond repair or that require the service of more highly 
trained pol"!lOnnel are replaced b y the airplane me-
chanic. Sollie exam!.'l"" are listed below. 

(I) Leaking lIIamfold gaskets, 
(2) Broken valve springs. 
(3) Defective valve tIlppel.8. 
(4) Defective ign ition Ito·iring. 
(5) Defeeth'e distribntor heads. 
(6) Defeethe engine aooesaories. 



S EcrlON VI 

OPPOSED- OR FLAT_TYPE A IRCRAFr ENGI NES 

14. GENERAL. T he opposed- or flat-type aircraft 
engine is 80metimes referred to as the " pancake" 
tn>e. T he term "p8ru::ake" is used to refer 
to an opposed engine v .. ith a greater number of 
cylinders thau those nsed in the Army Air forces 
at the present time. Opposed engines of low horse-
power have beell used for liOIlle time, but high-
horsepower engines of this type are being developed 
for horizontal moWlting in t he wings of air-
planes. 

a. Cylinder Il rrllngcmentl!. The of an 
opposed-type engine are arranged in two banks. 
The hanks ere 1800 apart with t he crankshaft 
between them. On low-power engines, the cylinders 
in each bank are not directly oppo.;ite each other. 
Insteed, the cylinders of one benk are slightly in 
front of the C)'linders o f t he other b8nk. Cylinders 
arranged in this oroer are said to be sw.ggertd 
as shown in figure 74. The cylinders of an opposed 
engine are usually numbered with the odd numbers 
on the left side of the powerplant when observed 
from the rear of the engine. The cylinder on the 
left side Ilearest the rear of the engiue is usually 
detlignated as No.1. 

h. Firing order. The firing order is the sequence 
in which t he power evenl.8 occur in the cylinders of 
an engine. Ou six-cy linder opposed engines, the 
firing order is 1--4-5-2- 3-6_ The firing order of one 
model four-c)·Jinder opposed engine is 1-1-2-3, wbile 
on another it is 1- 3--2--4. 

enees. 

•• engines are made up of 
'1 purposes, these parts may 

different t ypes of engines. 
be familiar wit h t hese differ-

b. I' o wer .. eetion. T he power section on an 
engine is made up of the main erankcase, 

the cranhhaft, the oonl\ectiug rods and pistons, the 
cylindCl!!, the camshaft and other valve operating 
mechanisml!, and t he necessary bearings. 

( I ) Crankcast . T he crankcase is made of two 
halves of cast aluminum alloy which are bolUld 
together with long boll.8. T hese two halves heve ribs 
in t hem which hold the main crankshaft bearing 
inserts. T he camshaft bearings ere a lso in the main 
crankcase. In 80me engines, babbitt lined inser1.8 are 
used. for the cammeft, while in others the aluminum 
alloy itself is t he bearing material. The oil sump is 
located in the lower part of the main crankcase 
section. . 

(2) Cranlulw/I. The crankshaft is made of forged 
steel and the main and crank pin journals ha"e a 
f(rou.nd finish. I t has passages drilled through it to 
decrease weight and to provide for transm itting the 
lubricating oil. The crankshaft of a four-cy1inder 
opposed. engille has three main bearings while that 
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of the six-cylinder engine has four. In each model 
there are t ... ·o crankshaft th rows between each two 
main bearings. T he front main bearing may be a 
plain bearing with a flange to take the thrust of the 
propeller. In liOIllecases, the front main bearing is a 
thrust-type hall bearillg. 

(3) DlnntCfing rod.! . The oonnecting rods are 
forged of steel and nre generally of an H cross-
section. The big-end bearing is an insert-type bear-
ing. T he piston-pin bearing is a hronze bushing 
which is pH 'Sed m and t hen reamed to size. 

(4) Pislo,u. T he pistons are made of aluminum 
alloy and are pro\'ided three piston rings on 
some models and four on others. The piston pins 
are made of hardened steel and a re of the futl-
float ing t ype.. They are prevented from rubbing 
against t he cylinder wall by aluminum-alloy plugs 
fitted into each end of the piston pin. 

(5) Cylindtrs. T he cylinder _mbly of an 
opposed engine is oomposed of a steel barrel and all 
aluminum-alloy head. The head is screwed and 
shrunk onto t he barrel. In air-cooled opposed 
engines, the outside surfaoos of the C)"Hnder head 
and barrel are provided with the cooling fins. T he 
valve seal.8 and valve guides are made of bonze or 
steel and are shnmk (or shrunk and rolled) into 
place. Thespa.rk-plug holes arealso lined with bronze 
busbings. The liquid-cooled t ype of opposed engine 
has a cooling sys tem similar to that used in other 
liquid-cooled engines. 

(6) Valres. T he valves are of the conventional 
poppet t l'pe and are made of steel. Tbey are clOlSOO 
hy coil springs which are held in place by cone 
washers and split Joclul. 

e. section. The nose or front. section of 
this type of engine is IJCnerallY cast or forged as a 
pIIrt of t he power sectIon. It incloses the propeller 
shaft and a thrust hearing. 

d . Valve rne<:h" nism . The valves are operated 
by a camshaft and a hydraulic valve-lifting mechan-
ism. The hydraulic valve-lifting mechanism auto-
matically oompensate!l for any changes in the 
length of the cyl inder!! due to combustion heat, 80 
that valve-clearance adjustment is uot Ilecesaary. 
The valve-lift ing force origiuates at the cam.'.lhaft 
which is drh'en at one-half crHllkshaft speed. 

e. Induction "n" exhaust syst em s. (I) The 
induction system has an individual pipe leading to 
each cylinder. On 80me models t hese pipes a re con· 
nocted to t he manifold by short sectIOns of rubber 
hose held by clamps. On other models, one end of 
each pipe is bolted to t he cyl inder by means of a 

and the other fits into a slip joint in the 
manifold. On another t)·pe, the carburetor is 
mounted on the oil sump. In t his t)'l)e, the fuel -a ir 
mixture flows from t he carhuretor through passages 
in the oil sump and out th rough iudh'idual pipes to 
the C)' lindeN. (See fig. 75.) As the mixture t.ravels 
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th rough the passages. heat is t l'1lflSrerred from the 
oil to the fuel-air mirture. This C()(.'Jb the oil to 80me 
ertent and. provides lIOIlle heat for better vaporization 
of t he Cuel. 

(2) gaMS are oonducUd through pipe!! to 
II noise-damping unit (mulller) lind then to the aide 
oCthe a irplane .. -here t hey are The exh.llusl--
'Yftern p lpeil are made of welded, oorrosioll-retiistant 
ateeL 

r. Coolin /\:. On present-day a ir.oooled op:posed 
engines. II ball1e loca ted above each bank o f cy linders 
directs the air between and around. the cylinder 
0001 ing fins. 

g. LubriCl.tion . TIle oil relll!fVoir is in t he lo .... tr 
part. of the crankcase. This arran!(emCllt is cll iled II 
\\'ct.;!ump-type oi l I)'stem. The oil pump draws oil 
frQffi thi.1I and roroes it through II !!Cree" 
and out through the lubricating "system. The 
ttankshaft main .Dd crankpin journals, the cam. 
shaft and the ""Jve push rods 81'(1 Jubri· 
<:aled by oil under pressure. The pbton pins, 
piStOII3, cylillder "'alls, ,-a1 vc guides, val"e tappeta, 
and gelll'S are aplash- or spray-lubricated. The 
oil then drains back to the reservoir in the bottom 
of the to be recirculated by the pump. 

h . ACCC88<lri cB. The accessory housing is made 
of aluminum alloy and is bolted on t he rear of tho 
ma[,1 crankcase section. Tho aoce&!()rios. snch as tho 
geucrator, magnet06, and tachometer d rive, are 
bolted to t he awc 5so'f')' section and driven by lhe 
cranlu!hBft thTOOgh a gear t rain. 

46. VALVE AND IGNITION T IMING. a. 
Im loort. nee of proper timing. Aftcr a new 
cn,ule is designed and the first model is oompleled, 
it IS installed 011 • test stand and operated. Durin, 
operation, various grades of fuels are used, the 
engiue is operated at various speeds. aoo the vah 'e 
and ignit ion timing is to achieve the best 

An accurate record is ker.t of the 
brake hOn!epo"'er developed throughout t lese tests. • 

,The design engineers . ... ith these at hand, 
deCide on the best timing for the val ves and ignit ion. 
It is important , therefore. tha t the mechanic time 
an cngine exact ly as specitJed in Technical Orders. 

h . Timing methods. The opening and clOtiing 
of the intake and exhaust vah'eII at the proper t ime, 
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and the proper timing of ignit ion are essential t.o 
the efficien t performance of the four-stroke-cycle 
engine. 

( I) liming. 11te vah-os of an oppo8ed 
engine are t imed by mllilhing the marked tooth of 
the crankshaft gear bet"'een t he t wo marked teeth 
OIl the cams.bah gear. Thill can be performed OIl ly 
when t he DOS(! eectioll has been removed. 

(2) 19l1ilion liming. To time t he ignit ion. a 
timing disk is vlaced on the crankshaft so that the 
mllrks on the d J.'lk and on the crankshaft are in line. 
The timing disk is then futened securely to the 
crankshaft- usu"lly by meanll or a clamp nul. The 
crllll1;; shaft is rotated unti l the No. I piswn at the 
toJH:8nter of the oomllression stroke. The com-
pression stroke may be identified by placing a 
thumb o,'er the spark-plug hole .... hile the crank-
shaft is rotated. The No. 1 piswn ... ·ilI be at top 
<;<enter .... hen the marl.; ,?n t he t iming pointer is in 
Ime ... ·Ith the upper )OInt of the mam crankcase 
section. 1be crankshaft i8 t hen turned back ward 15-
t.o 30" depending on the model which is being 
timed. The engine i9 now in firing posit ion and 
ready for the installation of the magnctos. Rotate 
the magnet.o drive shah until the marks 01 1 the 
gears which show t hrough t he inspection .... indow 

.are in line. Place the magneto on its mounting IWld 
so that its drive gwr m(l;$hes .... ith the drive gear from 
the engine and tighten the mounting boits fing(:r 
t ight. Place a O.OO IS-inch thickness gaug(: bet"'eel! 
t he breaker pointa and rotate the magneto back 
and forth ullt il the poin t at which the hreaker 

8J"!l just separating is found. This point 
... ·111 be IndICated by the release of the thickn_ 
gauge. Tighten the boIta to hold the magneto 
securely in place. 

c . Timin" s l>eeificalion.e. The intake vah'e of 
(lI.le model of all opposed engine is t imed to open at 
10° before top.cen ter. the exhaust valve opens at 
50° before boUom-center, and the ignit ion spark 
oocurs at 30· before top.centcr. 011 another model. 
the intake valve open8 8t 20· before top-center, t he 
exhaust valve opens at 65° before oottom-cen\er, 
and t he ignition spark OOC llrs a t 15Q before t OI)-
center. On another model. the intake vah'e opens 
at 20Q Defore top.center. th e. exhaust 
at 65° before boUonl-C8nter. and t he igmt ion 
spark occurs, at 15° loefore top-center. 

47. V,\ L\' E-CLEAIlA,,"CE ADJUSTMENT. On 
engines using hydraulic valve lifters, no ,'ah'e-
clearance adjU5lmenta are "ec ' eary between engine 
overhauls. 

"3. INSPECTION AND In_ 
SpectiOlI8 are performed on an airplalle to find and 
correct minor troubles before they beoome serious. 
T he inspectiOlI should be performed in a systematic 
manner and the parlll inspected should be 
thoroughl)' cleaned. Careful mspeclion .... iII pre" ent 
accidents. 

a. M .. inlc:" .... ee reclutre ll1c:nts . It is the duly 
or an airplalle mechanic to keep t he airplane in 
Dying condition WI milch of the time as possible. 



His job is to repair . and maintain. By periodic 
inspection he call locate and correct minor failures. 
I( IIOrne part canno t be or if monl highly 
trained is required to repair it, be 
replace the unit. 

b. 1\Ii"or repair or eulw....,mbUeti. Some of the 
repair work that all airplane mechanic must per-
form on 0r.poeed.t ype engiDell is listed belo", 

(I ) ed sperk plugs must be cleaned. When a 
spark-plug deening machill" is anilahle the spark 
plugs will be cleaned and r&-gapped according to the 
direct)On8 specified in Technical Orde.... H this 
unit i! not available, replace the 8p&I'k plugs. In 
many C8!II'JI, if only oil rouling is present, clean the 
electrodf>! by, the lo .. -er part ,into gtl$OIilMl 
and blowmg I t out " "th com".': 3!d Illr. 

(2) Dirty mll8neto pointa muS\. be cleaned II!I 
speo::iftCd in the partieular Technical Order of the 
eotine. 

(3) Faulty ignition connections must be repaired. 
Cletining and neoldering of the bras!! clips is 
genendlI 1l00x 3SUY. 

(4) The fuel must be cleaned of any 
accumulated water and fOl'1lign matter. Examinf! thf! 
screens, clean them with galIOlinf! and blow them 
out .. -ith comp. - wed air. Be careful not to damage 
the IICreen with the COfflp. - ned air. 

(5) The hydraulic mechanism' 
must be cleaned only after co.Uiulling the specific 
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Teo::hnical Order for directionll. After the cleaning 
operation ill performed cheo::k the valve-tappet 
clearance. 

(6) The oil-relief valve will be cleaned and 
adjusted when necell88J'y. 

(7) All backlash and free play mUlit be removed 
{rom the engine controls. 

(8) Broken air-cooled engine-qlinder head flJlS 
caD be repaired if the damage 15 not eJleeII8i'·f!. 
Sharp edgell .. ill be removed by Illing. In casea 
"here eJlce!8ive overheating ill encountered, the 
cylinder may be replaced. 

(9) AdjlJlit tbe engine Hlling speed by adjll5ting 
the !let ..... ew in the throtti&-operating control. Set 
the IICrew in order to obtain III engine speed .. 
specified by the part icular Teo::hnica.l Order. 

(10) Generally. when a leak ill pre'lent, it is per-
missible to replace the faulty gasket or teal without 
replacing the complete unit. 

c. Replacements. Somf! of the "1Ilacemenl.8 
that may be made by an lirplille mechamc follow: 

(1) Faulty spark plugs that cannot be recon-
ditioned by cleaning. 

(2) Ignition wiring that hu had the illflulatiQn 
bunled or worn 01T. 

(3) Cracked, kinked, or broken oil or fuellinC6. 
(4) Leaking manifold gas\um. 
(5) Faulty IlC<:ft!$Oril)!!. 
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SECfION VU 

RADIAL AIRCRAFT ENG INES 

49. GEt"l'EKAL. The radial engine supplies power 
to a wide variety of airplallllll, from light trainers to 
the heaviest bombers. This t ype of engine has 
pe:ssed rapidly t hrough mally stages of development 
to its present high· power output lind loll' weight per 
horsepower. The unit is II precision product lind 
.... iII give eJloellent pedormanoe and 'continued 
hiah·power output during operation only whw it is 
treeted with the care it <leeerves. Special tools .ud 
fixture. are provKl.ed for UIIe in maintenance, lind 
muimum engine life will be l!eCured only by 
following the pl'(l(ll')dUrell recommended in the 
TeclUlical Order for the particular engine. 

a . C,Under arr .. n8em en U. The C)'linders ou 
an engme of t his type are arTanlo:!ld rad ially in one 
or more rows around the cr&.nksliart. Engines with 
.11 the C)'liuders in one row are called 
radial engille!l."bile those " 'hkh ha"e the cylindel1l 

in t .. o ro ... are kllOtm as t .. in·row oc 
radial enginee. There is aI\I"aya an odd 

number of cylinders in each row of a radial engine. 
btocause it ill impoasible to IIIICIln'I even distribution 
of firing impulses when using an even number of 
cylillders in one row. 

b. Fi ring order. T he firing order of an engille is 
t he &equenoe in which the power event ooouI1I in 
the different cylindera. 

(I) Single-row radial enginn. On a 
radial engine, all the odd·numbered cylinders fire 
in numerica.l SUOCf Fioon while the even-numbered 
cylinders fire in numeric:aIUoo(lsion. For eJlllmple. 
on a fi\'e-<:y linder radial engine tbe firing order is 
1- 3- 5-2-4. Rl\d on a seveIHl)'llnder radial it is 
1- 3- 5- 1- 2-4-6. The Oring order or a nine-<:y linder 
radial is 1- 3-5-1- 9-2-4-6-8, as shown in figlln'l 76 . 

• • 

• • 

• • 
... , .. ..... ..•.•. , ......... . 

(2) Twin·row radiol engine. On a twin-row 
rad ial engine the Oring order is more oomplicated. 
The Oring order is arranllOO with t he firing impull!O 
ooouring in a c)'1iuder in one ro .. and then in a 
cylinder in t he other row; therefore. two cylinder'll 
i.n the aame row never fire in suocessioo. The C)' lin-
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ders in a twin·ro .. radial engine are nnmbered 
oonsecutively 8() that all t he cylindera in t he rear 
row will have odd !lumbers and t hose in t he front 
row will ha.ve even numbers. On a 14-cylinder 
radial engine the cylinders in the rear row are 

fIRING 0AIlER 

1-10- S- J4 - ' - 4 - 13- 8 - 3-12 - 1'- 2. - " - 6 
CD 
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nUllIbered L 3, 5, 7, 9, 11 lind. 13 and. t he c)' linden 
in the front row Ire 2. 4. 6, 8, 10, 12, and 14. The 
00I'Tec\ firing order for t he rear row of c:yliuden, 
neglecting the front row, is 1- 5-9-13-3-7- 11 . On 
the front row it is l o-U ...... 6 because t he 
two cnmkpins are 180Q aport. Put t hem together 
and begin with I on t he rear row. The firing order 
is (ound to be 1- 10-5- 14-9-4-13--3-3- 12- 7- 2- 11- 6. 
(See fig. 77.) An easy method for figur ing the firing 
order of II l 4-<:y linder rad ial engine is to start 1" llh 
1111 )' number from I to 14, and. add 9 or s ubtract S. 
.. hichever ... ·iIl give In ans .. ·"" bet .. 'een I and. 
ioelusive. For e:.;ample. starting with 8, 9 c.nnot be 
added since the answer 'lJould be II10re than ),1; IJO 
lublnct ;; from 8 to 3, add 9 to 3 to get 12, 
subtract 5 from 12 to 7, subtract 5 from 7 to 
get 2. and so 0 11. The firing order of an l lk:ylinder 
radial engine is I , 12,5, 16,9,2, 13, 6, 17, 10,3, 14. 
7, 18, II , 4, 15, 8. (800 fi g. 77.) The two num bel"8 
u.':l«l to compute t he fi ring order or an 
rad ial engine are II and 7. Begin with any number 
rl"Qfll 1 to 18 and add II Gr subtract. 7. For example. 
begiuning ",·ith I, add II to ¢ 12; II eannot be 
added because t he total would be more than 18 MI 
subtract 7 to get 5, add 11 to 5 to get. 16, subtract 7 
fl"Qfll 16 to get 9, subtract 7 from 9 to get 2, add II 
to 2 to get 13, and oontinue t hill proem fOl" 18 
eylinders. 

so. CONSTItUCTION ClIARACIERISTICS. n. 
Gc nernl . An aircraft. engine mlly be oompo6ed of 
at mllny at 8,000 parts, but in the oonstrm;lion and 
d6tligning of t he powerplant. $OIIl6 parts differ 
externally a lthough they 8en"e similar PU' po&I'4 It 
will be .. ·ell fGr the mechanic: to familiariu hirnseU 
with the:oe differenoes. 

... . "ower 8e<:l;on. The po'II'er section of a rad ial 
engine coosi:sts of the main crankCII!IC section, the 
crankshaft, the matter and articulated rods, tho 
pistonlj and cylindel"8, t he vah·66 and vah·e-opertl l--
mg mechanisms, and the neceasary bearings. 

(I ) Crallkcase. T he main crankc8.'16 seclion is 
mwe oC a1uminum- Qr or steel. 
On tome models it is split . Iong the neuter line to 
faci litate the removal 0( tho master II.Ild articu lated 
rod!I. The t ... o halves ",·iII be held together by bolts 
between t he cylindel"8. 'the cylinder-mounting pads 
are located on the out:&ide surface of the main 
crankcase section and are provided wit h Ituds and 
nuts or cap IlCnlWS to hold the cylindel"8. Th l! engine-
mounting lugs a re usually located 1IeaJ' t he rear of 
the main crankcase section. 

(2) Cylindu lU,tmbiy. A cylinder 8Siiembly is 
compos!d of a steel barrel and an aluminum-al loy 
head. On some models t he heads are IIttewed and 
.lbrunk OIl the barrels and on othen t he two parts 
are bolted together. All rad ial engines are a ir-
cooled : therefore the cylinder heads and barrelll 
have cooling fillS on their outer surfaces. Since the 
a luminum alloy is 110ft and WeRl"8 rapidly. the val-'e 
guide&, valve !!eats, and spark·plug bushings sre 
made of a more durable meta l and are shrunk or 
screwed and shrunk into place. After inslallation, 

tbe valve guidee. are reamed to .ize and the vah·e 
_ts are faced. 

(3) CrrmhhaJI. The crankshaft of a rad ial engine 
is made of forged-llt.eel alloy .nd is ground and 
polished on all surfaces. Holes are d riUed th rough 
the imide of tho crankshaft to make it lightu and 
to provide pallll8.p for t he lubricating ?il. The 
crankshaft. may bII <i one., two-, or three-pu!I:e con-
struction. One-piece crankshaft fi t master-rod bear-
ings t hat are of t wo-piece ootllitruct ion. Two-piece 
crankshafts fi t master-rod bearings I1lat. are of one-
piece oonstruction. One {W the other must be made 
III t wo pieot$ in order to fit them together. Crank-
shafts of single-row radial engines have one th row 
and those of twin-row types have 1",'0 lhroWli. The 
cnnksbaft3 of all engines are statically and dyna-
mically balanced. On IIOmeen!dn66 the main bearings 
are inserts while on othen ball or roller bearings are 
used. T wo main bearings a re used on sinMIe-row 
radial engine!! and t hroe on the twin-row models. 

.. 

(4) Omn«/i. tll rod4. Master and articu lated 0011-
necting rods (Ug. 27) are used in radial engines. The 
master rod is of the banjo..hsped t ype 
When a 5plit-t)"lle crankshaft is uaed, a one-piece 
master rod iSslil)ped intoP?Sition and t hecnnkshaft 
is bolted secure y. On IIOhd crankshafts, a two-piece 
mB5ter rod is u$ed. The main section of the connect.-
ing rod is slipped into place and a bearing cap is 
bolted snugly 111 po!Ii l ion. The articulated rod!Iare 
fastened to the m(lllter rod by small , ha rd-steel pins 
called knuckle pill!!. T hey are similar in sllape to 
piston pinsalld are usually held in place in the master 
rod by small plates ... hich are fastened to t he side of 
t he master rod by !!Crews. The knuclde- and pi5too-
pin bearing surfaces in the rods are hl'Ollze bushings 
1'" sed ill place 8.lId reamed to siu . 

(5) IUlUltr rod btari'llI rnrl. A bearing-end seal as-
semhly is used to impro,·e the crank pin-bearing 
lubrication by preven ting excessive oil leakage from 
the end of t he master rod. The _ mbly oonsists of 
a steel backed bearing which is shrunk into the bore 
of the master rod and secured by a dowel bolt. The 
end aeal oonsis18 of a d isklike, steel knuckle-pin lock 
plate and spacer. T he tabs on the 
knuckle-pin lock plate are d rilled to aeoommodate 
oil pa""agee. snd the knuckle-pin lock-plate bolts.. 
T he pbollphor-bl'OllZ6 spacer m shrunk OIl the op-
posite face of t he master rod. 

(6) P i.5/o11 lU,embly. T he of a radial engine 
are made of forged aluminum alloy and are of con-
ventional d6tlign. They have four to six rings. de-
pending on t he 8i7.e aud the comptellliion rat io of t he 
engine. T he pistoll pillS are of t he fuil-noating t)·pe 
and are retained III the piston by circlets, cold 
springs, or aluminum plugs. 

(7) VIIllU. Convent ional poppetAype val,·es are 
u.':l«l. On lOI1le models the valvee. have mushroom 
heads while t ulip-head valHJ8 are used on others. On 
the high-power-output engines the exhaust-valve 
stems and heads are lIOdium-Ulled to aid in oonduct-
ing heat from the valve head. 

c. NOHCI 8e<:lion . The n06e or front section of the 
crankcase is also made of aluminum or magnesium 



,lIoy. 1t hou_ the thrust bearing and the 
sea .... , when used. 

(1) Rtdudion Planetary·type gear ,)'stems 
am IUed to reduce the speed on radial 
enginea. (See figs. 64 and 65.) rbc reJuction in speed 
caused by planetary gears may be detennined by 
fiDdi ng the 1"II1io be!lI"een the combined number of 
teeth on the drive gear and the stationary gear, and 
the number of teeth on the drh'e gear. For example. 
on one model radia l engine there Ill'(! 90 teeth on the 
drive gear and 30 teeth on the stationUfr gear. 90 + 
30 - 120. Therefore, the ratio of engm6 slICed to 
propeller speed is 120 to 90. Tha can be reduced to 
" to 3. It i! usually 'IHitten 4:3. Other models of 
radial engines have speed 1111;011 of 3:2 and 8till 
othe .... 16:9. The two fast-mentiOlled rati08 are the 
m06\. oommon. 

(2) Thrud bearing', Ball-type thru!lt bearings are 
uacd in radiaJ engitlell. The thrust bearing is Ioce.t.ed 
in the fono"ard end of the I'I06e section. h. receives 
the forward lhrUllt of the propeller and transmits it 
to the DOlle -=lion of the crankeue. 

d. V .. l vt) m ec.hlln;8Jn. (I) The valVIll! of the 
amaner nldial engines are openlted by camshafts. 
One camshaft with two cams is used for the valvlll! 
of edch cylinder. These camshafl.ll are driven at haH 
cnlnb hart speed and are geared directly to the 
cnlnkshaft . 

(2) Larger use a cam plate or a cam ring 
(lIOIlletimes a "cam drum") to operate the 
va"·eII. The cam ring is the more common at the 
pm;ellt time. !lowe .. u, the only differenC(l between 
the two is the relati .. e size of the hole hi the oenler 
of the uni t. (See fig. 45.) A cam ring has. as nearly 
IIlI po86ible, one aim for each tlll'O cyliudel1l. 011 a 
aeven-e)'liooec nldial engine the cam ring .. ill have 
three or rou r caJll!I, four if it rotattlll in the INUlltl 
direction IIlI tbe crankshaft aoo three if it rolatllll in 
the opposite direction. On a nino-eylinder nldial 
engine tbe cam ring will ha .. e fout or live cams. The 
,peed at lII'hicb a cam ring rotalllll in relation to 
cnlIlUhaft.peed is fonnd by applying the fonnula: 

number 0; cams x 2' A cam ring with three CIlm8 

rotale8 at 'I. crankshaft speed. One with four cams 
rotale8 at !1crankshaftapeed and one .. ith fivecama 
rolale8 at 'I,. cranksbaft speed. 

(3) Whether the vah'e-liftiug force on a radial 
engine origioale8 at a camshaft or a cam ring. it i5 
tralllmiued lo the stem through a cam tappet, 
pushrod and rockec ann. 

I!. Ind uction .)·.tem •• 1be t ype of induction 
.,.mm used on a nldia l engiDfl depelWs largely on 
the desired boniepolll'er output of the engine. 

(I ) Low-outpu./ Ulginu. On a small radial 
air i5 drawn througb the carburetor (where It is 
mired with fuel) and t ben oonducted to the cylinders 
through individual intake pipes. In !!Ome inslailcetl, 
• part or each of t htlll(l pipet! cast as part of the rear 
crankcase. Ind ividual pipesoonduct the fuel ·air from 
the outer edge of the rear crankcase lo the individua l 
cylind-. Th_pipes are connected to thecrankCllle 
by meane of • 'lip joint to prevent damage from .. 

expansion and OOIltraction caused by temperature 
changt!l. 

(2) High.ou/puIMgillu. On III large radia l engine, 
an internal blower or i5 built in the rear 
cmnkcase housing. On these models the fuel ... ir 
mixture pDS'1lI! from the u rburetor through the 
blower or supen:harger and then out individual in· 
take pipes to the cylindenl. (See par. 29. ) 

f. Exhalld .y.Lc,Jn. Exhaust ga_ paaa from the 
cylinders of a radial engine through short. individual 
pipes from each C)'linder and into the collector ring. 
}' rom there they 1_ through a large pipe and are 
discharged into the atmO!:lphcre. Some airplanes have 
turbosuper<:hargers installed on them. When it is 
desired to use the turbosupercllarger on such an air· 
plane, the exhaus t gasee are oonducted from the 
oollector ring through the supercharger turbine in-
stead of directly to the atmosphere. 

g. Cooling. All currently used radial enginea are 
.ir-cooled. Therefore, the cylinders have fillS 011 the 
outside to incte8lloll-the surface from which heat can 
be dissipated. Bames are installed to deflect the air 
through and around the fi lii to increase the rate of 
heat d issipation. Co,," fllll18 a re located on the oowl-
illg behind the cylinders to control the IIm()IJnt o f a ir 
fl.owing around the cylinders. By adjusting the posi-
tion of t he co"'1 !lops tbe operotor controls the 
operating temperatu re of the en";ne. 

h. Lubrication . In most high·power-output 
radial engintlll, the lubrication system is of t he 
full ' p l'tl!lSure, dry"lump type ill which most moving 
pa.rts are lubricated by oi l under pressure. TIle 
cylinder 'Nolls, piston pms and, in lIOIIle cases, the 

valvfl-Operating mechanism are Illbricated b)' 
otl spray. The oil for pn:IIIiure lubrication is dralll'u 
fromanextemal tank by anoil puml;l. Thepump iso! 
a oonventional sPW" gear t ype, driven (through a 
JflIr train) by the crankshaft. When the oil is dralll'n 
mto the pump, it is carried arouoo the space!; be-
tween the gear teeth and pump housing and is foreed 
into a pressure chamber on the oppoo;ite side of the 
gears. The oil under pressure pamll! through an oil· 
inlet check valve, then through a ftltering unit which 
may be a !lCl'6en or Cuno. The check valve keeps the 
oil in t he tank from _(Iillg through the pump Rnd 
into the engine while the pump is 1I0t operating. 
When the engine and IlUmp are operating, the valve 
oITers little to the now of oiL 

(I) Oi/·prulUl'e control. All engines incorporate an 
oil·pi lIte relief valve wbich Iimita the p"""ute of 
the lubriutill8 oil to a dtlllired maximum. 1be two 
most commonly used t )'peII of oi l, pmlSure relief 
val"e8 IlJ'e described in the following Bub-paragraphs . 

(a) Singk.pmlUI'e relitJ This t ype consists 
of a body oonlaining a apring-Ioaded plunger which 
hM a tapered valve on one elld. (See fig. i8.) When 
the pressure becomes great enough to overcome the 
sprill/l: tension, the valve is pushed o IT ils seat and 
the oil is by·passed into the oil· inlet pas.sa.ge of the 
oil-pressure pump. The IIpring tell!lion lIIay be varied 
by t uming the adjusting llerew. Turning this screw in 
a i llCfflUtl the spring tention. The 
locknut keeps the adjusting screw rrom loosening. 

(b) CompclMlling oil'prelliU'c relitJ mlvt. This 
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valve is uSlld in conjunc tion with a, thermostatic-
control valve. (Soo fig. 79.) Thes!:l units lIutQmalically 
regulate the Pn)$6Ul'$ in the lubrication system. 
High-IKe5Sulll oil from the slraintt enters pa!Il8.ge A . 
M'?8l of this oil goe& throl'gb peS!age8 to the engine 
Ulllts. Some of the oil pwseot through II restriction 
(which the rressure) and circulatetl Q\'cr the 
tbermosta Lic-conlro valve. From th is unit the low-
pre8IIure oil OOW! tbrough II 00110'11' shaft lubri-
ClIteli other uni l4. When the temperature of the oil 
is below 40" C., the thermOltatic -control "alve is 
dO!;(:(! and the oil in passage C is lIot under pressure. 
The pressure in passage A must thererOl'e overcome 
the tension of both sprinl!$ before the main 
relief valve can be moved off its seat to a llow eJ[cetIS 
oil to retum to the inlet side or the pump. The oil in 
,"'""ages A and B will thererore be ullder very high 
prell8ure. When the temperature of lh& o il reach", 
4(10 C" the thermOSla tic-relier valve will open_ Low-
pftMure oil will pasa through pfM age C. ac1. 
on tbe compensatmg_plslon. and oven:ome tbe force 
of the outer spring. The Ill'O!IIure in A will 
tllell have to overcome the spring tellSlon of only olle 
spring; therefore the .,.·ill drop to ilt normal 
,·alue. '. 

1 The telling of the relief valve may 1>& ad-
justed by renioving the cap. loosening 
the locknut, and luming the adjust ing 
screw. Tumillg the screw in a clockwise 
oirectioll incrusea the kkk-out pm!-
sure. 

2 Oil 'WllfM . In I11Q8t models of radial en-
ginllll. two sump!l are illoorporaled. 
These are located in the lowest !leCtions 
ol lhe engine a"llembly and pennit a 
thorough drainage of the oil. The usual 

inoorpo!"atell a sm all SUIllP for the 
drainage of the rocker boxe!J. The lar!,'(lr 
gumo is generall y illSudJed between the 
two lo"",est cy linden.. 

3 pum/M. Spur-gear 8C8vellgff 
pumpa draw the dru ined oil (rom the 
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sumps aOO foree it through the oiJ.. 
temlltnlLure regulator and thence to 
the top of the oil-llupply lank (rom 
" 'IIiI.'II It is recircu lated in the system. 
In thel\C8vellging pump and. 
the otl-pt · ore pump are built illto the 
same bow;ins. 

" /kt:lring lubric«lion. The oil ;., delivered 
under the desired llressure from the 
pump into a sene. of drilled passages 
of the crunkshaft to lubricate the main 
bearings, cmnkpin and the mu ter-rod 
bearinge.. 

5 Knuckk·pin lubrication. Eacb master·rod 
bearing is generally rrovided with other 
passages carrying oi inl0 a distributin& 
groo,·e to lubricate the knuckle pins. 

6 Cy/indu-u!GIl Gild pilton-pin lu/lrieulion. 
As the crankshaft rotate8, oil is thrown 
around in a fine spray .. ·hich lubricate8 
t he cylinder walls. Additiooal oil spruy 
is JITO,'ide(l. by a discharge from jets 
drilled in tbe cranbhan.. 

7 Rwuclion-gffll" lubrical ilm . Oil;" supplied 
to the bollow propeller sbaft. Some of 
the oil flows to the reduct ion_gearing 
shaft.ll and bearinp. The teeth of the 
reduction gtanI are ' plasb lubricated by 
the oil which seeps through busbing>J 
and bearings. Some engines providejet3 
'-? supply additional reduction-gt:ar lub-
n catloo. 

8 1nlunal .. lubriroliM. Oil un-
der prtllSllure to opers te the gear ratio 
selector unit and to lubricate the bear-
ings and bushing!! or tbe supereharger 
generally flows through a direct. ,"vage 
from the oil-Illter unit. 

9 Oil isconducted 
to the acceMory housing through a large 
interoal pessage. It is then sUIPlied to 
each unit througb lSIllaller d ri led pas-.... 

l'l lubricalion. Trallsrer 
pipes attacbed at the blower section 
carry oil under pN'Jllllure to a ser1M of 
internal p!I$Ilages. Oil flowing through 
t hese passages lubricalM the tappet 
guide .nd the ... mechan-
ism. Some of t hia 011 flows through 
hollow lappelt. into the tub\llar push 
rods and then to the ... alve rocker aTJIUI. 
In aome radial-tl'pe engines. this system 
is provided only fot t he vah'e mecball-
isms above the horizontal centerline. 
The .. ah·e mecbanislll3 of the lower half 
are lubricated by gru,·ity feed only. 

I I 1"/ullal oil drai1U. After perfonnins the 
neccsary lubrica tion, the oil (olio" •• 
series o f d ritJed pa"ng9S and grooves to 
the o il 

i. .... ri e". The 8CC!f6oriea ol • radial 
engine are usually located in the rear, They are 
operated through a gt:ar train driven by the crank .. 



METERED 
PRESSURE 

shaft. TIle), include the generator. tachometer drive, 
and the fuel, vaCUum (lnd pressnre pumllS. 
51. VALVE C LEARANCt:, Every en,L:"ine must have 
some clearance in t he vlllve·operating mechanism. 
If there ..... ere no clearance. a valve might be held off 
it3 seat ..... hen it W Qjj SUI)posed to be closed. This 
would result in erratic op,eration of t he engine and 
eventual destruction of the ,·ahe. The "ahe 
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PASSAGE B . 
TO EN GINE 

ance on mOf!t of the radial engines is specified ill the 
Technical Order"perlaining to the particular engine 
model. T hese clearances are the cold clearances and 
are adjusted ..... hile the engine is at atmospheric 
temperature. 

... C h.,.,ki " g ,· .. Iv", clea r .. " .,.,. T he pl"()Ce(:iure for 
checking the clearance of the valves of a radial engine 
is as follows : 



Step I. Ilemo,'e the rocker-box co,·ers. • 
Step 2.. Hotate the propeller until the piston 

of the IIelected cylinder is approxi-
mately at TOC 011 the OOffipi · s;on 
siroke. 

Step 3, Insert Ihe correct thickue1!8 gauge in 
the olJeuin" between I he vah'e stem 
and the cud of the adjustiuf.( !!Crew. 
The jrDUI>'e should just sl il) i"to l he 
ope"i"g and the nerl larger gau1;O 
shollid 1I0 t , 

Step 4, n epeat steps 2 and :1 for the olher 
c} li"den!. 

Step 5. n eplace rocker-box oo,·ers. 
h . ,' <lju"li"" .·"I ... d " ... " " "". If the valve 

c1earauce is checkoo aud found to be inoorrec:t , pro-
as follows; 

SU:I' I. !..ocOIen the lock-nut on t he adjusting 
>!C rew. 

Ste l) 2, T urn the adjusting IICrew unl il t he 
corret:t clearance 11'&.\11;0 .. ·ill just 
elller the opening be\."·CCIl I he "al "e 
stem a"d the end of the adjusting 
IICrew, (:see iiII" 80. ) T un ling t he 
IICre'" clock " ' jse dccrea-e:; the dear-
ance. 

Stel) 3. Hold the IId justiu!i" sc""", 10 keep it 
from tuming and tighteu t he lock-
IIUt. 

Step ,I. Il e<: heck the clea rance. 

52. VA LVE AN D IGN IT ION TIMING, .HtCf a 
new engine is designed lind the lirst model pn>-
duced, it is iUiitalled 00 II \.est stand and 0 l)(!roted, 
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Various grades of rllel$ are 1I3ed, t he engine is 
operated at d ifTerent $peeds.. IIrld the "olve and 
ignit ion timing are varied 10 obtain the best reslllt& 
All occurate record of the boniepower de"eloped by 
the engine during tlris lest opem tion is kepI. After 
the \.est is completed, t he desi!.'!l engin«ns decide on 
the exact timing to be used 011 the engine. It im-
portant, therefore, that the engine be t imed exactly 
lIS specified in Ted n,ical Order'S. 

11. O leckin" " .. h ·e ti m ing, Place Ihe piston of 
No. I cylinder at top-tiead::ttliler positiou of the 
oompnmiOlI s troke. 'J' lre ,'ah'e cleerance is then 
che<:ked and, if ncc" Ur)', odjusled. (See par. 51.) I n_ 
stall the t iming disk and pointer on the enlline. He. 
nlO'·e the irl.>llect iOll plug ill the r'(I!;e housing. 
To chock the opeuing of the inlet n lve. rolate the 
propeller until the correct mark 011 the inlake. .... iI·e. 
opening ( [0) IleAl e ou Ihe reduct ion gcur iu liue 
... ith the two i"dex marks on the sid olii of the 
tion hole. (&'e lig. 81.) In this eX!lIllI)le, the iu\ake 
\ 'olve of lhe No. I cylirldcr should optn 2, ' berot(! 

F;9"" 81. hi. - n"" O«!;()w. 

IOI)-tieati rrCenler. Chco>k the readiuj:' on the timing 
disk. If the pointer indica tes 2,' UTC. the ,'alver are 
oorrectly timed. At th is point t he inlet ,·oil·e should 
beGin to open. A$ a further check, t he cmnhhaft is 
turned in the oppotlite direct ioll unlil the correL1. 
mark of the exhoust-volve clOI'ii ng (EC) liCale on tire 
rcductiOlI gear is aligned. " 'ilh t he marh on the side.r 
of the inspoct ioll hole. The timing poin ter should 
indicate the correct number or degroes and lhe ex-
haust va lve should be closed . 

b. Ign ition timi,,!; . To t ime the mogueto on a 
radial engine, a poi" ler is installed on the [)ropeller 

arid a t irning !leglllent is fastened to tbe crank-



aIjIe. The crankshaft. is then rotated unliltbe No. I pmon is at the t.op.center of the oompression !!I.roke, 
tho point« is llet at uro and fastened 110 tbat it will 
tum with the propeller abaft.. Th piopeller shaft is 

. tben rotated in the direction or normal rotation until 
the pointer indicates the proper number of 
before TDe. The mllglleto drive is aligned as dllllCrib-
ed in paragraph 29h. The magneto may flOW' be 
attached to the mounting pad on the tDglne. 

( I) It is highly impiobable that the magneto 
oould be lIOOurat.ely timed within the required limil.8 
when plaoed on the engine if no adjU.'ltment ,,"ere 
provided. Either of two methods may be provided 
80 the magneto Clln be adjU!!ted without altering the 
position of either the mllglleto drive or the engine 
cranlshaft.. One method is to cut slota in the magneto 
mounting !laure, thus permiUillg lOme rotation of 
the magneto housing. With the magneto in the pr0.-
per position, the mounting nuta aro ti,pateoed to 
lleCure tbe magneto. The other method 18 to IIlMI a 
hard-rubber plate which has teeth 
molded on each aide. The teeth of one Side fit the 
magueto drive and the teeth ontbe otber $ide fit t he 

driven b,. the ghaft (rom lheengiue. theM 
III one more tooth on one side of this coupl ing tban on 
the other, vernier adjll!ltmenta ean be made whieb 
pei wit aocumUl timing. 

(2) Chn:fling ignilion liming. To check the ingilion 
timing after the magneto b.as been secured to the 
mounting pad. iusert a O.OOI5-inch thickness gauge 
between the brtaker poinlt! and rotate the crank-
&han. slowly in the operating direction of rotation 
wbile maintaining a slight puU 00 the thicklle!lll e,'X' Wben the tbiekn_ gauge Blil;'! out, the 

er poinlt! ha\'c just opened and. If the ma,-
net08 are COtTeCtly timed, the pointer should be In 
line witb tbe proper mark on the timing aegment. 

e. Timing IIpcci licationa. Since there are man,. 
difTerent models of radial enginet! in use at the pre6Cnt 
time. the tiOlilii will vary, but will be 

ill! follows .. The intake valve C>pellll 
t 20Q before top cellter, the e:maust valve opens 

about 15" before bottom-Qellter, and the spark OOCuri 
about 2;;" berore top-<:oenter. 

53. INSPECTION AND MAiNTENANCE. II. In_ 
lpeetio" ''''oeedUN'l, Inspections are pedorroed 011 
lID airplane to lind and COITect minor defect8 before 
lhey become aeriOWl- The ifl!l.pecttoo must be per-
formed in a l)'1tematK: manner and tbe part.8 being 
inspected abould be th()l"OU(!bly cleaned to enable the 
mechanic to find small defect.!!. 

b. Maintenance requiremenU. I t is the me-
chanic's dut,. to keep the a irplane in fl ying condit ion. 
]n order to do thia he must. be able to reo:;ogJlize 
troubles, determine their caUBC, and remedy t hem. 
If a defec1.ive pari. can be repaired and the mechanic 
is qualified, be should repa1I' it. If he cannot repair 
the unit, be should replace it aOO twn in the del'ecti"e 
unit to be repaired by more hi¥bly \.rained pereonnel. 

c, Minor repair. An auplane will 
repair any defective part that he can ifhe is qualified 
and hill! the nOOPSRry tools. Someuamplee of repair 
work that may be done b,. an airplane mechanic OIl 
a radial engine follow. 

(I) Remove dirty oilllCre61'18 and filters and clean 
tbem. by washing in kCf'OrleDe. Af'ler cleaning eare/'u tl y 
dinct oompi ed air through the unitt!. A pply a 
film of oi l over the lilter element and reinstall it in 
the engine . 

(2) Check and adjust the valve c1earanoe. (See 
par. 51.) 

(3) Check and the ignition timing. (See 
par. 52.) AI'lJay. e oertain that the ciearll.DCeI!I, 
tolerances, and directions listed in the Technical 
Orders for the particular engine are Gb8erved. 

(4) Anchor Joo&.e tubing properly. I l'I8peet aillinllll 
fot leaks and repair or replace t he line or fitting " 'hen 
nace:>sary. III cases where the lilies have vibrated 
1(lo(l68 inspect them (or wear, den lt!, and CTacks. ne-

the linet! if their conditioll may cause future 
trouble. 

(5) Repair raulty ignit;oo cable. Cheek !.he con-
ditiOll of the spark-plug fenules.. When II. 
replacement is ner.uary, rciQova about a half inch 
of insulation from the end o( the cable. There are 
two methods of attaching the ferru le to the wire. 
Olle is to Beptlrate the stranm evenly, bend them 
back o,"er the insulation 110 that a COJ)per ferrule can 
be forced over the end of the cable, and tben Iwage 
the ferrule in J;!'::- The second method is to place 
thestrands of wire through a hole in the ferrule, 
bend them evenly over the ferrule and then I!oOlder 
them in place. 

(6) Hemoveuoessive back l8!lh and pia,. from the 
engi'oe controls. 

(1) Round off the sharp edp of slightl,. chipped 
erliooer-cool ing fins with a fine ftle. 

(8) Remove and replace tbe spark plugs when 
De( - n il)'. In emergeD(:>es, .. bell oomr,1ete spark· plug 
servicing equipment is not availab e, regapping or 
ceramic-type spark ping.'! .. ill be sufficrent. Hegap-
piug more often than the regular specified period 
may be nee< fU,ry under oonditiOllll of prolonged 
billh-altitude flying. 
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(9) Cbeck the induction I)'$tem for fuclleaka, a ir 
leaks, and blown gaskelt!. Either of tb_ conditione 
rna,. be indicated by slight discolon.t.ion (due to tlte 
d,.e ill the ruel) on tbe sdjacent parlt!. 

d. Rcplucctnen U. Derective and damaged parte 
that cannot be repaired by the airplane mecbanic 
must be replaced. Some of the replacemenlt! that are 
made b,. an airpllllHl mechanic rollow. 

( I ) Replace fault,. spark plnp with new (I!' recon-
ditioned spark. plugs of spproved type$.. 

(2) l.mfling gatfltl$_ Be sure that all surfaces with 
...hich the gasket comes ill OOJltaet are clean. 

(3) Danwgtd plP/hf'Ofh and colilrol'6)'sum unill. 
Alter the ... ork hill! been perfOl'1lled. check and make 
sure that all ooutrols have full and eftS)' action. 

(4) DolTI/Jad cylinder. and pi."OIlI. In CIUlee CJl 
ffDtrgency tbie work ie done. During general line 
eervioe the ell8ine .... ould be replaced. 

(5) Brofltn tlQi!le springs. After replacement or the 
springs, be certain that the retaining washers IlI"II in 

(6) Brofltn 01' damaged Jfud&. Be certain that the 
stud is exactly as .pecilied in the Tccbnic.t Order. 

(1) If ell8ine trouble is definitel,. located in the 



magneto, remove and replace the unit with one 
kno..-n to operate aatisractorily. 

(8) Remove and re(llace damaged intake pipes. 
lWltal1 a new !l)'nthetle-rubber packing ring with 
every replacement. 

(9) When the t rouble is traced to the carhuret.or, 
remove and replace t he oomplete _ mbly. A lIew 
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gasket must be used on the carburet.or.mounti.ng 
flange when the new or reoooditioned unit is installed. 

(10) Hemo\'e and replace priming li.-. 
(ll) Ilcplaee the thermocouple If found. damaged 

Of defective. The unit is generally illJltal1ed on tho 
hotte8t-nulning cylinder, usually in the q Under as-
sembly containing the master C'(lllIlecling rod. 



SECTION Vllf 

ENGINE MOUNTS 

51. GENEIIAL. Modern oirpl(OI 1CS require high-
power..output engin!):; lind lire eummonlr used with 
large·diameter IlrO)Jellers aud low reduction gear 
rat ios. The high-power outlmt of these engine;. cauSCi! 
"ery hil1h (torque) loods on the m()llllting. 
These are orteu greate r than thO:;/! Ilroduced by uther 
canses. Torque load.i must be distributed properly 
because t l'e r IlIIve an imJlortant elrect on the per-
formance of the powerpl;,.,t. 

II. I'lIrpose. An engine mount is used for two 
It supports the engine on the aiq,lane aud 

absorbs much of the engine "ibralion to prC"cnt it 
from being transmitted to the a irplanc. The mcthod 
of mounting the powerplant is governed by the t )·pe 
and size of tile engine. 

b. n t."Sign. Prnet ically Illl engine mounts lire 0011-
of welded tubular sleel. After fabricat ion. 

the mount is to remove st rains by hCllt ing 
it to the proper tempera ture and allowing it to cool 
slowly. T he mount is designed SO that all working 
slresses will he dircd liuear push or pull Oil the 
slrllctllrallllelllher;;. The actual design depends UpOIl 
the l ype of enl,;ine. for radi:ll- and 
V-type engines are sho"'n in figure 82. 

<D /laJia/·'"9i., "o.nl. 
Figu" 
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55. Ei\"CINE_i\lOUi\"T n USIII NC S. ["ntil a few 
yelll'\S ago Cllj(ines were bolted directl y t o the engine 
1II0llnt wi th liUle or no cllsh iollillj,i" malcriall>cl .... een 
the cngine and the muunt. T herefore, en"iuc vibra-
lion was tran ;;mitled to the aiq,lane. This resulk'(l 
in st ruct ural failure of a irplane parts and in lhe 
ph ysieal fat igue of the n ying IICl"SOnncl. TI,e powerful 
engine!! no'" used reqll ire sollle d C" ice to ah;;orb 
engine "ibrations and prcvcnt their to 
tl,e structure of the aiq,lane. 

". Vi bT" I ;on_" l,,;Qrbi n l! t Y/>C. T his type monnt-
illg hns rublICr bushinj(s or pa' between the cngine-
mounting plld and the cngine muun t. Fi l(lI re 33 
ijhow$ a CI"O:'SS sect ion of a mount hushing of this t ype. 
I t is efreeti "e in ab;;orbing 1I,,;,.h of the cU j( iue vihm-
t ion and pnl"cnting it f rum bei nl( t ransmit ted 10 the 
aiqllalle. Howe,·cr. it is nut ,;atisfll< ... t of)' 
fur radial cngine; it. does nut absorb the yaw 
and pitch vibrations of the cII"ine durin!: ol)('ra t;"", 
and it docs not eliminate enginc droop when the 
engine is stopped. 

h . 0 r n" , ... t ype. In order to 
absurb cngine tor;;ional vihra t ion a,,,1 to permit 
limited yaw and pitch vibrations of radial engines, 
Ihe dynllmic+suspension "'''lin t IlCCn 
de,·i"';!. A bushing of this l><'l ill st ailed on all e"l1ine 
mE",,,t is shuwn in fi gu re 8·1. T here a rc so,,'ral dif-
ferent types of lhese bushiui-'S bllt nil of t hem perform 
the sa llie scn-ice. Ther cfl"cct i"dy "Imurh 
to,.,;ioll<l l v ibrllt.ion <;lIu>;c<1 the rotat;ng prolICller, 
lIo1d cngine yaw und pitch to a dc;;ired minimum, 
and, at the same t imc. prO"enl droop. 

56. I'\:SI'ECTIO,'i ,\ i\" I) i\ 1,\ " . I n-
Engine mOllnts are illspe<;tcd periodically 

fur cracks, di.;\(ortiullg. misa lignment 01U1 conditiun 
of the wutecli"e cooting. The condition of the en-
lIinC·"lUullt at sp .. ",ilil'<1 timc 
i"ten""ls. The muunt sllollld he thoroughlY clc,u lI)(/ 
dllring inspedion t.o cnahle the IIIt'(;iI(,"ic 10 lind 
small <;racks t ha l ma \" be pre'Sl'n t in t I, e "clded joill ts. 

h. j\ ht i" l""'Hlec: (I) When c racks a re d isc<" 
the airplane must not be flown IIlItil replat.., n,e"t ur 
repair is matle. The smallest crack will furm a foclIl 
poi"t fur vihrat ion amI illr rensc in At 
repuir stat ions. the mOlln t is IIurm"lizt'(l to removc 
st ruills dnring welding. 

(2) A IICnt truSil mcmher rp(Jni res II 
replat"emcnt of thc whole engine lI ,o"n \. The IlIcd, -
a"ie shuuld ne,'cr lise n pa,·t of t he "" 'lll,t for 
o support s ince thcre is dllng!' r o f hClldi"g the truss 
members. T he llI uu"t is to Stlpp.ort t he 
cnginc in the prolIC r po,:it iOIl hilt rdat i "ely ligllt 
in I he wrong p' ", it iun w ill hcnd I'IIrts of it. 

(3) I f chipped Or delerioTat t'(l. the protectivc C<ll,t_ 
in!: of thc cnl(ille 1II,,,,,,t mnst llC renewed to prevent 
furl her corroo;ioll lind wca !<cning o r t he mOLII,t. 

(4) En),inc- lIIu llllt hllshin",,, t l,at show of 
deteriorat ion mll5t be repillced. 
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SEerlON IX 

STORAGE AND SHIPMENT 
. 

51. GENERAL. I t is necnary that the specific 
procedure outlined in Technical Ordel'll be folwwed 
In treating anr eugine whicb is plaood in IItorage. It 
is tbe responsibility or the maintell&lla'l d ivision of 
eacb Air Technical Service Command activity to 
prepare aircraft engines for Itorsge ",'hen nee ' ' ear)'. 

a. Susceptibility to eorrollion. The partS or an 
airplane engine are manufactu red to very clOie 
tolerances and are .uhjected to severe u rains during 
operation. Even slight COIroIIion may damage some 
part3 so that. they will DOt (Wlction properly or may 
even cause them to fail completely during llUb!!equent 
operat ion. J>rect,utioN must. therefore. be taken to 
pre,'enl corl'Ollion of the parts of an. engine that is 
Idle for e\'en a short time. 

h. Ethyl fluid. Modern bigh-output air,Plane 
engines require fuel that bas an antikoock rating of 
l o<kdtme or ahove. Since it is iDl l?'*ible to produce 
pure octaDe in sufficient quanlitlell to rwpply the 
demand. mixtures of similar fuels.re used and tetra-
ethyl lead is added to them to increase the octane 
rating. The tet.ra-ethyllead products corrosive sub-
mnces when the fuel is burned ill the cylinders. 
Ordinarily. the colTOllive subetancts cause no seriOIl8 
damage. However. tooy will cause damage if preven_ 
th'e measllmI are not taken when the engine is 
allo .. ed to n:main idle. 

e. Treatment of the engine. Airplane engiDell 
that. are to remain idle for more than I day must he 
t reated to prevent eolTOllion. The t.lpe of treatment 
required depend.3 upon the length 0 time the engine 
is to remain idle, The specific treatments used vary 
for d itTerent t ypes of enginee. Therefore, the propet 
Technical Order should he oonsul led prior to the 
treatment. oC. particular eogioe. 

58. FLYABLE AIRCRAfT STORACE. 
• . Length of time. AU aircraft that will not he 

flown for an indefinite period are prepared for th is 
type of .torage. All aircraft in this t ype of storage 
must be maintained in a fl yable ltatus and requiNI 
no preparation for flying service. 

b. Treatment. Aircraftmaintained under flyable 
airel'llft . tonge are divided into t.wo clAS?e8 those 
whose oil systems contain a mixture of oorTOllioll' 
preventive compound and regular engine oil and 
those :with no corl'Ollion·preventive compoUlid in the 
oil 8ystem. 

(I) rompoond and engiflM)il 
mizlun. The oil .yatem is IItrv)oed ,,'ith a mirture 
COIllIisting of three parts of engine oil Wid one ..JNU1. of 
fl()ITOS.iOll-pre\·entive compound. as specified in 
Technical Ordel'll. and a IIOtation to this e!Teet i9 
made on Form 4-IB under the title " n emarks". The 
engine orenginee will be given a grQUlId fun-Up prior 
to placing the airplane in 1Itora.g1!. On each sizlh day 
the enginll8 .... iII he given a ground run·up. The 
ground. run-up will consist of approximatdy a 15-
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minute operation at idlinfl;' speeds (DOt to eJlceeII 
50 percent power) or until the o il ·in tempentUl'fl 
reaches nonnal. operating for the 
engine. Exoe&Sive ground operation and operatlOO In 
I18Ddy or dust y areas should be avoided. After 50 
hours of engin&-nperating time the mirture .... iII be 
drained and replaced with pure engine oil. 

(2) Engine (Iii. In airplanes whose enginos are not 
serviced ,,'ith corrosion·preventh·e oompound but 
oontain only t he regular engine o il, the engine or 
engines will he ground run-up (as dellCribed in para-
graph 51) each _ d day . • 

59. TDlPOltARY STORKCE. 
a. Length of time. TemPorary storage is used 

for enginee that are to be idle for not mure than 
30 dayll. 

b. Trealn'cnt. The following ,Procedure .... iII he 
followed when aircraft are planed m the tempor&ry-
.torage status: 

(I) Oil 'Y.km. The engin&-nil system will be ser-
viced and given a run-up as described in 

58b(l). 0 11 dilution will not be used dur-
mg this preparation for storage. J( the oil system hu 
been previously IIerviced and the lu t engine opera· 
tion hu been ... ·itb tbis mixture in the lubrication sya-
tem, the ground run·up wiD beeliminated. 
The mixture wiD remam in the lubrication sySU:m 
and oil aump. 

(2) E:thalUl •. The exhaust. valvea are sprs.yed 
with a corrosion-preventive mixture. The . praying 
" 'iIl be acoomplitlhed throogh the exliam;t porta with 
the valvee in the open position. On installat iOlIll 
.. here the ool1ector n llg is not remo" ed, the valvee 
are sprayed. t hrougb tbe .park·plug opening. 

(3) Cylinrkr _II.. The COlTOllion·preventive mix_ 
ture is into each cylinder bore with the 
at bottom-dead-center 80 88 to cover all interior 
surfaces. After all cylinders have been sprayed. re-
.pray each cylinder bore through the spark·plug 
opening making certain tbat the cnmuhaft is lint 
rotated. If the crankshaft is rotated, respray all 
cylinder bores. J nstall cylinder dehydrator plugs into 
the spark-plug holes. (See fig. 85.) <:emult Technical 
Ordel'll for specific t.ypes of dehydrator plug for the 
engine, 

(4-) Exhawl poru and carbtITchlr infokt. The 
correctreize beg of silica gel is planed in each uhaust 
port and in the carburetor intake. The exbaU8t. porte 
and the carburetor-intake opening are then covered 
.. ith a mois\ure-resisting film arid taped securely. 
All manifold joints must be lICQIed by placing tape 
over each joint. 

(5) Coo/an! 'y,krru. In Iiquid-oooled engines the 
coolant sylllem will be drained and the system will 
be ",filled with clean .. ater. The engine .... i11 then he 
opented until the wa1.ef has thoroughly circulated. 
through the system. The water is then drained. It 



oompre!8ed a ir is anila ble it will be introdueed 
t hrough t he fil ler o p,ening (d ra in plug remo,'ed) to 
dry out t he s)'$lem as much as possible, I( t he lIi r-
Ililme st.orOO " 'ithoul renlO"infol: the engine. t he 
entiro (OOlant system " 'ill be filled " 'ilh the oil 
8fMlCiroed in T ech nical Ordel"!l, lied lope must be 

a u ached to the throttle-oonl rol le"er of Ihe lIi'lliane 
110 trealed. T h is is a reminder 10 maintenance and 
optrnl ing pel"!lOnnel that Ihe engine not to be 
opemled unt il t he o il removed and cleaned from 
t he e)·stem. The system is cleaned lIy remu, ing t he 
dn.in tllug ami introducing sleam inlo the fi ller 
OIIC!! i"):"' 

(6) Vt/,II (w d bffllll,u! . ,\I I dist r ibutor \"(:11'-" 
en);ine und SUI)Olrcharl,'Cr lIrell!hel"!l, und nll olher 
ol'elli ll):"il will J<l sellled wilh lutJ<l (lS specified in 
'I O" leN. '. 

c . All engine dehydrator 111UJ,OS "'ill 
be ins lleCted " 'cekly and l"eillaced when I leir colO!" 
indicalft! an unsafe condilion for s ll)mJ,'C. If more 
Ihan Olle-half o f the lire rel)loced , 
the bags in the ai r· intake IInti exhaust 
,mu,ifolds must be rql1aced. lIeplace:mellL of t he 
deh )dn,tor plugs or bags shou ld not be made on 
highl)' humid or ra in)' 

d . l" '·I,,,.,,t;oll fo. ",·r,·k". \\'hen aircraft aro 
remonl..! from Ihe lemllOrary-slorago status, Ihey 
will be I,retll' rt'd for sen ke as follows: 

(1) 1:.'nY;lIt 0liell ;lIgS, Hcmovc III I dch.'"d rutor plugs, 
Bilka gel bab'S, co\"er 1)lales.. nipples. lupe. aud ot ller 
mCUIlK t (> plug variuu3 OllCllinl(K. 

(2) (,.'yl;mler, ami 'park plugs. Fil"!lt remove allY 
CJ:l"eS:>i,e <:(>rNlI!.ion·pre,enlin) hy druining 
or by using a hand suction I) ump. IIvtMe the propel. 
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ler shll ft by means o f a wrench to 
check for sl ickblfol: ,·alvel!. Lubric"te Ihe sticki ng 
.-ah·cs with a glUOline and engine-oil mixture. If the 
"a ln"" continue to stick. perfon" t he nt'(t ar)' 
maintenance to eliminate Ih'$ condition. lJl5tall the 
p roper spark pluJ,'ll. 

(3) i'noi/in,. l>reoi l the engine as d irected ill the 
specific Tt'(II)' lCa l OrdN. 

(,I) engine ,'arfillg. Before starting the engine, 
rota le the hy haml foor or fi \"e re,·oIu· 
l ion.'!. M a fi nll l cht-ck, to detennine th(lt liqu id luck 
has been eliminated. 

60. EXn':'i'Wt:O Sl '01(,\ GE. 
u. Le n /( lh o( t; lIIe. Extended s tornge is Il$ed for 

engines t hat a re to be id lo for more thllr. 30 days. 
b. Trcolln .. ,nt . treatment o f the aircraft 

treated in extended $t0f81)C f(>lIo,,'s: 
(1) The en!!iue oil system ",ill be .scr-

" iced and gi"eu a ground ru" .up as de;cribed in 
panlb'Tllph 5910(1). 

(2 ) Cooia."I)',/tm. The coolant of liquid-
cooled enginel! "ill be .sen·iced aOC\lrding to para· 
gnt llh 59b(5). 

(3) Oil cook". Oil cooler !Olllst be bla nked off or 
by·passed t he mixture 
specified in hnical ordeN. 

(4) Oil3ump. Omin t he mixture from t he engine-
o il Sl)mp while the slimil is sti ll wurm. IA.o not drl.in 
t ho mixture from theoi l llmk. tl epluC6 the sump plut! 
with properl y 3i1eCilied deh III ug. (See lig. 86.) 

(5) Carburt/or. Drai" the fuel from the carboretor. 
Reinstall t he dra in 1)lugs and remo"O t he pipe plug.'! 
from the tOil or the regu la tor. Pour t he $lleCified oil 
into Ihe opening \llItit the oi l rl)lI.'I OU' of the frout 
chamber or from the di.'lcha'l.'t! noule. tl ei'lStatllhe 
plugs anti I!oIlfe\y t hem. Carburetoc openiuJ,'ll " 'ill be 
sealed " 'ith suitable pipe plulI!! and the thrott le "al\"ft! 
wilt be loc\.:ed in the O\llll) ptII!.il iou. A bag of silica gel 
is plac«! in t he wrhureloc i" lal>e Bud the opening i! 
then sealed with a IllOistul"floresisliulI fillII Bnd. loped 
securely. 

(6) Futl pUllliJ!. Fuel mUllt IJ<l d rll ined from 611 
fuellHlUljlS oud t he spe.· ir.l'tllubrica l ing oil injecled 
into t he IIlIUI\)Ij "'hile I he pWl'dler shoft i$ I)(! ing 
rotated. " he of t he fuel will 1J<l tl i&-
connected uud Ihe lines "'ill be sealed wilh 
plulI!! or tupe . 

(7) t:..:IIIlIUI/iOf"l6 Ulld manifold!. Wit h the 
vah,ft! Ol)(!n each exhaust purt sprayed wilh cur-
ro;;i .... n· llre' ent i "e mixtuN!. ,\ bag 0 silica gel " ill be 
plUl'Cd in the exhaust outleUl. The opcninp a re t hen 
oo"ered "ith m .... isturll-l""I.'I>isting lilon aud la l)ed 
securel}·. 

(8) Cylinder 100/16. Treat IIlI s pecified in 1)(\1'II,,'fllph 
5911(3). 

(9) Ql ieflillg'. 011</ Seal 1111 open· 
in),os. vents. und hrculhCI"lI with the property SIIC<;,lied 
tUtJ<l· 

(\0) , /I('ff. Spray Ihe in terior of the 
prol)(!ll er shaft . Tho of Ihe shaft must 1J<l 
covered with I he c .... m pound s pecified in T ochnical 
Qrder.l. ]'"ta lt u pr .... th read proleclor. 



T he.;(! instruct ions am ro!lowed only ,..hen the pr0-
peller 

(II ) AU opcniut,"!I in the magneto "" iIl 
be sea,led wit h t ope. 

(12) /:.'n/ire trlgint. lnsl oll coverg on all openings 
in t he engine a nd fustcli t hem SC(·ure1y. 

e . Inspect Rt'COrd ing to llaragl1ll)h 
5k 

d . I'r"l)"r" t ;"" for M'nice . 
( I ) f;"yine II NIHJ'-e all dd .ydra tor pJugjj, 

plalH, Inlle, IIil'pie:!. plllj.'$, alld 
.telll$ winch ha"1l I}()CII theul len,"KS-

(2) Oil fwd Pros_I)" inSlall al oil and 
fuelliue5. 

(3) Engine cyli"dul. Folio,,' illsl ruct im.s listed in 
paragruph 59d(2). 

(4) all(/ prillit'll" rlu'fl. Clean the pru-
JJelicr shu I. und the pru l'.!llcr. i\ luonl t he 
on the propeller 

(5) CWIO oilflUrr. T he CUIIU uillihcr " ill be re-
mo'cd Bud cleaned by it in 1\ such 
as I;.cn'.l<;elle. I:."a:;.oliIl6 01' 1\ half-ond·half mixture of 
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carhon tetrach10ride aud henwl. n ota te the filtcr 
...hile it is imllltr'lltd in t he d cauing soh'cnt to rnoke 
eertain that all fon-i!.'!1 material rem()\"ed. Do not. 
u;,e any hard toul to !lCfIl llfl o r pick t he materia l from 
theC'drtridge. An air jet must nut he USCl(1 in cleauing 
the carlridt::e. " ftcr ",-ashing. immediately lubricate 
the cllrlridt::e by immcrsing it in to clean eUj!:ille oil. 

(6) &rftfll. ,\11 o il so::reens shull IJ() rim""ed, 
cleaned d ried. rw iled 11",1 reillstldhxl. 

(7) PreO!/ill9. Prior to ground the cnlline 
prcoillhe engine as d irected in t he specihc Tochnical 
OrdCf". 

(8) Spark plug,. Before installing Ihe spMk 1)lu"",,, 
rotate the l)roPl'lIl'r four or fi ve t ime.! to make cerlo iu 
thu t l}qui( lock (due to fl);ceso;i\"e oorroo;i"n-IIre'-Cn-
ti"e mixture in the cylinders) hos hocn .. l. 
Install ti ,e slm. k 1)lug8 and tightcn t hem to the 
correct torque. 
61 . STOHACE TnF:,\Tl\n:"'"'iT OF ItEI',\ItAIlLE 
i:.J'\'C I,'\'ES. T he I're ..... rut ioll of repllfllble engines 
iudude.! those that can be operated" it hout fu rther 
dllmah"1l and t ho..e ... hich Cllnnot Le operated. 



a. Operabl., engine.. 
be operated without. 

Treat. lIS lpecified in paragraph 

<m. Drain the coolant out of liquid-

rocker-box covers 
with OOl'I'Q6.ion-

coven and gllllkets 

With the exhaust 
valvllll and exhaust 

properly 8pecified 

Treat as specili«!. in para-

SeaJ all optninp with 
moistllJ'e-l"IlIIiItant IIeIIb lIS 

the engine 
pe.rticular 

so 

... i11 IlQt have the run-out protection of the 
engines that can be operated. 

62. PREPARING S ERVICEABLE ENGINES 
FOR SERVICE. ServioeWle engines to be installed 
in aircral\ will be )X'eIlU'ed for service .coonIing to 
the detailed procedure Ib ted in Technical Orders. 
A brief outline of the procedure folJo .. -s ; 

•• En.ine en velope. Carefully open the engine 
envelope without Ullneouse.ry tearing and foki the 
envelope down over the s ides of t he engine: Remove 
the engine from tile mouutinl plale. After removing 
t he engine, the envelope wi I be carefuJly cleaned 
and folded for reuse. 

h. S;lica-gcl bll lJl, Hals, and dehydrato .. 
plug.. Remove all 811ica·gel hags., all sealll and in_ 
cloaures, and all dehydrator plugs. 

c. Cuno oi l U ralne ... See paragr'aph 6011 (5). 
d . Supercharger fucl-dra in vahe. If the unit 

is installed, d ean and check it for proper opetation. 
Lubricate with engine oil and reinstall. 

e. En ll!ioe cylinde ... and v.I.-e.. Service lIS 
specified In paragraph 59d(2). 

f. Blower (impeller) Helinn. When ilU-tallinlJ 
a radial engine, t he corrosion-preventive oompound 
is allo"'ed to drain into the 10'lfer intake pipes for at 
least 24 hoon! .,..ith the engine in a Oying position. 
This may be dOtle by placiqg it in position Otl t he 
airplane, suspeuding it, or by laying the packing 
box or crate on ita Bide. After draining, remove the 
intaJ,;e p ipes, remove the liquid, and reinstall the 
pipes. 

g. Spark ping'. See paragraph 60d (8). 
h. PreoUing the en .!l ine. &:fore ground t.ellting, 

prooil the engine aooot'ding to instruct.ioos in Techn;. 
"" 
63, AmCRAJT S UDJEC I ED TO SEA-WEATII-
Eft CONDITIONS DURING SHIPMEl'Io'T. En-
gines inslalIed in aircraft that are looded aboard 
sbipa and aubjected to _ ·'lfeather conditiOl\ll will 
be treated for e:rtcnded , torage ButllS. In addition, 
the following pl'QClld llnlll must also be included. 

a. Ederior tmgine aurracea. All exterior engine 
surfaces, partillg lines of the cr8llkcase. clampa, 
studs, and nuts will be sprayed with the properly 
specified 6Olven t. (See Technical Orders.) 

b, on rcgulatora ."d radiators. The oil regu. 
lators and rad iators must. be Spr8)·ed .... ith a light 
coat of oon-osioo· preventive minure to prevent 
oorrosioo trom salt spray, 
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