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SECTION 1
INTERNAL-COMBUSTION ENGINE PRINCIPLES

L. {:EﬁERAL. a In nrdarm%map the fundamen-  principle of the internal-combustion engine. The
tals governing the operation of an aircraft power-  study of the powerplant begins with the definition
plant, it is necessary to understand the operating  of the term “internal-combustion engine.” Internal
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Figure 6. Compression ratio.

¢. Friction hnmpuwet All the

developed by an engine cannot be gde
horsepower. Apanufltlsnmm Wimigrcome the
friction of the moving parts within
part is known as the friction horsep@ger. ndern
aircraft engines, the friction 4

between 10 and 15 percent of -.. : pc:we.r

developed by the en aﬁum Th Wer

I[I‘HP} is determined by su the @
total

horsepower (BHP) from the
power (IHP).

: energy to mechanica Py the engine. The
Figure 5, alon Iﬁlphl enl, l.'lld!..ﬂlﬂﬁi :!'IUISI'!]:HJWE o . : I_:l.'fa.]'l'l.g mli.ndimling
device which rec mbiistion pressure within
an enEine will ]J'iﬁ capabiéyef develdping. : tio of the {T}']JI'I{.IEE‘ n:" i - : mﬁ:&ﬁ;ﬂmﬁ
¢. Compress i compression ratio : :
an engine 1s also a etor of the maximum l]!crrﬂepgwer. A cfgabustity presaure card is shown in
e Shigine. The higher the "R " o ‘

mits, the greater the

pression ratio is the
in a cylinder when the

B.C.

of its stroke and there are 20
] when the piston is at the top
M@umpression ratio would be 120 to 20.
numbers are then divided by the
ind the compression ratio in this
is generally written 6:1. As men-
ere 18 & maximum ratio which may
be used in an internal-combustion gasoline engine.
If too highly compressed, preignition (premat
ignition of the fuel) will nn:mlr This will result i
mrerheatmg and loss of pow t of the total heat produced by the burning

d. Brake ]:mmelmm:r The horsepower tﬁl\a into mechanical energy. The remainder of the
engine is capable of transmitting to a prof L is lost through the cooling of the engine or
other mechanism is known as the brake horsepoW® exhausted through the exhaust manifold. This means
This is not the total horsepower developed that of every 100 gallons of fuel completely burned
engine, but is that part of the total which can Dised 4V in an engine, only about 34 gallons are used to do
to do work. It is usually between 85 and 90 percenf  work. It is ,of course, undesirable, but the heat must
of the total l[indinat.edg horsepower of the engine.  be removed to prevent damage to the engine,

1
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Figure 7. Pressure indicator card,

t losses and efficiency. Internal-com-

ion engines are only about 34 percent thermally
t. That is, they transform only about 34




SECTION 11

CLASSIFICATION AND DESCRIPTION OF AIRCRAFT ENGINES

8. GENERAL. Many types of internal-combustion
engines have been designed. However, the use and
application of the powerplant unit has caused many

manufacturers 1o develop some designs that are used
more commonly than others and are recognized as
conventional. Internal-combustion engines may be
classified according to cylinder arrangement with
respect 1o the crankshaft (in-line, V-type, ete. —
see fig. 8) or according to the method of cooling

(liquid-cooled or air-cooled). Actually, all engines
are cooled by transferring excess heat to the sur-
rounding air. In engines classed as air-cooled, this
transfer is direct from the cylinders to the air. In
liquid-cooled engines, the heat is transferred from
the cylinders to the coolant which is then sent through
piping and cooled within a radiator placed i
airstream. The radiator must be of suflicient 5
cool the liquid efficiently, Heat is transferred




trolled by the valve-operating mechanism. This — ware
mechanism should be simple and rugged in construe- e AT
tion and should provide satisfactory service over long
periods of time with little care or maintenance. The
two types of valve-operating mechanisms in general
use are the ty on in-line engines and the type
used [cm ?di eﬁm. ;

a. In-line and V-1ype engine valve-operatin
mechanism. The valve mmgihnaniﬁm consists of E
number of rocker-arm assemblies operated by a cam-
shaft either directly or through push rods. In some
engines which have the camshaft on the top of the B = :
cylinder block, the shaft is driven from the crank- DR
shaft by bevel gears and other necessary shafts. (See $= " R
fig. 39.) Other engines may incorporate the camshaft i I R
in the eylinder block, and use push rods to operate : e AN \

the rocker-arm assemblies, (See fig. 40.)

El,'l Camshafl. A camshaft is a steel rod with cams YRR \
or lobes machined at certain specified positions along Ry
its length. A cam or lobe is the raised portion on the 1 .

shaft surface. The shaft extends from one end of a
cylinder bank to the other and is parallel to the bank
of eylinders, One camshaft is generally used for the
operation of all inlet and exhaust valves of each bank.
It is s0 located that, when it turns, the lobes operate
the valve mechanism. As the camshaft rotates and a
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cam lobe moves the valve mechanism, the valve is o
CYLIMOLR HEAD COVWER
P Figure §1. Camshafi m&mmm

© : s raised, opening the port in the cylinfer, as shown in
it sttt -, figure 41, As the camshaft continues its rotation, the
i cam lobe moves away valve mechanism,
allowing the valve s e the valve closed.

This closes the port in er.
(2) Push . pes of engines using
overhead valves is installed in the

e usually made of aluminum-
seam|ess-steel tubing.
aiblies, The valve-actuating
e in-line and V-type engines is
tionary pivot at one end of the
: aft bears on the center and
1 other end of the lever bears on
typical arrangement of this kind
gure 42 @, The pivot end provides an
e assembly. valve-astem end of
er lever is provided with a screw-type ad-
for the proper adjustment of valve
n some aircraft engines the rocker lever
es a plain, roller or ball bearing near the
| Spe— d pivots from that point. (See fig. 423.)
o e — | of the rocker lever bears on the camshaft and
Bl B fWimes the valve-operating force. The other end
rars on the valve stem and transmits the camshaft
ement to the valve, The camshaft end of the
rocker-lever will generally be equipped with a roller.
Whe valve end of the rocker arm incorporates an
adjusting screw 1o permit the setting and adjustment
of valve clearances. Many variations as to size and
shape of rocker arm levers can be found. In one
V-type engine a rocker-arm lever is forked to operate
two valves per cylinder. (See fig. 39.)

Figure §0. Comshafl localed in the crankeoss hopnnge



b. Radial-engine valve-operating mechanism,
The valve mechanism of a radial engine is operated
by one or two cam plates or rings, depending upon
the number of rows of cylinders. In a single-row
radial engine, one plate or ring with a double cam
track is used. One track operates the intake valves
and the other the exhaust valves, The mechanism
also includes the tappet assemblies, push rods, and
rocker-arm assemblies

(1) Cam ring or cam plale. A cam ring or cam plate
is used in a radial engine for the same purpose as a
camshaft is used in a V-type or in-line engine.
cam ring i8 a circular piece of steel with a seri
cams or lobes on the outer surface. The surfadd o
these lobes and the spaces between them (pn
the cam rollers ride) is known as the cam
fig. 43.) The inner surface of the cam ring.ri
bronze bearing which is securely fasten
crankcase, A set of gear teeth on one side of t
ring provides the means for rotating it gAS
ring revolves, the raised portions or lofs
cam roller to raise the tappet i ;
thereby transmitting the fo
and rocker arm to

in a tube called a tappet guideg):
end of the tappet is mounted Shardened-steel roller
which rides on a cam track. er is made of

steel and is attached to the ta h slides up
and down in the tappet guide. At the other end of
the tappet a hardened es8 is found. This
recess accommodales 1 of a push rod, A
hole is drilled through to allow engine oil
to flow to the hollow order to lubricate

the rocker

Figure }3. Cam plate and cam ring,
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CLEARANCE ADJUSTING SCREW




(%) Zero-lash hydraulic-valve lifter. Another method
of transmitting the force to operate the valves em-
ploys a column of oil which is confined between the
cam follower and a plunger. (See fig. 45.) When the
cam follower is pushed upward, the column of con-

e VALVE GTEM
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——PLURGER
CHECK VALVE

CAM FOLLOWER

the pldfiger upwilad. As the plunger
bears against the valv@istem, the v@lve will be moved

:ﬁlw against the small leak is
owed i s type to com-

te for tem ion. This slight loss
15 constantly bein the engine-oiling

justments are neces-
ystem except at major
s0 [ar been used only on the

rod is used to transmit the
to the rocker arm.
e of either aluminum

ket of a Lﬂ;l)p-at and the otherinto
ker arm. In some instances the
tappet and rocker arm and the
7 push rod. The tubular form is
employed because of its lightness and strength. It
permits the engine lubricating oil under pressure or
gniwit}' feed to pass through the hollow rod and th

lled ball ends to lubricate the ball ends, rockeg

arm bearing and valve-stem guide, This ciraglating
oil flow greatly reduces valve-mechanis WK

Frequent checking of the valve clearances Ti#
practically eliminated in engines using au
valve-gear lubrication. The length of each
is determined by the distance between the 19

and the rocker arm sockets. Each push rod is in-

closed within an aluminam-alloy tube. The tube or
housing provides a passage through which the lubri-
cating o1l returns to the crankcase. It also protects
the push rod from damage eud prevents dirt from
coming in contact with the valve-operaling me-
chanism.

(5) Rocker-arm assemblies. Rocker arms or levers
are mechanical devices for transmitting the liftin
force from the cams to the valves. {lgw fig. 4.
Rocker-arm assemblies are made of steel and are
supported by a plain, roller, or ball bearing which
serves as a pivot. Generally one end of the arm bears
against the push rod and the other bears on the v
gtem. One end of the rocker arm is sometimes slofied
to accommodate a steel roller. The ite end nify
be constructed with either a threaded split cl¥¥iip.
locking bolt (see fig. 46 @) or a tapped hele T58
fig. 46 @). Adjustments of valve clearances §fgms
at this point. After the clearance has been adjuste
the locking bolt (or the lock nut) locks th
screw 50 that the proper clearance will (e
On some engines, the adjusting by et i
ally drilled to provide a passage for Telin

27. VALVE-TIMING DEVICES w

valve timing will vary the poWer delive a given
speed. To obtain the best perf igh speeds
means a sacrifice at low s and viee versa. A
compromise must be made in the desired
results. The valve timing on pract all modern
engines is arranged in such a manner that it is almost
impossible for it to chang
properly connected. Hoy
mechanisms that are d

drives in which the timi
cause eventual engi

e the mechanism is
e are some valve
 cerlain types of
my change enough to

1 a few instances, the

Figure }6. HRocker-arm valve-clearance adjusfing-screw locks,



coupling devices have become disconnected and
caused malfunction of the valves. In order to provide
for ease of valve-liming operation, such special tools
as the top-center indicator and the timing disk are

for timing the valves of the engine. These tools are
also used in ignition timing. Several methods of ad-
justing valve timing follow.

a. Vernier coupling. One particular model of

used. The top-center indicator is a tool used to deter- ~ V-type engine incorporates a gear-coupling vernier.
mine the top-dead-center position of a piston in a  The gear which is bolted to the namshal‘ti means

linder. The timing disk is a device which measures  of 7 bolts, has 36 teeth. (See fig. 47.) Since there are
the crankshaft rotation in degrees and helps todeter- ~ 360° in the circumference of tﬁa gear and 36 teeth,

mine when the crankshaft is in the correct position  adjacent gear teeth are 10° apart and the space be-

CAMSHAFT ODRIVE GEAR
(36 TEETH)

INCLINED CAMSHAFT
DRIVE SHAFT

¥he driving gear. (See fig.

age to be turned 1.4° to allow
his arrangement ides an
ns of which the valves can be
“Whe number of teeth on the gear
of bolt holes could of course be
the number of teeth is not evenly

riveshaft. Onsome engines the force
ive the camshafts is transmitted from a drive-
accessory section to each of two camshaft
by an inclined driveshaft. (See fig. 49.)
hese inclined shafts has 19 external splines

d and 21 on the other end. The splines at

er end of the inclined shaft mesh with the
al splines of a bevel gear. The splines at the
end of the inclined shaft mesh with the internal
ines of another bevel gear that drives the camshaft
gear. The uneven number of splines permits a vernier
: = At djustment of the valve timing. When the valves are

: 1 timed, the sfnen'ﬁad iston must be on its proper
' stroke (see Techni

Orders). In other words, the
crankshaft must be in a particular position. This
position is usually indicated by markings on the
propeller reduction gears. These markings may be

18

AT TAGHING
BOLTS

Figure 48, Vernier odjusiment for valee timin"



CAMSHAFT DRIVE GEAR

Figure 50. Camshaft drive — opposed-type engine.
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seen by looking through the inspection hole located
in the front- (nose- ) section housing. Belore timing
the valves, a thrust cap must first be removed from
the upper end of the splined drive-shaft bearing re-
tainer. This permits the lifting of the shaft. When
the inclined drive shaft is lifted, the upper bevel
pinion remains meshed with the gear on the cam-
shaft, but out of mesh with the lower-pinion drive
gear, This allows the camshafll 1o be rotated inde-
pendently of the crankshaft. The camshaft can then
be placed in the proper position. The inclined shaft is
then lowered, permitting the splines of the shaft to
mesh with the internal splines of the bevel-pinion
gear. Il the splines do not mesh, the shaft is rotated
until the proper mesh is secured. At times, slight
movement of the camshafl is permitted, usually
within a tolerance of 1°, The same operation is per-
formed in timing the valves of the other bank.

¢. Direct gearing. The valve-operating mechan-
ism of some opposed-cylinder engines incorporates a
rocker-arm assembly, push rods, and a camshafl
driven directly through a set of gears, (See fig, 50.)
The camshaft is located within the crankease hous-
ing. This type of camshaft mechanism operates on
the same principle as the overhead camshaft pre-
viously described. The only dilference is that push
rods are used to transmit the action of the cam lobe
to the rocker-arm assembly. The camshalt is con-
nected to the crankshaft by a gear arrangement that
causes the camshafl to rolate one-hall as fast as the
crankshalt. During engine assembly the cam shafl
is installed in its proper location, The erankshaft
cam-drive gear is marked with center-punch marks
on two adjacent teeth, The camshaft gear 1s marked
with one center-punch
is meshed between
crankshalt gear.
according to the m
timed.

iming. On most radial-
slments are incorporal-
Muing after the engine has
e time of engine assembly,
ervimh, the valve-timing operation
exact meshing of the marked teeth
e marked tooth of the cam-
e as designated in the Tech-
pecific engine, The operation of
im is accomplished by the cam
Wute. In some engines, the ring or the

ed on a Euunml which i3 mounted
fin,. win crankease, In other engines, the
cam es on a bushing which is mounted
directly on the crankshaft. The gear teeth may be o
the inside or the outside of the cam ring. These teet
mate with an intermediate cam-drive pinion
and causes the cam ring (or plale) to rolate
fraction of the crankshalt speed {delmml'”g u
the number of lobes).

is perfor
of the
drive

28. IGNITION TIMING DEVICES.
all of the present aircraft engines, dual Q@i
sion ignition is supplied. The high voltage
sary for ignition 15 produced by two separat

40

engine-driven high-tension magnetos. Some engines
use wo magnetos in rated in one housing. The
magneto is timed to deliver high voltage at certain
specilied intervals. Since this high voltage must
reach each spark plug at the proper time, an arrange-
ment i8 also provided for timing each magneto to
the engine. The magneto has a distributor which
direels the electric current to each of the cylinders
in the proper sequence (firing order). Therelore, if
the magneto is properly timed for one eylinder, it
will be properly timed for all eylinders, Two general
methods of timing the magneto to the engine
the vernier-coupling and splined-coupling met

a. Yernier coupling. Magnelo timing m |

accomplished by means of a hard synthglicgu
coupling with gear teeth molded on uu:-}w
There is one more tooth on one side il
other; therefore, turning the rubber pM
tooth in relation 1o the two gears that mes

it will change the magneto timing by g O gsr

in the size of the teeth on each side
plate, (See fig. 51.)

¢ 51, Vernier coupling — ignifion timing.

Splined coupling. (1) On some types of
engmes, a splined coupling is used to connect the

goneto drive shaft to the splined shaft protruding
from the magneto housing. Before installing the

iagneto, remove the breaker cover and align the
step cut with the marks on the edge of the housing
with a straight edge. (See fig. 52.) Be certain that
the position of the piston is as specified in the
Technical Order for the particular engine. Place the
splined coupling on the end of the drive shaft and
then attempt to mesh the splined end of the magneto




shaft with the coupling. If the magneto does not
drop into the coupling spline within a specified
tolerance, remove the magneto and try another
mesh position with the coupling. When the magneto
is meshed within the proper tolerance, proceed as
explained in ¢ (1) below,

fo tnstailalion,

. The mounting flanges

ined-coupling method
slots allow rotation
gthin the length of the
slots) and per r adjustment of engine timing,
agneto he correct position alter
g is correctly meshed, rotate the
ilfhe magneto is exactly timed

are slotted (Ses fig. 5
of the magne i

Figure 53, Slotied magneto-kousing flange — ignition timing.

to the engine. The mounting bolts are then tightened
to hold the magneto securely in place.

29, INTERNAL BLOWERS AND SUPER-
CHARGERS., The horsepower developed by an
engine operating at a given speed depends upon the
compression ratio, the piston displacement, and the
volumetrie efficiency ulplha engine. The compression
ratio and the piston displacement are fixed and can-
not be changed on any given engine. The volumetric
efliciency however can be changed. The volumetrie
efliciency is the ratio of the volume (at norm
atmospheric pressure and temperature) of the ch
drawn into the eylinder to the piston displacem@t.
For example, if the piston displacement iy a gi
cylinder is 100 cubic inches, and 9 cubic
fuel-air mixture is drawn into the cy
volumetric efliciency would be 90 perce
airplane gains allitude, the air becomes thi
the volumetric efliciency of the enging
In order to increase the volumetric eff]
in turn the horsepower of the engipe) *Specis
high altitudes, superchargers aré
modern airplane powerplants.
. Internal-blower assembly.

centrifugal-type air pump. T arge 1s
drawuug?rm y into the supe where it is
subjected to the action of the ler. The

purpose of the blower asseml
thoroughly the fuel-air mixture assure (as
nearly as possible) equal distribution of the mixture
Lo the various evlinders. improves the accele-
ration of an engine durigl og¥fre

(1) Blower impeller.
impellers are of the ceg :
of aluminum alloy, A er consists of a circular
disk with blades extfuding rathally from its surface,
(See fig. 54.) It m3yNhg attached directly to the

ype and are forged

Figure 54, Tmpeller,




crankshaft or it may be driven through a gear train.
If the impeller operates at a[:rruximulely the same
speed as the crankshaft, it does not boost or in-
crease the pressure on the fuel-air charge. The
Ijpeed iz selected by the designer and it is mainly
ependent upon the piston displacement of the
engine, the octane rating of the fuel used, the dia-
meter of the imlmllr:r nmﬁ the strength of the engine
structure. It is also important that the impeller be
light, yet perfectly balanced and strong enough to
withstand the high centrifugal forces,
(2) Diffuser section. The diffuser section is that
art of the induction manifold that surrounds the
Elnwnr impeller, The diffuser plate (fig. 55) is fitted
closely around the impeller. The unit consists of a
circular plate and curved vanes on one surface. The

in ogghaped as airfoils, The action
nel-air charge tends to create
fi-alr flow. The purpose of the
eliminate this swirling of the

i : the diffuser chamber in order to
in efficienf@flow into the eylinders.
8. Distribylfon chamber, This section may be

& pdifnifold ring,” and incloses the entire
blower assé™hly. In a radial-type engine, it forms
part. of the engine crankcase and is generally mad
of forged aluminum alloy. Individual intake pi
extend into openings on the ring and provide passa
ways through which the fuel-air charge reaches

by s}nthetm rubber packing nngs ang
retaining nuts, which form slip joints to 39

cylinder expansion and contraction. In a %
\ [}

engine cylinders. The pipes are held in thaﬂq'!ngx
or

engine, the fuel-air charge passes from the
vanes into a chamber. From here it is cor

through the main intake manifold to smaller branch
manifolds and into the engine cylinders.

(4) An aftercooler unit is incorporated on some
engines glghlppai with a two-stage internal super-
charger. The purpose of this unit 15 to cool the fuel-
air charge after it has been compressed by the
supercharger. The assembly consists of a housing, a

iator core and the necessary units for a coolant
system. It is located between the supercharger
outlet and the main induction system. The fuel-air
charge circulates around the core tubes in order to
d].wlpma the heat produced during compression. A
te cooling system is maintained for this

r_'u ar installation. It uses the same type of
mixture a3 used in the engine-cooling system.

liquid is forced through the core tubes bygthgya
cooler pump. A relief valve is incorpora
system to prevent the development Cessl

pressures.
(5) Drain valves. Each time an engi
or stopped the fuel is not_entirely
taken into the cylinders. This unb
gathers in the lowest part of tHiNg
and becomes a serious fire hazarg

hole (open to the atmosphe
in the induction system at 1ls

{requently, however, an a / u-
dram-valve assembly is inc ated (See fig. 36.)
When the engine is not opera weight of the

valve causes it to fall away from the seat. This
opens a passage to the almosphere through which
unvaporized fuel may the system. When

““‘1

i

0 THE
ATMOSPHERE

Figure 56. Supercharger drain valee.



the engine is operating, the pressure in the regurgit-
ation or gurgle tube 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 less than that on the bottom and
the valve ﬁill I;u:I| held Lq}:nln the seat by dthe diﬂ'emlultia]

ure, This closes the opening and any gasoline-
m condensate which forms in the induction
gystem is piped-up to the inlet side of the whirling
impeller through the regurgitation tube as shown by
the arrows in figure 56. The piped-up action is
brought about by the same differential pressure
which closes the valve.

b. Superchargers. The supercharger of an inter-
nal-combustion engine is a mechanical unit that
compresses the fuel-air charge in order to maintain
the manifold pressure at or above atmospheric

ure. This unit provides a pressure greater than
atmospheric whereas the internal blower does not.

Figure 57.  Infernal-su

High su r ure (high manifold ure)
is used Tﬂhmin ﬂfﬂﬁﬂ engine Emwm' for take-off, or
to maintain or increase engine power at high
altitudes. As a e equipped with an unsuper-
charged engine rises to a higher altitude, the c

a decrease of manifold pressure and power 08
To prevent this, aircraft-engine designers
ﬂmaﬁvpﬂd internal and external -superchi
Many variations in the methods of superchs
each with its particular advantages, are

MANIFOLD PREBBURE COMMECTIONS

valve is moved, oil
“hutch disk. There is no neutral Pmitium in which the
Clutches are disengaged. Selection of the gear ratio

Internal superchargers are of several types such as:
ﬂﬁlﬂ-ﬁ , itwospeed with a mechanical or
hydraulic clutch, and two-stage, External super-
chargers are of the variable-speed type and are
generally turbine driven.

(1) Inlernal superchargers, An internal super-
charger (shown in fig. 57) is a unit whose impeller
i5 located in the induction system between the
carburetor and the intake ports of the engine
n:.r]jnde:la.. This ;.lfrﬁthia design m:ii assembled as an
intergr the engine, and is gear- or hy-
drau]ie-dm The E&)ﬁ with which the impell
rotates is limited by the impeller-tip speed and
heating of the charge due to compression. Im
speeds may be as high as 15 revolutions_to
revolution of the crankshaft. The average
ratio ranges between ratios of 6:1 and 30
internal supercharger consists of an im
diffuser chamber, a distribution chamber

DRIVE SHAFT

impeller-driving mechanism, It may

ingle impeller-speed ratio, a two-speed ratio,
av e-speed ratio. The single-speed unit has
ratjo and is similar to the internal blower,

nll.huu;;;ﬁhn single-speed unit rotates at a speed
buretor-intake pressure will decrease because &f t
decrease in atmospheric pressure. This will rgsult ve standard atmospheri

ient. to maintain the manifold pressure at or
i¢ pressure at cerlain en-

e speeds, The fwo-speed drive mechanism consists
pf gears and clutches. When the actvating control
re is applied to one side of a






is performed with a push-pull control. The control
unit is a piston-type selector valve located in the
supercharger rear cover. The setting for the lnwer-
impeller ratio is called “the low-blower position;”
that for the hlgher -impeller speed is called “the
high-blowerposition.” Low blower is generall
at take-ofl and during flight at low altltl.ldm i& the
airplane climbs to higher altitudes and engine
power begins to decrease, the pilot will shift the
control valve to the high-blower position for
increased supercharger pressure and engine power.

(2) Erlernal superchargers. An external super-
charger is not a mmi);gnmt part of the engine and,
therefore, will not in this manual
(reference TM 1-407).

30. MﬁMﬁH[Fﬂm ﬂn ];:dPES Induc-
tion manifolds and pipes are the sealed passageways
used to conduct nﬂm‘ fuel-air mixture from the
distribution-chamber section to the intake-valve
ports of the cylinders. The number and construe-
tion of manifolds or pipes depend on the engine

andthetutalnulnll:emfcyhndarsmhesu plied.
The manifolds and pipes are light in weight and
designed to offer the least possible resistance 1o the
flow of the air or mixture.

a. Intake manifolds, An aircraft engine with
in-line or multiple banks of cylinders distributes the
fuel-air charge through a large main induction
manifold into smaller branches attached to the
cylinder intake ports. The other end of the main
manifold is attached to the distribution chamber,
The manifold m«lﬁ is genemlly made of alumi-
num or magnesium actured in one or

incorporates openings .allnyl' s on one bank.
The double-section \@esembly Ansists of two

branches, each su Mixture charge to
half of the cyli ar  synthetic-rubber
couplings are used 1 ing the two branches
t.ﬂ the main section. fig."58.) This allows for
expansion of i ock due to heat uf
combustion. 18 placed between the mani-
fold flange er intake ports and the
assembly | to lhuulhndﬂr block h‘y
studs or . Threaded holes are
vided { ¢ nozzle connections fnr
the manifold- gauge take-off line
. A s. Intake pipes are individual
pipale m-:im #between the distribution chamber
{ d the cylinder intake ports, The

cul§r in cross section and are generally
dBSlﬂ'ﬂﬁdtJ] Piinate nharp bends, thus dm a
smooth flow of fuel-air mixture m each ¢y

Most radial-type engines and some in-line engines
employ this system of induction instead of th
manifold type. (See fig. 5'!?} ]n some in-line ang
double-row radial pow or T-t pa.' ak
pipes may be employ ]:.m:h ﬂf I:hm o
the charge to two adjacent cylinders, The pip&
generally made of adumiuum alloy or stee
intake pipes are stronger and are less suk

vided at the distribution chamber by a synthetic-

rubber packing ring and a E:;hug retaining nut.
This forms a slip-joint seal allowing the intake pipes
to slide in nng out of the distribution-chamber
opening during the expansion and contraction of
the cylinder metal. At the cylinder intake port, a
gasket is placed between the pipe flange and the
cylinder port, and the flange is rigidly secured by
bolts and nuts. Another method provides for
attachment of the intake pipe by a packing ring
and packing-retaining nut which screws into or
over the intake-port I,:emug On other engines,
short stacks protrude from the intake poris a

incorporate rubber couplings to attach the pi
the extensions. The upper intake pi
radial engines have threaded holes for

ation of primer nozzles,
3l. EXHAUST MANIFOLD AND m

The exhaust manifold is a unit specially d ed to
provide a mgﬁwuy for the remova s
gases and from the vicinity of
The gases may be conducted dire®iyyl:
phere, or by-passed through specis
to drive the turbosupercharger or i ;
for the carburetor intake or the cockpibeladt being
released Lo the atmosphere. bly must

—

conduct thé gases away fr with a
minimum of back pressure. metal used is
generally stainless or inconel nel steel is

used because it expands very little when heated and
is resistant to corrosion. aust assembly may

be made in any of the fi : short stacks.
exhaust manifold, or a r-fing assembly.

a. Short exhaust stac exhaust stacks
are short pieces of pigiiggenerally curved toward
the rear of the airp oW are attached to the
exhaust-port openinf pse stacks may be designed
for each individug %0 or they may combine
two adjacent cylifft e fig. 60.) They minimize
exhanst-gas hn ind exhaust-valve tem-
perature, 5 ¥fire hazard in the event of

ort stacks

a crash land nt certain dis-
advantages the possible sudden cooling
of the ex during side-slip maneuvers of
the ai are not eflicient in conducting

way from the airplane cockpit.

b. nnit’nld (On some in-line engines,
exha may be attached to the cylinder
banks uml.a unit eonsists of a manifold
hougimgywith“one closed end. Protruding from the
h oM short stacks which are bolted over the

narts. The manifold housing enlarges pro-
I toward the outlet. (See fig. 61.)

allector ring. Radial-engine exhaust mani-
olds are generally known as collector rings. The unit
Foiigists of a large ring (usually the approximate dia-
meter of the engine) to which are attached exhaust
pes [rom the exhaust port of each cylinder. (See
g. 62.) The exhaust-ring assembly is usually con-
Mructed in several sections and sliding joints are
provided between sections to allow for cylinder and
collector-ring expansion, Cases are collected and
conducted from all cylinders to the collector ring and
thence to the atmosphere through a common outlet.






|
I||
Figure 6. Erkaust monifold — oue-pices housing,

The ring becomes progressively larger in @og
sectional diameter toward the common out

These collector rings may be installed on the
or the rear side of the engine cylinders. The
type collector ring is not widely used because it {¢TH
to cause overheating of the engine. Figure 62, Ezhaust collector-ring assembly.
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32, PROPELLER REDUCTION GEARING. Pro-
pellers used with Jow-horsepower engines are usually
attached directly to the crankshaft, The increased
brake horsepower delivered by a high-horsepower
engine resulls partly from increased crankshaft
speed. It is therefore necessary to provide reduetion
gearing to limit the speed of rotation of the propeller
to a value at which eflicient operation is oblained.
The general practice has been to provide reduction
gearing for propeller speeds above 2,000 rpm because
it has ‘ir[':f:ll found that propeller efficiency decreases
rapidly above this speed. As the reduction gearing
must withstand extremely high stresses, the gears
are machined from steel forgings. Many types of
reduction gearing systems are in use, Four of these
types will be discussed.

a. External spur-and-pinion reduction gear-
ing. This mmtly consists of an external spur gear

mounted on the propeller shaft and an external
pinion (driving) gear located on the crankshaft.
(Bee fig. 63.) In some cases, this gear is mounted on
an extension shaft which may be attached directly

spur-and-pinton  reduclion  gearing.

t or may be driven through a flexible
g. The propeller shaft is supported
v & thrust bearing and at the rear by
a roller bearing or a alml-lmnhmT, bronze bearing.
b. Spur planetary-system reduction gea
ing—rotating bell gear. The spur planetary
duction gearing consists of a large driving or
gear that is splined (and sometimes shrunk) to
crankshaft, a large stationary gear (call
gear), and a set of small spur planetary
mounted on a carrier ring. (See fig. 64.) T
fastened to the propeller shaft and the
gears mesh with both the bell gear and the £ .
gear. The stationary gear is bolted or splined to

engines, the pro

Figure ). Spur planslary-system redgetion rQﬂli'rrp‘
bell gear.

front-section housing, When the
the bell gear rotates. As the plipeta
meshed with this ring, they U=
they also mesh with the I
walk or roll around it as rotate; the ring in
which they are mounted wi the propeller
shaft in the same direction as the crankshaft but af a
reduced speed.

¢. Spur planetar
ing—stationary bel
bell gear is mounted

, they will

emi reduction gear-

some engines, the

ghtitionary gear in the

front-section housa planetary pinion gears

walk around insid@of it sun gear acts as a drv-
ing gear because4ig splined to the crankshaft,

d. Bevel planeta tem reduction gearing.

g iving gear is machined with

beveled exterls th and is attached to the
crankshaft. AN ating bevel pinion gears is
mounted i g which is attached to the end of
the prope The pinion gears are driven by
the dri and walk around the stationary

ar wiic ed or splined to the front-section

Seadig? 65.) The thrust of the bevel pinion

rhed by a thrust ball bearing of special
ive and the fixed gears are generally
by heavy-duty ball bearings.

ELLER SHAFTS. The types of propeller
the tapered-end and the splined-end.

ect propeller assembly must be used with
type of shalt, Tapered shalls are identified by
tape®numbers and the splined shafts by SAE num-
r §i2e8,
, Tapered ends. In many low-power-output
ler shaft is forged or cast as a part
the crankshaft. (See fig. 66.) The shaft is tapered
and a milled slot is provided so that the propeller

hub may be keyed to the shaft. The end of the shaft

is threaded to receive the propeller retaining nut.
b. Splined ends. (1) On a high-output engine
the propeller shaft is splined. (See fig. 65.) It is



e
TR T R — \
Figure &6,  Tapered propeller shafl, \

located near the middle of the shalt and J@RRpwils

the thrust-bearing retaining nut,
protruding from the housing (betwe
of threads) are located splines Lo rec .
propeller hub, The shaft is ;mhu el from

a steel-alloy forging and is h& hout it
length.
(2) Propeller shaft-crankcase breal Tnone type

of installation a breather tube is installed inside the
hollow propeller shaft an ds into the crank-
shaflt front extension, Ch s equipped with
a hydromatic propeller, t 5o constructed
. and installed that it aly < a passage for high-

Figure 65, Bevel plan gl elinn gearing. pressire oil to ope ypeller unit. These
threaded on one end hub nut. The  methods eliminate tl ther unit generally located
thrust bearing, which a peller thrust, is  in the oil sump or ;




SECTION ¥
V-TYPE AIRCRAFT ENGINES

39. GENERAL. a. Cylinder arrangements, One  type of engine are arranged in two rows or banks,
of the most common types of engines used to power  The centerlines of the banks of eylinders form the
airplanes is the V-type engine, The cylinders of this  letter V. (See fig. 68.) This type of engine may be

MOUCTION
WAMFOLD

HWAGNETO—

COaL ANT
JACKET COOLAMT
WAHIFOLD
'
GRARKCASE

-

FFJ—EEI

Figure 68, Cross section of Welype engine.
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mounted in the inverted position, but it is generally
mounted upright.

b. Firing order. The firing order is the sequence
in which the power events occur in the cylinders of
the engine. It 1s determined by the direction of crank-
shaft rotation. A common firing order of a V-12
engine, the erankshaft of which rotates counter-
clockwise, is 1L~60R-5L-2R-3L-4R-6L-1R-2L-5R~
4L-3R. (See fig. 69.) A V-12 engine, with a clock-

e | 3 |

HOOOOOO

FiRiNG ORDER
L, 67, 5L, 2R, 3L, 4R, 6L, IR, 2L, 5%, 4L, 3R
Figure 63, Firing order of W-lype engine.

wise-rotating (right-hand-rotating) crankshaft, may
fire 1-L, El—lﬁf 5L, 4-

3-R, 4-L and 6-R. Ay
with a left-hand-rotz
4‘H. 2_].:1 3"]:{1-114'_1'1'.
type engine wil 41
wiﬂeﬁre 1-R, 4L,

o1t btating crankshaft
4R, 1-L, 3-R, and 2-L.

a. General.

parts and units of a
V-type engi

ish the same purpose as the
gines, though they ma
size. The mechanic shou

e power section of a V-type
jats upper and lower main section
e, the crankshaft, the eylinders, the
fcting rodsfind pistons, the valves and valve-

ing mech@nisms, and the necessary bearings.

(1) Crihggg®? On some V-Lype engines, the crank-
cases are divided into two halves at the center of the
crankshaft. Each half contains web partitions which

support the main bearing inserts, The two halves of
some crankcases are held together with long st

dual bearing caps are fastened to the webs by means
of studs and nuts, A small dowel prevents the bearing
insert from turning, The lower part of the crankcase
is held to the upper part by means of closely spaced
studs. The engine-mounting pads are located on the
upper half of the main crankcase section.

(2) Crankshafl. The crankshaft of a V-type air-
plane engine is forged of steel and is machined and
polished on all surfaces. A V-12 type engine has six
crankpins and seven main bearing journals. The
V-8 type engine has four crankpins and five main
bearing journals, The crankshaft must be stati
and dynamically balanced, The main and crank

journals and the crankcheeks are drilled to
passages for lubricating oil. This also
crankshaft lighter in weight.

stee

(3) Cylinders. The cylinders are m
barrels shrunk into aluminum-alloy .
barrels are made as individial units whileathe
heads of each cylinder bank may be caff or forge
in a single unit. The barrels of each Dl
closed in an aluminum coolant:

secured 1o the head by studs and no

which the cooling liquid flows is WEET)
the cylinder barrels and the ylin Intra-
connected ges for the coolifigeliquid are pro-
vided in the cylinder head. T mbly of
the eylinder barrels and cyli ock of each bank
i held to the crankcase by means stud holts.
On some V-type engines the cylinder barrels are held
to the cylinder block by meags of large lock nuts, On
other types, the barrels aged into the block.
In each type a gasket is seal the cooling
system from the crankcas®@dudtinum gaskets seal

the joints between th
heads. The bronze
valve seats are shr

ander blocks and cylinder
ark-piily bushings and steel
or screwed and shrunk, into

place,

(4) Conneclingfrods e conmecting rods of this
type engine arell 48 section and are forged of
steel. Thegyare Waghiagll on all surfaces to remove

any small mrm&i might cause failure du;:s
operation. The for -blade type is generally

and each by the manufacturer so that
it can be ed il the cylinder from which it was
ng on the big end of the connect-
while the bearing on the piston-

bushing pressed in place and
ize

sfon assembly. The connecting rod is at-

he piston by means of a hardened-steel,
a¢ pizton pin. The pin is retained in the
wo circlets which are fitted in the piston at
cattnga of the pin. The piston is made of forged
alumintm alloy and is machined on all external sur-
2. Three grooves are provided above the piston

bolts, one on each side of each main bearin pin for the three compression rings. On some types
Numerous short bolts around the parting piston, a groove is provided for one oil ring above
hold the two halves rigidly together. The lgge: the pin and another below the pin. Other models have
of the crankcase usually has a small oil pan$ th cil rings in a single groove located below the

to it. Other V-type engines have crankcasedfw
are split well below the centerlines. The uppefhs
have heavy web partitions. The upper portionsg
the main bearings are installed in these webs, Indivi-

piston pin.

¢. Nose section. (1) The nose section of the
crankcase of a V-lype engine houses the propeller
thrust bearing and the propeller reduction gears, On -



some models it also containg an oil pump which
scavenges the oil used to lubricate the nose-section
gears and bearings,

(2) The nose-section crankease is usually forged of
aluminum alloy and is bolted to the main crankcase
section by means of studs and nuts, The propeller
thrust bearing, located in the forward end of the
nose section, receives the forward thrust of the pro-
peller and transmits it to the nose section and 1o
the main crankcase section,

d. Valve mechanism. The valves of V-type
engines are operated by two camshalts—one on each
bank of cylinders. Rocker arms are also located above
each cylinder to transmit the lifting motion from the
cam to the valve stems,

(1) Camshaff. One camshaft is located on top of
each cylinder bank and extends from one end of the
bank to the other, The camshaft is mounted in plain
bearings which are located between each two eylin-
ders, Some models have flanged plain bearings near
the drive gear to take care of thrust loads while other
maxdels have ball bearings for this purpose. A separate
cam is provided for each rocker arm.

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

(3) Valve springs. Each valve is held on its seat by
means of multiple compression springs, one inside of
the other. The springs are held in place by means of
a cone plate and split locks, Some V-type engines
have one intake and one exhaust valve for each
cylinder, Other models have two valves of each kind
for each cylinder, This facilitates cool operation of
tlu{-. wl:e?. o

4} Valres, The the t type,
made of steel, and fgiced with Sg#llite ﬂ[;ﬂ E:ht-rﬂ.
The end of the valveXhe edifirdened to minimize
st valves of all models
some models are partly
ipating heat from the

filled with sodinm

valve head. ides are made of east iron
or phosp ressed into place in the
head.

e. In The induction system of a
muoder consists of a carburelor, an
intern harger, and the necessary
manifold ‘t the fuel-air mixture to the
cylig 0 models, the internal blowers are
of e singlepeed centrifugal type. On other models,
ig#ernal super@hargers of the two-speed contrifugal

rpamee used In either case, the imEtellr:r is driven
by a ged from the engine crankshaft. An engine
lllul.??:aa a single-speed internal blower is sometim

uipped with an exhaust-driven turbosupercharger
Whether or not a turbosupercharger is incorpora
depends upon the type and use of the airplan
which the engine is installed. The intake mgpifo
made of cast aluminum or magnesium alloy Qg
designed to conduct the fuel-air mixtf
cylinders with a minimum of turbulence.

f. Exhaust gystems. The type of exhaiis
fold used depends on the l\’}}e ul,::’lu-. airplareipa
than the type of engine. If a turbosupercharger is

used, the exhaust manifold will collect the exhaust
gases from all cylinders and direct them to the
supercharger turbine. If the turbosupercharger is not
employed, the exhaust system will be merely short
stacks leading from each cylinder 1o the atmosphere
or to a common exhaust outlet for each bank. In
either case corrosion-resistant steel is used for all
parts of the exhaust system,

g. Cooling. (1) Air cooling, Pressure-type cylin-
der ballles are standard equipment on an air-cooled
engine. Pressure ballling forces the cooling air at
higﬁ!l velocity around the finned surfaces of
cylinder, This type of engine does not differ
construction from the liquid-cooled powerplan
cylinder assemblies of this type of engine ;
cast or forged individually.

(2) Liguid cooling. On some mude
used iz a mixture of ethylene glycol an
tems of this Lype are sealed Lo prevent the wa
boiling away at high allilucE:s. Othe
elhylene glyeol as the cooling liquid agd
to be sealed since ethylene glycobhas a
point than the mixture of ethyler
previously mentioned. The pres
closed system which has a reliefy
excessive pressures, The sy@em using
glycol is an open system whi
mosphere, A uemrllgugal coolggt
ant to each eylinder block a
at the coolant jacket and the othe
cylinder head. An in
tends the full length o
the coolant Lo each cy
Theinlet at the rear of

: ethylene
to the at-

the rear of the
Ily cast, inlet manifold ex-
Jacket and distributes

er head provides an
‘oolant flows 1o the

passages SUFTOLN bustion chambers,
h. Lubricatiop® 0il is circulated to the moving
parts of the engin h a pressure system, Cir-
culation is ma il by"a pressure pump and one
or two scaveng@er pum®. A constant desired pressure
is maintained @y use ofthe pump and an oil-pressure
reliel vdlte I he Wi supplied to the pump from an
external sup . Anoil-inlet check valve (which
preven Hlaag ol oil from the tank into the engine
when 1 s stopped) s installed in the main
oil-pre: om the pump, A pressure of a
prox 3 pounds uare inch is sulli-

the valve. The reliel valve may be
in the oil-pressure line from the Cuno or

or it may be inc ted at the dis-
of the pump, The oil is delivered to the
r where all foreign matter is removed: Oil
filter outlet is then distributed to the mov-
of the engine.

Engine oil-pressure confrol. Ol pressures must
sufficiently high to provide adequate lubrication
ofhe engine and ils accessories during maximum
output. They must not be too high or leakage and
amage 1o the oil system may result. To regulate the
oil pressure in a V-type engine, one of the following
types of oil-pressure relief valves is used.

(2) Dual pressure lype. In this type valve, two
ressure-regulating valves are built into the same
ousing. (See fig. 70.) Oil from the pump enters the




VALVE A

PORT E
—PORT F
= Zl‘
ORT D
PORT G
INLET PORT
igure T0. Dual pressure-type relicf valve,
z valve through T8 EsmE /'/"i""

the inlet pressure of the oil (s H
delivered by the pun preasure exceeds the { f
value for which this valg is set (usually 60 to 90 b ;

sur-

valve unseats and

of mduc:tmngumngm sup edthmughportE
Port F, which is also conn to the low-pressure
chamber, supphmmltulhammﬂhnﬂmdtbam
cessories. Port (G is an oil-thermometer mnﬂﬂcu
A uge connection (not shown imy
s b =
pring-op reief va
stallation i g this type of relief v
shown in h;ﬂ Thﬂa]vamnmtuhﬂﬂgn
huumngw contains a spring-
A is connected (through the check v

valve) o 1
a7

VALVE B

R\
k
FEEREURE
fadE

Pl e

J

discharge
applied to

. Instollation incorporating a spring-loaded balanced

relief valve.
side of the pump. Engine-oil pressure is
the end of the piston through port B. This



tends to move the piston to the left. The spring
located on the opposite end of the piston opposes this
movement. If engine-oil pressure exceeds the value
for which the valve is set, the piston will be moved
to the left. Port A will then be connected to port C
h?' the cut-away of the piston, and the output
of the pump will be bypassed to toe inlet port of the
pump. When the pressure drops below the value for
which the valve is set, the spring will move the piston
to the right and the output of the pump will again
be directed through the oil filter 1o the engine lubri-
cation system.

(2) Oil sumps. Oil sumps are located in the lowest
part of the engine, There are usually two sumps in
each engine. The housing of the sump may be cast as
part of the main crankease or it may be a separate
unit. The primary purpose of the sump is to provide
a well for collecting the engine oil so that the scaven-
ger Eeump (located in the sump) may return the oil
to the supply tank.

(3) Scavenger pumps. The number of scavenger
pumps in an engine may vary from one to three,
depending on the size and type of the engine, The
usua practice has been to locate one scavenger pu
at the rear of the engine and one at the forward ¢
of the crankcase or in the nose-section housing. The
pumps are located in such a way as to permit positive
scavenging of the oil at all times during normal flight
INATIEN Y ErE,

(4) Main-bearing lubricalion. A large tube in the
crankcase delivers oil to a drilled passage in each web
partition support and lubricates the main bearings.

(5) Connecting-rod lubrication. Connecting
sages are drilled in the ceagkshaft to allow oil to flow
to each connecting-g i Oil spray, thrown
from the connecti gs, lubricates the

eylinder walls and P

(6) Sludge sumps. rines the main bear-
ings and the crafilipig journals are hollow and fitted
with special al plugs. (See fig. 72.)

These !lh“l\-'idf: sl

or the lubricating oil yet
permit the ¢

eign matter and oil sludge,

i TRARSFER TUBES

Figure 72, Crankpin oil plugs (dudge numdly).

(7) Reduction-gearing lubrication. Oil 6%k
the reduction-gear bushings and bearigg®
through passages and hollow shafts to the
tion. The reduction gears are lubricated B
from these units.

(8) Propeller operation. Oil under pressure is
directed to the prﬂpe%ld:f?emm and carried
through the propeller to provide the operating
pressure for E;-d:u ulically operated propellers.

(9) Camshaft lubrication. A branch lead from the
crankcase tube carries the oil to the inclined hollow
shafts of the camshaft drive. From there, it
into the hollow camshaft. At the heel of each cam
lobe, a hole iz located te lubricate the lobe and
rocker-arm mechanism. :

(10) Blower-impeller lubrication. Drilled passages
are usually provided from the Cuno or screen-
outlet 1o the supercharger bearings.

(11) Aceessory lubrication, Other drilled

are incorporated to provide lubricatic t
filter outlet to each accessory-unit bearing. 78
(12) Inlernal oil drains. Oil drains ar
every lubricated part of the engine. Ol
both ends of the camshaft housing allogghe
drain to the cramkease sumps. The pugips drs
oil from the sumps and return it thrilg
and lines to the oil-supply tank
i. Accessories. Most access
the rear of V-type engines. They
er from the crankshaft. Aspri
ted between the crankshalfias
absorbs crankshaft vibration gid p
ing shock from shearing th :
sories include the generator; etos; fuel-oil,
eoolant and vacuum pumps; tachometer generator;
el

41. VALVE CLEAR A@mnm between the
valve stem end and the ctuating mechanism
is necessary Lo per itive valve seating. If cold
clearance 1s i ate, intake valve will be
held off its seat, ®Sging a loss in compression and

wer output. Jhis also causes backfiring
in the inductight syste@, If the exhaust valve is held
DIT {Ir iL! seak Walzo calses A loss i]].{:ﬂﬂl]:ll'&ﬁaﬁll and

power, dnd,“alt * will occur in the exhaust
mauifnlgNﬂn warping of the valve head
and u m the escape of the hot flames

opening between the valve face

valve clearance.
(W Re cylinder valve cover. -
otate the propeller shaft until the cam roller

is (low point) of the cam lobe for the
ing checked.

rt the correct feeler gauge between the end
alve stem and the adjusting screw. (The
ect clearance may be found in Technical Orders.)
uge should just slip into the opening and the
ext larger gauge should not.
4) If the valve clearance is not correct, adjust
according to the procedure given below.
b. Adjusting valve clearance. This adjustment
must be made when the engine is cold. It is neither
safe nor practical to adjust valve clearances when
the engine is operating. Valves should be adjusted
at temperatures between 10° C, and 30° C. (50° F.
and 122° F.).




(1) Loosen the lock nut on the valveclearance
adjusting screw. ; :

(2) If the clearance is too small, back out on the
adjusting screw until the specified feeler gauge can
be inserted between the end of the valve stem and
the adjusting screw, (See fig. 73.) Tighten adjusting

Adjusiing ralre elearanee,

Figure T4,

serew until it bears lightly on the feeler gauge.
Remove the gauge, hold the adjusting serew and
tighten the lock nul, The clearance should be re-
checked after the lock nut is tightened.

(3) I the clearance is too large, locsen the ad-
justing screw and proceed as in (2) above,

{4) Care should be exg 3 keep the adjusting

screw from turning @hen theNwck nut is being
tightened.
12. VALVE AND IG DNGPIMING. After a

it is installed on a { nd operated. Durin
operation it is o dillerent speeds, on dii15
ferent grades, he valve and ignition
timin ng these tests an accurate
recor Euwer developed by
the engin e design engineers
select th ing Mot the valves and ignition. It
18 impar . that the mechanic time the
engine e ified in Technical Orders. For
timi 3 and ignition of a V-type engine, a
top r and a timing disk are used, The
Lok Mor is used 1o locate the Lop-dead-
centél osition of the piston, The pointer
and the tir

@ilisk are used Lo indicate the amount
of rotation of the crankshaft, The method of using
these devices is described in the timing procedures
which follow,

a. Checking valve timing. Valves are opened

gear teeth), One purpose in checking valve-opening
and valve-closing positions (in relation to piston
position) is to determine the amount of wear that
exists in the valve-operating mechanism. A few
degrees of tolerance are generally permitted for con-
tinued operation. Any tolerance greater than that
specified in Technical Orders requires that the valves
be retimed. If this does not correct the condition
the engine must be overhauled.

(1) Checking valre timing of an engine with righl-
hand propeller rolalion, ‘

Step 1. Remove the cylinder valve cov
and check the valve clearan
, adjust to that 8

NECessary
by Technical Orders. :
41.) o

Step 2. Install the top-center ingligntor
the No. 6L intake $
opening.

Step 3. Remove the magneto cofffr anfggm

screw, Install the timiige disk @nd
the pointer on U ma kglns-
ing. Be sure that p of the
pointer is properl fplacedSith the
step on them ind se-
cured with

Step 4. Rotate the proghllerShal
top-center jgllicator shows that
No. 6L piston C. Therela-
tive position of No."1L piston is

the same gs the position of No. 6L
piston ith pistons are
conn nkping which are
of the le on the crank-

of the left bank. Ro-
¢ propeller in the normal
f rotation until the ex-
valves of No. 6L cylinder
ed, The pressure must be
g@d from the rocker-arm
trs. Check the reading on the
scale of the timing disk. This

ading should be that specified in

¢ Technical Order of that en-

ne (for example, 26° + 2° ATC).

Checking the valves of the right bank.

The next valve to operale is No.

3R (right bank). Rolate the pro-

z peller in the normal direction of
that specified in Technical Orders

(for example, 26° + 2° ATC).

rolation until the exhaust valves
2) Checking valve liming of an engine wilh lefi-hand

Emp 51

of No. 5R are closed (pressure is
off the rocker-arm roller). Check

the reading on the ouler scale of the
timing disk. The reading should be

movement of a cam and closed by spring tamsion. ]
The shape of the cam lobe determines the m‘N peller rolation.

and elosing speed of the valve and the lengt
it stays open (in degrees of crankshaft rotatiog
crankshall is always turned in the direction
tion during timing operations to eliminate errorSiti
might be caused by gear lash (clearance between

Step 1. The first six steps of this procedure
are the same as Steps 1 through 6,
(1) above.

Step 2. Checking valves of the right bank. Ro-
tate the propeller in the normal



SECTION VI

OPPOSED- OR FLAT-TYPE AIRCRAFT ENGINES

#. GENERAL. The opposed- or flat-type aircraft
engine 15 sometimes referred to as the “pancake”
type. The term “pancake” is generally used to refer
to an opposed engine with a greater number of
cylinders than those used in the Army Air Forces
at the present time. Opposed engines of low horse-
er have been used for some time, but high-
orsepower engines of this type are being developed
for horizontal mounting in the wings of large air-
planes,

a. Cylinder arrangements. The cylinders of an
%ﬁw&d-type engine are arranged in two banks.

banks are 180° apart with the crankshaft
between them. On low-power engines, the cylinders
in each bank are not d?’m’::ﬂy opposite each other.
Instead, the cylinders of one bank are slightly in
front of the cylinders of the other bank. Cylinders
arranged in this order are said to be slaggered
as shown in figure 74. The cylinders of an opposed
engine are usvally 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 nearest the rear of the engine is usually
designated as No. 1.

b. Firing order. The firing order is the sequence
in which thanpuwgr ﬂilajit; mcul;xi;:ahe eylin thni'
an engine, On six-cylinder engines, the
firing order is 1-4-5-2-3-6 firing ﬂ“rﬁ]al' of one
model four-cylinder opg@&ed enfie is 1-4-2-3, while

o

45. CONSTRUCTIO RISTICS. a.
General. While rines are made up of
parts that serve si , these parts may
differ in shape on nt types of engines
The mechani ar with these differ-

ting rods and pistons, the
and other valve operating
essary bearings.
. The crankcase is made of two
uminum alloy which are holted
g bolts. These two halves have ribs
old the main crankshaft bearing
: fmshalt bearings are also in the main
crankease, [n some engines, babbitt lined inserts are
used for the camshaft, while in others the aluminum
alloy itself is the bearing material. The oil sump i
located in the lower part of the main cranke
section, \ 8
(2) Crankshafl. The crankshaft is made gf for
steel and the main and crankpin journals 1
ﬁl'ﬂ'lll]d finish. 1t has passages drilled throug

ecrease weight and to provide for transmit( %

lubricating oil. The crankshaft of a four-cy
opposed engine has three main bearings while that

of the six-cylinder engine has four. In each model
there are two crankshaft throws between each two
main bearings. The front main bearing may be a
plain bearing with a flange 10 take the thrust of the
propeller. In some cases, the front main bearing is a
thrust-type ball bearing.

(3) Connecling rods. The connecting rods
forged of steel and are generally of an H ¢
section. The big-end bearing is an insert-t
inﬁ. The piston-pin bearing is a bronze i
which is pressed in and then reamed to'§

(4) Pizlons. The pistons are made of
alloy and are prmri:fed with three pistonsmimgs of
gome models and four on others. "lP :
are made of hardened steel and are
floating type. They are prever m
against the eylinder wall by alumi

fitted into each end of the piston
(5) Cylinders. The cyliggder -‘.;L an
posed engine iz composed o an
:Funﬁuum-aﬂny head. The 1 ed and

shrunk onto the barrel. I
engines, the outside surfaces o ylinder head
and barrel are provided with the cooling fins. The
valve seals and valve gui made of bonze or
steel and are shrunk ( and rolled) into

ace, The spark-plug al39 lined with bronze
ushings. The liquid of opposed engine
has a cooling syste that used in other

E{[Uid.-ﬂl'.ﬂﬁd EIrnes

(6) Valees.

Euppet. type and age
¥

coil spri.ngs 1 ;
washers and sp

¢. No ctif i
this ty Mgﬁnﬂaﬂy cast or forged as a
part of t er saption. It incloses the propeller
shaft and aring.

d. Val ism. The valves are operated
by a cagushalt ## a hydraulic valve-lifting mechan-
i ilic valve-lifting mechanism auto-
compensates for any changes in the
cylinders due 1o combustion heat, so

ance adjustment is not necessary.
ifting force originates at the camshaft
ven at one-half crankshaft speed.

g uction and exhaust systems. (1) The
gon system has an individual pipe leading to

h eylinder. On some models these pipes are con-
to the manifold by short sections of rubber
hose held by clamps, On other models, one end of
pipe is bolted to the cylinder by means of a
ange and the other fits into a slip joint in the
anifold. On another type, the carburetor is
mounted on the oil sump. In this type, the fuel-air
mixture flows from the carburetor through passages
in the oil sump and out through individual pipes to
the cylinders. (See fig. 75.) As the mixture travels

=3

e gre of the conventional
agewl steel. They are closed
held in place by cone
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Induction system — opposed engine.

Figure 75,

through the gea, heat is transferred from the
oil to the fuel-air mixture. This cools the oil to some
extent and provides some heat for better vaporization
of the fuel.

(2) Exhaust gases are conducted through pipes to
a noise-damping unit (muffler) and then to the side
of the ﬂ.lrplane where they are released. The exhanst-
;}:éem pipes are made of welded, corrosion-resistant

f. Cooling. On present-day air-cooled opposed
engines, a baffle located above each bank of eylinders
directs the air between and around the cylinder
cooling fins.

g Lubrication. The oil reservoir is in the lower
part of the crankease. This arrangement is called a
wet-sump-type oil system. The oil pump draws ol
from this reservoir and th:uugh A SBCTeR

and out th.ru-ugh thd” lubrica
crankshaft main and Mrankpin jo
shaft bearings and th&galve pug

cated by oll u pre
pistons, cylinder ve guides, valve tappets,
and gears are spl y-lubricated. The
oil then drains back 1o Whg reservoir in the bottom

he piston pins,

Ited on the rear of the
.l he accessories, such as the

nd tachometer d]‘i"l‘ﬂ. are
¥ section and driven by the
rear train.

46, D IGNITION TIMING. a.
| r timing., After a new
engine 18 and the first model i3 completed,
it 13 installed™®#l a test stand and operated. During

operation, various grades of fuels are used, the
enﬁims is operated at various speeds, and the valve
and ignition timing is varied 'Lt} achieve the bes

and the proper timing of ignition are essential to
the efficient performance of the four-stroke-cycle
engine,

(1) Valee timing. The valves of an op
engine are timed by meshing the marked tooth of
the crankshaft gear between the two marked teeth

on the camshaft gear. This can be performed only
when the nose section has been removed.
(2) Ignidion timing. To time the ignition, a
timing di cf sk is placed on the crankshaft so that the
marks on the djsk and on the crankshaft are in line.

The timing disk is then fastened securely to

erankshaft—usually by means of a clamp nut. The

crankshaft is rotated until the No. 1 piston is at
=

top-center of the compression stroke.
pression stroke may be identified by
thumb over the spark-plug hole while
shaft is rotated. The No. 1 piston will
center when the mark on the timing poi
line with the upper joint of the ma
section. The crankshaft is then turned bé
to 30° depending on the modefNy
tlmed The engine is now in firir
ready for the installation of the

the magneto drive shafl uny the
gears which show through the

«are in line. Place the magneto iting pad
0 that its drive gear meshes withithe drive gear from
the engine and tighten the mou boits finger

tight. Place a 0.0015-inch thickness gauge between
the breaker points and rotate the magneto back
and forth until the poi ich the breaker
contacts are just separ i
will be indicated by the
gauge. Tighten the ;
securely in place.

e. Timin

specifie
one model of an opgesed ®ffine is timed to open at
10° before top e exhaust valve opens at
50° before bot ey and the ignition spark
occurs at 3§° senter. On another model,
the intake v at 20° before top-center, the
exhaust v L 637 before bottom-center,
and the rk occurs at 15° before top-
center. () odel, the intake valve opens

enter, the exhaust valve opens
tlom-center, and the ignition
urs, at 15° before top-center.

RANCE ADJUSTMENT. On
g hydraulic valve lifters, no valve-
justments are necessary between engine

SPECTION AND MAINTENANCE. In-
ins are performed on an airplane to find and

ormance, An accurate record is kept of 1 correct minor troubles before they become serious,
E:ake horsepower developed throughout t : inspection should be performed in a systematic
+The design engineers, with these records rl.er and the parts being inspected should be
decide on the best timing for the valves and 15 ¥ing : ughly cleaned. Careful inspection will prevent
It is important, therefore, that the mechani accidents.

an engine exactly as specified in Technical
b. Timing methods. The opening and cl®
of the intake and exhaust valves at the proper time,

a. Maintenance requirements. It is the duty
of an airplane mechanic to keep the airplane in
flying condition as much of the time as possible.




His job is to ir.and maintain. By Ferwdm
inspection he can Jocate and correct minor failures.
If some part cannot be repairéd, or if more highl
trained personnel is required to repair it, he ahml&
replace the unit.

b. Minor repair of subassemblies. Some of the
repair work that an airplane mechanic must per-
form on -type engines is listed below,

(1) Fouled spark plugs must be cleaned. When a
ﬁ]l:ark-plu cleaning machine is available the spark
glugs will be cleaned and re-gapped according to the

irections specified in Technical Orders. If this
unit is not available, replace the spark plugs. In
many cases, if only oil fouling is present, clean the
electrodes by dipping the lower part into gasoline
and blowing it out with compressed air.

(2) Dirty magneto points must be cleaned as
npmifmdinthnwnimﬂ“ﬁchnicﬂlﬂrdﬁrnfthﬂ

ine.
m%‘aj Faulty ignition connections must be repaired.
Cleaning and resoldering of the brass I:P:pﬂ is
generally necessary.

(4) fuel system must be cleaned of any
accumulated water and foreign matter. Examine the
scréens, clean them with gasoline and blow them
out with compressed air. Be careful not to damage
the screen with the com air.

(5) The hydraulic valv ting mechanism’
must be cleaned only after consulting the specific

S
g

L/

2
%,

§

[;

Technical Order for directions, After the cleaning
ration is performed check the valve-tappet
clearance,

(6) The oil-relief valve will be cleaned and
adjusted when necessary. :

(7) All backlash and free play must be removed
from the engine controls.

(8) Broken air-cooled engine-cylinder head fins
can be repaired if the damage is not excessive,
Sharp edges will be removed by filing. In cases
where excessive overheating is encountered, the
cylinder may be replaced.

(9) Adjust the engine idling speed by adju
the set screw in the throttle-operating control
the screw in order to obtain an engin
specified by the particular Technical Order;

(10) Generally, when a leak is prese is
missible to replace the faulty gasket or
replacing the complete unit.

that may be made by an airplane mech
(1) Faulty spark plugs thatAgg
ditioned by cleaning.
(2) Ignition wiring that has hig
burned or worn off.
(3) Cracked, kinked, or brok
(4) Leaking manifold gask
(3) Faulty accessories.

S
Q

)ik

il or fuel lines,

L/



SECTION VII
RADIAL AIRCRAFT ENGINES

49. GENERAL. The radial engine supplies power
to a wide variety of airplanes, from light trainers to
the heaviest bombers. This type of engine has
passed rapidly through many stages of development
to its present high-power output and low weight per
horsepower. The unit is a precision product and
will give excellent performance continued
high-power output during operation only when it is
treated with the care it deserves, Special tools and
fixtures are provided for use in maintenance, and
maximum engine life will be secured only by
following the procedures recommended in the
Technical Order for the particular engine.

a. Cylinder arrangements, The cylinders on
an engine of this type are radially in one
or more rows around the crankshaft. Engines with
all the cylinders in one row are called single-row
radial engines while those which have the cylinders
arranged in two rows are known as twin-row or
double-row radial engines. There is always an odd
number of eylinders in each row of a radial engine,
because it is impossible to secure even distribution
of firing impulses when using an even number of
cylinders in one row.

I':. Firing order. The firing order of an engine is
1 in which the power event occurs in
lhtm cylinders. v

(1) Single-row radial engines, On a single-row

;adial engine, all thg i bered cylinders fire

n. For example,

cylinders fire in numegical success

on a five-cylinder radW@l engine f¥e firing order is
1-3-5-2-4, and 5 inder radial it is
1-3-5-7=2-4-6. g order of a nine-cylinder
radial is 1-3-5-T s shown in figure 76.

FiRing ORGER
eBat=Tals el e B

Figure 76. Firing order — ninecylinder radial engine

(2) Twin-row radial engine. On a Ly
radial engine the firing order is more comp
The firing order is arranged with the firing i
occuring in a cylinder in one row and the
cylinder in the other row; therefore, two cyll
in the same row never fire in succession. The cylin-

ders in a twin-row radial engine are numbered
consecutively so that all the eylinders in the rear
row will have odd numbers a.ni those in the front
row will have even numbers. On a 1l4-cylinder
radial engine the cylinders in the rear row are

I=10-8-14-9-

Figure 77.  Firing ord

FIRING ORDER
112 516 92 B36ITID3I KT BINAISE

®
Figura TT.
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compressed air is available it will be introduced
through the filler opening (drain plug removed) to
dry out the system as much as possible. If the air-
plane is stored without removing the engine, the
entire coolant system will be filled with the oil
specified in Technical UOrders. Bed tape must be

tver of the airplane

I to maintenance and
the engine is not to be
wed and cleaned from
the system. The svst
drain plug
OpETInE,
p‘l;fr} Vi
engine
Openin

1ig steam into the filler

=

aiers,  All distributor vents,
‘hggger breathers, and all other
ed with tape as specified in

All engine dehydrator plugs will
geekly and replaced when IRPiI‘ color
ysafe condition for storage. If more
me-hal (@1 the dehydrator plugs are replaced,

peadlr bags in the air-intake and exhaust

dehvdrator plugs or bags should not be made
highly humid or rainy days.

d. Preparation for service. When aircralt
removed from the temporarv-storage status,
will be prepared for service as follows:

(1) Engine openings. Remove all dehydgg
silica gel bags, cover plates, nipples, tape, &
means used to plug various openings,

(2) Cvlinders and spark plugs. First re
excessive corrosion-preventive mixture by JFRE
or by using a hand suction pump. Rotate the propel-

ler shaft by means of a propeller-shaft wrench to
check for sticking valves, Lubricate the sticking
valves with a gasoline and engine-oil mixture, If the
vnlym continue to stick, perform the necessary
maintenance to eliminate this condition. Install the
proper spark plugs.

() Preoiling. Preoil the engine as directed in the
specific Technical Order.

(4) Engine slarling. Before starting the engine,
rotate the crankshaft by hand four or five revolu-
tions, as a final check, to determine that liquid lock
has been eliminated.

6. EXTENDED STORAGE.

a. Length of time. Extended storage
engines that are to be idle for more th

b. Treatment. The treatment of
treated in extended storage follows:

‘ (1) Ol syslem. The engine oil systy
viced and given a ground run-up a
paragraph 59b(1).

(2) Coolant system, The coolanig
cooled engines will be serviced
graph 59h{5),

(3) Oil coolers. Ol coole
by-passed to produce the mi
specified in Technical Urd

(4) Oil sump. Drain the mi the engine-
oil sump while the sump is still warm. Do not drain
the mixture from the oil tagk. Replace the sump plug
ahor plug. (See fig. 86.)
rom the carburetor,
nove the pipe plugs
tor. Pour the specified oil

anked ofl or
emperaturs

Reinstall the drain plug
from the top of th
into the opening
chamber or from
buretor openings will he
e plugs and the throttle valves

1 position. A bag of silica gel
or intake and the opening is
oisture-resisting film and taped

will be locke
is placedin thgack

then sea ah o n
securely.

(6) F . Fuel must be drained from all
fuel pu ul the specified lubricating oil njected
into the while the propeller shaft is being
rol ines of the fuel system will be dis-
eor the lines will be sealed with suitable

il porls and manifolds. With the exhaust

n each exhaust port is sprayed with cor-

peventive mixture. A bag of silica gel will he
1 the exhaunst outlets, The openings are then

d with moisture-resisting film and taped

secitely,

".I!§.'y! inder walls. Treat as specified in paragraph

(3.

(Y9) Venls, openings, and breafhers. Seal all open-

ings, vents, and breathers with the properly specified

(10} Propeller shafl, Spray the interior of the
propeller shalt. The exterior of the shaflt must be
covered with the compound as specified in Technical
Orders. Install a propeller-shaft thread protector.

il



gqure 86, Installing dehydrating plug in ﬁ wil g}

ollowed only when the pro-  carbon tet

ings in the magneto will  certain th
scrape or pick the material from
1 air jet must not be used in cleaning
er washing, immediately lubricate
by immersing it into clean engine oil.
v All oil screens shall be removed,
nfasoline, dried, reciled and reinstalled,
regiing. Prior to ground testing the engine
igine as directed in the specific Technical

stall covers on all openings  the ca
n them securely. the ¢
Inspect according to paragraph

for service. l
' @lings. emove all dehydrator plugs,
silica-gel bag=$ates, tape, nipples, plugs, and other
such items which have been used Lo seal the openings.

(2) Ol and fuel lines. Properly install all il and
fuel lines,

rk plugs. Before installing the spark plugs
e the lTcmpul:lli:r four or five times Lo make certain
(3) Engine eylinders. Follow instructions listed i thal Heui luf'h (due t-u “mfﬁ““ GO YO ey
paragraph 59d(2). N G rruxllure in the ¢y IIMHT I:mir: bt'.mhelumnutalfll.
(4) Propeller and F'mﬂ'l'”"' .Tflﬂ{f. Clean ke N H!.i Lhe ‘.‘ulﬂlrk plugs and tighten them to the
peller :-ahaft and the propeller. Mount the proflle rect torgue,
on the propeller shaft. fl. STORAGE TREATMENT OF REPARABLE
(5) Cuno il filter, The Cuno oil filter will ENGINES, The preparation of reparable engines
moved and cleaned by washing it in a solvent 3 includes those that can be operated without further
as kerosene, gasoline or a half-and-hall mixture of  damage and those which cannot Le operated.

k.




a. Operable engines. An engine in this class can
be operated without damage to the engine itsell or
any of its parts. The pmﬂedure for storage treatment
of uBeruble engines is specifically outlined in Techni-

rde

Ei:}l{} }ﬂ:l system. Treat as specified in paragraph
aBh(1).

(2) Coolant system. Drain the coolant out of liquid-
cooled engines.

(3) Rocker bozes. Remove the rocker-box covers
and clean and spray each rocker box with corrosion-
preventive mixture. Replace the covers and gaskets
to form an airtight seal.

(4) Eghaust ports and manifolds. With the exhaust
valve open spray the exhaust valves and exhaust

.&1 the openings with the properly specified
p]at.eu and tape

(5) Amsmr_'r drive. Remove the accessory-drive
cover plates, upmy the drives, and reinstall the cover

o e N peli il be removed. Th
{ﬁ} Pro H.er rc: E.rm rem e
pe' provided, will be
remmrad and t]u: mll be thoroughly
sprayed. The cover a.ta must remst.a]led
(7) Carburelor. Treat as specified in paragraph
60b(5).

(8) Oil inlet, oudlel, and breathers, The oil inlet and
outlet will be sealed with locally manufactured oil-
resistant or moisture-resistant blank caps or tape.

(9) Crankcase. Remove the oil-sump plug and re-
place it with the properly specified dehydrator plug.
Attach the sump plug to the sump with safety wire.

(10) Magnelos. Seal all external openings with the
properly specified tape. Coat the cam breaker me-
nhammn with oil, as gpeciiedy

procedure listed in a above as
cares must be applied to make
| interior surfaces are sprayed or

sion-preventive mixture. These

engines will not have the run-out protection of the
engines that can be operated.

62. PREPARING SERVICEABLE ENGINES
FOR EEIW]LE Serviceable engines to be installed
in aircraft will pared for aurvm according 1o
the detailed pmﬂﬁﬁ listed in T s,
A brief outline of the procedure fullmm

a. Engine envelope. Carefully open the engine
envelope without unnecessary tearing nnd fold the
envelope down over the sides of the engine. Remove
the engine from the mounting plate. After remoyi
the engine, the envelope will be carefully c
and folded for reuse.

b. Silica-gel bags, seals, and d
plugs. Eem:.wa all silica-gel bags, all
closures, and all dehydrator p]uga

¢. Cuno oil strainer, See N
vahe. h

d. Supercharger fuel-dra
is ins uleanandchﬂck:tfurpr
Lubricate with engine oil and reinsta

e. Engine cylinders and
specified in paragraph 59d(2).
f. Blower (impeller) section alling
a radial engine, tE: COTTOSION-Pre v
is allowed to drain into the fwgg ints
least 24 hours with the en MHE position.
Thm] may be done by placi &:m ﬂuktha
ane, su it, or g the packing
ﬂm crate ];;n;jtffide. After dr , remove the
intake pipes, remove the liquid, and reinstall the

status. In ﬂddmun,
ires must also be included.
e surfaces. All exterior engine

:E:fd's H{'ﬁa of t'hw;d nrantn:ls:&, nlmpﬁ'
: yed with the proper
speci .{SeeTa’ET ical Orders.)

b tors and radiators. The oil regu-

la nd radiators must be sprayed with a light
jon-preventive mixture o prevent

coat
@fm salt spray.

~
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