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LEARN NG (BJECTI VES.  Learni ng obj ectives are not specified; however,
function and basic principles of operation of engines and their subsystens
wll be covered. Instruction, at the famliarization |evel, is al so provided
on autonoti ve power transmssion, brake, steering, and suspensi on systens.

QUJTLI NE

1. I NTRIUCTI QN TO AUTCMOI VE GOMPONENTS

a. It'sinportant that all students have a basi c under- standing of the
conpl et e power transmssion systembefore we get into each of the individual
conponent s.

b. Power How

(1) The frane supports the engine, wheels, body and power train
nenbers. It is made of steel, carefully shaped and then wel ded or riveted
together. Qoss nenbers reinforce the frane and al so support the engine,
transmssion, transfer, and wheels. The frane is extrenely rigid and strong
so it can wthstand the shocks, twsts, vibrations, and other strains created
by on and off road driving conditions.

(2) The autonotive engine is an internal conbustion engine that
creates a twsting force known as torque. This torque is applied to shafts
and gears in various conponents between the engine, rear wheel s, and front
wheel s when the vehicle is operated in all-wheel drive.

(3) Tactical wheel ed vehicles that enpl oy manual transnmssions use a
clutch to connect and di sconnect the fl ow of power fromthe engine to the
transmssion. It is necessary to interrupt the flow of power to shift gears.
Sone of our vehicles are equipped wth autonatic trans- missions that do not
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use a clutch. A device called a torque converter serves essentially the sane
purpose as a clutch on vehicles wth autonatic transm ssions.

(4 Atransmssionis installed behind the clutch and all ows the
operator to change vehicl e speed by neans of different gear ratios. |If the
transmssion is a manual transmssion, the various speeds of the transmssion
are selected nanual |y by noving a gear shift lever. As | stated earlier,
sone of our vehicles enpl oy autonatic transmssions that do the job of
shifting gears wth only nmininmal assistance fromthe operator.

(5) Transfer assenblies are used in our tactical wheel ed vehicles to
di vide engi ne torque between the front and rear driving axles. The transfer
assenbly all ows the front axle to be engaged or di sengaged by the operator by
shifting a l ever nounted in the cab of the vehicle.

(6) Adrive shaft, sonetines referred to as a propel | er shaft, is
connected to the transmssion and transfer and carries the power to the
driving wheels. Uhiversal joint is fastened to each end of the drive shaft.
The universal joints allowthe driving axl es to nove up and down w t hout
bendi ng or breaking the drive shaft. The drive shaft can continue turning
even though both ends are not on the sane plane. Aslipjoint is splined to
the universal joint on the front end of the propeller shaft that allows for
the shortening and | engt hening of the propeller shaft that occurs when the
axl es nove up and down.

(7) Wen a vehicle turns a corner, the outside wheel has to travel
farther than the inside wheel, which neans that it has to turn faster. A
nechani cal device known as a differential is used to permt unequal speeds
and still provide power to both wheels while the vehicle is negotiating a
turn. The rear axle assenbly is nade conpl ete by having two axl e shafts.
These shafts are connected to gears wthin the differential and the outer
ends are connected to hubs of the wheels, so that each shaft and wheel turns
as an i ndependent unit.

(8) | have just described the flow of power in a typica tactical
wheel ed vehicle. The power originates in the engine and finally reaches the
rear wheel s after passing through the various conponents | have descri bed.

c. It has been determned that it's inportant for an organizational |evel
nechani ¢ to know about the principles of operation and construction of the
internal conbustion engi ne even though, as 3521's, you are not authorized to
go inside the engine for repair. To provide you wth that know edge, we w |
use a single cylinder Briggs and Sratton engine. It has essentially all of
the conponents that a mul ti-cylinder engine has, but it isinfinitely easier
towrk wth. As you disassenbl e and assenbl e the engi ne, keep in mnd that
we are only teaching basic principles of operation and construction of a
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representative internal conbustion engine. onsidering what | have j ust
said, and using the tools on your workbench, we'll begin disassenbly and see
what goes on inside this little engine you have in front of you.

(1) W'Il start wth the cylinder head. As you can see, the cylinder
head i s connected to the cylinder block wth head bolts. In order to see how
the head is nade and learn its purpose, we'll renove it and take a good | ook.
G ahead and renove the head bol ts now

(a) Look at the inside of the head, notice that it's concave.
Thi s space serves as a conbustion chanber for the fuel and air mxture.

(b) If this was a six-cylinder engine and the head was cast in
one piece, there would be six conbustion chaniers.

(c) Look at the outside of the head; the threaded hol e houses a
spark plug. If this was a diesel engine, it would contain an injector or
fuel nozzle. V&Il talk about injectors and nozzles |ater.

(d) To prevent conpression | eakage, a gasket is pl aced between
the cylinder head and engine block. This particular engine is air cool ed;
however, if it was a liquid cool ed engi ne, the gasket woul d al so prevent
cool ant fromentering the cylinder.

(2) Look nowat the top of the cylinder block. These two things | am
pointing to are the valves. V&¢Il talk about themin a mnute. R ght now |
want you to know that sone engi nes have the val ves in the head and sone have
themin the bl ock, as this engi ne does.

(3) Now let's renove the oil pan and | ook inside of our engines.
Renove the oil pan bolts at this tine.

(a) Notice the two gears and the timng narks on them This
snal| gear on the left is the crankshaft gear; the other is the canshaft
gear. Renove the crankshaft and canshaft gears.

(b) As you can see, the canshaft gear is attached to the
canshaft. Exanmine the canshaft and take note of the offsets; these are
cal led cans, one for each val ve.

(c) The high point of the camis called the |obe or toe and the
lowest part is called the base circle or the heel. The canshaft is nounted
in the engine block so the cans are directly under the val ve fol | owers.

(d) Wen the canshaft turns, the | obe wll push on the val ve
follower, forcing the val ve up, conpressing the val ve spring and openi ng the
val ve.
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(e) As the canshaft continues to rotate, the | obe noves past the
val ve follower, and the spring forces the valve to close. V¢ now have a way
to open and close the valves, allowng fresh air to enter and exhaust gases
to leave the engine. But howis the canshaft turned?

(f) Renenber the crankshaft gear? It fits on the crankshaft and
is neshed wth the canshaft gear. Wen the crankshaft turns, the canshaft
wll also turn.

(4) By renoving two bolts securing the rod cap to the connecting rod,
we can renove the piston. Renove the two bolts now

(a) Push upward on the connecting rod until the piston clears the
cylinder. Look inside the engine and notice how the crankshaft is shaped;
this is inportant.

(b) Now examne the piston. The top of the piston receives
force fromthe conbustion of the fuel and air mxture that occurred in the
conbusti on chanber of the head.

(c) As the piston is pushed downward by the force of the
conbustion, the connecting rod wll cause the crankshaft to turn.

(d) Wthout renoving them look at the piston rings. The rings
seal the cylinder, so we get the full effect of the conbustion applied to the
top of the piston, rather than having it bl ow by the piston and be wast ed.

d. Engi ne Assenbl y

(1) FHrst, position the piston in the ring conpressor and tighten the
adjusting screw PFace the connecting rod in the cylinder, until the ring
conpressor contacts the engi ne bl ock.

(2) Now tap the top of the piston lightly wth the handl e of a
harmer, until the pistonis in the cylinder and renove the ring conpressor.

(3) Next, place the connecting rod on the crankshaft journal and
install the rod cap and oi |l di pper.

(4 MNow install the valve followers and the canshaft, and align the
crankshaft and canshaft timng gear narks.

(5 Next, install the side plate and gasket.

e. The term4-stroke cycle refers to the nunber of tines the piston noves
up and down between power strokes. The 4-strokes are called intake,
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conpressi on, power, and exhaust. V& wll discuss themin the order they were
just naned. Before we do, let's define sone coomon terns that wll be used.

(1) The piston has to be noved in the cylinder by sone outer force to
get it started. This is called cranking and is acconplished in different
ways. For exanple, to crank the engi ne you are working on, a rope has been
w apped around a pul | ey which spins the crankshaft. Milti-cylinder engines
are cranked by an el ectric starter notor that turns the flywheel.

(2) Wen you hear soneone say the letters TDC or BDC they are
tal king about the position of the pistoninthe cylinder. TDCis just a
short way of saying "Top Dead CGenter” and BDC is saying "BottomDead Center.”
A TDG the crankshaft throwis pointed straight up and the pistonis at the
hi ghest point of travel in the cylinder. The crankshaft and piston are j ust
opposite of this at BDC

f. As the crankshaft is rotated by cranking, the piston is noved to TDC
to start the intake stroke. A this tine, the canshaft gear turns so the cam
| obe under the intake val ve i s beginning to open the intake val ve.

(1) As therotating crankshaft pulls the piston down, it draws the
fuel/air mxture of a gasoline engine past the open intake valve into the
conbustion chanber. If this was a diesel engine, only air would be entering
the cylinder at this tine.

(2) Wen the piston reaches BDG the intake stroke ends. The cam
| obe has noved fromunder the follower, allowng it to rest on the base
circle of the cam

(3) The val ve spring now cl oses the intake val ve and seal s the
fuel /air mxture in the conbustion chanber.

(4) ontinued cranking causes the piston to be noved upward. The air
is conpressed as the piston gets close to the cylinder head because the
val ves are closed and the area above the piston head is essentially seal ed
off. This is the conpression stroke.

(5) As the piston finishes the conpression stroke, the power stroke
begins wth an electrical spark igniting the fuel/air mxture of a gasoline
engine or fuel being injected in a diesel engine. In a diesel engine the
conpression ratio is so high that the air is hot enough to ignite the fuel
when it is injected into the engi ne.

(a) This causes a high pressure in the cylinder that drives down
on the piston head with great force.
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(b) The downward force on the piston is transmtted through the
connecting rod to the crankshaft thromw The result is a powerful tw st on
the crankshaft which gives it a spin. Thanks to the heavy flywheel, the
crankshaft now continues to turn through the nonpower strokes w thout
cranki ng by ot her neans.

(6) Wen the piston reaches BDC the power stroke ends and the
exhaust stroke begi ns.

(a) The timng gears have turned the canshaft far enough so the
cam| obe under the exhaust val ve contacts the foll owner and opens the exhaust
valve. The rotating crankshaft noves the piston up, pushing burned gases out
of the cylinder past the exhaust val ve.

(b) By the tine the rising piston reaches TDC the canshaft has
turned far enough to allowthe exhaust valve to close. A this tine, the
i ntake val ve cam| obe has noved into position to open the intake valve. This
has the piston and val ves in the proper position to begi n another intake
stroke and to repeat all four strokes again.

g. You renenber that a four-cycle engine needs four full strokes of the
piston to go through one cycle: intake, conpression, power, and exhaust.
S nce there were two strokes for each conpl ete revol ution of the crankshaft,
it took two revolutions to conpl ete a cycle. Thus, there was only one power
stroke for every two revol utions.

(1) The idea of a two-cycle engine is to conplete the cycle in only
two strokes of the piston, that is, in only one revolution of the crankshaft.
Thus, a two-cycle running at the sane revol utions per mnute (rpm as a four-
cycle engine wll have twce as nany power strokes.

(2) Two-stroke cycle diesel engines do not have intake val ves; they
do enpl oy exhaust valves. Ar is delivered to the cylinder through a series
of intake ports inthe cylinder wall. To ensure a sufficient anount of air
for engine operation, an air punp or blower is used. Ablower is a
nechani cal device nounted to the engine, and is used to deliver a large
volune of air to the engine at hi gh pressure.

h. The operation of a two-stroke engine is as follows: renenber, one
cylinder wll fire for each revol ution of the crankshaft.

(1) Wth the piston at the bottomof its stroke, the intake ports
previously nentioned wll be open and the exhaust val ve(s) wll al so be open.
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(2) Ar is being pushed into the engine by the blower and this air is
al so pushi ng the burned gases fromthe previous cycle out, while filling the
cylinder wth fresh air.

(3) As the piston starts its upward travel, the exhaust val ve or
valves wll close and the intake ports wll be covered by the piston.

(4 A thistine, all exhaust gases have been bl own out and the
cylinder is full of fresh air.

(5) The rest of the upward stroke is an ordi nary conpression stroke
that you are famliar wth. Just before the piston reaches TDGC fuel is
introduced into the conpressed air and conbustion occurs, sending the piston
down on its power stroke.

(6) As the piston noves down the cylinder, the exhaust val ve(s) wll
begin to open, the intake ports wll be uncovered, and the cycle wll repeat
itself.

i. Hnal Assenbly and Qperation. Position the head gasket on the head
and align the bolt holes. Insert the head bolts and alternate the tighteni ng
sequence to ensure the head gasket is properly seated and to prevent warpage
of the head. Tighten to a snug fit wth the ratchet and socket, then torque
each head bolt to 98 i nch pound.

2. D ESH BN NE HE. SYSTEVS

a. Functions of the Fuel Delivery System

(1) There are seven basic functions that nust be acconplished by the
fuel delivery system
(a) Drawng fuel fromthe tank in sufficient quantity to supply
the engine under all operating conditions.

(b) Pressurizing fuel sufficiently to ensure proper delivery to
t he conbusti on chanbers.

(c) Dstribution of netered fuel to the correct cylinder.
(d) Timng the nonent of injection.

(e) Metering fuel according to engi ne power requirenents.
(f) Atomzation of fuel.

(g) Drection of netered fuel into the conbustion chanbers.
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(2) These seven functions are acconpl i shed by conponents of the fuel
system

b. Fuel System Gonponents

(1) The fuel tank, in addition to storing fuel for the engine,
provides a nounting base for the filler neck, fuel strainer, drain plug, fuel
lines, and the fuel sending unit.

(2) Fuel lines carry the diesel fuel along predetermned routes to
conponents of the fuel system

(3) Anechanical, lift-type punp draws diesel fuel fromthe tank and
provides a full block of fuel in the fuel Iines.

(4 Hlters are used in the fuel systemto trap and prevent
inpurities fromdanagi ng fuel system conponents.

c. Dstributor Type O esel Fuel |njection System

(1) The distributor type injection systemuses a nechanical |ift punp
to draw fuel fromthe tank.

(2) Wen fuel enters the nechanical punp, it is forced under |ow
pressure to the fuel filter where any inpurities in the fuel are trapped.

(3) Fomthe fuel filter, the fuel, still under |ow pressure, is
forced to an injection punp.

(a) The injection punp raises the fuel to the correct injection
pressure, neters quantity of fuel, and tines the injection.

(b) Fuel is forced out of the injection punp when the
di scharge port of the rotor lines up wth one of the discharge outlets inside
the punp. As the rotor turns, its single port discharges a pul se of fuel
into each of the hydraulic head outlets i n sequence.

(4) Desel fuel, now under high pressure, is routed through
individual Iines to fuel nozzles |located at each cylinder. Fuel nozzles
direct fuel into the preconbustion chanbers. Fuel nozzles do not neter or
pressuri ze the diesel fuel.

(5 Fuel enters individual nozzles at a rate and anount that
varies wth denands of the engine. Wen the engine fuel demand is | ow such
as at idle fuel pulses are smaller and farther apart than when the engine is
running at wde open throttle. A wde open throttle, |arger amounts of
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fuel, spaced closely together, force the nozzles to open nore often and to
stay open | onger to neet the needs of a high speed engi ne.

d. Pressure-Tined D esel Fuel Injection System

(1) Inthe pressure-tined diesel fuel injection system fuel is
supplied fromthe tank to the pressure-tined gear (PTG punp through a
delivery line.

(20 Anin-linefilter is placed in the fuel inlet Iine between the
tank and punp to filter foreign natter and noi sture.

(3) Areturnline fromthe PTG punp to the fuel tank is provided to
bl eed off any excess fuel so the operating pressure can be regul at ed.

(4) The PTG punp delivers control |l ed anounts of fuel to pressure-
tined injectors.

(5) Areturn line connects the injectors to the fuel tank to the
pressurize-tined injectors.

(6) A nechanical governor controls the flowof fuel fromthe gear
punp, as well as the nmaxi nrumand idl e speeds.

(7) Fuel leaving the punp flows through a shutdown val ve, inl et
supply lines, and into the injectors.

(8 Anrinector is provided at each engine cylinder to spray fuel
into the conbustion chambers. Injectors deliver equal amounts of fuel to
ensure atomzation and control the start rate, and duration of injection.

3. BN Ne LUBR CATI ON AND G301 NG SYSTEVS

a. BEngine Lubrication

(1) Excessive friction in the engine woul d nean rapi d destruction.
W cannot elimnate friction, but we can reduce it by use of friction
reduci ng lubricants. Engine lubricating oils have four functions:
(a) to prevent netal -to-netal contact in noving parts,

(b) assist in carrying heat anay fromthe engi ne,

(c) to clean engine parts, and
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(d) forma seal between piston rings and cylinder walls to
prevent bl onby of conbustion gases.

(2) Torenove inpurities fromthe engine |ubrication system an oil
filter is nounted outside of the engine and connected so all of the oil
passes through it each tine oil is circulated through the engine.

(3) Anoil tenperature regul ator and cooler is used to prevent oil
tenperature fromrising too high in hot weather and assist in raising the
tenperature of the oil during initia engine warmup.

(4 Al mlitary tactical wheel ed vehicles use a positive crankcase
ventilating system This systemis part of the emission control systemwhich
reduces air pollution. The air fromthe engi ne crankcase contai ni ng bl owby
gases, fuel and water vapors is drawn through the intake nanifold to the
conbust i on chanber. There, the conbustion gases are burned and di schar ged
out through the exhaust system

b. ooling System Conponent s

(1) Engine water jackets.

(a) Inthe cylinder block of a liquid cool ed engi ne, water
jackets conpl etely surround all cylinders along their full length. Wthin
the jackets, narrow passages are provi ded between the cylinders for cool ant
circul ation.

(b) In the cylinder head, water jackets cover the conbustion
chanbers at the top of the cylinders and contai n water passages around the
val ve seats when the valves are located in the head. The watertight seal at
the passages, as well as the gas tight seal at the conbustion chanber
opening, is obtained wth one | arge gasket called the cylinder head gasket.

(2) Vdter punp.

(a) Autonotive engines use a centrifugal type punp, driven by a
belt, that consists of a round plate which has bl ades or vanes on one side of
it.

(b) The plate, or inpeller, is fastened to a turning shaft. As
the inpeller turns, it forces the coolant to circul ate through the entire
cool i ng system

(3) Radiator.
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(a) Theradiator is nornally nounted in front of the engine so
cool air can pass freely through the core.

(b) The outlet on the bottomradiator tank is connected to the
water punp inlet and the top tank inlet of the radiator is connected to the
cool ant outlet at the top of the engine.

(c) Rubber hoses and hose cl anps are used to nake connections and
to prevent engine vibrations frombeing transferred to the radiator.

(d) Hot coolant is punped out of the engine into the top radiator
tank and flows through tubes into the core to the bottomtank. As the
cool ant nakes its way down the tubes, it gives off heat that is transferred
toar finsand finally to cooling air as it passes between the fins.

(e) By the tine cool ant reaches the bottomradiator tank, it is
cool enough to be reused in the engine.

(4 Fan.

(a) To speed up the cooling action of the radiator, a fanis
used to drawair through the radiator core. The fan also blows air on the
engine to provide sone direct air cooling on the engine.

(b) On sone vehicles, afanis bolted to and turns wth the water

punp shaft. In this way, the water punp and fan are driven by the sane V-
bel t.

(5 Siroud.

(a) To prevent air frombypassing the radiator, a funnel -shaped
conponent called a shroud is installed.

(b) The large end of the shroud is bolted to the radiator franme
wth the snaller end extending out to encl ose the fan.

(6) Thernostat.
(a) The thernostat hel ps to speed up engi ne warmup by
recirculating cool ant to the engine bl ock through the bypass, thus avoi di ng
the radiator.

(b) An elenent in the thernostat expands when heated and
contracts when cool ed.
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(c) Wen the elenent is heated, the val ve opens, pernitting
coolant to flow through the radiator.

(d) Wen the el enent cools, the val ve closes, so that the nain
coolant flowrecirculates wthin the engine.

(7) Recovery bottle.

(a) The recovery bottle serves as a cool ant reservoi r and
recei ves radi ator overflow through a hose.

(b) It is also used to check the level of the coolant and for
addi ng cool ant to the system

(8) Pressure radiator cap.

(a) Engines enployed in our tactical wheel ed vehicl es have
pressurized cooling systens. Wdter boils at about 212 degrees Fahrenheit at
sea level. If the pressure is increased, the water wll not boil until a
hi gher tenperature is reached. Wthout pressurizing, the cooling system nust
be designed to prevent the cool ant fromreachi ng 212 degrees Fahrenheit. But
if the systemis pressurized, cool ant tenperature can be raised to about 260
degrees wthout boiling. This higher tenperature allows the cooling system
to operate nore efficiently. S nce coolant enters the radiator at a hi gher
tenperature, tenperature difference between the cool ant and the surroundi ng
air is greater. This causes a greater heat transfer.

(b) A pressure radiator cap pressurizes and regul ates the
cool ing system The cap has two spring | oaded val ves that are nornal |y
closed, sealing the system The largest of the two valves is the pressure
valve, and the snall er a vacuumval ve. Wien the cap is installed on the
radiator filler neck, it seals at the bottomas well as the top of the filler
neck.

(c) Wen the engine is cold, there is no pressure in the cooling
system As coolant in the systemwarns up, it expands. S nce the cooling
systemis seal ed by the radiator cap, the cool ant expansi on causes pressure
to build. Wen the pressure builds enough to overcone spring tension hol di ng
the pressure valve closed, it lifts the val ve.

(d) The excess pressure escapes by way of a pressure valve to
pass through the hose in the filler neck to the cool ant recovery bottle. The
anount of pressure the cooling systemis able to build up depends on the
strength of the pressure val ve spring.
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(e) Wen the cool ant tenperature falls, pressure in the
systemdrops and creates a vacuum causi ng the vacuumval ve to open. As the
vacuumis relieved, coolant is siphoned back fromthe recovery bottle to the
radiator to keep the systemfull.

c. ool ants
(1) Weter is the nost popul ar cool ant for engines, but water w thout
an inhibitor or rust preventative wll cause corrosion and the fornati on of

scale wthin the system

(2) Asolution of antifreeze and water not only protects the cooling
systemfromfreezing but al so contains inhibitors to prevent corrosion.

4. AR INJCI ON AND EXHALST SYSTEVB

a. Ar Induction System

(1) Induction of clean air plays an inportant role in engine
operation and, unfortunately, is often overl ooked.

(2) Particles of dust or sand entering the engine wll cause severe
danage and reduce engine life.

(3) To prevent foreign material fromentering the engine, we enpl oy
an air induction system

(a) The air intake stack is a section or sections of tubing that
directs air tothe air cleaner assenbly and i s connected by hoses and cl anps.

(b) The air cleaner assenbly houses a filter el enent that traps
and prevents foreign particles fromentering and damagi ng i nternal conponents
of the engine.

(c) A conbination of tubing and hoses continue fromthe air
cleaner to the intake nanifold, providing clean filtered air to the engi ne.

(d) Anair restrictionindicator is a device that displays a col or
band when a restrictive condition exists in the air induction system

b. Exhaust System

(1) The exhaust systemis arelatively sinple part of the tactical
wheel ed vehicle. However, it plays an inportant role.
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(2) Exhaust gases fromthe engi ne contai n carbon nonoxi de which is a
col orl ess, odorless, and deadl y poi sonous gas.

(3) Never run an engine for nore than a mnute or two unless it is
located in a well-ventilated area; otherw se, you nay becone a victi mof
car bon nonoxi de poi soni ng.

(4) Wen performng nmai ntenance on an exhaust system be careful that
you don't burn yourself on any of the hot exhaust system conponents.

(a) The exhaust nanifold coll ects burned gases as they are
expel | ed fromthe engine cylinders and directs theminto the exhaust pipe.

(b) The exhaust pipe is the passageway for exhaust gases to flow
fromthe manifold to the nuffler.

(c) The purpose of the nuffler is to reduce pressure of the
exhaust gases and di scharge themw th a mni numof noi se.

(d) The tail pipe carries exhaust gases fromthe nuffler
outlet to a point where they can safely be g ected.

5. POMR TRANSM SS ON SYSTEM

a. Qutch

(1) The clutch is located behind the engi ne of vehicles that enpl oy
nanual transm ssi ons.

(2) The clutch allows the driver to connect and di sconnect the engi ne
fromthe transmssion. This is essential for starting the engine, gradual
engagenent of the engine to the power train, and allowng gear ratios to be
changed to neet varying road conditions.

(3) Afriction disk is nounted on the transmssion input shaft wth
splines. Wen the friction disk is driven, it turns the transmssion i nput
shaft.

(4) The clutch also has a pressure pl ate assenbl y, which includes a
series of coil springs. The pressure plate and cover assenbly is attached to
the engi ne fl ywheel .

(5) The springs provide pressure to hold the friction disk

agai nst the flywheel. Then, when the flywheel turns, the pressure plate and
friction disk also turn.
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(6) Wen the clutch pedal is depressed, the spring pressure is
relieved so the friction disk and flywheel can rotate separately. The flow
of power to the remaining drive train conponents is broken.

b. Mnual Transm ssi on

(1) Aninternal conbustion engi ne devel ops naxi numtorque only at
hi gh speed and the crankshaft always rotates in the sane direction. For
these reasons, a transmssion is enpl oyed i n autonotive vehicles. The
transm ssi on provi des the nechani cal advantage that enabl es the engine to
propel the vehicle efficiently under various |oad and driving conditions. It
al so provides the driver wth a sel ection of speeds while the engine is held
at speeds wthin the effective torque range, and it allows di sengagi ng and
reversing the fl ow of power fromthe engine to the wheel s.

(2) Enclosed in the transmssion case are several sizes of |large and
snal | gears, so arranged that they nay be neshed together to give different
degrees of power or speed inrelation to the turning speed of the engine
crankshaft.

c. Autonmatic Transmssion. Tactical vehicles that enpl oy autonatic
transmssions do not have cl utch nechani smper se. However, a torque
converter is enployed. Atorque converter is a fluid coupling and can be
illustrated by the action of two electric fans facing each other, one wth
t he power connected and the other wth the power di sconnected. As the speed
of the power-driven fan is increased, the flowof air transmts power to the
notionless fan and it begins to rotate. The free-running fan gai ns speed
until it is rotating alnost as rapidly as the power-driver fan. The sane
action takes place in the torque converter except oil instead of air
transmts the power.

d. Transfer Case

(1) Transfer assenblies are used in our tactical vehicles to divide
engi ne torque between the front and rear driving axl es.

(2) The transfer case allows the front driving axle to be di sengaged,
which is necessary to prevent undue driveline-conponent wear during hi ghway
use.

(3) The transfer case also provides full tine torque to the rear axle
and provides a high and | ow drive gear range.

(4 Sone transfer assenblies use a chain and sone use gears to
transmt torque to the front driving axle.
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e. lhiversal Joint

(1) Awuniversal joint is a flexible coupling between two shafts that
permts one shaft to drive another at an angle to it.

(20 Awuniversal joint is conposed of three fundanental units
consi sting of one journal and two yokes.

(3) The two yokes are set at right angles to each other, and their
open ends are joined by a journal .

(4) This construction permts each yoke to pivot on the axis of the
journal and al so permts transmssion of rotary noti on fromone yoke to the
ot her.

(5) As aresult, universal joints can transmt the power fromthe
engi ne through the shaft to the drive axle.

f. Sip Joint

(1) Aslipjoint consists of a nale and fenal e spline, a grease seal,
and a lubrication fitting.

(2) The nale splineis anintegral part of the propeller shaft and
the fenal e portion is fixed to the universal joint directly behind the
transmssion or transfer case.

(3) This gives freedomof novenent in a horizontal direction and yet
is capable of transmtting rotary notion.

g. Propeller Shaft

(1) The propeller shaft, the central conponent in the drive train
assenbly, is constructed froma hol |l ow steel tube wth yoke ends wel ded to
it.

(2) Large tactical vehicles use a split propeller shaft, which
reduces the length of each shaft and operating angl e of each universal joint.
Asplit propeller shaft requires sone additional parts, such as anot her
uni versal cross and bearing cup assenbly, two nore forged steel yokes, a slip
joint, and a center bearing nounted in a rubber cushi oned bracket or carrier
bearing, commonly referred to as a pill ow bl ock.

h. Dfferential Assenbly
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(1) Qe purpose of the differential is to transmt engine torque to
the driving axles that are on a ninety degree angle to the propel | er shaft.

(2) Another purpose of the differential is to divide engine torque
between driving wheel s so they are free to rotate si nul taneously at varying
speeds. This is inportant if the vehicle is not noving in a straight |ine.

(3) Abevel drive pinion rotates the bevel drive ring gear and the
rotation of the ring gear causes the differential case to rotate.

(4) Wen the differential case rotates, two pinion gears and their
shaft nove around ina circle wth the differential case.

(5) Because the two differential side gears are neshed wth pinion
gears, the differential side gears nust rotate, thus causing the rear axles
torotate. The wheels turn, and the vehicl e noves.

(6) Suppose one rear wheel is held stationary. |If the differential
case rotates, the pinion gears would have to rotate on their shaft.

(7) The pinion gears woul d wal k around the stationary differential
si de gear.

(8 As the pinion gears rotate on their shaft, they carry rotary
notion to other differential side gear, causing it to rotate. The other
wheel that is not stationary wll then rotate.

(9) Wenever a four-wheel drive vehicle goes around a turn, the outer
wheel s travel a greater distance than the inner wheels. The pinion gears
rotate on their shaft and send nore rotary notion to the driving wheel .

(10) Wen the vehicle is noving down a straight road, the pinion gears
do not rotate on their shaft, but apply equal torque to the differential side
gears. Therefore, both rear wheel s rotate at the sane speed.

6. AUTOMOI VE BRAKES

a. General Information. During this portion of the lesson, | wll
provide a basic introduction to the construction and operation of the various
types of autonotive brake systens. The specific types of brake systens
enpl oyed on our tactical wheel ed vehicles will be addressed in detail as you
progress through the instructional nodul es.

b. Function and Type of Brakes
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(1) The purpose of brakes is to slowand stop the vehicle. They nay
be hydraulic, air pressure, or a conbination of the two. However, they all
function in the same nanner.

(2) An operating device forces brake shoes or pads agai nst the
rotating druns or disks at the wheels when the driver operates the brake
pedal .

(3) Friction between brake shoes or pads and brake drumor di sks,
then sl ows or stops the wheels, so the vehicle is braked.

c. Hydraulic Braking Action. Huid is not conpressible. Pressure on a
fludwll force it through a tube and into chanbers or cylinders, where it
can force pistons to nove. This is the principle on which hydraulic brakes
wor K.

(1) Hydraulic type brakes use pressure of a fluid to force the brake
shoes outward and agai nst the brake drumor di sk.

(2) In operation, a dowward novenent of the brake pedal forces a
piston to nove in the naster cylinder. This applies pressure to fluid ahead
of the piston, forcing fluid under pressure through the brake Iines to wheel
cylinders in drumtype brakes and to pistons in disk type brakes.

(3) On drumtype brakes, a piston wthin the wheel cylinders is
linked to the brake shoes. Wen fluid is forced into the wheel cylinder, the
piston i s pushed outward.

(4) This outward novenent forces the brake shoes outward and into
contact wth the brake drum slow ng or stopping the vehicl e.

(5 Wen the brake pedal is released, tension of the brake shoe
springs forces the brake shoes anay fromthe drumand pushes the wheel
cyl i nder piston i nward.

(6) Dsk type brake has a rotor instead of a drum and pads
i nstead of brake shoes.

(7) Once the brake pedal is depressed, fluid enters the caliper and
pushes the piston outward, forcing the pad agai nst the noving rotor, slow ng
or stopping the vehicle.

(8 Wen the brakes are rel eased, a seal on the piston rel axes and
draws the piston anay fromthe di sk.

d Ar Brakes
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(1) An air punp or conpressor driven by the engine is used to
conpress air and force it into areservoir where it is available for
operating the brakes.

(2) Ar under pressure inthe reservoir is released to the brake
lines by an air val ve operated by the brake pedal .

(3) This released air goes to brake chanbers, that are | ocated cl ose
to the wheel brakes, which contains a flexible di aphragm

(4) Against the diaphragmis a plate that is connected directly to
t he nechani smon the wheel brakes by |inkage.

(5) The force of the conpression air is admtted to the chanber and
causes the di aphragmto nove the plate and operate the brake shoes through
the linkage, slow ng or stopping the vehicle.

(6) Wen the air pressure is reduced by the operator rel easing the
brake pedal , the di aphragmnoves, openi ng the exhaust port and exhausting the
conpressed air pressure fromthe brake chanber. The brake shoe spring pul |l s
t he brake shoes away fromthe drum

e. Ar-over Hydraulic Brakes

(1) As wththe straight air brake system air pressure is supplied
by a conpressor and stored in reservoirs.

(2) The naster cylinder is simlar to the naster cylinders used in
hydraul i c brakes. A so wheel brake cylinders and wheel brake construction
are very simlar to that used in hydraul i c brakes.

(3) The essential difference between the strai ght hydraulic brake
systemand air-over hydraulic brake systemlies in the air-hydraulic
cyl i nder.

(4 The air-hydraulic cylinder consists of an air cylinder and a
hydraulic cylinder in tandem or one behind the other, each fitted wth a
pi st on.

(5 The air piston has a larger dianeter than the hydraul i c pi ston.
This difference in size of the two pistons provides greater hydraulic
pressure than the air pressure admtted to the air cylinder.

(6) Valves, actuated by fluid pressure fromthe naster cylinder,
control the air admtted to the air cylinder. Thus, fluid pressure in the
brake lines is always in a direct ratio to foot pressure on the brake pedal .
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In other words, the heavier the brake pedal pressure, the stronger the
braki ng acti on.

(7) Wen the brake pedal is released, the air in the air-hydraulic
cylinder is vented, allowng tension of the brake return springs to pull the
brake shoes away formthe brake drum

f. Substance ldentification

(1) Asbestos is a fibrous material that was previously used in the
nmanuf act ure of heat-resistant clothing, autonotive brake and clutch |inings,
and a variety of building naterials.

(2) Athough asbestos is excellent for use in brake |inings, brake
pads and cl utch di sks because of its durability and capability to wthstand
heat, it can cause disabling respiratory di seases and various types of
cancers if the asbestos fibers are inhal ed or ingested.

(3) Recently manufactured brake |inings and cl utch di sks do not
contai n asbestos fibers, but may contain one or nore of a variety of
ingredients, including glass fibers, mneral wool, and other ingredients that
can present health risks if inhal ed.

g. Wirrk Practices

(1) Wenever feasible, service the brakes in a separate area awnay
fromother operations to reduce risks to unprotected persons.

(2) Aways wear respiratory protection during brake servicing,
begi nning wth the renoval of the wheel s.

(3) Sone nai ntenance sections nay have an encl osed vacuum syst em
equi pped wth worker armsl eeves. The vacuumsystemis used to | oosen and
vacuumr esi due fromthe brake parts.

(4) If an enclosed vacuumsystemis not available, carefully clean
brake parts in open air, using a solution containing water and if avail abl e,
a bi odegr adabl e non- phosphat e, wat er - based det er gent .

(5) The wheel, hub and brake assenbl y conponents shoul d be thoroughl y
wetted wth a spray bottle that creates a fine mst to suppress any dust
bef ore the brake shoes or pads are renoved, then w ped clean wth a cloth.

(6) Never use conpressed air to clean brake conponents and al ways
di scard contamnated naterial in accordance wth your unit's SCP.
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7. SUSPENS ON AND STHER NG SYSTEVG

a. Suspension System The purpose of the suspension systemis to support
the weight of the vehicle and its load. It is an inportant part of any
vehicle and is particularly inportant in tactical wheel ed vehicles which are
often very heavy and nust provide for absorption of road shocks, and be
efficient over a wde range of speed and | oad conditi ons.

(1) As stated earlier, the vehicle frane supports the weight of the
engi ne, power train conponents, body, cargo, and passengers.

(2) The frame is supported by springs placed between the frane and
wheel axl es.

(3) The weight of the frane, engine, and so on applies an initial
conpression to the springs. The springs wll further conpress or wll
expand, as the wheel s encounter irregularities inthe road. This allows the
wheel s to nove up and down sonewhat independently of the frane.

(4) This allows springs to absorb a good part of the up-and-down
notion of the wheels, preventing this notion frombeing transmtted to the
frane and supported conponents.

(5 Amltileaf spring is nade up of a series of flat steel plates of
graduat ed | ength pl aced one on top of anot her.

(a) Qips, placed at intervals along the spring, keep the | eaves
inaignment and a center bolt holds the | eaves toget her.

(b) In operating, the leaf spring acts nuch like a flexible
beam

(6) Qoil-type springs are nade of round spring steel wound into a
coil.

(a) The sole purpose of coil springs is to support the wei ght of
t he vehicl e.

(b) @il springs are not able to absorb any torque when enpl oyed
in the suspension system and require the use a shock absorber to danpen
vi brati ons.

(7) The prinmary function of the shock absorber is to regulate the

suspensi on spring rebound so the prinary vibrations are danped out,
permtting greater vehicle speed and nobility.
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(a) Hydraulic shock absorbers are use on our tactical wheel ed
vehicles and contain a fluid that is forced through orifices as the shock
absorber is operated by spring flexure.

(b) Resistance to the novenent of the fluid through the orifices
creates a drag on spring novenent, which quickly danpens out vibrations.

b. Seering System The steering systempermts the front wheel s to be
pivoted on their supports to the right or left so the vehicle can be steered.

(1) The steering wheel is nounted on a steering shaft that extends
into a steering gear.

(2) The bottomend of the shaft has a gear that rotates as the wheel
is turned. This novenent causes the pitnman arm attached to the sector, to
swng toright or left.

(3) This action pushes or pulls on tie rods attached to the
pitman arm Seering-knuckl e arns, attached to the front wheels are
forced to swng the wheels to the right or left on their pivots allow ng the
operator to steer the vehicle.
REERENCE

TM 9- 8000
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