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UNIT-II
RUNNING SYSTESM
ROAD WHEELS:
Wheels are as important of a vehicle as the ether parts. lithe parts being
perfectly in working order, the vehicle can’t move on the road, without
wheels. The wheels not only support the weight of the vehicle, but also
protects it from the ad shocks. Whereas the rear wheels move the vehicle,
the wheel steers it to take a right or left turn. All the four heels must resist
the braking stress and with stand side rust.
FJNCTIONS OF WHEELS:
1.Strong enough to with stand the weight of the vehicle
2.Flexible to absorb the road shocks which are caused when the vehicle is
on move.
3.It should be able to grip the road surface
4.Perfectly balanced dynamically and statically.
5.Light and easily remarkable.
TYPES OF WHEELS:
1.Disc wheel
2.Wire wheel or spoked wheel.
3.Magna wheels
4.Heavy vehicle wheels (three pieces)
DISC WHEEL:
This type of wheel (Fig) consists of a steel rim d a pressed steel disc.
The rim is a rolled section, some times riveted but usually welded to the
flange of the disc. e steel disc performs the function of the spokes. The
wheel assembly is bolted to the brake drum. Some slots are genesis
provided in the wheel disc for better cooling of the brake
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Fig Disc wheel
A separate cover is also provided on the wheel disc. A ho ip the rim serves
to accommodate tube valve.
This type of wheel is cheap, robust in construction an simple. It is most
commonly used in heavy motor vehicle cars buses, trucks and tractors.
WIRE WHEEL OR SPOKED WHEELS:
Unlike the disc wheel, the wire wheel has a separate hub, which is
attached to the rim through a number of wig~ spokes as shown in Fig 3.J~
The spokes carry the weight and transmit the driving and braking torque in
tension The initial tension of the spokes can be adjusted by means screw
nipples which also serve to secure the spokes to the rim. The hub is
provided with internal splines to corrosion to the splines provided on the axle
shaft. A wing nut or the hub on the axle shaft, The advantages of this
ORIVING TORQUE BRAKING TORQUE
WIRE WHEEL
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This type of wheel are light weight and high strength, and above all it
provides much better Cooling of the brake drum. It is also very easy to
change the wheel when required because only one nut has to be opened.
MAG WHEELS:
Plain steel wheels, decorated with hub caps or wheel covers are used
on cars to day. A variety of special wheels are available. These special
wheels can be classified as styled steel or styled aluminum wheels. The
mag wheel is very popular. It looks like a magnesium wheel which is very
light. However for passenger cars, mag wheels are made of aluminium.
Actually the term ‘mag wheel’ can mean almost any chromed, alluminium off
set, or wide-rim wheel of spoke design.
HEAVY VEHICLE WHEELS (THREE PIECE):
Split rim wheels are used on heavy truck strainers, earthmovers and
so on. They are heavily made and require a different method of disc
installation. One split rim wheel has three pieces. the wheel assembly piece,
flange and lock ring. The whole wheel and rim with tyre are removed as an
assembly for the service. Then the lock ring and flange can be removed so
that the tyre can be taken off the’ rim. To tighten the wheel and also to
increase air flow to the brake drum, large slots or holes are mag disc.
If you ever work on tyres mounted on split-rim wheels make sure all
air pressure has released from the tube before begining to remove the lock
ring or flange. If air pressure u still in the tube, it could blowthe tyre off the
rim when the lock ring or flange is removed and it may seriously injure or fall
on any one near by. Make sure the lock ring or flange is securely in
place’before attempting to inflate the tyr.e.
TYRE
The tyre is mounted on the wheel rim. It hash two functions. First it is
air filled cushions that absorb most of the shocks caused by road
irregularities. Thus they reduce the effect of the shocks on the passengers in
the car.
Second, the tyres grip the road to provide good traction. Good traction
enable the car to accelerate, brake, and take turns with skidding.
TYPICAL TYRE
The use of solid tyres on automobiles is now absolute and only the
pneumatic tyres are used universely. These pneumatic tyres are of two
types vii. the conventional tyre with a tube and the tubeless tyre.
1.

CONVENTIONAL TUBED TYRE
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Fig gives the cross section of such a tyre. It consists of two main
parts viz the carcass and thread. The car cass is the basic structure taking
mainly the various leads and consists of a number of plies wound in a
particular fashion from the cords of rayon or any suitable material. The
thread is generally made of synthetic rubber and on the design of the tyre
thread depend on various tyre properties viz, the grip, the noise and £h
wear. At’ the inner edge, beads are formed by forcing with steel wires. This
provides the tyre with strong shoulders for bearing against the wheel rim.
2.

TUBELES TYRE

This type of tyre
not need a separate
instead the air under
pressure is filled with
for wh~ch purpose a
return valve is fitted
rim.
The
inner
constructions of the
almost tne same as

does
tube,
the tyre
nonto the
tyre

is
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that of tubed tyre, except that it is lined one side with a special air retaining
liner as shown in fig 3.36 This type has the advantage that in case of any
hole being caused in the tyre, some can be repaired simply by plugging,
where as in case of the conventional tyres, it takes quite some time to
remove the tube for repair. Apart from this,, a tube less tyre retains the air
pressure for long periods even when punctured provided the same is held in
place.
RADIAL PLY AND CROSS PLY TYRES:
Skeleton of the tyres is of three types.
1.Cross ply or bias piy
2.Radial ply
3.Belted-bias type.
1. CROSSPLYTYPE:
In this type, the plycords are woven at an angle to the tyre axis. There are
two layers which run in opposite directions as shown in the Fig3.37a However the
cords are not woven like warp and wept of ordinary cloth, because that would
lead to rubbing of the two layers and thus produce heat which would damage the
tyre material.

CROSS PLY

This typ. of tyres ~eve better wear and, road holding characteristics. They
are fitted both front and rear wheels. But they must not be fitted on the front
wheels only
RADIAL PLAY TYPE:
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In this type the plycords run in the radial
direction ie in the Direction of the tyre axis. Over this
basic structure an number of breakes strips must be
flexible but inextensible, so that no change of
circumference takes place with binge in the amount of
inflation. With out the breaker trips radial plies would give
very soft ride but there will not a any lateral stability. The
in extensible breaker strip shaves like a girder in its own
plane and provides the directional stability.

STEERING SYSTEM:
For effective control of the vehicle through out its speed range with safety and without much conscious effort on
wide variety of road surfaces. -providing bumps and bounces to the vehicle, proper steering is necessary. The
control of an automobile is done by means of a steering system which provides directional changes to the moving
automobile and with the help of accelerator and gear shift lever as well as the brakes.
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The steering in addition to directing the vehicle in a particular
direction must be arranged geometrically in such a way so that the
wheels un dep go true rolling motion without slipping or scuffing. More over
the steering must be light, stable with a certain degree of self adjusting
ability.
FUNCTION OF A STEERING SYSTEM:
To convert the rotary motion of the drive’s steering wheel into the
angular turning of the front wheels as welt as to multiply the driver’s effort
with leverage or mechanical advantage for turning the wheels fairly easily is
the function of the steering system. In order to prevent the road shocks from
being transmitted to the drivers and the passengers, the steering system
should also absorb these shocks.

ACKERMAN PRINCIPLE OF STEERING MECHANISM:
The main function of the steering system of a vehicle is to convert the
rotary movement of the steering wheel into angular turn of the wheels. For
perfect steering we must always have an instantaneous centre about which
all the wheels must rotate. For this purpose inner wheel has
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to turn more than the outer wheel. To achieve two types of mechanisms,
fate been devised viz,
Straight the Davis and ackermann steering mechanism. Out of these
Ackermann mechanism it almost universally used. Referring in the
Ackermann steering mechanism the track rod is placed behind the axle
beam. The track arms AB and CD are suitably inclined to each other. This
system gives true rolling of the wheels in three positions of the stub axles.
One when the wheels are parallel and the other two cinch corresponding to
the turn to left or right. In any other Position the axes of the stub axles do not
intersect on the axis of the rear wheels. The ackermann linkage is not
complicated therefore it is used almost Universally When fh. track rod is
moved to the right during turn, it pushes almost a right angle against the
sight knuckle arm. The left end of thi track rod however, not only moves to
the right but also swing forward as shown in so that left wheel ii turned an
additional amount. therefore the of inner wheel with l~0tm axle is greater
than that outer wheel is 90 greater than ~ Similarly when a right turn is
made the right wheel will be turned an additional amount over thai which the
left wheel turns
STEERING GEOMETRY:
when an automobile makes a ~turn, in order to avoid :he slipping of the
tyre and over turning of the vehicle.. each wheel of the vehicle must roll on
an arc having a common centre with the arcs made by the other wheels of
the vehicle The most important feature of a vehicle f0t steering is its ability to
maintain it on a straight path or deviated from at the will of the driver. Over a
wide variety of roads, this control is to be effected with little conscious effort
on the part of the driver. Further for effective Control of the steering wheels
must rotate with a true rolling motion free from side drag under all
conditions.
The angular relationship among the front wheels, the front wheel
attaching parts and the car frame is known as steering geometry. It also
involves the angle of steering axis or king pin away from the vertical, the
pointing in of the front wheels, the tilt of the front wheels from vertical. The
various factors entering into the front end geometry and influencing the
steering case, steering stability, riding qualities of the car and having a direct
effect on tyre wear are camber, king pin inclination, toe in, toe-out on turns,
caster. etc.
The angle between the centre line of the tyre and the vertical line when
viewed from the front of the vehicle is known as camber .
When the angle Is out ward, so that the wheels are further apart at the
top than at the bottom, the camber is positive. When the angle is inward, so
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that the wheels are closer together at the top than at the bottom, the camber
is negative.
Any amount of camber, positive or negative, tends to cause uneven or
more tyra wear on one side that on the other side. Camber should not
exceed Excessive camber prevents the tyre from having correct contact with
the road which causes it to wear only on the side directly beneath the load.
Unequal camber uses of vehicle to roll in the direction of the wheel having
greater camber which upsets directional stability and tends to scuff the tread
on the opposite tyre.
KING PIN INCLINATION
The angle between the vertical life and centre of the king pin or steering
axle, when viewed from the front of the vehicle, is known as king pin
Inclination or steering axle inclination.

Positive Camber Angle
The angle between the centre line of the tyre and the vertical line
when viewed from the front of the vehicle is known as camber Kingpin
Inclination When the angle is out ward, so that the wheels are farther apart
at the top than at the bottom, the camber is positive. When the angle is
inward, so that the wheels are closer together at the top than at the bottom,
the camber is negative.
Any amount of camber, positive or negative, tends to cause uneven or more
tyra wear on one side that on the other side. Camber should not exceed 20,
Excessive camber prevents the tyre from having Con Oct
contact with the road which causes it to wear only on the
side directly beneath the load. Unequal camber causes of
vehicle to roll in the direction of the wheel having greater
camber which upsets directional stability and tends to scuff
the tread on the opposite tyre.
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CASTER:
In addition to being tilted in ward towards the centre of the vehicle, the
king pin axis may also be tilted forward or backward from the vertical line. This tilt
is known as
The angle between the vertical line .and the king pin centre line in
the plane of the wheel (when viewed from the side) is called the caster
angle. When the top of the king pin is backward the caster angle is positive,
and when it is forward the caster angle is negative. The caster angle in
modern vehicle is from 2 to 8-The caster produces directional stability by
causing the wheels to lead or follow in the same direction as the vehicle
travel. When both the front wheels have positive caster the vehicle tends to
roll out or lean out on turns. But if the front wheels have negative caster,
then the vehicle tends to back or lean in on turns. .There is another
important effect of the caster angle, positive caster, tries to make the front
wheels toe-in. With positiv9 caster, the vehicle is lowered as the wheels pivot
inward. Thus, the weight of the vehicle is always trying to make the wheel
toe-in with negative caster the wheels would try to toe-out. The positive
caster increases the effort required to steer tries to keep the wheels straight
ahead. This makes steering easier.
TOE-IN

The front wheels are
usually turned in slightly in front so that the distance between the front ends
A is slightly less than the distance between the back ends B, when viewed
from
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The amount of toe-in is usually 3 to. 5mm. The toe-in is provided to ensure
parallel rolling of the front wheels, to stabilize steering and to prevent side
slipping and excessive . wear. It also serves to off set the small deflections
in he wheel-support system which come out when the car is moving forward.
Although the wheels are set to toe-in slightly when the car is standing still,
they tend to %ll parallel on the road when the car is moving forward. Some
alignment specialists the front wheels in ‘straight away alignment’ in
preference to “toe-in” adjustment.
-

TOE-OUT
Toe-out is the difference in angles between the two front wheels and
the car frame during turns. The steering system is designed to turn the
inside wheel through. larger angle than the out side wheel when a turn le 0
is Rater than0~. This condition causes the wheels to toe-out on urns, due to
the difference in their turning angles. When the are is taking a turn, the outer
wheels roll on a radius than he inner wheel, and the circles on which the two
front wheels must roll are concentric. Therefore the inner wheel lust make a
larger angle with the car frame than that of the inner wheel makes. Toe-out
is secured by providing the roper relationship between the steering knuckle
arms, the ids and pitman arm.
STEERING LINKAGES:
The steering wheel is mounted at the top of the steering alumni and
it controls the motion of the stub axles. The motion of the steering wheel is
transmitted through the leverage between the steering wheel and the stub
axles. Due to leverage system the effort that has to be applied to the
steering wheel in order to over come the friction opposing the turning of the
road wheels is minimised. For Steering linkage For Rigid control the system
is so designed that the steering wheel turns through larger angles than the
stub axles at the road turns. The amount of leverage depends upon the
weight of the vehicle, and the type of tyre. Steering Linkages
For
Independent Suspension
To transmit the motion, several types of steering linkages are used
between the pitman arm and the steering knuckles of the stub axles are
shown in When the steering wheel is turned the pitman arm swings insides
or backward and forward directions. This movement displaces the stub axles
from their straight position by the linkages Thus the steering linkage is a
connection of various links between the steering gear box and the front
wheels.
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Axle suspension
TYPE OF STEERING GEAR BOX
The steering gear is a device for converting the rotary motion of the
steering wheel into straight line motion of the linkage with a mechanical
advantage. The steering gears are enclosed in a box called the steering
gear box. These are many differential designs of steering gear box, the
important are discussed below.
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CAM AND DOUBLE ROLLER STEERING GEAR BOX:
Fig illustrate the cam and double roller steering used on commercial
vehicle. It consists of a cam gear on the input shaft with rotating double roller
on the rocker shaft.
A two roller is fastened to the rocker shaft so that it meshes with the cam
gear. The cam gear is formed on the bottom of end of the steering shaft. The
outer end of the cross shaft is formed in the spindle to fix the drop arm. As
the cam rotates, the inner is compelled to follow the cam and in doing so
causes the rocker shaft to rotate, thus moving the drop arm. The contour of
the cam is designed to mesh with the arc made by the roller, so maintaining
a constant depth of mesh and evenly distributing the load and wear on the
mating parts.
-

CAM AND TWIN LEVER STEERING GEAR BOX
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Cam and Twin Steering Gear Box

Fig illustrate the cam and twin lever steering gear used in
commercial vehicle. It consists of a constant diameter worm, called a cam in
this case, on the
Input shaft and a
cone shaped stud
on the lever which
follows the helix on
the cam. The cam
is cylinder~ I in
shape, its actuating
part being a groove
of variable pitch
wade narrower at
the centre than at
the
end.
This
provides
nonreversibility in the
centre part of the
cam where most of
the car Steering
takes place. The
twin levers are
mounted on the cross shaft and are located so that the studs engage the
cam from the side. When the cam is turned, the studs move along the cam
groove to cause the lever to swing through an arc, and thus turning the
cross shaft.
RACK AND PINION STEERING GEAR BOX:
This is very simple and common type mechanism, the system is
shown in simplified sketch This type is very well suitable in an independent
suspension system.
The system consists a rack housed in tubular casing. The casing is
supported on the frame near its ends. The ends of the rack are connected to
the track rods with the help of ball end. socket joints. The pinion shaft is
carried in the plain bearing housed in casing. The pinion is meshed with the
rack and the clearance is adjusted with the adjusting screw. when the pinion
is given rotary motion with the steering wheel then the rack slides in either
sides. The sliding motion of the rack is used through the track rods to the
wheels in desired side

2) To safe gaurd the occupants from road shocks.

RECIRCULATING BALL STEERING GEAR BOX:

Recalculating Ball Type Steering Gear
Fig shows the recirculation type of steering gear. The input shaft
portion of this gear has a semi circular grooved helix with constant lead that
provides one half of the path of travel for the recirculation balls. The other
half of the path is provided by a mating semi circular grooved helix cut on
the inside of the follower nut.
FRONT AXLE
The front axle is used to carry the weight of the front part of the vehicle
as well as to facility steering and absorb shocks due to road surface
variation. It must be rigid and robust in construction. It is usually steel drop
forging having 0.4 ./ carbon steel or 1 to 3 Nickel steel.
TYPES OF FRONT AXLES:
Usually there are two main types of the front axles.
1.

Live front axle

2.

Dead front axle.

The front axles are usually dead axles because they do not rotate. A
live front axle, as compared to the dead axle has the additional function of
transmitting the driving power taken from a transfer gear box to the front
wheels having a different swiveling mechanism. The dead front axle has
sufficiently rigidly and strength to transmit the weight of the vehicle from
2) To safe gaurd the occupants from road shocks.

springs to the front wheels. The ends of the axle beam are shaped suitably
assemble The stub axle, The ends of the beam are usually shaped either as
yoke or plain surface with drilled hole for connecting the sub axle assembly.
A typical front axle with stub axle is shown in An other front axle
assembly with stub axle and track rod is shown in shows front axle
components with steering linkage. facilitate steering and absorb shocks due
to road surface vibrations. When there is no braking system in the front
wheels of the vehicle then there will be only, bending load on the axles
therefore a simple forging of I-beam section is used. If there is braking
systems in the front wheel the ends of the axle are given proper shapes to
carry the stub axles and the seats are made to attach the springs between
the ends. The downward sweep is given to the axle beam at the central
portion to keep a low chassis. This type of axles are made of I-sections in
centre portions, while the ends are made either circular or elliptical. With this
construction it takes bending loads due to the load of the vehicle and also
torque due to braking of the wheels.
STUB AXLE:
The front road wheels are mounted on the stub axle themselves are
connected to the front axle by means of king pin. Vertical loads are taken by
a steel washer or a thrust bearing located either on the top form of stub axle
or between the lower fork and the under side of the axle

2) To safe gaurd the occupants from road shocks.

SUSPENSION
The frame as well body of the vehicle is attached to the rear axle and
the front axle by springs. These springs damp the road shock transmitted to
the body structure by the wheels when they travel over the road. In this way
the springs are the protecting units supported directly by the frame of the
vehicle. Therefore all the parts which perform the function of protection are
collectively called a suspension system. These springs are generally of the
laminated leaf type, coil type, torsion bar type and may be of any other
special type according to the need. These springs provide a best suspension
system to the vehicle thereby protecting the passengers and load from jerks,
The suspension system of vehicle is divided in to (i) the front-end
suspension and (ii) rear end suspension.
FUNCTIONS OF SUSPENSION SYSTEM
1)To prevent the road shocks from being transmitted to the vehicle frame.
3)To provide good road holding while driving, cornering and braking.
4)To maintain proper steering geometry
5)To preserve vehicle stability in pitching and rolling.
FRONT INDEPENDENT SUSPENSION
Independent suspension has become almost universal in the case of
front axle due to the simplicity of construction of such a suspension system.
In this type of suspension, each front wheel is independently supported by a
coil, torsion bar or leaf spring. Almost all the passenger cars now use the
independent front suspension. in which the coil spring arrangement is the
most common.
ADVANTAGE OF INDEPENDENT FRONT SUSPENSION
I. The independ. it front suspnsio provides more space for engine
accommodation.
2. It enables front springs to be arranged for enough, apart to to
propose under steer conditions, which is preferable to overstear.
3. It may provide after suspension. because the low spring rate enables
large wheel movement.
4. One beams axles, spring defection affects the caster. angle,
especially when braking or accelerating. causing the axle to twist !~between
the stub axle and the seats. Thug effect on the steering geometry is
overcome with independent front Suspension.
S. The unsprung weight is low. The weight of the chassis and body to
2) To safe gaurd the occupants from road shocks.

relat.ve to that of the wheels and axle is known as the unsprung weight. the
unsprung weight is heavy, the chassis/body combination has high inertia or,
resistance to change
of state, and the
wheels tend to move
lather
than
the
classis I body.
6. The
independent
front
suspension
reduce
the tendency of this
rotating wheels to
turn about the king
pins,
due
to
~gyroscopic action,
causing wheel wobble or shimmy.
COIL SPRING FRONT INDEPENDENT SUSPENSION

2) To safe gaurd the occupants from road shocks.

DROP ARM

,

This type is used on a majtAty of passenger’ cars. This design permits either
front wheel to react’ to changes in the road surface level without affecting
the opposite wheel, A typical coil spring type indeoendent front suspension
arrangement is shown in Fig
longitudinal Axis Independent Front Suspension
The steering knuckle is pivoted at each end to the upper and lower control
arms at the ball joints. The upper control arms, in turn are pivoted to the
frame cross member at their inner ends by means of nibbler bushed or
hardened steel threaded bushed . Control arms are usually V or wish bone
shaped
.

-

below. As can be seen from me illustration, the lower control arm is longer
than the upper one, The lower control arms longer than the upper one. The
arrangement of the linkage is such that the point of road contact of the tyre
moves up and down in a straight line during all normal movement of the
control arms. and thereby avoiding the tyre Scrup. This is some times called
knee action springing.
The two helical coil spring (one on each side) are supported at their
lower
ends in seats that are attached to the
lower
control arms. The upper ends of the
springs
are compressed against saats in th9
frame.
A shock. absorber usually is
employed to control the reaction of
each of
the coil springs.

TORSION BAR FRONT INDEPENDENT SUSPENSION
The system contain a torsion bar as shown in the
Torsion bar is simply a rod acting in torsion and taking shear stress only.
The amount of energy stored per unit weight of material is nearly the same
as for coil springs. Torsion bars are often used will independent front
suspensions. Hence it is termed torsion bar front independent suspension.
The bar is fixed to the frame, while the other end is fixed to the end of trie
wheel arm and supported the bearing. The other end of the wheel arm is
connected to the wheel hub. When the wheel strikes a bump, it starts
vibrating up and down, thus exerting torque on the torsion bar, which acts as
a spring.
Torsion bar spring is lighteras compared to leaf springs and
also it occupies less space. Some times the torsion tubes are used instead
2) To safe gaurd the occupants from road shocks.

DROP ARM

of the bars, the former being stiffer than the latter ones. There are two main
disadvantages of the torsion bar suspension. The first is that it does not take
the braking or driving torque so that additional linkages have to be provided
for that purpose.
The second disad~,antages is the absence of friction
force, and hence of damping which is a necessity to control the vibrations
produced due to road.
TRANSVERSE LEAF SPRlNG : SUSPENSION
This type of transverse leaf spring is arranged transversely across
the vehicle instead of parallel to the frame. As shown in Fig. 48 this spring is
bolted rigidly to the frame at its centre. The ends of it are shackled to the
axle
This type of suspension is the cheapest one, but has the
disadvantage that the springs in this case are attached to the frame at only
places, which imparts the vehicle a tendency to roll easily when it runs fast
on sharp corners.
REAR SUSPENSION:

There are three types of
rear end suspensions usually
found in motor vehicles.
1)Longitudinal leaf spring
rear end suspension.
2)Transverse leaf spring rear end suspension.
3) Coil spring rear end suspension.
LEAF SPRING SUSPENSION:
Longitudinal leaf spring suspension is generally used in conjunction with the
Hotchkiss drive. The leaf springs must be made strong and resilient enough
to transmit the driving thrust and torque and to resist side ways, in addition
to support the spring weight of the body. The spring weight is kept as less as
possible, in order to improve the side of the vehicle. Because the springs do
noi generally support the wheels, rims. tyres, brakes and rear axle, the
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DROP ARM

weight of these parts is called spring weight.
is clamped to the rear axle housing by U-bolts, its each end is pivoted to the
frame, by means of eyes formed in the ends of the longest leaf.
The spring consists of a number of [eaves called blades. These
blades vary in length. The composite spring is based upon the theory of a
beam of uniform strength. The lengthiest blade has eyes on its ends. This
blade is called, master leaf. All the upper sides and edges of all the springs
are hot peened to increase their resistance to fatigue. All the blades are
bound together by means of steel strips.

The
spring
is
supported on the axle,
front or rear. One end of
the spring is mounted
on the frame with a
simple pin, while on the
other end, connection
is made with a
shackle. The spring
elongates
in
compression
and
shorten in expansion,
This change in length
of the spring is
compensated by the
shackle.
At
the
intermediate position
of the spring length, the rebound clips are located. They are loose
enough to permit the leaves to slide one on the other, and yet tight
enough to hold these leaves together when the spring rebound. The
spring eyes are usually provided with bushings or some anti frictional
material such as bronze or rubber. Shackles are a sort of links by means
of which leaf springs are connected with the chassis frame. The shackles’
provide swinging ability to the leaf springs. Due to shock on the road wheel,
the spring flattens up and increase in length rebound the spring assumes
back shape there by in length. The shackles make the springs swing in and
out.
2) To safe gaurd the occupants from road shocks.

DROP ARM

One end of the link is
connected with the chassis
frame and through the end
connection is made with the
spring by means of the
shackle bolt or pin. The
shackle pin contains a hole at
w~ a grease nipple is
screwed. lubrication is fed to
bushing through the shackle

eye
pin hole.

Different types of shackles
event vehicles. Which are

ar. :ed in
1) ‘U’ type
2)‘Y’ type (Most commonly used one)
3)Link type.

The shackle position in front and rear end are shown in Fig
REAR WHEEL INDEPENDENT SUSPENSlON

The rear wheels of the general vehicles are power driven therefore
considerable difficulties are there to provide independent suspensions. But
looking some advantages of independent rear suspensions over the rigid
axle type it is used in some vehicles. Referring Fig. 4. 13 M. and ‘Nare two
2) To safe gaurd the occupants from road shocks.

DROP ARM

coil springs in vertical positions and are mounted on the suspension arms.
The arms are jointed on rubber bushes carried by the sub-frame. The subframe incorporates Rear Wheel Independent Suspension the final drive
tasing and which is mounted on the body structure on the four rubber
mountings A, B, C .and D. The other ends of the suspension arms are
connected with the drive shafts in such a way that the shafts may be housed
inside the ends with universal drives. One sliding joint is also provided
between the two universal joints. To release the stresses gradually two
shock absorbers are provided at the tail of the suspension arms. A line
diagram of this type is also shown in Fig
Some of its drawbacks are:
1)The initial cost is high
2)Greater maintenance required
3)Misalignment of steering geometry with the wear of components.
TRANSVERSE SPRING TYPE
The upper ends of the wheel bearing supports are attacked to the
ends of the springs and the lower ends are attached to the dampers as
shown in fig. The half shafts are driven via universal joints at the differential
end.

Transverse Spring Rear

2) To safe gaurd the occupants from road shocks.

37373737264.5

SHOCK ABSORBER:

Indepentend Suspension bearing support. The spring is mounted above the differential unit. Dampers are inclined
and damp down the vibration of the spring and the wheel bearing supports. In this arrangements chassis is kept
below the transverse spring.
Advantages:
1.Unspring weight is greatly reduced
2.Provide comfortable drive
3.Less spring deflection
The shock absorber is a device which introduces resistance to the motion of the spring and road wheel so
as to damp out vibrations This resistance is obtained by causing a fluid to pass at high speeds through small
holes. The energy absorbed depends upon the viscosity of the fluid, and appears as heat in the fluid. The
advantage of the fluid type is that the fluid resistance is proportional to the square of the speed of flow through the
orifices and so increases rapidly with the speed of the suspension movement.
CONSTRUCTION:
The device consists of two valves, A and B. Rod G is attached to the two way valve A. while another,
similar two-way valve B is attached at the lower end of cylinder C. There is fluid in the space above valve A,
below valve A and also in the annular space between cylinder C and tube D, which is connected to the space
below the valve B. H is a gland in the head I and any fluid scrapped off by rod G is brought down into the annular
space through the
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Telescopic Type Shock Absorber
inclined passage as shown ‘n ~he head. The eve E is connected to the axle.
While the eye F is attached me chassis frame. The fluid generally used in
shock absorbers is a mixture of 60 percent transformer oil and 40 percent
turbine oil.
ACTION OF THE SHOCK ABSORBER
When the vehicle has come across a bump, then eye E would move
up and there by the fluid will pass from the lower side of valve A to its upper
side. But since the volume of the space above A is less by the volume of the
rod G, the fluid will also exert its pressure on the wheel.
BRAKE
BASIC REQUIREMENTL OF A BRAKE:
1. The brake must be strong enough to stop the vehicle with a
2) To safe gaurd the occupants from road shocks.
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minimum distance. The Distance should be the shortest during Emergency
braking. The distance moved by the vehicle after the application of the brake
is known is “braking distance
“.

2. The brakes must have good antifade Characteristics. In other words
the brakes should not loose their effectiveness on prolonged application.
This is only possible by- proper and effective cooling of brakes.
PURPOSE OF BRAKES:

1) To control the speed of the vehicle as well as to stop it when and
where desired quickly and efficie ntly without skidding.
2) To keep the vehicle in any possible position after it had bJen actually
brought to a complete rest when the driv~4 is not present.

These purposes are accomplished by providing two independent braking
system in a motor vehicle, i. e. service rake and a parking or emergency or
hand brake.
MECHANICAL BRAKES:
In the motor vehicle the wheel is attached to an auxiliary wheel called a
drum. The brake shoes are made .. the contact this drum. In most design,
two shoes are used with each drum to form a complete brake mechanism at
each wheel. The brake shoes have brake linings on their Outer surfaces.
Each brake shoe is linked at one end by an anchor pin, the other end is
operated by some means so that the brake shoe expands outwards the
brake linings comes into contact with the drum. Retracing spring keeps the
brake shoes into position when the brakes are not applied. The drum
encloses the entire mechanism to keep out dust and moisture. The braking
plate completes the brake enclosure, holds the assembly to the car axle,
and acts as the base for fastening the brake shoes and operating
mechanism. When the brake pedal is pressed, the cam turns by means of
brake linkage. When the cam turns, the shoes expands out wards against
the drum. A toggle lever is also used for the same purpose. The brake rub
against the drum and thus stop its motion.
TYPES OF MECHANICAL ACTUATION BRAKES:
There are in general two main classes of mechanical actuating drum
brake system. One is the Internal expanding drum brake and other is the
external contracting drum brake.
1. INTERNAL EXPANDING DRUM BRAKE: This type of brake used
most modern motor vehicles. It is formed by mounting the shoes to rule or
slide against the inside surface of the drum.
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Internal Expanding Brake

The system consists of brake drum, stationery plate, two shoes
hinged at the anchor pins, cam system to expand the shoes and a retracting
spring. Brake linings are fixed at the out sides of the shoes, For operation
when the cam, is turned, the shoes with brake linings are forced against the
drum. The brake linings create friction between the rotating drum and the
expanding shoes. Thus the force of friction opposes the direction of drum
rotation, there by stopping or slowing down the vehicle. When the brake is
released the retracting or returning spring brings the shoes back to the offposition.
EXTERNAL CONTRACTING DRUM BRAKE:
This type of brake is only used as a parking in the motor vehicle. The
system consists of drum, band with lining, operating lever with adjusting
lever and push rod with returning spring. For operation when the push rod is
operated by the hand or foot operated lever, then the lined brake band fitted
around the drum is tightened to lock or slow down the rotating drum When
the brake is released the return spring brings the band back to the off
position.
This system to atmosphere therefore the dirt is thrown between the rubbing
surfaces which reduces the braking efficiency. It has greater wear and tear
so found unsatisfactory for running brakes
.
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BRAKE SHOES:
A typical brake drum is shown in Fig Brake drums are thin cylindrical
members made of cast iron; cast iron and steel ; steel
and chrome Nickel iron They- have a composite and
centrifugal construction. In order to admit the brake
shoes, their inside ends are opened while the out side
ends are closed. ‘The outer
.

-

brake Drum most portion of the brake drums include a cast
iron liner with a steel back. In this case, the steel provides
the strength while the cast iron inner surface liner having a
high co-efficient of friction dissipates the heat more rapidly.
In certain front wheel brakes, a cast aluminium alloy drum with a cast iron liner is
also used. The diameter of the brake drums usually range between 200 mm and
375 mm. The diameters of the circles made by the out side. of the shoe-linings
are generally kept smaller than their inside diameters from 0. 25 0. 6 mm. In
order to ir’creast. dissipation of heat, ribs or fins are also provided on the out side
of
the
braking
surfaces.
-
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Wheel brakes usually contain two shoes - a primary shoe on the left
and a secondary shoe on the right provided as shown in Fig These shoes
are usually welded or riveted to the out side or bearing surface or semicircular segments of steel provided with specially treated asbestos lining~ or
made of heat and wear resisting friction materials. The brake linings
provided may be molded type lining on both shoes or even brake lining on
the primary shoe and molded brake lining on
Fig Brake Shoe the secondary shoe. The linings are usually 28 to 63 mm
wide and from 4 to 10 mm thick in case of passenger motor vehicles.
SERVO OR SELF ENERGISING ACTION OF BRAKE SHOES:

These are
modern type of hydraulic wheel brakes
of
drum
type. They have a special feature
known as
self-energizing or servo feature. To
increase
the brake pressure, the force of rotating
drum
is
utilized fully because the drum is
rotating in a counter clock wise direction (Fig 4.34) when the vehicle is
traveling forward. More over the primary shoe ~provided at the left tends to
move in the direction ot rotating drum due to its friction when the brakes are
applied. Now the primary shoe is linked to the secondary shoe at the bottom
while the secondary shoe is forced around against the anchor pin at the top.
Due to this wrapping action, both the shoes are forced into tighter contact
with the drum to cause the braking pressure to be applied more uniformly.
Fig. 4.36 Hy&aulic Brake System
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The secondary shoe will tend to move in a clock wise direction against tie
primary shoe which is forced against the anchor pin. This usually happens
when the brakes are applied as the car is in reverse.
HYDRAULlC BRAKING SYSTEM:
The hydraulic. brakes are applied by the liquid pressure.
The pedal force is transmitted to the brake shoe by means of a confined
liquid through a system of force transmission. The force applied to the pedal
is multiplied and transmitted to all the brake shoes by a force transmission
system. This system is based upon Pascal’s principle, which states that the
confined liquids transmit pressure without loss equally in all directions.
The hydraulic brake system as shown in Fig. 4.3E essentially consists
of two main components master cylinder and wheel cylinder. ~~The master
cylinder is connected by tubing to the wheel ~cylinders at each of the four
wheels. The system is filled with the liquid under light pressure when the
brakes are not in operation. The liquid is known as brake fluid: and IS
usually a mixture of glycerin and alcohol or Castor oil or denatured alcohol
and some additives.
Each wheel brake consists of a cylinder brake drum which is mounted
on the inner side of the wheel and revolves with it and two brake shoes
which are mounted inside the brake drums and do not rotate. The shoes are
fitted with a heat and
wear resisting brake
lining
on
their
surfaces.

The brake pedal is connected to the master cylinder piston by means of
a piston rod. When the brakes are to be applied, the driver depresses the
pedal, the piston is forced into the master cylinder, this increasing the
pressure of the fluid in the master cylinder and in the entire hydraulic
system. This pressure is conducted instantaneously to the wheel cylinders,
Fig. 4.36 Hy&aulic Brake System
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on each of the four brakes, where it forces the wheel cylinder pistons
outwards. These pistons, in turn, force the brake shoes out against the
brake drums. Thus the brakes are applied.
When the driver releases the brake pedal, the mast cylinder piston
returns to its original position due to the return spring pressure, and thus the
fluid pressure in the entire system drops to its original low value, which
allows retracing springs on wheel brakes to pull the brake shoes out of contact
with the brake drums into their original positions. This causes the wheel
cylinder pistons also to come back to their original inward positions. Thus,
the brakes are released.
MASTER CYLINDER:
The master cylinder is the heart of the hydraulic brake system. It
consists (Fig.4.361 of two main chambers the fluid reservoir which contains
the fluid to supply to the brake system and the compression chamber in
which the piston operates. The reservoir supplies fluid to the brake system
through 2 ports. The larger port is called the feed or intake,
-
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port and is connected to the portion of the piston between the primary and
secondary cups which act as piston seats. The smaller port is called the relief, by
pass or compensating port which connects the reservoir directly with the cylinder
and lines when the piston is in the release position. The reservoir is vented to the
atmosphere so that the atmospheric pressure causes the flow through the filler
port. The vent is placed in the filler cap. The boot covers the push rod and the
end of the cylinder to keep it free from foreign matter.
When the brake pedal is pressed the master cylinder piston moves forward to
force the liquid under pressure (Fig. 4.36 a) into the system. The relief port is
sealed out of the system. The liquid pressure is conducted to the wheel
cylinders, where it forces the wheel cylinder pistons outward. These pistons force
the brake shoes out against the brake drums.
~..
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When the brake pedal is released, the return spring quickly forces the
master cylinder piston back against the piston stop. Because the fluid in the
lines returns (Fig~ 366) rather slowly, a vacuum tends to form in the cylinder
in front of the piston. This causes the primary cup to collapse to allow the
liquid to flow from the reservoir through the filler port; pass the piston to fill
the vacuum. When the pedal is in ‘off’ position, the liquid may flow from the
reservoir through the relief port in the master cylinder, supply lines, and
Wheel cylinders to make up for any fluid that may be lost or to compensate
for shrinkage cooling of the liquid. In this way a complete column of liquid is
always maintained between the master cylinder piston rod wheel cylinder
pistons.
WHEEL CYLINDER:
Wheel cylinder is the second impgrtant component of thu hydraulic
bral~e system. A typical wheel cylinder shown in Fig 4.37~consists of two
pistons which can move in opposite directions by the fulid pressure. It is
rigidly mounted on the brake shield or backing plate. The boots protect the
cylinders from foreign substances Bleeder valves are provided in the
cylinder to permit air and liquid to be pumped out of the system during th~
l$eeding operation.

seal
of the

Piston cup fits tightly in the
cylinder against each piston and
the mechanism against leakage
brake fluid

Fig. 4.36 Hy&aulic Brake System
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CAM AND TWIN LEVER STEERING GEAR BOX:
A spring serves to hold the cups against the piston when the
pressure is decreased. When the brakes are applied, the brake fluid enters
the
cylinder from ~ brake line
connection inlet between
the
two pistons, It causes to
force
out the two pistons in
opposite directions. This
motion is transmitted to the
brake
shoes directly or torchlight
links
and force them against the
brake
drum, thus applying the
brake.
The copper-coated, tin-plated annealed steel tubing and flexible hose
are used to connect the master cylinder and the wheel cylinders. The hoses
are used to connect the lines to the front wheel cylinders to permit the front
wheel to be turned. Rear wheel cylinders are generally connected directly to
a line fastened to the rear-axle housing. The ,brake lines are attached
directly or by means of brackets to the frame or axle housings.

TO REAR —~

TO

5. 3.TANDEM
MASTER
CYLINDER

FRONT

When due to
fracture in the pipe line
BRAKES ONLY
OF~ POSITION OF BOTH THE
or due to leakage at
BRAKES
joints the hydraulic
brakes fail which may
be the cause of a serious accident of the vehicle. There fore to over come
this difficulty and to provide safety against the accidents the master cylinder
is designed in such a manner so that the separate lines go to rear and front
brakes. The lines are so arranged that if one pair of the brake failed, the
other will be still effective. A master cylinder designed on these base is
called Tandem Master Cylinder. Fig. 4.38 shows the construction and
working principle of a Tandem Master cylinder.
~0~OPERATING THE FRONT

BRAKES

BRAKES

DO

Under ordinary conditions the brake fluid will transmit pressure both to
front as well as to the rear brakes, when the brake pedal is applied. How
ever, when the front brake lines are damaged, piston (2) will move till it
comes up against stop (3). After this pressure will start building up in space
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CAM AND TWIN LEVER STEERING GEAR BOX:
between piston (1) and (2) arid rear- brakes will be applied.
Similarly when the rear brake lines are damaged no pressure will
build up in space between pistons (1) and (2). So piston (1) will
move freely till it comes up against (2). Further push at the brake
pedal will move both pistons (1) and (2) together thereby applying
the front brakes.

BLEEDING OF HYDRAULIC BRAKES:
In hydraulic brakes the air enters into the system through the joints or
when the fluid~ level has become low. Air being compressible, the effort of
brake pedal goes waste in applying brake. Until and dtfless air from the
system is removed, the brakes could not function properly. The

Bleeding of The Hvd Brake System

The construction and procedure of bleeding shown in Fig. 4.39 is as
follows: The bleed pipe is connected with the bleeder valve. The end of this
bleeder pipe is kept dipped in a bottle containing the fluid. There is another
bottle which is connected to the master cylinder filler plug by means of a
pipe. This fluid enters the master cylinder through the bleeder valve and
bleeder pipe. Finally it goes to the bottle which is connected to the bleeder
pipe.
When the pedal is pressed from time to time, the air travels along with
the liquid through the bleeder pipe and to the bleeding bottle. The air
escapes in the form of bubbles for sometime. After the pedal has been
pressed for a few times, a stage will come when only oil and no air will enter.
At this time close the bleeder valve and remove the bleeder pipe. Also,
remove the bottle with its cap at the filler plug of the master cylinder. The
whole system is now free from air. This is the procedure of bleeding the
hydraulic brakes.

Fig. 4.36 Hy&aulic Brake System

UNIT-III
ENGINE AUXILIARY SYSTEMS
FUEL FEED SYSTEM
REQUIREMENT OF AN IDEAL PETROL ENGINE FUEL:
Generally gasoline is used as a fuel in most of the petrol engine (S. I. engine). It is a mixture of
many refinary products containing paraffins, naphthenes and aromatics in different ratios. The ratio
depends upon the desired quality of the fuel. The important qualities of this fuel are as given under.
1.
2.
3.
4.

Antinock quality
Volatility
Gum deposits
Sulphur content

1. ANTIKNOCK QUALITY:
Sometimes the last part of the compressed air fuel mixture explodes thereby producing a
sudden and sharp pressure increase the knocking noise and produces a hard hammer blow on the
piston. Therefore gasoline produces always tend to minimize the knocking tendencies of fuel.
2.

VOLATILITY:

The quality with which a liquid vaporizes easily is called volatility. When a liquid vaporizes at
relatively low temperature then it is called high volatile. If it vaporizes at a higher temperature its
volatility is low. The most important aspects of volatility are as given under:
a)
b)
c)
d)
e)
f)
g)

Easy starting
Freedom from vapour lock
Quick warming
Smooth accelaration
Good economy
Freedom from crank case dilution
The volatility blend.

3. GUM DEPOSITS:
Sometimes unsaturated hydrocarbons blended in the gasoline which acidize during storage and
form a product known as gum. The gum is undesirable in the fuel. Because it deposits in carburetor,
on intake valves, piston rings and other parts of the engine thereby restricting the regular supply of
the fuel. Therefore, a good fuel must be of such a quality that neither it as gum content nor form
gum during storage.

4. SULPHUR CONTENT:
It is an undesirable content in the gasoline. Because it tends to form corrosive compound which
attacks various parts and thereby injuring the engine. Therefore, a fuel should contain a very limited
or permissible quantity of sulphur in it.
2.1.1.

OCTANE RATING:

Some fuel are more knock producing than others. The knocking tendencies are a I ways
undesirable characteristics in an engine. Therefore chemicals are the fuel to reduce them. Thus,
the Octane number rating in this is an expression which indicate the ability of a fuel to resist knock
in an engine which is termed as Octane number. as well as clean fuel from the fuel tank. It can be
conveniently used for the whole process of supplying continuously to the engine a suitable mixture
of fuel vapour and air. It is not through any other means that the necessary air for complete
combustion according to the chemical composition of the fuel can be supplied. Under all operating
conditions, individual engine cylinders are supplied with correct proportions and quantities of fuel
and air by this system. Different mixtures of fuel and air are required for performing different types of
operations for meeting a wide range of speeds, loads and temperature conditions. Relatively rich
mixture is required by the engine while accelerating or running at, high speed or pulling hard up hill.
A linear mixture is sufficient while running on the level roads with a partly opened throttle since full
power is not required under this condition. The carburetor is the device which meters, atomizes and
as distributes the fuel through the air. It automatically adjusts both the amount and proportion of fuel
and air to suit the operating conditions.
2 4 CARBURETTOR
The carburetor is a device for atomizing and vaporizing the fuel and mixing it with the air in
varying proportions to suit the changing conditions of spark ignition engines. The air fuel mixture so
obtained from the carburetor is called the combustible mixture.
The main functions of a carburetor are as given under.
i)

It preserves fuel at a constant head.

ii) It vaporizes and atomizes the fuel and mixes it with the air. Vaporization means the change

of fuel from a liquid to a vapour where as ‘atomization’ is the breaking up of fuel by
mechanical system, so that every small particle of the fuel is surrounded by air.
iii) It provides and controls the amount and strength of air-fuel mixture under varying conditions

of load and speed of the engine.
iv) It provides easy starting with the engine in cold
v)

It ensures the engine to run slowly without missing and without undue wastage of fuel,

vi) It provides maximum acceleration without hesitation to pick up speed when the throttle is
suddenly or slowly opened.
2. 4. 2. CLASSIFICATION OF CARBURETTOR:
1. According to the arrangement of float chamber
(a) Eccentric
(b) Concentric

2.

According to the direction air flow
(a)
Down draft
(b) Side draft (c) Up draft
(d) Semi-down draft.

3.

According to the number of units
(a) Simple
(b) Dual
(c) Four—barrel.

4.

According to the type of metering system
(a) Air bleed jet (b) Metering rod type

5.

According to the type of venturi
(a) Plain venturi (b) Double venturi (d) Nozzle bar venturi .

6.

According to the pressure above the fuel in the float chamber.
(a) Unbalanced (b) Balanced.

7. According to the typo of power system.
(a) Manually operated (b) Vacuum controlled.
8. According to the method of varying mixture strength
(a) Constant choke carburetor
(b) Constant vacuum carburetor.
2. 5. SIMPLE CARBURETTOR:
A simple carburettor shown in Fig. 24. Consists of the round cylinder with constricted section of
a fuet nozzle, a throttle valve and e float chamber. The round cylinder’ called air horn and
‘constricted sectio is the venturi.

venturi and float chamber are connected by the fuel nozzle. The throttle valve can be tilted to open
or close the air horn. The construction and function of each part of the carburettor are as:
VENTURI:
A venturi is a narrow space in the cyilndrical air horn, through which the air passes. As the
same amount of air must pass through every point in the air horn, its velocity will be the greatest at
the narrowest point. The more this area is reduced, the greater will be the velocity of air. The
opening of the discharge jet is usually located just below the narrowest section of the venturi so that
the section is greatest.
The spray of gasoline from the nozzle and the air entering through the venturi are mixed
together in the mixing chamber which is just below the discharge jet. In this chamber, the
vaporization and atomization of the gasoline take place and it mixes with the air, so that the
combustible mixture is produced. This mixture passes through the intake manifold into the cylinder.
THROTTLE VALVE:

Fig. 2. 4 Simple Carburetor

The throttle valve is a circular disc, It is located in the mixing chamber of the air horn. It can be
tilted
to proportions of air fuel mixture at different speeds. Different method for providing compensation
are
(1) air valve regulation
(2) compensating jet
(3) air bleed compensation.
(4)Multi jet compensation
(5) Suction compensation.

2. 6. 1. AIR BLEED COM PENSATION:
shows the detailed construction of a carburettor nozzle with provision of air bleed
compenstaion. The jet tube is provided bleed hotes around its periphery.The jet tube is fixed in a
reservoir and assembly is covered by another inverted tube. The reservoir is open to the
atmosphere by means
holes provided in the tube. When engine is not running then fuel will maintain level A-A. In the
begining the engine needs a richer mixture and after starting a weaker mix Air Bleed Comoensation
ture. When engine is started then due to suction the nozzle tip supplies a sufficient quantity of fuel to
start it. As the engine speed is increased more suction is developed ~t the nozzle thus nozzle tip
becomes empty thus allowing the air run through the holes of and air bleed holes into the jet tube.
Thus diverts part of the air suction through the jet tube and decreases the flow of the fuel. In this
way with the help of air bleed compensation a desired quantity of fuel is supplied by the nozzle for a
different speed of the engine.

6. 2. VARIABLE JET OR COMPENSATING JET

In a carburettor in addition to main nozzle, when an extra fuel supply nozzle restricted by an
orifice is provided, then this circuit of fuel is known as compensating jet system. Refer Fig A is the
main nozzle and B is the submerged or compensating jet. is the well which is open
to atmosphere When the engine is not running the fuel levelin the main nozzle
compensating nozle and the well C will be available at
the same level as in the float
chamber.The main nozzle is connected directly to float chamber and it will supply richer mixture at
larger throttle openings. But the case is different of the
submerged Comoensating Jet. When
the engine is just started and the throttle valve is open a bit, small engine suction is applied, which
draws fuel from the well C through delivery tube D, till the well C becomes empty. Further opening
the throttle, therefore, does not increases the fuel flow through the compensating jet; it remain
constant. However, the air flow is nevertheless in creasing. As a result the higher speeds result in
weaker mixtures through the compensating jet. The result is shown in In this way a uniform mixture
of constant

2.9 DIESEL FUEL FEED SYSTEM:
The diesel fuel feed system ensures that the diesel oil is injected into the cylinders at the correct
time. It consists of a diesel tank, feed pump, filter, injection pump, injector and connecting lines
FIG.2. 17 shows the fuel feed system for a four cylinder diesel engine. The diesel fuel is first sucked
by the feed pump. This is forced through
filter to injection pump. The filter filters all the miniute Ist particles. When the prsssure in the filter
increases, a ~rtain amount of fuel is released. This released fuel returns
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F1G.2.17 Diesel Fuel Feed System

to the tank. The injection pump get the fuel from the feed pump. In injection pump there are
plungers. By the operation of plunger the fuel reaches the injector. The fuel is Sprayed’ through the
injector into cylinder. A certain amount of fuel which is not injected returns to the tank.
2.9.1FUEL INJECTOR:
The purposes of the fuel injector is to injector a small volume of fuel in a fine spray and, to
assists in bringing each droplet into contact with a sufficient oxygen to give quick and complete
combustion.
FIG.2.18 shows a fuel injector. It consists of a needle valve is pressed on its seat in the nozzle
by a plunger or spindle. A compression spring controls the pressure upon the plunger by which the
needle opens.
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A circuit diagram for the flasher indicator is shown in
nozzle is attached to the bo!y of the injector by capnut, The fuel enters the nozzle through drillings in
the injector body. The fuel may pass from a gallery down the sides of the lower parts of the needle
valve, or it may through an annUlar groove in the’ nozzle and pass through drillings to a point just
above the nozzle seat. The body of the nozzle holder provides access for the fuel and an outlet for
the fuel that leaks into the area occupied by the spring.
When the needle valve is raised from its seat by the pressure of the fuel acting on the conical or
stepped face of the valve, the injection of the fuel takes place. When the injection pressure falls
below the spring pressure, the valve closes. This action tends to setup an oscillation of the valve
during each injection and consequently breaks the fuels into small particles. Fuel leakage past the
needle valve stem enters the upper part of the injector and is returned to the pump suction chamber
or to the fuel tank. Fuel
leakage provides lubrication for the valve stem.
2.9.2

TYPES OF FUEL INJECTION NOZZLES:

For adequate mixing of fuel particles with sufficient air for complete combustion of the fuel it is
necessary thai the correct shape of spray suitable to the combustion chamber as well as proper
penetration of the air change should be provided. There are in general four types of nozzles used in
injection.
(1)

Single hole (2) Multihole (3) Pintle type and

(4)

Pintux type

For adequate mixing of fuel particles with sufficient air for complete combustion of the fuel it is
necessary thai the correct shape of spray suitable to the combustion chamber as well as proper
penetration of the air change should be provided. There are in general four types of nozzles used in
injection.
(1)

Single hole (2) Multihole (3) Pintle type and

(4)

Pint~ux type

SINGLE HOLE:

A single hole nozzle FIG2.l9a has one hole at centre. The fuel is sprayed through this nozzle.
MULTI-HOLE:

PINTLE NOZZLE
These nozzles have many holes arrani around the nozzle in a circle. The number, size, and
angle of the holes may vary according to the engine.
The nozzic FJG.2.19c provides a soft form of spray operatiny at a low injection pressure of 80-100

A circuit diagram for the flasher indicator is shown in
atmosphere or 8-10 KN/Sq. met. This seif clearing nozzle having a small cone extension at the end
of the needle produces a conical spray pattern. As it leaves the injector, the

Nozzles
velocity of fuel increases. The
emission of the conical spray between the
needle pin and the orifice wall due to the pin on lower end of the needle being tapered inward, the
spray cone in this type is generally kept at 600 angle.
PINTAUX NOZZLE:

With normal design of the
pintle or single hole nozzle the fuel is
sprayed tangentially in to the
spherical chamber, of the engine. In this way
the fuel is not sprayed in to the hottest zone or towards the centre of the chamber. And for cold
starting the engine needs heater plugs. Therefore to overcome the heating difficulty of the engine
the nozzles are designed of pintaux type as shown in
At starting the nozzle valve is lifted slightly thus the pintle hole is not cleared and the fuel is only
discharged through the auxiliary hole into the central hot zone there by obtaining better cold starting
performance. When engine reaches to its normal speed then the needle valve is lifted from the
pintle hole of the nozzle to pass the fuel through the pintle hole and entering the chamber
tangentially. In this way this type of nozzle provides both the advantage of cold starting as well as of
normal runnin9 of the engine.
FUEL INJECTION PUMP

–

PLUNGER TYPE:
The purpose of the injection pump is to deliver the metered amount of fuel exactly at the
correct moment to the spring loaded fuel injector. The delivery pressure of this pump is of 150 to
175 atmospheres, which is sufficient to open the spring loaded valve of the fuel injector. There by
allowing the high pressure fuel to spray into the combustion chambers.
CONSTRUCTION:
The mechanism and the most important parts of the single element pump is shown in the
figure. .2.20 ‘It comprises a plunger and barrel; delivery valve and its seating; which are always kept
together and the individual components of which are not interchangeable. The barrel consists of two
inlet ports, through which the fuel enters from the gallery to the barrel. The plunger of the pump
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consists of a vertical channel extending from it upper edge to an annular groove, the top edge of
which is cut in the form of a helix as shown in the figure. 2.20a
~
In recent designs a plunger consists of a cen:ral hole instead of the channel and a helical
groove instead of helix and annualar groove. The lug or lower part of the plunger is engaged in the
slot of the toothed sleeve. The rotary movement of the toothed sleeve with the plunger is con. trolled
by means of sliding movement of the toothed rack,. A spring loaded delivery valve is fitted on its
seating provided at the top of the pump barrel. Referring the fig. 2.20.b the force of the valve spring
always presses the

delivery valve on its seat. The delivery valve is guided through its stem in the valve holder.It acts as
a one
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way valve and during the fuel delivery stroke it is lifted from its seat so that the fuel can flow along
the longitudinal grooves and over the valve face into the delivery pipes
OPERATION:
For the working principle of the pump, say the plunger is at

itE

bottom dead centre start~ng
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position Under this position the two fuel inlet ports are uncovered from the sides of the plunger
thei~a by allowing the fuel to enter the barrel under feed pump pressure. As the plunger moves
upwards the edge of it cuts-off the fuel supply. Now the space above the plunger is full of fuel.
Further upward movement of plunger tends to lift the delivery valve against the pressure of its spring
and hence entering the fual through the pipe to the injector. This delivery of the fuel from injection
pump .remains continue till the helix of the plunger opens the port in the barrel, thus communicating
the fuel above the plunger to the gallery, via the vertical slot and than cutting-off fuel delivery to the
injector. The fuel delivery to the injector is increased or decreased by the rack and pinion
mechanism. The movement of fuel cut-off by the plunger can be carried to any desired extent.
Similarly if the plunger is rotated in such a way that vertical groove is opposite the right port, then
there will be no pumping action because under this position the top of the plunger remains
connected with the inlet port. This corresponds to the zero delivery and this position is called stop’
position of the pump.
FIG.2.20c shows how the rotation of the plunger affects the quantity of the fuel injected.
FIGURE A:
(i)

The plunger has been rotated into shut off

position.
(ii) The slot connecting the top of the plunger will the recess, is in line with the port.
(iii) No fuel can trapped and injected in this position
The starting motor or the cranking motor is direct current motor which cranks the engine for
starting. Cranking the engine means to rotate the crank shaft by applying torque on it so that the
piston may get reciprocating motion. The starting motor is mounted on the engine flywheel
housing. It is series wound and designed to operate on large currents at low voltage. I: must be
capable of ex erting a very high torque when starting and at low speeds4 The armature and fields
are built with thick wire to keep the resistance low and to enable them to carry large currents with
out over heating. The faster it turns, the less current it draws, the slower it turns, the more torque it
develops. The starting motor voltage is generally 12 volt on passenger cars.
The operation of the motor is that when the current passes through the armature then it acts
as an electromagnet produced in the motor fields As soon as the armature is turned by half
rotation the segments of the commutator charge brush thereby changing the direction of the
current flowing through the armature winding and reversing its polarity. This action forces the
armature to rotate another half revolution. This process remains Continue and thereby rotating the
motor armature.
Certain forms of drive mechanism is usually provided at the end of the armature shaft. It helps
the m3tor to start the engine. The starter drive is mainly concerned with the method of linking the
starting motors to the engine flywheel for cranking the engine until it starts and disconnecting it
automatically when the ertgine has started running. For this purpose a set of gears or a friction
drive such as a gear :eduction system is generally used to engage
engage the starting motor with the engine flywheel. To provide the most efficient working
condition, gear reduction of the order of 15:1 is most suitable.
5~2.1 DIFFERENT TYPES OF STARTING MOTOR:
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The starting motors use U SLIDING PLUI~GER.

either two pole windng or four pole winding.

i

TWO POLE WINDING For LA
two pole field winding as shown
battery divides when it enters
separate field winding from the
commutator of the armature
The current in the armature
that adjacent to the face field
repulsive forces that turns the
returns to the battery throught

light duty the motor~s are made with
in Fig 5.2. The current from the
the motor, each branch leading to
fields the current is led to the
through the two insulated brushes.
creates simultaneously four poles
poles to produce the attractive and
armature. The armature current
the two grounded brushes.
T, •R
-FIELD COIL
POLE SHOE

Four Pole Starting Motor
POUR POLE FIELD
WINDING: For large engines
the starting motors are made with four—pole field winding as shown in Fig. 5.3. It is used in large
engine in order to develop motor torque. It operates in the same manner as the two-winding type.
5.2.2 STARTING MOTOR SWITCHE: Different types switches used to connect the starting
motor with the
Two Pole
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Solenoid Switch
A heavy duty foot operated switch was used in some early models. A magnetic switch, also known
as solenoid switch or starter relay is used in many present day models, It consi3ts of a plunger,
contact disc, winding terminals and necessary connecting cables. The switch is connected between
the starting motor and the battery. The current from the battery passes through the pull in winding to
form a strong electromagnet; when the Switch is on and circuit is completed to ground. The
electromagnet attracts the plunger against the spring, which causes the two terminals connected by
the contact disc. This makes the circuit complete between the, battery and the starting motor.
When the switch is off, the circuit through the electromagnet winding is broken. The spring
moves the Plunger and the disc back to open the connection between the battery and the starting
motor.
The manual switch is operated by hand. When the 2lunger is pressed, it makes contact
between the two connect the battery from the starring motor.
3.2.3 STARTER MOTOR DRIVE MECHANISM:
The starting motor is linked to the engine flywheel through set of gears. A pinion gear is
attached fo the Starter armaure which drives a ring gear attached to the flywheel. The irrangement
is so made that the two gears engage ro crank he engine until it starts and then disengage
automatically
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when the engine is running. The gear ratios about 15 1. The armature rotates. 1 5 times to cause
the flywheel to rotate once. Thus the cranking motor requires only one fifteenth as much power as
would an electric motor directly coupled to the crank shaft. The armature may revolve at about 2000
to 3000 rpm when the cranking motor is operated and hence the flywheel will rotate as high as
200rpm.
When the engine, starts, its speed may increase to about 3000 rpm. If the pinion is still in mesh
with the fly wheel, it will revolve the armature at about 45000 rpm, which is very high speed. At this
speed, the centrifugal force would cause the conductors and commutator segments to be thrown out
to the armature damaging the motor. Hence the pinion must be disengaged from the flywheel, after
the engine has started The automatic engagement and disengagement of the motor with the engine
flywheel and is obtained with the help of drive arrangement.
BENDIX DRIVE:

Bendix Drive

The bendix drive is shown in Fig 5.5. The drive head is keyed to the end of that armature shaft.
The pinion gear, having internal threads, is mounted on the threaded sleeve, just like a nut on a bolt.
The sleeve is not connected directly to the shaft of the starting motor but uses it only as a bearing. A
spring is attached to the drive head and also to the sleeve. it is fastened to the armature shaft of the
starting motor
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wnen we staring motor Is at rest, the pinion gear is not engaged with the flywheel. When the
starting motor is switched on, the armature begins to rotate. This causes the sleeve to rotate also
because the sleeve is fastened to the armature shaft through a spring. The pinion because of its
inertia of rest and its unbalanced weight, turns very little, but it moves forward on the revolving bolt,
until it engages with the teeth of the flywheel. The slight turning of the pinion gear helps to engage it
propery with the flywheel. When the pinion gear strikes with the collar, it begins to turn the sleeve,
causing the flywheel to turn with it. When the fly wheel turns, the crank shaft also turns and the
engine starts. The sprinb between the armature shaft and the threaded sleeve takes the shock of
the start.
After the engine starts, the pinion gear is turned by the engine much faster than when rotated
by the starting motor. This causes the pinion gear to turn back on the sleeve, making it disengaged
with the flywheel,
2.FOLO THRU DRIVE:
The folo-thru drive is very similar to the Bendix drive. The difference is the Folo-thru drive keeps the
starting motor engaged with the flywheel untill a predetermined engine speed is reached but in
Bendix drive it is not so. In the Folo-thru drive, Fig 5.6 the threaded sleeve is attached to the
armature shaft through a sprral spring. A pinion is mounted on the
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Fob Thru Drive

threaded sleeve. The pinion base has two small spring loaded pins, a lock pin and an anti drift pin.
‘he anti drift pin is similar to the lock
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stronger spring. The anti drift pin rides on the anti drift slope on the threaded sleeve and keeps the
pinion from drifting into the ring gear, when the starter is not in use. It imposes a friction drag that
holds the pinion in the dissented position The lock pin drops into -a detent in the sleeve thread as
the pinion moves out of the cranking position. This holds the pinion engaged with the fly wheel
during cranking It prevents the pinion from being disengaged by a false start, during which the
engine might fire few times and then die. the pin Jon is thus held in engaged position, and cranking
continues until the engine really gets started.
.

After the engine has started and the engine speed increases, the centrifugal force on the lock
pin moves it out of detent, and the pinion disengaged from the flywheel.
The overrunning clutch prevents the starting from being. damaged, when the engine speed is
greater than the starting motor speed. In this condition, the pinion, still engaged by the lock pin, over
runs the threaded sleeve and ratchets over the clutch teeth. If the engine speed slows down the
pinion automatically resumes driving the flywheel as soon as the speed of the overrunning parts
decrease to the starting motor method. This int6rrnediate operation will continue until the engine
speed increases to disengage the pinion from the flywheel.
3 OVER RUNNING CLUTCH DRIVE:

TERMINAL FOR—
BATTERY CABLE

t-MOTOR

/~\
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CLUTCH

Over Running Clutch Drive
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Fig Shows the overrunning clutch drive. The starter lever is linked to a starter pedal which
extends into the driver’s compartment and is operated by the foot pressure. When the starter pedal
is pressed, the shift lever compresses the drive sleeves and spring which ultimately pushes to
overrunning clutch and pinion gear assembly toward -the flywheel. The starter switch is closed by
the shift lever when the starter pedal is fully pressed. As soon as the starter switch is closed, the
pinion gear will turn and engage with the flywheel, thus starting the engine. When the engine starts,
the over running clutch comes into action. The unit is so designed that, as the starting motor turns
the pinion is driven through the over running clutch. But as soon as the engine starts the pinion
turns much faster then the starting motor, due to which it slips back wards into the over running
clutch. When the starting switch is opened, the engaging lever releases the pinion from the flywheel
gear.
The over running clutch (Fig ) consists of an outer shell and the pinion collar assembly. The
outer shell has fair hardened steel rollers fitted into four notches. The notches are concentric, but
are smaller in the end opposite to the plunger springs. When the clutch shell is turned by the armature shaft, the rollers are wedged in the notches to force the
collar to turn wlth the shell. Since the collar drives the pinion gear, this action enables the armature
to rotate the pinion cranking the engine.
After the engine starts,
than the armature, so that
larger sections of the
This allows the penion to
clutch. When the shift lever
shift lever pulls pinion back

it turns the pinion gear faster
the rollers are rotated into the
notches, where they are free.
over run thd remainder of the
is released, a spring on the
out of engagement.

Fig Over Running Clutch
4. SOLENOID SHIFt

Fig.Solenoid Shift

In this system the starting motor consists of a solenoid unit provided with a soft iron plunger.
When current is passed through the solenoid winding then it attracts the plunger thereby operating
the shift lever thus to engage the pinion with the flywheel gear.
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Tlw moment of the plunger also operates the contact disc of the direct switch. the circuits of
which are shown in Fig. 5.8 The solenoid unit is provided with two windings. a shunt and a series.
When the starter switch is closed then the battery current flows to both the coils. Thus due to
electromagnetic force plunger is attracted to shift the pinion gear. As soon as the pinion is engaged
the plunger pushes the contact disc thereby connecting the motor with the batteries Under this
position of the disc, the battery current also passes through the series coil which is connected
parallel to the terminals. When the engine is started the current following

IGNITION SYSTEM:
The spark ignition engines require some device to ignite the compressed air-fuel mixture inside
the cylinder at the end of the compression stroke. Ignition system serves this purpose. It is a part of
electrical system which carries the electrical
current to spark plug which gives spark to ignite the air fuel mixture at the correct time. Some
systems use transistors to reduce the load on the distributor contact points. Other systems use a
combination of transistors and a magnetic pickup in the distributor. There are two types of ignition
systems Used in petrol engines.
1. Battery ignition system (or coil ignition system)
2. Magneto ignition system.
Both the ignition systems are based on the principle of mutual electromagnetic induction. The
battery ignition system is mostly used in passenger cars and light trucks. In the battery ignition
system, the current in the primary winding is supplied by the battery whereas in magneto ignition
system, the magneto produces and supplies current to the primary winding.

5. 6. 1, BATTERY COIL IGNITION SYSTEM:
Fig. 5.12 Battery Coil Ignition System

Fig. 6. 12 shows the
ignition Systems. It consists of
ammeter, switch, ignition coil,
contact breaker, distributor and

battery
coil
a
battery,
condenser,
sparkplug.

The primary ignition circuit starts at the battery and passes through the switch, ammeter,
primary winding contact breaker points to the ground. A condenser is also connected in parallel to
the contact breaker points. One end of the condenser is connected to the contact breaker arm and
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the end is surrounded. condary ignition circuit is not connected electrically to the primary ignition
circuit. It starts from the ground and passes through the secondary winding, distributors, spark plug
to the ground.
The ignition coil steps up 6 to 12 volts from the battery at the high tension volta9e of about
20000 to 30000 Volts required to jump the spark at the sparkplug gap, which ignites the combustible
charge in the cylinder. The rotor of the distributor revolves and distributes the current to the four
seg~nents which inturn, send it to the spark plugs. The purpose of the condenser is to reduce arcing
at the breaker points and thereby prolong their life. Because the ignition system is four cylinder
engine, the cam of the contact breaker has four lobes. It makes and breaks the contact of the
primary .circuit four times in every revolution of the cam.
When the ignition switch is on, the current will flow from the battery through the primary
winding. It produces magnetic field in the coil When the contact points open, the magnetic field
collapses and the movement of the magnetic field induces current in the secondary winding coil.
Because the secondary winding has many more turns of fine wire, the voltage increases unto 30000
volts. The primary winding consists of 200-300w turns of thick wire. About 1 5000 Volts are
necessary to make the spark jump at 1 mm gap. The distributor then directs the high voltage to the
proper spark plug when it jumps the gap, producing a spark which ignites the combustion mixture in
the cylinder.
5.6. 2. FLY WHEEL MAGNETO OF TWO WHEELERS:

The magneto ignition system
its own. It does not depend on any
is used in motor cycles. It is also still
as tractors and fire engines.

generates the ignition current on
battery or generator, This system
being used in a few vehicles such
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Figure shows the fly wheel magneto of two wheelers. When the fly wheel is rotating, the cam
also rotates.This cam breaks the contact points. There is acondenser,contact breaking points and
an inductioncoil.The induction coil,contact breaking point sand condenser do not rotate The horse
shoe magnet which fitted with the Fig. Fly Wheel flywheel is also rotated.Magneto of Two Wheelers
5. 7. IGNITION COIL:

Fig Ignition Coil
The ignition coil is a transformer which steps up 6 td’ 12 volts of the battery to the 6,000 to
20,000 volts, thereby obtaining a spark at the electrodes of the plug.
Referring fig. 5. 14 the ignition coil consists of a metallic clad or case in which an iron core is
placed. The inner cylindrical surface of the case is HIGH TENSION provided with a magnetic yoke. The
coil consists of two ‘Windings the primary and the secondary. The primary winding contains about
200-300 turn of copper wire of about 20 SWG and the secondary winding contains about 15,000
20,000 turns of copper wire about 40 SWG. The winding wires are provide with a thin coat of
enameled insulation.
-

First the secondary coil is wound over the core and then the primary winding is done over it.
The two terminal so the primary winding are taken out from the case, one of which connected to the
battery and the other with the contact breaker arm as shown in the Fig Out of two ends of the
secondary winding one is connected to the spark plugs through the distributor while the other end is
starthned by means of interconnection with the primary winding. The lower end of the iron core is

A circuit diagram for the flasher indicator is shown in
installed in the porcelain base while the upper end is supported in a bakelite cap provided at the top
of the case.

In primary circuit the contact breaker points are opened and closed by means of rotating cam
provided in the distributor. When the ignition switch is on and the contact breaker points are closed
then the current from battery flows through the primary winding and which builds up a magnetic
field. When the breaker points are in open position and this magnetic field collapses, cuts across the
secondary winding and induces a high voltage. The induction of the voltage depends upon the rate
of collapse of the magnetic field as well as the ratio of secondary to primary turns on the coil
windings. This high voltage intern when supplied to the spark plugs then it produces spark across
them which ignites the fuel air mixture already compressed in the engine cylinder.
In order to illuminate the roads and highways sufficiently for safe night driving a lighting system
is generally used in motor vehicles.
LIGHTING SYSTEM
As shown in Fig the circuit starts from battery. After passing through the ammeter or charge
indicator and a fuse or circuit breaker it reaches
the particular light switch. The brake system
controls the stoplight circuit by stoplight switch
which is closed when brakes are applied. The
light switches provided on the instrument panel
control all other lights. Three positions parking,
head lamp and off positions are provided in this
switch: The circuit to the parking’ lights, tail lights
license plate light and instrument light is
completed when this switch comes in the parking
position. In the head lamp positions, the current
is sent to all the head lamps, tail light, license
plate light and instrument plate by the light
switch. A foot operated dimmer switch which
indicates whether the current goes to the upper
or lower beam fil aments is also provided in the
head lamp circuit.
-
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In order to protect those lights from over loads and short circuiting, a common fuse or circuit
breaker or separate set off fuses for each individual light are provided~
DIRECTION INDICATING SYSTEM:
Directional signals are used in most cars to indicate the in which ‘the driver intends to turn his
car. The lighting circuit of directional signals is connected to that at Fig. of the parking lights in the
front and rear of the car, so that the attention of the other drivers, coming from the front or rear is
carefully attracted while the car has to take a turn. It actually prevents the accidents. The light of the
directional signal flashes about 80 times per minute to attract the other drivers. The directional
signals are attached on each side of the car and the flashing light is visible from both the front and
rear sides.
The direction signal lights are operated either manually or automatically. The switch lever for
operating the mechanism is located under the steering wheel or opposite to the gear shift lever,
and is flipped down for left turns and up for right turn. The automatic turn off is accomplished by a
mechanism that breais the circuit when whell turns to straight ahead position. The right and left
pivot lamps on the instrument board in the form of arrows flash when the directional signals

on the corrosponding sides in operation.
FLASHER UNIT

IONITION
SWI TCN

Fig In this there is an electromagnet coil winding. One main armature and contacts, and other
secondary armature and pilot contacts. The actuating wire has a special property. ie its length
increases when it is heated by a current and decreases when it cools down.
In the figure the current flows from the battery to terminal(B). norm this point the current flows
to point (L) through blade, the left open contact, actuating wire, ballast resistor and fixed contact
Further it goes around the electromagnet coil winding and reaches point(L). From (L) the current
flows to the two indicator lamps. (right or left) In this stage the reduced current flows in the cfrcuit.
This reduced current is not sufficient to illuminate the lamps. When the current flows through the
actutating wire it expands. There is a contact at the end of the left hand blade. This contact meets
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other fixed contact. This happens due to the attraction of the electromagnet pole prece. Now the
actuating wire and ballast resistance cut out of the circuit. So full current flows from terminal (B) to
terminal (L) along the closed contact round the coil winding. Thus the lamps get illuminated. When
the actuating wire cool down, it break the contact. Full current is then cut out from lamp. Thus, the
full current flow and much reduced flow take place alternately. This series causes the periodical
flashes at flasher lamps.

FUEL GAUGES:

FuelGauge

The fuel gauging system consists of a fuel gauge mounted on the dashboard and tank
unit in the fuel tank, the circuit diagram being shown in Fig The fuel gauge indicates the level
of fuel in the tank according to the position of the tank unit float, a limited reserve of fuel
being present in the tank when the gauge shows ‘empty’. The hinged float rises and falls
according to the level of the fuel, and moves a contact arm over a resistance coil. In this way
the current following in the circuit is varied. and the variation is communicated to a meter mounted
on the facial the meter being calibrated to indicate the quantity of fuel in the tank.
OIL PRESSURE GAUGE:
An oil pressure gauge mounted on the instrument panel of all cars equipped with pressure
lubricating system to- tell the driver what the oil pressure is in the engine. shows balancing coil type
pressure gauge. It consists of two separate units the engine unit and the indicating unit. The engine
unit consists of a moving contact Pressure Gauge that moves over resistance according to the
varying oil pressure against a diaphragm. As the pressure increases, the diaphragm moves inward
which the contact moves along the resistance so that more resistance is placed in the circuit between the engine and indicating unit. This reduces the amount of current flowing in the circuit. The
indicating unit consists of two coils that balance the movement of the pointer on a scale, in a
manner similar to electrically operated fuel gauge.
-

5. 16. TEMPERATURE GAUGES:
To know the temperature of the engine while it is running, is an important consideration
because a slight negligence may cause a serious engine accident. The engine temperature is
indicated by means of a gauge mounted on the dash board of the drivers Cab. If the temperature
goes too high than the
driver at once stops the vehicles and gets the engine to be coded.
shown electrically operated temperature guago. It consists of two units, engine unit and
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dash unit. The dash unit consists of two coils, pointer, armature and a dial. The engine unit consists
of a resistance which is effected with the variations of engine temperatures. Engine unit is
connected to the coil A of dash unit with the help of a metallic wire. The coil B of the dash unit is
connected through an ignition switch to battery. As the temperature of the engine increases, the
value of the resistance decrease thereby flowing more current through the A, and increasing the
e.m.f. built up there, Under this condition a magnetic pull towards coil A is developed on the
armature. This action moves the pointer attached with the armature to show the higher temperature
on the dial.
5. 17. WIRING CABLES:
In order to carry current to the various electrical units and components, cables are used. For
easy identification, the cables having different colored covers should be used for different circuits
particularly the cables emerging from a protective joint or junction box. Many simple circuits involve
the component, its switch and three wires, feed, switch wire and return are considered to be
included in the electric system of a motor vehicle. Generally feed wires as

UNIT-I

TRANSMISSION SYSTEM
CLUTCHES
TYPES OF FRICTION CLUTCHES:
The clutches used in motor vehicles are almost very similar in construction and operation.
There are some differences in the details of the linkage as well as in the pressure plate
assembly. In addition, some clutches for heavy duty application have two friction plates and an
intermediate pressure plate.
Different types of clutches are as follows
1. Friction clutches
a) Single plate clutch.
b) Multi plate clutch (i) wet (ii) dry
c) Cone clutches (i) External (ii) Internal
SINGLE PLATE CLUTCH:
A simplified sketch of a single plate clutch is given In the Fig. 3. 3. It is most common ‘type of
clutch used in motor vehicles. Basically, it consists of only one clutch plate (Fig. 3. 4) mounted
on the splines of the clutch shaft. The clutch plate is held between the flywheel and the pressure
plate is bolted to the fly
wheel through the clutch spring
and is free to slide on
the clutch shaft when the clutch
plate is operated. There
are six springs (the number may
vary depending on the
design) arranged

FACIN
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TORSI provide axial force to keep
ON
position. Friction linings are
SPRIN
to the clutch plate on both sides to provide two G
annular friction surface for the
transmission of power. Due to the friction between the flywheel, clutch plato and pressure
plate, the clutch plate revolves with the flywheel. As the clutch plate revolves, the clutch shaft
also revolves. Clutch shaft is connected to the transmission. Thus the engine power is
transmitted to the crank shaft to the clutch shaft. A pedal is prov,ded to pull the pressure plate
against the spring force wherever it is required to be disengaged. Ordinarily it remains in
engaged position as shown in the Fig. 3.3

circumferentially which
the clutch in engaged
attached

When the clutch pedal is pressed, the pressure plate is moved to the right
against to the force of s’ring, and the clutch plate becomes free between flywheel and
the pressure plate, This is achieved by means of a suitable linkage and through bearing.
With this movement of the pressure plate, the friction plate is released and .the clutch is
disengaged.
MULTIPLATE CLUTCH
Multi plate clutch consists of a number of clutch plates, instead of only one
clutch plate as in the case of single plate clutch. As the number of clutch
plates are increased, the friction surface also
increase. The increased number of friction
surface obviously increases the capacity of the
clutch to transmit torque Ihe plates are
alternately fitted to the engine shaft and the
gear box shaft.
In this cluth there are four pressure plates and
four friction plates as shown in Fig. 3.5 These
pressure plates are linked to the clutch cover by
means of studs. The clutch cover is fitted to the
fly wheel. The first friction plate is between the
first and second pressure plate. The second
friction plate is between the second pressure
plate and third pressure plate and so on. The
link mechanism is the same as the one used in
the single plate clutch. The friction plates are
connected to the clutch shaft by means of splines arrangements.
While the flywheel is rotating the pressure plates rotate and press against
the friction plates. This cause to rotate the friction plate also. The clutch
shaft is then rotated. When the pedal is pressed the flywheel continues

to rotate. The friction plates are then released. This happens because they are not fully pressed
by the pressure plates. The friction plates are thus free of rotation. The clutch shaft also stops
rotating.
The multi plate clutches are used in heavy commercial vehicles, racing
cars and motor cycles for transmitting high torque. the multi plate clutches may be dry or wet.
When the clutch is operated in an oil path, it is called wet clutch, The wet clutch are generally
used in connection with, or as a part or the automatic transmission.
MOTOR CYCLE CLUTCH:
In a motor cycle, a single plate clutch is not able to transmit the power from
the engine~ to the gear box, Therefore, a multi plate clutch is used. Multi plate clutch ‘consists of
a number of clutch plates, instead of only one clutch plate as in the case of single plate clutch. As
this number of clutch plates are increased, the friction surface is also increased. The clutch is
always kept immersed in oil. Due this the surface of the
plate do not get too heated,
The various parts of the motor cycle multi plate clutch are
shown in Fig.~.6. There are four clutch disks, four
pressure plates, a hub and springs. When the control
lever 1~2~perated the clutch gets disengage Then that.
presser

Fig.3.6 Motor Cycle Clutch

plates do not press on the clutch disks. Thus there is no transmission from the flywheel to the
gear box. When the clutch lever is not ,n operation, the clutch gets
engaged. The clutch disks do not get pressed by the pressure plates. The power is not
transmitted from engine to the gear box. The clutch disks carry a clutch lining on both its sides.
This develops the adhesive friction required for the operation of the clutch.
DIAPHRAGM CLUTCH:
The construction of this type of clutch is similar to ~that of the single plate
type of clutch except that here diaphragm springs are used instead of the ordinary coil springs.
In the free Condition the diaphragm spring is of conical form but when assembled, it is
constrained to an approximately flat condition because of which it exerts a load upon the
pressure plate. A diaphragm spring type

clutch is shown in the Fig. 3.7a shows the clutch in the engaged position and Fig. 3.7 in the
disengaged position. When the clutch is engaged, the spring pivots on the. rear pivot rings as it
is held in the clutch over, so that its. outer ring contacts pressure plate, In this conical position of
spring the clutch plates remains gripped, between the fly wheel and the pressure plate.
When the clutch pedal is pressed. the throughout bearing moves towards
the flywheel, pressing the centre portions of the spring, which causes the rim to move backward.
This removes the pressure on the pressure plate and the clutch is disengaged.
This type of clutch has some advantages over coil spring type clutches. It
needs no release levers. The spring itself as series of levers. The pressure of the spring

increases the flat position is reached and decreases as this caution is passed. The driver does
not have to exert such heavy pressure to hold the clutch disengaged as with the coil spring type,
The fluid flywheel or fluid coupling is a hydraulic clutch. It is variably used in
connection with epicyclic gear box in heavy vehicle application.

(e.g.) Ashok Leyland Tiger.

The fluid fly wheel (Fig.3. 8) consists of a split housing rotated with the engine.
Inside this housing is a turbine(or driven motor) which is connected by a shaft to this gear box.
The housing rotated by the engine is known a~ the pump. The pump is divided up into a number
of cell~ correspond to similar openings in the turbine. The fluid fl~ wheel housing is filled with
the oil. As the driving member rotates, the fluid flows outwards under the action of centrifugal
force, and circulates from the pump cells to turbine cells. Because the fluid is also being carried
round by the pump member, the fluid tends to rotate the turbine. In fluid flywheel the pump and
the turbine should not rotate a the same speed because of they rotate at the same speed fluid
circulation will seize. Hence the turbine speed will be less than that of the pump. This known as ‘
Slip’ At maximum efficiency the amount of slip become 2% The slip being greater at lower
speed. Complete disconnection of the drive is not possible with fluid coupling and it is no
suitable for use with an ordinary gear box.
Fluid flywheels require less attention than friction clutches and need adjustment.
The drive is taken up smoothly, torsional vibration of the crank shaft and the transmission are
damped out, the fluid absorbs transmission shock when breaking (or) coasting down a hill the
clutch pedal is eliminated.
GEAR BOX:
PURPOSE CF GEAR BOX:
When a vehicle is starting from rest, accelerating hil climbing and meeting other
resistance a high tractate effort is required at the driving wheels. The tractate effort at the
wheels is depended upon the torque developed by the engine which increases, with in limits as
the engine speed. increases, reading a maximum at some predetermined number of revolution.
If the engine was coupled directly to driven axle, the engine speed would necessarily below
when
high driving torque is required. To deal with the problem the engine revolutions are maintained
by reduction gears. The reduction gears are enclosed in a metal box called a gearbox. The road
Wheel rotate at lower speed to suit the following operating conditions of the vehicle.
1)Thus by maintaining. the optimum engine speed the gear box can multiply the engine torque
to meet the torque requirement at the road wheels.
2)In order to reverse the vehicle the gear box changes the direction of drive from engine to road
wheels.
3)The gear box also provides a neutral position so that the clutch may be left in engagement
while the engine running.
TYPES OF GEAR BOX:
The gear boxes are classified according to the method of engaging the gears on the main shaft
to the gear on the counter shaft. They are given under’:
1. Sliding mesh type 2. Constant mesh type
3. Synchromesh type 4. Epicylic gear type

SLIDING MESH GEAR BOX:
It is the oldest and simplest form of a gear box. A three speed sliding gear

box is shown in (Fig. 3. 9.) in first gear position The clutch gear is rigidly fixed to the clutch shaft
it remains always connected to the driven gear of the countershaft. Three other gears are also
rigidly fixed to the counter shaft (lay shaft). They are second speed gear, first speed gear and
reverse speed gear. Two gears are mounted on the splined main shaft which can be shafted by
the shifter yoke when the shift lever is operated. These gears are the second speed gear and
first and reverse speed gear. They can be connected to the corresponding gear of counter shaft.
A reverse idle gear is mounted on another shaft and always remains connected to reverse
gears of the counter shaft.
GEAR IN NEUTRAL
When the engine is running and clutch is engaged, the clutch shaft gear drives
the counter shaft gear. The counter shaft rotates opposite in direction to the clutch shaft. In
neutral position. only the clutch shaft gear is connected to the first gear on the counter shaft.
The main shaft turns in the same direction as the clutch shaft. A gear reduction of approximately
3 :1 is obtained.

By operating the gear shift lever, the larger gear o~ the main shaft is moved along the
shaft to mesh.
SECOND GEAR:
By operating the gear shift lever, the larger SPRING LOAOEO BALL
gear of the main shaft is demeshed from the
first gear of the counter shaft and then the smaller gear of the main shaft is meshed with the
second gear of the counter shatt. A gear reduction of approximatly 2:1 obtained. (Fig. 3 9a)
.

THIRD OR TOP OF HIGH SPEED GEAR:
By operating the gear shift lever, the second gear of the main shaft and counter
shaft are demised, and then the second and top gear of the main shaft is forced axially against
the clutch shaft gear. External teeth on the clutch shaft gear mesh with the internal teeth in the
second and top gear. The main shaft turns with the clutch shaft and gear ratio of 1:1 is obtained
(Fig. 3. 9b).
REVERSE GEAR:
By operating the gear shift lever, the larger gear of the main shaft is meshed with
the reverse idler gear. The reverse idler gear is always in mesh with the counter shaft reverse
gear. Interposing the idler gear between the counter shaft reverse gear and main shaft bigger
gear, the main shaft turns in the direction opposite to that of the clutch shaft. This reverses the
rotation of wheels so that, the vehicle backs (Fig. 3.Sd).
CONSTANT MESH GEAR BOX

The construction of the constant mesh gear A is similar to the sliding mesh gear
box but the difference is only that all the gears of the main shaft are in constant mesh with the
corresponding gears of the counter shaft (lay shaft). And all the gears are helical gears.
Fig3. 10 shows a constant mesh gear box. It consists of a clutch shaft, a counter shaft and a
main shaft’

Fig. 3. 10 Constantmesh Gear
Box

Gears (2), (3), (5), (7) and (9) are fixed to the counter shaft. They do not slide along it. Gear
wheels (4), (6) and (8) are not fixed to the main shaft. Therefore, these gears can revolve fteely
around it. Gear (4) of the main shaft. is in constant mesh with gear (3) of the counter shaft.
Similarly, gear (6) is in constant mesh with gear (5) and gear (8) with gear (7). All the gears are
shown in the neutral position.
Power transmission in the four gear positions is given below:
FIRST GEAR :
Collar (15) is spline to the main shaft. It ~an slide along the shaft. The collar revolves with
the shaft. It is locked to gear (8) by means of a dog clutch. Power is transmitted from gear (7) to
gear (8j and then to collar (15). The collar rotates the main shaft.
SECOND GEAR:
Collar (1 5) slides in the opposite direction along the main shaft. This collar is locked to gear
(6) by means of a dog clutch. Power is transmitted from gar (5) to gear (6) and then to collar
(15). The collar rotates the main shaft.
THIRD GEAR
Collar (16) is splined to the main shaft. It can slide along the main shaft. This collar revolves
with the shaft. This collar ‘is locked to gear (4) by means of a dog clutch. Power is transmitted
from gear (3) to gear (4j and then to collar (16). The collar rotates the main shaft.
FOURTH OR TOP GEAR :
Collar (16) is locked directly to the clutch shaft (12) by a dog clutch. Power is transmitted
from the clutch shaft to main shaft.
Here, collars (15) and (16) are not engaged. Gear (11) can slide along main shaft (14). Gear
(10) is the reverse gear. Power is transmitted from gear wheel (9) to gear wheel (11), through
reverse gear (10). Due to this the main shaft rotates in the opposite direction Thus, the vehicle
moves in the reverse direction.
SYNCHRO MESH MECHANISM:
The modern cars use helical gears and synchromesh devices in the gear boxes, that
synchronize the rotation of gears that are about to be meshed This eliminates clashing of the
gears and make gear shifting easier. The synchromesh gear box is similar to the constant mesh
gear but the synchromesh gear box is provided with a synchromesh device by which the two
gears to be engaged are first brought into frictional contact which equalizes their speed after

Fig. 3. 11 Synchromesh
Unit r
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smoothly. In most of the cars, the
not fitted to all the gears. They are
of Sychromesh Reverse gear and in some cases the
fitted only on top gears.
first gear do not have synchromesh
device since they are intended to be
engaged when the vehicle is GEAR BOX
stationery.
To understand the working of the gear box Fig. .3. 11 shows in steps how the synchromes’i
unit is engaged.

When the syachromesh is disengaged, gear are running free on the
mainshaft and the two gears to be engaged are running at different speeds. When the
selector lever is moved, the sliding sleeve and sliding gear slide together because of the
pressure of the spring loaded balls untd the cones on the gears contact. Both gears
bave now reached, the same speed. As the selector lever is moved further, the sliding
gear cone is held against the high speed gear cone and the sliding sleeve press the
spring loaded bails and slides over on to the high speed gear there by king the gear to It.
Since both pinion and synchromesh units are moving at the same speed, this engagement is
done without noise or damage to the dogs. A slight delay is necessary before engaging the dog
teeth so that the cones have a chance to bring the synchronizer arid pinion to the same speed.

SYNCHROMESR
The Synchroinesh gear box is similar to the constant mesh eacept the synchromeeh
Unit Fig.3.J 4.ashows a synchromesh type gear box having Five speeds. The gear
positions shown in Fig1a Corresponds to situation when the Vehicle is in Neutral lear,

•REV~RSEiOLER
REAR GEAR

I.FIRST GEAR
Figure a shows the power flow through the transmission in first. The 1-2 synchronizer

has been moved to the right of its
internal teeth engage the external teeth of the first speed gear.

2.SECOND GEAR
Figure b shows the power flow through the transmission In used gear. The 1-2
synchronizer has been moved to the lift so its Internal teeth engage the external teeth of
the upend - speed gear.
a FIRST GEAR

b SECOND GEAR

Figure c shows the power flow brought the transmission in has been moved to the right so its

internal teeth engage the external teeth of the third-speed gear.
4.FOURTH GEAR
Figure d shows the power flow throw the transmission in fourth gear. The 3..4 synchronizer has
been moved to the left, so its internal teeth engage the external teeth of the clutch gear.

In reveuse. both synehronimbers sre is the neutiat peeldom. The reverse gear has ‘~etn
rnovei to the left, so it engage the reverse idler gear. Now, the elba gear in the train
causes the maim shaft to trw its the reverse arecuon. so the car moves bacliward.
EVICYCLIC GEAR BOX:

SIMPLE EPICYCLJC GEAR TRAIN

PI.ArI

the ring gear cannot move, the planet gears are forced to climb over it. During this
position, ~he ring gear acts as a track for the planet gears to move over. The driven
shaft which is connected to the planet gear carrier is thus rota ted
When the ring gear is released it is free to ntove in consequence to the rotation of
planet gears which rotate around their axis. During this position there is no movement of
planet carries and hence the driven shah remains stationary.
A planetary gear box contains a number of such units in different sizes to obtain
BRAKE
BANDS

various speed reductions. Fig.3.13 Epicyclic Gear Box
In a simple epicyclic gear
set, There may be six possible speeds, four of which are forward and two reverse.
i.Forward, fast output speed: This is obtained when planet carrier is driving, ring gear is driven and
the sun gear is held stationary.
ii. Forward. very fast output speed This is obtained when planet carrier is driving, sun gear is
driven and the ring gear is held stationary.
iii. Forward, slow output speed: With ring gear driving planet carrier driven and the sun gear
stationary, this comas about
iv. Forward, is slow output speed This results when the sun is driving, planet carrier driven and the
ring gear stationary.
v. Reverse, slow output speed: This is obtained when the sun gear is driving~ the ring gear is
driven, and the planet carrier is stationary.
vi. Reverse, fast output speed This condition is obtained with the ring gear driving, sun gear driven
and the planet carrier stationary.
CONSTRUCTION AND OPERATION OF EPICYCLIC GEAR BOX:
Fig 3.13’. shows an epicyclic gear box, The compound gear ACE is mounted on a pin fixed to a
wheel G. The compound gear is free to rotate on the pin. Gears, A, C and E are meshed with the
three different gears B,D and F respectively, which are connected in turn to the drums

H, J and K. The drums H and J have brakes in outer circumference and drum K is provided with a number
of clutch plates. A hub is fitted to the flywheel spigot shaft N to which a number of clutch plates

are attached. When the member M is pressed against the clutch plate, it engages the clutch,
thereby connecting the shaft N to the output shaft P. directly. It is top speed gear.
To obtain low speed gear, disengage the clutch and apply on drum J, with the help of gear
change lever. This action locks the gear D, thereby decreasing the speed of gear B and hence that of
the output shaft.
To obtain reverse gear, disengage the clutch and apply brake on drum M. This locks the
gear F. thereby reversing the direction of rotation of B, with respect to the input shaft. The speed
of B is also reduced.

PROPELLER SHAFT:
This is the shaft which transmits the drive from the gear box to the bevel pinion or worm of
final drive. It consists of three parts.

Shaft.
One or two universal joints, depending upon the type of the rear axle drive used. The
universal joints act for the up and down movements of rear axle when the vehicle is
running.

Slip joint - Depending upon the one slip joint he there in the shaft. This serves to adjust the length of the
propeller shaft when deranged by the rear axle movement.
Fig shows propeller shaft, with two universal joint.~ at the ends and a slip or sliding joint. Slip joint is formed
by the internal splines on the sleeve attached to he left universal joint and external splines on the
propeller as shown.
‘he rotary motion of the transmission main shaft is carried out the propeller shaft to the differential,
causing
ii

2. SLIP JOINT

I.

UNIVERSAL JOINT

3.

HOLUOW
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SHAFT

whoels to rotate. ~The propeller shaft has to with with the torsional stress of the transmitting torque, it
must be light and well balance so that vibration and whip will not occur at high speed. i-or those reasons,
it is made of strong steel tube.
In so vehicles, torque piece propeller shaft is used. It consist of twO’ propeller shaft supported in the
middle by o self- ball in a cross member of the chassis. In all there are, three universal joints two slip

UNIVERSAL JOINT

An universal joint is used where two shafts are connected at to transmit torque. In the transmission
system c-f a motor vehicle, the transmission main shaft, propeller shaft and the pinion shaft are not in
one lies hence the coincide between them are made by the universal one joint is used to.

TYPES OF UNIVERSAL JOlNT
1.

Cross type or spider and two yoke type
Pot type joi it
3 Ball and turnnion type
4.Constant velocity type
5.Flexible ring universaI joint
1. CROSS TYPE OR SPIDER AND TWO YOKE TYPE:

axis yy. An Improved form of this joint uses needle roller bearing to support the cross in the
yoke. This result in increase of joint efficiency. To allow for the telescopic movement an extnded
hub of one yoke is internally splined as shown in figure 3. 15a.
SPLINES FOR SI4DING JOINT
Cross’type universal joint

Cross Tube universal joint

2. POT TYPE JOINT:
Pot type of joint is another
SPHERICAL BLOCK SHAFT

Fig. 3.16 Pot Type Joint
kind of universal joint Fig:3~.
16 gives the general
arrangement of this
type of
joint.
The
end of one shaft is
specially shaped

and
carries
two
hemispherical
shaped
blocks atta ched to it by
means of a pin. These
blocks slide in the pot;
the pot itself is carried
by the second shaft.
This arranand axial
movements.

In most automobile vehicles the final drive is embodied in rear axle. But in
various popular vehicles with front wheel drive and a few special purpose vehicles with four
wheel drive, it becomes necessary to consider final drives as units dependent of their positions.
FUNCTIONS OF FINAL DRIVE:
In a motor vehicle the final drive has two purposes.
1.To provide a permanent speed reduction. For motor cars the reduction is usually about 4:1
and 10 :1 in heavy vehicle.
2.To turn the drive through 90~ so that the torque may be transmitted from propeller shaft to the
rear axle.
CONSTRUCTION OF FINAL DRIVE:
The final drive consists of a
TYPES OF GEARS:
There are three types of the final
drive gearing:
a) Straight bevel gears
b) Spiral bevel gears
c) Hypoid gears.
bevel pinion and crown wheel (ring gear). as shown in
Fig 3.17. Thebevel pinion is
mounted
on the shaft which is
conn movements.ectesi to the propeller shaft
generally AXLE
through
a universal
joint. From the crown wheel the drive goes to rear
axIes through differential.

I
STRAIGHT BEVEL GEARS :(Flg.3 ISa)
These contain the straight
teeth. They are therefore
simplest arid thus the.
cheapest of all type.

BEVEL GEAR Of
STRAIGHT TEETH
% EVEL PINION OE
5I¼iAIGHT YEETH

C Hypoid Sniriil Gear

ADVANTAGES OF HYPOID GEARS:
1.This permits a lower position of the propellei shall thus a~Iow~nc a low chassis height.
2.Wiping action ~ake~ place between the teeth as the teeth mesh and de~nesh, The result
is smooth runni~ig.
3, the same size of spiral bev~I crown wheel the shape and size of pinion teeth in hypoid
drive is greater Lhus can with stand high torque.
WORM AND WORM WHEEL DRIVE: Fig.3.18d
Instead of bevel pinion and the crown wheel, the worm and worm wheel ~irrangement is
also used frequently. This gives a quite and efficient drive. Further. larger gear reduction as
compared to the bevel pinion type where double reduction has to be employed The worm can
be mounted either below the wheel axis level low chassis height or above the wheel axis level
aIIow ground clearance.

UST
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WORM WHEEL
DIFFERENTIAL
If a vehicle tra~cofs in a straight line, the two rear wheels turn on the road exactly at same
speed. There is no relative movement between the two rear wheels. But when the vehicle takes
a turn, the outer wheel travels on a longer radius than the inner wheel. The outer wheel turns
faster than the inner wheel, that is, there is a relative movement between the two rear wheels. If
the two rear wheels are rigidly fixed to a rear axle the inner wheel will slip which will cause rapid
tyre wear, .steering difficulties and poor road holding. Therefore
there must be some devices to provide relative movement to the
two rear wheels when the vehicle is taking a turn. The differential
serve this purpose,
The outer wheel turns faster than the inner wheel when the cur is
taking a turn. This requires a differential.

The function of the differential is to allow each rear wheel to rotate at different speeds during
running but at the same time transmit equal torque to each wheel when both wheels have
equal traction.
TYPES OF DIFFERENTIAL
(i)Conventional
(ii)Power lock or Non-slip
(iii) Double reduction type.

CONVENTIONAL TYPE (CONSTRUCTION)
It consists of a cage which contains differential gears. The differential gear
(Fig..3.21) consists of two sun gears
Fig .3.21 Differential
and four star pinions all the bevel type. The star pinions are fitted on a pin if there are
two in number and a spider, if four are in number. The pinions are free to move around
their axes. The pin or spider is held in between the two parts of the cage which encloses
the differential gears. The sun gear and star pinions are always In mesh with each other.
The differential assembly is supported on taper roller bearing provided on both sides

of the

cage. When installed in the drive axle, the whole assembly moves around the bearing.

The ring gears or crown wheel is attached to the differential cage which forms part of the
final drive. Drive is given to the ring gear by means of drive pinion to which propeller shaft is
attached.
Such gears are located parallel to ring gear inside the differential cage and face towards
each other. Shaft of each wheel is splined into the sun gear of that side.
WORKING OF DIFFERENTIAL.
When the vehicle is moving on straight bevel road and the resistance effecting both the
driving wheels is the same, there is no relative movement among the differential gears. The
whole arrangemet meshed together moves as one unit and both the half shafts in the driving
wheel rotate at the same speed.
When the front wheels are turned to any directions to take a turn, a binding force acts on the
inner wheel being nearer to the point around which wheels move in a circle. The sun gear of the
side is held slow in relation to the movement of the complete cage or crown wheel. When the
vehicle is going straight on level road, the power is divided equally at the differential, one half
flowing to one side wheel and the other half flowing of the other side wheel. While taking a turn
when the bonding acts on the inner side sun gear and its speed is slowed down, the star pinion
rotate the other side sun gear at a speed as a result of loss on the inner side and gain on the
outer side plus the speed at which the complete differential assembly is rotating, This ra~ults in
a faster movement of the outer wheel than the inner one. Thus the differential is functio ni ng

Rear Axles
TORQUE REACTION:
The forces experienced by the rear axle are given under
i)Weight of the body
ii) Torque reaction
iii)Driving thrust
iv) Bracking thrust
v) Side thrust Torque Reaction
The propeller shaft drives a torque to the pinion and the pinion will have to roll round the
crown wheel taking with it casing. This tendency is also present when the vehicle is running.
This torque is equal and opposite to the driving torque applied to the road wheels. This
phenomena.. non is called torque reaction. In the same way the braking torque on the axle
casing is opposite in direction to the torque reaction. This opposition of the casing prevent,
bending of the propeller shaft.
3.10 REAR AXLE DRIVES:
The load and weight of the body of the vehicle ii communicated to the rear axle through the
springs which an rigid with the casing. To transmit the torque from th gear box to the rear axle,
the common drives are use as given under:
3.10.1HOTCH KISS DRIVE:
This drive is very simple and generally used in th~ vehicles. The arrangement of the parts is
shown in this
9

:igure3.22 In this case the springs beside taking
weight of the body, also take
he torque reaction, driving thrust and the
SideUNIVERSAL
SPRING
thrust.

Drive the frame with the bracket and rear
end is supported in a shackle with the pins. The
propeller shaft is provided with two universal joints and one sliding joint.
Due to torque reaction the front half spring deflects as shown in figure 3.22e1t means that the
driving thrust is transmitted to the frame by this portion of the spring.
When the spring deflects . of spring in the manner shown to the torque reaction bevel pinion shaft will
tend to tilt its axis. If there is one universal joint near the gear box then under the torque reaction the
propeller shaft will bend. Therefore, to avoid the bending of the propeller shaft another universal joint is
used at is rear end.
Again when axle moves up and down relatively to the frame it has to move in a circle whose centre
lies at the front end of the spring. Then propeller shaft also has to move in circle keeping its centre
at the front universal joint. As these two centres do not coincide, therefore, the length of propeller
shaft always has to vary this condition which is accommodated by the sliding joifli in the propeller
joint.

3.10.2TORQUE TUBE DRIVE:
In this type of drive, the spring take only the side thrust besides supporting the body weight.
The coil springs, however, cannot take any side thrust and hence a separate member is required
for the same The torque reaction and
the driving thrust are taken by another member which is called the torque tube. One end of the
torque tube is attached to the axle
casing, while the other end which is spherical in shape
fits in the cup fixed to the frame a
PROPELLER

Torque Tube As it is seen the Drive torque tub. Encloses the propeller shaft. In this case
no universal joint is provided at the rear end of the propeller shaft. Also no sliding joint is need
in The propeller shaft.

Clearly the torque reaction and the driving thurst are taken by the torque tube. In this case, the
bevel pinion shaft axis will always pass through the
universal joint at the front end of the propeller shaft if
this joint is situated exactly at the centre of the
spherical end of the torque tube. Due to this reason
no universal joint is at the rear end. Since both
pinion shaft and propeller shaft will work about the
same centre that of the spherical cup while moving
up and down the axle then no sliding joint will be necessary.
RADIUS ARM DRIVE:

The radius arm drive method (Fig5.4) uses two torque rods or radius arm to transmit the
driving thrust to the frame. The radius arm are connected between the rear axle and the
frame by connections that allow relative motion between the two. The torque reactions
is resisted by the suspension springs. The springs must, therefore, be stiff, enough
The torque arm drive (Fig.3.23aconsists of a tubular arm connected between the rear
axle housing and the frame with a rigid connection at ~he a5cle housing and a ball and
socket joint at the frame. The propeller shaft torque unlike torque tube drive membersre
mains open; apart from This the working principle Torque Arm of exactly same as
thetorque-tube drive.
REAR AXLE:
There are two types of rear axles; dead axle and live axle. A dead axle does not rotate with the
wheels but the wheels rotate on it. They support the rear weight of the vehicle. A live axle takes
the load and at the same time, also drives the wheel connected to it. The live axle is not a single
piece, but it is in two halves connected by the differential known as half shaft. In a four wheel
drive all the axles are live axles. In case of rear-wheel drive vehicle the front axles are dead
whereas in front-wheel drive vehicle the rear axles are dead. Almost all rear axles on modern
passenger cars are live axles.
TVPES OF REAR AXLES:
Depending upon the method of supporting the rear axles and mounting~ the rear wheels, the
rear axles are of three types:
a) Semi floating axle
b) Full floating axle
ci Three quarter floating axle.

SEMI FLOATING AXLE:

-Fig. shows a semi floating type of rear axle. A bearing is located between the axle and
inside the axle casing.
Therefore, it needs to be of a larger size, for the same torque out put, than any other
type. The inner end of the axle is supported by the differential side
gear. It is thus relieved
of the job of supporting
the weight of the car
by the axle housing.
The outer end has to
support the weight of
the car and take end

thrust- rhe inner end Semi Floating Axleof the axle is splined to
and the bearing, which causes the bending or shearing of the axle. The semi floating
axle is the simplest and cheapest of all other types and widely ‘used.
FULL FLOATING AXLE

This type is very robust one. And is used for heavy, vehicles. In this the axle shatt carry

only the driving torque A full floating axle (Fig.3.25jhas two deep-groove ball or taper
roller bearings, located between the axle casing wheel hub. The outer of the axle is made

flanged to which the wheel hub is bolted. The axle is not supported by bearings at either end,
and its position is maintained by the way that it is supported at both ends: Thus the axle ~s
relieved of all strains caused by weight of the vehicle on end thrust~ It transmits only the driving
torque. For this reason it is called full floating. The axle may be removed from the housing
without disturbing the wheel by removing the nuts An additional advantage of the design is the
ability to withstand the vehicle even if it has a broken axle. This type of axle is more expansive
and heavier than the other axles.
THREE-QUARTER FLOATING AXLE:
In the three quarter floating axle the single bearing
located between the hub and the axle casing. Thus, the weight of the vehicle is transferred to
the axle casing. Thus, the weight of the vehicle is transferred to the axle casing, and only the
side thrust and driving’ torque are taken by the axle. The axle (Fig.3.26 is keyed rigidly

to the hub, thus providing the driving connection and main taininr the alignment of the
wheel: The inner end of this axle has the
same construction as that of the semi-floating
axle. As clear from the figur3.26 the axle
shaft
do not take
any shearing AXLE or bending loads due to the
weight of the vehicle. However it has to take the
end loads and driving torque. Although the three
quarter floating axle is more reliable but it is not d5
simple as the semi floating axle.

