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PART-A 

1. What is the function of clutch? 

The function of the clutch is to connect and disconnect the engine with road 

wheels. The clutch has to be disengaged during gear shifting, idling etc. 

2.What are the types of clutch? Frictionclutches 

• Single plate clutch 

• Multi plate clutch 

• Cone clutch 

• Semi centrifugal clutch 

• Centrifugal clutch 

• Fluid flywheel 

3. State the requirements of an automotive clutch 

a) Torque transmission should be maximum 

b) Gradual engagement of clutch plates 

c) Heat dissipation should be more 

d) Dynamic balancing of clutch components 

e) Vibration damping 

f) Size should be small 

g) Inertia should be low 

h) Clutch free pedal play should be sufficient 

i) Ease of operation 

4. What is the function of gear box? State its types. The functions of the gearbox are 

i).To provide the leverage ratio 

 ii). To provide the neutral position 

iii).To provide a means to reverse the vehicle. 

Types 

• Sliding mesh gearbox 

• Constant mesh gearbox 

• Synchromesh gearbox 

• Automatic gearbox – Torque converter 

 



5.Why is gear box necessary in automobile? 

• The variation of resistance to vehicle motion at different speeds 

 The variation of tractive effort of the vehicle required at various speeds For 

above said reasons, a gearbox is necessary in an automobile. 

6. What is tractive effort? 

It is the force available at the road wheels for 

propelling the vehicle. T = µW 

Where, T = Tractive effort 

µ– Coefficient of friction between tyre and road 

surface W – Load of the vehicle 

7. Why is sliding mesh gear box not preferred? 

• More noise 

• More wear and tear on the gears 

• For smooth, quiet and quick change of gears, the driver requires great skill For 

the above-said drawbacks, the sliding mesh gearbox is generally not preferred. 

8. What is automatic  transmission? 

In the automatic transmission, for changing the gear ratios, manual effort 

is not at all needed. The change of gear is performed automatically according to 

the vehicle speed. 

9. What is an over drive? 

When the speed of the output shaft is greater than the speed of the input shaft, 

then the drive is known as overdrive. 

Example: 0.8:1 or 0.9: 1 

10. What is a universal joint? What are its types? 

Universal joint is a type of flexible joint between two shafts who axes 

intersect and may assume different inclinations at different times. It is used to 

transmit power even at inclined angles of the shaft. 

Types 

• Yoke joint 

• Single cardan joint 

• Double cardan joint 

• Rag joint 

• Canfield joint 

11.State the functions of a slip joint. 

The function of a slip joint is to accommodate the propeller shaft length 

variations, when a vehicle is moving over a bump or bit. 

 



12. What is the necessity of a propeller shaft? 

The propeller shaft is used to transmit the power from the gearbox to the final 

drive. It is also used to cover the span between these two components. 

13. What is Hotchkiss drive and Torque Tube drive? 

In Hotchkiss drive, the loads such as vehicle weight, driving torque, braking 

torque and side thrust all are taken by leaf springs. Two universal joints and one slip 

joint are must needed. 

In Torque tube drive, the driving torque and braking torque are taken by torque 

tube while the vehicle weight and side thrust are taken care of by leaf springs. One 

universal joint is just sufficient. 

14. What is the function of differential unit? 

The function of a differential unit is to permit the vehicle turns without wheel 

skidding. It permits higher speed for outer wheels and reduced speed for inner wheels 

during turning. 

15. What is the function of pressure plate in a clutch? 

The function of a pressure plate is to hold the friction (clutch) plate tightly 

against the engine flywheel. 

16. What is meant by differential  lock? 

A Differential lock will transmit the same amount of power to both wheels on 

the axle - which is very useful in 4WD applications where a truck might be stuck and 

have problems getting out of deep mud or snow. 

17. What is a fluid coupling? 

Fluid coupling is device which transmits torque due to the kinetic energy 

of the moving fluid. In a fluid coupling, two members namely impeller and 

turbine are present. 

18. What is the use of torque convertor? 

The torque converter is device which provides a varying torque ratio 

using fluid energy. In a torque converter, three members namely impeller, 

turbine and stator are present. 

19.State the forces act on the rear axle 

• Shear force due to vehicle weight 

• Bending moment due to vehicle weight 

• Driving torque 

• Shear force due to side thrust 

• Bending moment due to side thrust 

  



20.What are the different types of rear axles? 

• Semi floating rear axle 

• Full floating rear axle 

• Three quarter floating rear axle 

21. What is the purpose of Stator in the Torque Converter? 

The stator changes fluid flow between the turbine and pump and 

thus permits the torque multiplication. Without a stator, a torque 

converter will simply act as a fluid coupling. 

22. Why Synchronizer  is required in the automotive transmission system? 

Synchronizer is used to equalize the speed of two mating surfaces, before the 

contact is established. 

By doing so, wear & tear and noise can be avoided. 

23. What is transfer box? Where it is used? 

The transfer box is used to convert 2 wheel drive into 4 wheel drive. 

This is mainly used in hilly regions. 

 

PART – B 

1. (i) Explain the working principle of torque tube drive with neat sketch. (8)  

(ii) Explain the working principle of hotch kiss drive with neat sketch. (8) 

ANSWER: 

(i) Torque tube drive 

A torque tube system is a driveshaft technology, often used in automobiles with a 

front engine and rear drive. It is not as widespread as the Hotchkiss drive, but is still 

occasionally used to this day. Drive shafts are sometimes also used for other vehicles and 

machinery. 

The "torque" that is referred to in the name is not that of the driveshaft, along the axis 

of the car, but that applied by the wheels. The design problem that the torque tube solves is 

how to get the traction forces generated by the wheels to the car frame.  

The "torque tube" transmits this force by directly coupling the axle differential to the 

transmission and therefore propels the car forward by pushing on the engine/transmission and 

then through the engine mounts to the car frame. 

 
Torque tube drive 



(ii) The Hotchkiss drive 

In the Hotchkiss drive, slip-splines or a plunge-type (ball and trunnion u-joint) 

eliminate thrust transmitted back up the driveshaft from the axle, allowing simple rear-axle 

positioning using parallel leaf springs. In the torque-tube type this thrust is taken by the 

torque tube to the transmission and thence to the transmission and motor mounts to the frame. 

While the torque-tube type requires additional locating elements, such as a Panhard rod, this 

allows the use of coil springs. 

Some Hotchkiss driveshafts are made in two pieces with another universal joint in the 

center for greater flexibility, typically in trucks and specialty vehicles built on truck frames. 

Some installations use rubber mounts to isolate noise and vibration. The 1984–1987 RWD 

Toyota Corolla (i.e., Corolla SR5 and GT-S) coupe is another example of a car that uses a 2-

part Hotchkiss driveshaft with a rubber-mounted center bearing. 

There is no connection between The Hotchkiss drive and the modern suspension-

modification company Hotchkis. 

 
 

2. Explain the construction and working principle of a typical gear box. (16) 

ANSWER: 

 

Today we discuss about automatic transmission. We all use bikes and cars. We all 

know that we need transmission box or gear box to change the torque according to driving 

condition. In earlier we used manual gear box in which there is a hand or foot operated 

lever and clutch through witch we shift the gear according driving conditions. But know 

the trade is changing and the vehicle moving towards automatic transmission. 

Principle of Automatic Transmission: 

The ring gear is locked by the brake band, the rotating sun gear causes the planet 

gears to rotate. Since the ring gear cannot move. The planet gears are forced to climb over 

it. During this position, the ring gear acts as track for the planet gears to move over. The 

driven shaft which is connected to the planet gear carrier is thus rotate. When the ring gear 

is released, it is free to move 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 

https://www.revolvy.com/main/index.php?s=Rotating%20spline&item_type=topic
https://www.revolvy.com/main/index.php?s=Leaf%20spring&item_type=topic
https://www.revolvy.com/main/index.php?s=Panhard%20rod&item_type=topic
https://www.revolvy.com/main/index.php?s=Truck&item_type=topic
https://www.revolvy.com/main/index.php?s=Rubber&item_type=topic


the driven shaft remains stationary. A planetary gear box contains a numbers of such units 

to obtain various speed reductions. 

Component of Automatic Transmission 

 converter housing case 

 oil pan  

 the extension housing 

Working of Automatic Transmission: 

The automatic transmission is same work as the manual transmission except it is 

control by the brake arrangement operated hydraulically. In the automatic transmission the 

engine shaft is connected to the clutch and the further connected to the turbine of the torque 

converter. The torque converter drives the ring gear of first gear train through a free wheel. 

The drive of the ring gear of the second gear train is then taken form the planet carrier of the 

first gear train so that the two act in series.  This arrangement gives three forward and one 

reverse speed by subsequently application of brake. 

 
Automatic Transmission 

3. (i) What is a clutch? Explain the operation of centrifugal clutch. (8)  

(ii) Explain the working principle of synchromesh gear box with neat sketch. (8) 

ANSWER: 

(i) CLUTCH - A clutch is a mechanical device which engages and disengages power 

transmission especially from driving shaft to driven shaft. In these devices, one 

shaft is typically attached to an engine or other power unit (the driving member) 

while the other shaft (the driven member) provides output power for work. 

Centrifugal clutch 

Its working is totally depends upon the centrifugal force created by the driving 

member (engine or motor).  The centrifugal force is used to engage the clutch with driven 

shaft. As the engine starts rotating, it produces a centrifugal force which makes the sliding 

shoes to move outward. The friction lining of the shoes gets connected to the inner surface 

of the drum and it starts moving. Since the drum is connected to the driven shaft, so the 

power is transmitted from the engine shaft to the transmission shaft and finally to the load. 



 

(ii) Synchromesh Gear Box 

  In this all the gears on the mainshaft are in constant mesh with the corresponding 

gears on the layshaft. The gears on the layshaft are fixed to it while those on the 

mainshaft are free to rotate on the same shaft. Its working is also similar to the constant 

mesh type, but in the former there is one definite improvement over the latter. This is the 

provision of synchromesh device which avoids the necessity of double declutching. The 

parts which ultimately are required to be engaged, are first brought into frictional contact 

which equalizes their speed, after which these may be engaged smoothly. 

 

Synchromesh Gear Box 

 



Fig shows the construction and working of a synchromesh gear box. In most of the cars, 

however, the synchromesh devices are not fitted to all the gears. They are only on the high 

speed gears but on the low speed and reverse gears, ordinary dog clutches are only provided. 

This is done to reduce the cost. 

In other words, the gear wheels which are to be positively connected are first brought 

into frictional contact and when the friction has equalized their speeds, the positive 

connections are made. Synchromesh devices can be applied to the sliding mesh gear box but 

they are universally used with constant mesh gear boxes used in different motor vehicles. The 

main features of this gear box are: 

a) The output gears are free to rotate on bushes on the output shaft. They are internally 

located by splined thrust bearings. Single or double helical gears remain in constant mesh 

with the lay shaft gears. 

b) The output gears are locked to their shaft by the dog clutch 

c) Change of the synchronizing hub takes place when its speed equalizes or synchronizes 

by theirs cones. 

In case this gear is not used, it is left to the skill of the driver to bring one or more gears 

for meshing. By the skillful use of this clutch and accelerator pedal, he can bring the gears 

approximately the same speed. Even for the unskilled driver it is not difficult to affect quite 

satisfactory the change of gears. He can do it simply by using the clutch pedal gear lever with 

the help of successful commercial gear synchronizers. 

4. Explain the types of rear axles with neat sketch 

ANSWER: 

There are basically three different arrangements of supporting axle wheel hubs on the rear-

axle casing. These include : 

(i) Semi-floating axle hub (commonly used on cars). 

(ii) Three quarter floating axle hub (rarely used today). 

(m) Fully floating axle hub (commonly used on heavy vehicles). 

Semi-floating Axle Hub. 

A semi floating axle, suitable for small and medium sized cars, is illustrated in Fig. The axle 

half shaft and flanged hub are forged from a single piece of nickel chrome steel. The hub end 

of the shaft is provided with a larger diameter than the rest of its length, which resists the 

vertical and horizontal loads. The outer face of the flanged hub is shouldered so that it 

centralizes accurately the brake drum. The flange is provided with evenly spaced holes 



around it for wheel studs. 

Three-quarter-floating Axle-hub. 

A three-quarter-floating axle shown in Fig. was once very popular for cars and light 

commercial vehicles when semi-floating half-shafts frequently failed due to fracture, 

specifically in cold weather. However, due to availability of the compact, cheap and reliable 

semi-floating axle, the three-quarter-floating arrangement is rarely used today. 

 

Quarter-floating Axle hub 

 Fully floating axle. 

This axle-hub arrangement incorporates a flanged sleeve, which is positioned over the 

axle casing. The flange is provided to accommodate the road-wheel or wheels. Two bearings 

widely spaced are installed between the hub and the casing to support the hub assembly (Fig 

2652C) This provides am improvement on the first two types of hub support.  

 

Fully floating axle 

5. Explain the working principle of fluid flywheel with neat sketch and also mention the 

limitations. 

ANSWER: 

Fluid coupling is also known as Hydraulic Coupling and it is basically one hydro 

kinetic transmission device that will act as a centrifugal pump and hydraulic turbine. I have 

noted wide application of fluid coupling in large conveyor belt drive system and also fluid 

couplings are using these days as one substitute of mechanical clutch in automobile 

transmission system.  

http://www.target-hydraulics.com/


Basic components of Fluid coupling  

Fluid coupling consist basically three important parts as mentioned below 

1. Pump: Driving impeller which will be mounted over the input shaft  

2. Turbine: Driven impeller which will be mounted over the output shaft  

3. Housing: Cover with an oil tight seal 

Working principle 

 First of all we will have to understand that first two elements that we have 

discussed above may work as pump or as turbine also. 

 Impellers will act as hydraulic turbine and also act as centrifugal pump. Input 

energy source will be either electric motor or diesel engine. 

 Electric motor will be connected with the driving impeller i.e. Pump. 

Mechanical energy (Kinetic energy) will be transmitted to the oil with the help 

of the pump in coupling. Due to the centrifugal action, Oil will move around 

the turbine blades in the direction of outside of coupling. Turbine will absorb 

the kinetic energy and will produce a torque which will be always equal to the 

input torque. Hence, output shaft will be rotated. 

 

 

Disadvantages 

 There is always slip. There is always slight difference in speed of pump wheel and 

turbine wheel 

 The fluid filled in casing must be compatible with coupling component, it directly 

affects the transmission behavior of the fluid coupling. 

 Fluid coupling cannot develop torque when the driving shaft and driven shaft are 

rotating in same angular velocity. 

 Under stalling condition, the coupling dissipates energy as heat it may lead to 

damage. 



6. Explain the single plate clutch and multiplate clutch with neat sketch. (16) 

ANSWER: 

Single Plate Clutch :- A single plate friction clutch consisting of a clutch disk between the 

flywheel and a pressure plate. Both the pressure plate and the flywheel rotates with the engine 

crankshaft or the driving shaft. And both sides of clutch disc are faced with friction 

material(usually of ferrodo).The clutch disc is mounted on the hub which is free to move 

axially along the splines of the driven shaft but not turn able towards the transmission input 

shaft. 

 

Single Plate Clutch 

The pressure plate pushes the clutch plate towards the flywheel by a set of strong 

springs which are arranged radially inside the body. The three levers(also known as release 

levers or fingers) are carried on pivots suspended from the case of the body. These are 

arranged in such a manner so that the pressure plate moves away from the flywheel by the 

inward movement of a thrust bearing. The bearing is mounted upon a forked shaft and moves 

forward when the clutch pedal is pressed. 

Multiplate clutch:  

Multiplate 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 surfaces obviously increases 

http://mechanicalbuzz.com/2015/01/08/single-plate-clutch-workinganimationdesign/


the capacity of the clutch to transmit torque. The plates are alternately fitted to the engine 

shaft and the gear box shaft. They are firmly pressed by strong coil spring and assembled in a 

drum. Each of the alternate plate slides in grooves on the flywheel and the other slides on 

splines on the pressure plate. Thus, each alternate plate has inner and outer splines. 

 

Multiplate clutch 

The multiple clutch works in the same way as the single plate clutch, by operating the 

clutch pedal. The multiplate clutches are used in heavy commercial vehicles, racing cars and 

motor cycles for transmitting high torque. 

The multiple clutches may be dry or wet. When the clutch is operated in an oil bath, it 

is called a wet clutch. When the clutch is operated dry, it is called dry clutch. The wet clutch 

are generally used in conjunction with, or as a part of the automatic transmission. 

7.  Explain the working of sliding mesh gear box with neat sketch 

ANSWER: 

 



Working 

First Gear 

When first gear position is selected by the shift lever, first gear (large gear) on the 

main shaft slides and is connected to first gear on the countershaft. The direction of rotation 

of main shaft is same as that of clutch shaft. In first gear, small gear of countershaft meshes 

with larger gear on main shaft, speed reduction in the ratio 3 : 1 (approximate) is obtained. 

Second Gear 

When second gear is selected by the shift lever, second gear on countershaft meshes 

with second gear (small gear on main shaft) on the main shaft. The direction of main shaft is 

same as that of clutch shaft. Speed reduction of the order of 2 : 1 is obtained in second gear. 

Third Gear 

In third gear, the main shaft is slided axially towards the clutch shaft so that main 

shaft is directly connected to the clutch shaft. In this position, the main shaft rotates at the 

speed of clutch shaft. Thus, a speed ratio of 1 : 1 is obtained. It can be noted that the clutch 

gear is directly connected to engine crankshaft and main shaft is connected to the wheels 

through propeller shaft. 

Reverse Gear 

When the shift lever is operated to engage the reverse gear, the larger (reverse) gear of 

the main shaft meshes with the reverse idler gear. Reverse idler gear is always connected to 

reverse gear on countershaft. The reverse idler gear between countershaft reverse gear and 

main shaft larger gear changes the direction of rotation of main shaft. Thus, the direction of 

main shaft becomes opposite to that of clutch shaft. Therefore, wheels of the automobile start 

moving in backward direction. 

 

8. (i) Explain the working of a constant mesh gear box. (8) 

(iii) Explain the working of universal joint with neat sketch. (8) 

(i)Working of a Constant mesh gear box: 

Forward gear selection: 

From the input shaft, the power starts flowing and is divided into four parts. Each part 

goes to one of the output gears, namely first, second, third and fourth. Gear ratios can be 

obtained for each of them. This can be done by the proper sliding of dog clutch over the teeth 

of the selected gearwheel. After this the path of the energy flow completes. This happens due 

to the locking movement of the output shaft. 

Reverse gear selection: 

The power will flow from the input shaft to the reverse gears. The power is then 

transmitted from the reverse gear to the reverse idler. The idler wheel will change the 

direction of the rotation. In the case of forwarding direction gear selection, the output gears 

will rotate in a direction opposite to the input gears. But in the case of reverse gear selection, 

the rotation is in the same direction as the input shaft. 

The steps are taken to change any gear in the constant mesh gearbox system: 

1. The first step when one wants to modify the gear would be the pressing of the 

clutch. After this comes the neutral state of the vehicle to be achieved. Proper optimization of 

the engine's speed is required. 



2. After the neutral gear, one moves forward to the first gear. The first gear. This 

process is known as double clutching. Inefficiency in performing the above steps might lead 

to a harsh and gnashing sound. 

 

 

(ii) Universal Joint Working 

A universal joint (universal coupling, U-joint, Cardan joint, Spicer or Hardy 

Spicer joint, or Hooke'sjoint) is a joint or coupling connecting rigid rods whose axes are 

inclined to each other, and is commonly used in shafts that transmit rotary motion. 

The variation in the speed of the driven shaft depends on the configuration of the joint, which 

is specified by three variables: 

1. The angle of rotation for axle 1 

2. The angle of rotation for axle 2 

3.  The bend angle of the joint, or angle of the axles with respect to each other, with zero 

being parallel or straight through. 

 

universal joint  



9. Explain the construction and working of a differential unit with neat sketch. 

ANSWER: 

Construction of differential gear: 

Differential is an arrangement of gears which work together and allow the vehicle to 

take a turn smoothly. In the differential, bevel pinion gear is fixed to the propeller shaft which 

rotates the crown wheel. The crown wheel has another unit called the differential unit. It 

consists of two bevel gears (sun gear) and two bevel gears (planet gear). The bevel gears are 

in contact with the half shaft of the rear axle. When the crown wheel is rotating, it rotates the 

differential unit. The bevel (sun) gears of the differential rotate the two shafts. 

Working of differential gear: 

When the car is on a straight road, the ring gear, differential case, differential pinion 

gears, and two differential side gears all turn as a unit. The two differential pinion gears do 

not rotate on the pinion shaft. This is because they exert equal force on the two differential 

side gears. As a result the side gears turn at the same speed as the ring gear, which causes 

both drive wheels to turn at the same speed also. However, when the car begins to round a 

curve, the differential pinion gears rotate on the pinion shaft. This permits the outer wheel to 

turn faster than the inner wheel. 

 


