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SCHOOL OF MECHANICAL ENGINEERING 

DEPARTMENT OF AUTOMOBILE ENGINEERING 

UNIT-I 

CLUTCH AND GEAR BOX 

Transmission System 

Chief function of the device is to receive power at one torque and angular velocity 

and to deliver it at another torque and the corresponding angular velocity. 

 
Function of Transmission: 

- It is used to transmit engine torque to the driving wheels to drive the vehicle on 

the road. 
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Purpose of Transmission System 

 It enables engine to be disconnected from the running driving wheels. 

 It enables the running engine to be connected to the driving wheel 

smoothly. 

 It enables the driving wheels to be driven at different speeds. 

 It enables turning of the drive round through 90 degree. 

 It enables the reduction of engine speed in the ratio of 4:1 in case of 

passenger car and in a greater ratio in case of heavy-duty vehicles. 

 It enables leverage between engine and wheels to be varied 

Requirement of Clutch 

1) Torque Transmission 
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The clutch should be able to transfer the maximum torque of engine

 under all conditions. Usually designed to transmit 125 to 150% of 

maximum engine torque. 

2) Gradual Engagement 

Clutch should take the drive gradually without occurrence of sudden jerks 

3) Heat Dissipation 

During clutch application large amount of heat is generated, the rubbing 

surfaces should have sufficient area and mass to absorb the heat generated. 

The design of clutch should ensure proper ventilation or cooling for 

adequate dissipation of heat. 

4) Dynamic Balancing 

This is necessary particularly in high speed clutches 

5) Vibration Damping 

Suitable mechanism should be incorporated within the clutch to eliminate the 

noise produced in transmission 

6) Size 

The size of clutch must be smallest possible, so that it occupies minimum 

amount of space. 

7) Inertia 

The clutch rotating parts should have minimum inertia.  (Otherwise when 

clutch plate is released for gear changing, clutch plate will keep on spinning) 

8) Ease of operation 

The operation of disengaging the clutch should be easy for driver. 
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Single Plate Clutch 

A Single Plate Clutch is defined as a type of friction clutch, which is made of a 

single clutch plate. The amount of frictional force that generates within the clutch 

plate due to the contact that takes place between the friction lining which is 

mounted on the clutch plate. 

Also, the prior component regarding the mechanism of a clutch plate is the 

flywheel, which is fixed on the crankshaft of an engine. Apart from that, the 

flywheel rotates with respect to the rotation of the shaft. Every clutch plate’s basic 

working principle depends upon the frictional force that arises within the clutch 

plate. 
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The main reason behind the frictional force is the friction lining, which plays a 

significant role in regards to the same. The friction lining can be mounted by the 

manufacturer on both sides of the plate. 

Apart from that, a single plate clutch can also be termed as a dry clutch due to 

which any sort of lubricant is not needed for the seamless functioning of the 

clutch. The coefficient of friction occurs due to the contact between friction 

lining, which is very high in the case of a single-plate clutch. 

Parts of a Single Plate Clutch: 

Mainly, a clutch is made of several components like pressure plate, flywheel, disk 

plate, friction lining, and the spring. Therefore, the major components of a clutch 

regarding its mechanism are stated below briefly. 

Flywheel: 

The prior part that can be utilized by a manufacturer in order to develop a clutch 

is the flywheel. The flywheel is the heaviest part among all the parts that 

incorporated within a clutch. 

In regards to this, the flywheel is attached with the crankshaft and another side of 

the flywheel made contact with the grasp-plate. Apart from that, the flywheel is 

the part that decides the amount of time, should be taken by the entire mechanism, 

regarding engagement and disengagement. 

Due to the contact with the grasping plate, a high amount of torque oftentimes 

arises due to which the engagement takes place within the vehicle. 

Pressure Plate: 

The main frictional force controlling part is the Pressure plate. The pressure plate 

is usually attached to the plate of solid metal. It takes the help of weight to 

maintain contact. 
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In this regard, the pressure plate uses springs, which are joined with the pressure 

plate to put the proper amount of weight. Moreover, the pressure plate controls 

the contact between the frictional surfaces of the grasp- plate and the flywheel to 

maintain the amount of frictional force. 

Friction Lining: 

It is the main part of the contact from which the frictional force produces. Friction 

lining is attached to the grasp-plate, in the both of the sides of it. Along with that, 

friction lining creates contact with the flywheel and thus creates a frictional force 

at the time of rotation. 

With the help of this force, the torque produces. The frictional lining can also be 

termed as Frictional Surface. Apart from that, the frictional lining is made of some 

special type of metal which is the high coefficient in nature and never slips and 

made by the friction surface. 

Clutch Plate: 

The clutch plate is the most important part of a clutch. It is the main part also. 

Apart from that, the clutch plate is made of a thin plate of metals. It consists of 

frictional lining on both sides of it. 

Moreover, the clutch plate fully depends on the working principle of the friction 

lining. The clutch plate only rotates and the attached friction surface can be used 

to build the friction with the flywheel to produce friction, as well as torque. A 

clutch plate is also known as Clutch Disk. 

Springs: 

Springs are connected with the pressure plate with the help of the bolts. These 

springs usually help the clutch plate to make contact with the flywheel to produce 

friction and as well as torque. 
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Moreover, the pressure plate puts weight on the springs that are attached to the 

pressure plate. Then the springs maintain the flywheel to move forward or 

backward from the clutch plate’s Frictional Surface to maintain the amount of 

force that is created by the friction. 

So high coefficient friction is also maintained and the proper amount of torque is 

produced. Apart from that, these springs cannot be slipped. 

Thrust Ball Bearing: 

The thrust ball bearing is the main part that helps in the rotation of the clutch plate 

and the flywheel also. It is usually made of some small bearing balls in a circular 

ring. It can be used in low thrust. Moreover, it helps to produce the rotation 

between two parts to maintain the low axial loads as low thrust is used. 

Working Principle of Single Plate Clutch: 

The entire working principle of a Single plate clutch depends upon two distinct 

areas those are disengagement and engagement. Therefore, the below section 

briefly discusses the two mechanisms, one is engagement and another one is 

disengagement. 

Engage: 

• At first, the clutch plate is placed in its proper position, between the flywheel 

and the pressure plate. 

• The main three parts start to rotate with the help of thrust ball bearings. 

• The springs are connected with the pressure plate. In this regard, the pressure 

plate puts the weight on the springs according to the necessity. 

• Springs can control the contact of the friction lining of the clutch plate and the 

flywheel. 

• The friction surface or friction lining turns to rotate with the contact of the 

flywheel and thus friction can be produced. 

• The clutch becomes engaged. 
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• The clutch plate is attached to the clutch shaft which is in contact with the 

gear-box of a vehicle. 

• Hence, the power transfers to the gearbox from the shaft. 

Disengage: 

• At first, the pressure plates remove its contact pressure from the springs. As a 

result, the springs moved backward from the clutch plate. 

• The flywheel also comes back from the clutch plate. 

• Hence, the clutch plate becomes free from the pressure plate and the flywheel. 

• The friction surfaces are not in contact now with the flywheel and pressure 

plate. 

• In this regard, the clutch shaft reduces its speed of rotation as the weight 

reduced. 

• At last, the rotation of the clutch shaft is stopped. 

• Therefore, the clutch is disengaged. 

Applications of Single Plate Clutch: 

Single Plate Clutches are used in various filed like: 

• In the automotive industry, a single plate clutch can be used by most of the 

vehicles around the globe. Due to the large radial shape of the single-plate 

clutch, it is mostly used in large vehicles as compared to small ones, such as 

buses, cars, trucks mainly use a single plate clutch. 

• This type of clutch does not require any lubricant for cooling. But, behind this, 

another reason is present. Due to the large size of a single plate clutch amount 

of heat dissipation takes place significantly. Therefore, oil or lubricant is not 

needed to cool the plate. 

• Due to the high coefficient of friction, most of the vehicles use a single plate 

clutch. The amount of the coefficient of friction is more than 0.3.  

• Apart from that, the amount of torque generation is also very high as 

compared to a wet clutch due to which this type of clutch can mostly be used 

in a big vehicle. 
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• But, in regards to the application of a single plate clutch, the user has to 

prevent the contamination. Also, the moisture that presents within the plate 

should be prevented by the user through sealing the ports.  

Advantages of Single Plate Clutch: 

• In regard to the functions, the single plate clutch is very good. Because of its 

quick response to the operation of the single-plate clutch, users should use the 

single-plate clutch. 

• The heat can be generated by the clutch due to the frictional force that 

damages the other parts which help in the process of power transmission. 

• As the single plate clutch creates less heat so no coolant medium is needed 

for cooling the system. So, this clutch can also be termed as the dry clutch. 

No extra charge for the coolant is required. 

• In the case of the single-plate clutch, the torque is less as it can perform at a 

certain range. In order to this limitation, if the input force exceeds the required 

torque, then the slippage takes place between the contact surface and plate of 

the clutch. Due to this incident, the single plate clutch performs like a safety 

mechanism that works as safeguards and helps the other parts from being 

damaged. 

• The performance of engagement and disengagement of the plate is smooth. 

So the single plate clutch can perform its work smoothly. 

• As the torque is low, so the loss of power is also less. Due to, less power loss, 

it is safe for the engines to perform the work smoothly. 

Disadvantages of Single Plate Clutch: 

• The single-plate clutch needs no cooling medium. So, this clutch is dry. Due 

to this dryness, high maintenance is also required. Due to the dryness, the 

moisture damages the clutch. If any leakage occurs, then the moisture 

damages the clutch plate. So, the lubricating oil is required to prevent the 

damage of moisture. 
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• The diameter of the single-plate clutch is bigger in shape and size. It is also 

bigger in regard to the transmission of low torque that can be created by the 

single-plate clutch. 

• The single-plate clutch has less capability of transmission of torque.  The 

capacity of low torque is also one of the major disadvantages of the single-

plate clutch. 

 

 

 

 

Multi-plate Clutch 

One of the most useful clutches is Multi-plate Clutch among all the other clutches. 

It is usually made by multiple plates hence it is also known as a multi-plate clutch. 
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Definition of Multi-Plate Clutch: 

The multi-plate clutch is a special type of clutch that can produce high torque. It 

mainly transmits the power from one shaft to another shaft. One of them is the 

engine shaft and another one is the transmission shaft. Friction takes place in the 

engine by the clutch plates. This friction makes high torque. 

Moreover, it can be said that in the automobiles or in pieces of machinery, where 

high torque is needed like in the gearbox of motorcycles, this multi-plate clutch 

can be used to assure the precision level of that machine. 

The high amount of torque can be generated by the multi-plate clutch due to the 

number of plates. 
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Therefore, it can be asserted that if the numbers of plates are increased by the 

manufacturer then it can be possible to increase the amount of torque generation. 

Multi-Plate Clutch Components or Parts: 

The Multi plate clutch is made of different types of components. They are as 

follows: 

• Flywheel 

• Pressure Plate 

• Friction Disc 

• Clutch Paddle 

• Friction Lining 

• Thrust Spring 

• Inner Splined Sleeves 

• Diaphragm Spring 
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Flywheel: 

A flywheel is a very useful part of the engine. It is situated beside the clutch. 

Therefore, when the flywheel and clutch make contact with each other friction is 

generated through the same. 

In regards to the same, this friction produces high power. Hence, the flywheel 

transmits the generated power from one shaft to another shaft. 

Pressure Plate: 

It is another prior component of the multi-plate clutch. Although, not only it is 

used in the multi-plate clutch but also each and every type of clutches are made 

of the pressure plate. 
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The overall mechanism of the clutches’ pressure plate plays a significant role in 

its operation. It can be used to make friction in the contact of the clutch plate. The 

pressure plate is attached with splined sleeves and the pedals respectively. 

In this regard, when the pedals are pressed, then the pedals make contact with the 

pressure plates. Hence, the pressure plate changes its place from backward to 

forward or vice versa. Moreover, it can be said that the pressure plate is placed to 

maintain the friction of the clutch. 

Friction Disc: 

Friction disc is the main cause behind the generation of the frictional force. It can 

be attached to a pressure plate. According to this, when the pedals are pressed, 

the pedals make contact with the pressure plates, moreover with the friction discs. 

Hence, friction discs produce a frictional force. 

Clutch Paddle: 

The clutch plate is the most important part of this entire mechanism. It creates 

contact between the different parts like flywheel and pressure plate respectively. 

Apart from that, it is mainly utilized to control the engagement as well as the 

disengagement of the clutches. 

Thus, the inner portion creates contact with the flywheel and the outer portion 

creates contact with the pressure plate. Regarding this, clutch plates have friction 

lines at the end of the outside parts. 

Along with that, usually, that part is mainly used to create contact with the 

pressure plate and thus, produces friction. Apart from that, the clutch plate power 

is also produced in the engine. 

Hence, the power reaches between two shafts, those are engine shaft and 

transmission shaft. In the case of the multi-plate clutch, due to the presence of 

more than one clutch plate, more friction can also be produced. 
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Friction Lines: 

The friction line is the main part for producing the frictional force in the engine. 

It is mainly attached to the end of the outside of the clutch plate. Hence, it can be 

used to connect to the pressure plate, to produce friction. 

Thrust Spring: 

Thrust spring is mainly attached to the outer side of the pressure plate. It helps to 

maintain the contact between two plates, those are the clutch plate and the 

pressure plate. 

Apart from that, these springs can be moved by the clutch pedals. Hence, the 

clutches become disengaged. 

Inner Splined Sleeves: 

The inner splined sleeve is attached to the pressure plate. After that, the pedals of 

the clutch are pressed. 

Thus, the pressure plate, as well as the inner splined sleeves, tends to move 

forward and backward. As a result of this, inner splined sleeves can disengage or 

engage the clutch. 

Diaphragm Spring: 

Diaphragm spring is also a very important type of spring in this type of clutch. It 

takes the place of the thrust spring, in this type of clutch. Apart from that, this 

spring is circular and has so many fins or fingers. 

Thus, it looks like the diaphragm. Hence, its name is Diaphragm Spring. Its uses 

are almost as same as thrust spring. Moreover, it maintains the friction force. 

Types of Multi-Plate Clutch: 

There are 3 types of Multi Plate Clutch: 
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• Spring Type Multi-Plate Clutch, 

• Hydraulic or Automatic Multi-plate Clutch and 

• Diaphragm Multi-plate Clutch 

Spring Type Multi-Plate Clutch: 

The main parts of the Spring type Multi-plate clutch are clutch plates, pressure 

plates, clutch pedals, friction lines, thrust spring, inner splined sleeves, flywheel, 

and friction discs. 

Diaphragm Multi-plate Clutch: 

The Diaphragm Multi-Plate Clutch is made of the same parts as of the Spring 

type Multi-plate Clutch, excluding the thrust spring. In that case, the diaphragm 

spring can be used in the place of thrust spring. 

Hydraulic or Automatic Multi-plate Clutch : 

The Hydraulic Multi-plate Clutch is also as same as Diaphragm Clutch but it has 

some differences in its operational part. 

Working principle of Multi-Plate Clutch: 

To discuss the working principle of the multi-plate clutch, it can be said at first 

that it has two types of working procedures. One is the engaging procedure and 

the other is the disengaging procedure. Regarding this, here the two types are 

discussed below: 

Engage: 

• Engagement takes place in the engine when the driver pressed the clutch 

paddle. 

• Apart from that, it enhances the movements of the thrust springs. 

• The pressure can be given to give pressure to the pressure plates with the help 

of thrust springs. 

• Hence, the pressure plate tends to move forward. 
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• Along with that, the friction linings that are attached on the inner side of the 

pressure plate to make contact with the flywheel, start its action. 

• As a result, the clutch engages. 

Disengage: 

• For disengaging the clutch and the engine of the vehicle, the driver has to 

press the clutch pedals as well as the fins of inner splined sleeves at first. 

• It enhances the thrust spring to move backward. 

• This thrust spring releases pressure from the pressure plates. 

• Hence, the pressure plate tends to move backward. 

• As a result of removing the pressure from the flywheel, pressure plate and 

springs the clutch becomes disengaged. 

 

Advantages of Multi-Plate Clutch: 
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There are many advantages of the Multi Plate clutch. Some of the advantages are 

stated below: 

• As the multi-plate clutches are made of more clutch plates so the capacity of 

transmission of torque is quite high. 

• This type of clutch is small in size. Due to its compact size, the multi-plate 

clutch is suitable for any sort of vehicles around the globe. As the motorcycles 

and scooters have limited space, so the multi-plate clutch can be fitted easily 

because of its compact size. 

• In comparison with the single-plate clutch, the diameter of the multi-plate 

clutch is smaller than the single-plate. Due to this feature, the multi-plate 

clutch can be used in many sports such as racing and others.  

• The multi-plate clutches have many friction surfaces. As the transmission of 

torque depends on the number of friction surfaces, so in the case of the multi-

plate clutch, torque becomes higher than the single-plate clutch.  

• Due to the advantage of higher torque rate, in the case of heavy vehicles which 

are mainly used for commercial purpose, the multi-plate clutches can easily 

be used.  

• In comparison to a single-plate clutch, the multi-plate clutch helps the engine 

to perform with better acceleration. 

• There is a force required to press the clutch pedal to make the clutch 

operational. To operate a multi-plate clutch, less pedal effort is required. 

Disadvantages of Multi-Plate Clutch: 

There are some disadvantages too. Some of the disadvantages are stated below: 

• The weight of the multi-plate clutch is heavy so it is not suitable for all-time 

use.  

• The cost of the multi-plate clutch along with its maintenances is very 

expensive. So, it is not good for the users of the multi-plate clutch, with a low 

budget. 

• As the number of frictional surfaces is more than the single-plate clutch, so 

more heat can also be generated. Due to more heat, the engine gets heated 
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quickly. In this case, a cooling medium is required for the multi-plate clutch. 

So, for the cooling medium, users have to spend extra money. Due to this 

drawback, the maintenance cost becomes high automatically. 

Application of Multi-Plate Clutch: 

The application of Multi-Plate clutch are stated below: 

• It can be used in the pieces of machinery and automobiles where high power 

is required. 

• It can be used in the motorcycle or high-speed racing cars due to the compact 

gearbox and high torque production. 

• It can be used in ships, trucks, locomotive engines due to compact gearbox 

design. 

• It is appropriate for heavyweight types of machinery like bulldozers, 

excavators, tanks and crawlers and others as the multi-plate clutch is heavy 

and produces high power. Due to that, the heavy pieces of machinery easily 

lift heavyweights. 
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Centrifugal Clutch 
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When the engine starts to rotate then the Centrifugal force produces. This 

centrifugal force turns the driveshaft. This force also activates the transmission 

depending on the enhancement of the engine rpm. 
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The size of the clutch is developed according to the load but in that case, the 

motors’ horse power cannot be considered anytime. Alongside, a small-sized 

motor can also be utilized in order to develop or bring the maximum output 

regarding the torque. Also, the size of the gear reducer is small. 

The Centrifugal force can also be used to push the sliding shoes outward. Then 

the friction lining of the shoes makes a connection with the drum’s inner surface. 

So, the drum starts to move. The drum is then attached to the driven shaft. At 

first, it helps to transmit the power to the transmission shaft from the engine shaft 

and then to the load. 

Centrifugal clutch makes the current draw to be the minimum and the torque is 

the maximum. Due to less amount of heat emissions the clutch plate does not slip 

through which the load can be accelerated. Alongside this, the motor is also safe 

due to the low amount of heat dissipation.  Oftentimes it is found that due to high 

heat, motor JA burnt and that is not good for any machinery around the 

manufacturing industry. 

Advantages of Centrifugal Clutch: 

• Centrifugal clutch does the work of engaging and disengaging automatically. 

So there is no necessity or requirement of any other kind of mechanical part 

to control the peak speed of the engine. The working principle of the 

centrifugal clutch is mainly based on the law of physics. 

• In comparison with other clutches, the cost of the Centrifugal clutch is much 

lower. Relatively the Centrifugal clutch is less expensive. In the case of the 

Centrifugal clutch, fewer parts are involved. No battery or extra component is 

needed to assist the Centrifugal clutch to perform the function properly. 

• The servicing and maintenance cost of the centrifugal clutch is low. As the 

construction and primary design is good so there is a little chance of breaking 

down or wearing away of the system. As the construction and design of this 

clutch are sound at the initial stage so there are minimal chances present to be 

damaged. So, users of this clutch have to expend a little money for 
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maintenance and servicing. Therefore, it is more cost-effective and too good 

to use the centrifugal clutch and it is economically good for users. 

• Overloading and abrupt starting can create a burden on the engine which 

causes damage to the engine. In the case of a centrifugal clutch, it is better and 

safer than the others with load and progressive engagement. Centrifugal 

clutch is mainly specialized to perform shock less and smooth acceleration. 

• The centrifugal clutch can control the speed of the engine. This clutch has a 

greater progressive engagement and this feature helps in increasing the torque, 

a twisting force moving toward the load from the engine. 

• The centrifugal clutch having the feature of greater engagement and speed 

control that enhances the longer lifespan and excess energy accumulation on 

the startup. 

Disadvantages of Centrifugal Clutch: 

• Though the centrifugal clutch has many benefits yet this clutch is not suitable 

for all applications on all occasions.  The user must be aware about the fact of 

a lack of experience on applications of a centrifugal clutch. 

• The transmission power of the centrifugal clutch has limitations because of 

slippage. In the case of an engine with a low RPM, centrifugal clutch is not 

suitable for that one because of the overheating problem. More heat can be 

produced due to friction between shoes and clutch drum. This problem of 

overheating can damage the clutch due to slippage and loss of power. 

• Various sizes of clutch create a different amount of peak speed. The clutch is 

smaller in size and produces a faster speed. This happens due to the centrifugal 

force that is needed to be engaged. 

• The clutch is activated when an engine reaches a particular speed. If the 

engine wants to attain a certain speed the clutch does not work properly. If 

loading capacity goes beyond the capability of the clutch loses its 

performance which leads to slippage. Due to this problem engine cannot 

perform properly causing damage to the engine. So, the centrifugal clutch is 

suitable for an engine having high speed but not for a lower speed engine. So, 
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the centrifugal clutch protects driven equipment and saves the engine with a 

vast range of speed. 

• Centrifugal clutch cannot create high torque. 

• So much power loss is present, during the slipping and friction. 

• In the case of vehicles, so many heat gets produced during bad driving habits. 

This overheating may damage the clutch completely. 

Applications of Centrifugal Clutch: 

• Centrifugal clutch is generally used in vehicles. 

• Centrifugal clutch is widely used in industrial applications like machinery, 

mining, military, manufacturing purposes. 

• In chemical industries, the Centrifugal clutch is used in mixers. 

• Used in lawn movers, chain saw. 

• Used in scooters, go-karts, and mopeds. 

• During stalling, in paramotors and boats, Centrifugal clutch is used to keep 

this stalling and during idling and start of the disengagement of the loads are 

done by Centrifugal clutch. 

Problems of Clutch 

Clutch Grab  

 Grab is the sudden jerky motion of the vehicle when clutch pedal is 

released.  

Clutch Clatter  

 Clatter is the alternative movement of the clutch disc between flywheel and 

pressure plate. (Or) A shaking or shuddering of the vehicle as the clutch is 

operated.  

Clutch Drag  

 A problem in which the clutch disc does not come to a complete stop after 

the clutch pedal is depressed.  

Cushion Springs 

  The clutch clatter is avoided by providing cushion spring between friction 

facings. Cushioning device consists of waved cushion springs to which the 
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facings are riveted. These springs compress slightly as the clutch engages 

producing a cushioning effect. 

 

GEAR BOX 

Constant Mesh Gearbox  

 In this gearbox, all the gears are always in mesh. The gear remains fixed and not 

slide like the sliding mesh gearbox. 

In this gearbox, the sliding mesh was replaced with constantly meshed pairs of 

gears and the new shifting devices named dog clutches were introduced. 

A constant mesh gearbox usually comes with 4-speed 1-reverse manual 

transmission configuration. This gearbox has different parts like counter shaft, 

main shaft, clutch shaft, gears and dog clutch. 

Gears on the counter shaft are fixed to it and the gears on the main shaft are free 

to rotate. Helical and herringbone gears are usually used in this gearbox, so it is 

quiter than sliding mesh gearbox which uses spur gears. 

• In this gearbox all the gears in the main shaft and the counter shaft are 

always engaged with each other . Different transmission ratio or speed ratio 

are obtained by using the dog cluth . Dog clutches engage with gears on 

the main shaft to obtain desired speed or torque. 
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Main Parts of Constant Mesh Gearbox: 

The main parts of Constant Mesh Gearbox are : 

 

There are 3 shafts present in this gearbox which are : 

 

i)Main Shaft: 

It is also known as output shaft. It is the splined shaft over which the dog 

clutches along with gears are mounted. Gears on this shaft are free to rotate. 

 

ii) Lay Shaft or Counter Shaft 

It is an intermediate shaft between the Main Shaft and Clutch Shaft. The gears 

of counter shaft are in constant mesh with gears of main shaft. Also the gears of 

counter are shaft are not free to rotate as they are directly connected to the 

Counter Shaft. 

 

iii) Clutch Shaft: 

The clutch shaft carries the engine output to the gearbox but act as input for the 
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gearbox. It is also known as input shaft. 

 

 

2). Dog Clutch: 

The dog clutch couples the lay shaft and main shaft by interference and not by 

friction. Dog clutches are used to transmit appropriate gear ratio to the main 

shaft or output shaft by coming in interference with pair of gears with suitable 

gear ratio. 

There are usually two dog clutches in a Constant Mesh Gear Box. 

 

3) Gears: 

Gears of constant mesh gearbox come in pairs. All gears of lay shaft or counter 

shaft are always paired with gears of main shaft or output shaft. 

This paired gears of counter shaft and main shaft provide different gear ratio 

which can be transmitted to main shaft by engaging dog clutch with appropriate 

gear ratio required. 

 

Two type of gears are used in constant mesh gearbox:- 

i) Helical Gears: 

These gears have angular cut teeth over cylindrical cross-section metal body. 

ii) Bevel Gears: 

These gears have angular cut teeth over conical cross-section metal body. 

Construction of Constant Mesh Gearbox: 

▪ The output of the engine is carried by clutch shaft. The gear in clutch shaft is in 

constant mesh with the gear of lay shaft. 

▪ There are 5 gears in lay shaft, one of which is connected to gear of clutch shaft 

and the other 4 are connected with gears of main shaft. 

▪ All four gears are of different sizes to obtain different gear ratios. 

▪ An idler gear is present between the gear of lay shaft and gear of main shaft to 

form reverse gear. 
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Working of Constant Mesh Gearbox: 

▪ When the dog clutch is engaged with different gears of main shaft different gear 

ratios are obtained as gears of main shaft are always paired with gears of counter 

shaft to form different gear ratios. 

▪ If the dog clutch is not in contact with any gear of main shaft the gears of main 

shaft rotates freely and does not rotates the main shaft as they are connected with 

main shaft using bearings. 

▪ The main shaft rotates only when one of the dog clutch is engaged with any of 

the gear of the main shaft. 

▪ Reverse gear is obtained in this gearbox using the same technique that was in 

sliding gearbox i.e using the idle gear between main shaft gear and counter shaft 

gear. 

Different gear ratios in Constant Mesh Gearbox: 

First Gear: 

First gear is obtained in constant mesh gearbox when dog clutch gets engage by 

interference with the largest gear of main shaft which is in constant mesh with 

smallest gear of main shaft. This gear provides maximum torque and minimum 

speed to the main shaft. 

Second Gear: 

Second Gear is obtained when dog clutch gets engage with second largest gear 

of main shaft which is in a constant mesh with second smallest gear of lay shaft. 

This gear provides higher speed and lower torque than first gear. 

Third Gear: 

Third gear is obtained when dog clutch engages with second smallest gear of 

main shaft which is in constant mesh with second largest gear of lay shaft. This 

gear more speed and less torque than second gear. 

Fourth Gear: 

This gear provides the highest or maximum speed in a vechile using constant 

mesh gearbox. This gear is obtained when dog clutch engages with smallest 

gear of main shaft which is in constant mesh with largest gear of lay shaft. 

 

Reverse Gear: 

In this gear the vehicle goes in reverse direction. Like sliding mesh gearbox, an 
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idler gear is also used in constant mesh gearbox between the main shaft gear 

and lay shaft gear to form reverse gear. Reverse gear is obtained when dog 

clutch engages with gear in main shaft which is paired with idler gear. 

 

Advantages of Constant Mesh Gearbox: 

▪ Constant Mesh Gearbox are quiter because helical or herringbone gears can be 

used in this gearbox instead of spur gears. 

▪ Since the gears are engaged by dog clutches, if any damage occurs while engaging 

the gears, the dog unit members get damaged and not the gear wheels. 

Application: 

▪ Constant mesh gearbox was mainly used in farm trucks, motor bikes and heavy 

machinery. 

▪ It is also used in cars like Ford Model T. 

▪ Constant Mesh Box was used in motor bikes before the introduction of 

synchromesh gearbox in 1928 by General Motors. 

problems of Sliding Mesh Gearbox were solved by Constant Mesh Gearbox  

Sliding Mesh Gearbox 

The Sliding Mesh Gearbox was a great success for the automobile industry as 

now there was a system which can provide different speed and torque needs by 

the vehicle to face different road conditions. 

But there were some limitations and problems of Sliding Mesh Gearbox which 

were solved by Constant Mesh Gearbox. These problems are:- 

1) The shifting of gears was very noisy process as spur gears were used but in 

constant mesh gearbox the gear shifting process becomes very less noisy as 

helical gears and bevel gears are used. 

 

2) In sliding mesh gearbox, gears to be messed were in continuous rotation, so 

the meshing of gears can cause breakage of gear teeth's or wear and tear of 

gears. This problems was solved by constant mesh gearbox by introducing dog 

clutches. 

 

3) Shifting was not an easy task for drivers and requires special skill to change 
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gears using double-de-clutching technique. But changing gears become easy for 

drivers after introduction of constant mesh gearbox. 

This type of transmission offered multiple gear ratios. The gears were engaged 

by sliding them on their shafts. Shifting of gears was not an easy task, it can only 

be done by a skilled person. While shifting gears, the gears which are needed to 

be meshed with each other should be almost at same speed while meshing with 

each other. 

 

Now the sliding mesh gearbox is superseded by constant mesh gearbox in which 

all gears mesh at all times with its pair and synchronous mesh gearbox is a further 

refinement of constant mesh gearbox. 
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Parts of Sliding Mesh Gearbox: 

The main parts of sliding mesh gearbox are: 

 

i) Shafts :- There are 3 shafts present in Sliding Mesh Gearbox: 

 

a) Clutch Shaft – 

It is input shaft in the sliding mesh gear box. The clutch shaft carries the engine 

output to the gearbox with the help of engaging and disengaging clutch which is 

mounted at the engine end. A gear is mounted over this shaft known as clutch 

gear which is used to transmit rotational motion to lay shaft. 

 

b) Lay Shaft or Counter Shaft – 

After the input shaft comes the Lay Shaft. Lay shaft is an intermediate shaft 

between the Clutch Shaft and Main Shaft. In the lay shaft, the gears are rigidly 

fixed and rotates with the lay shaft. One of the gear of this shaft is always in 

contact with the gear of the clutch shaft. So when the clutch shaft rotates, the 

lay shaft also rotates. 

Lay shaft rotates in a direction counter to the engine rotation. So, it is also 

known as Counter Shaft. Other gears of lay shaft meshes with different gears of 

main shaft to obtain different gear ratios. Also, lay shaft has reverse gear which 

has idler gear attached to it. 

 

c) Main Shaft: 

This shaft is used as an output shaft in sliding mesh gearbox. In this shaft the 

gears are not rigidly fixed. The gears of this shaft have internally splined 

grooves and the outer surface of this shaft is made splined so that the gears can 

easily slide over the shaft. 

The gears of main shaft slides over the shaft to mesh with appropriate gears of 

lay shaft so that required gear ratio is obtained. 

 

ii) Gears: 

Usually two types of gears were used in sliding mesh gearbox. They are:- 

a) Spur gear 
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Spur gears have straight teeth that are produced parallel to the axis of gear. 

These gears are most economical types of gear but tend to vibrate and become 

noisy at high speed. 

 

b) Helical gear 

The teeth of helical gears are not parallel to gear axis. The teeth of this gear type 

are at angle to the gear axis. These gears are less noisy and have a smoother 

operation than spur gear. Also these gears have higher tooth strength and a 

higher load carrying capacity. 

 

iii) Gear Lever :- 

It is used slide the gears in the main shaft to obtain appropriate gear ratio. It is 

operated by the driver. 

Construction of Sliding Mesh Gearbox: 

▪ The clutch shaft is connected to the engine output and rotates when the engine 

rotates. A gear is mounted on the clutch shaft which is connected with a gear of 

lay shaft. 

▪ The lay shaft has several gears, one of which is connected to gear of clutch shaft 

and others gears connect with different gear of main shaft to obtain different gear 

ratio. Also, one gear in lay shaft is reverse gear and has and idler gear which is 

placed between the lay shaft gear and main shaft gear when operated. 

▪ The main shaft has several gears and these gears can slide over the main shaft to 

mesh with different gears of main shaft. 

Working of Sliding Mesh Gearbox: 

▪ At first, the clutch shaft is driven by engine. It carries the engine output and 

rotates in the same direction as that of engine. The gear connected to the clutch 

shaft also rotates. 

▪ As gear of clutch shaft rotates, the lay shaft gear which is connected to the clutch 

shaft gear also rotates but in opposite direction. 

▪ So the lay shaft rotates due to rotation of lay shaft gear that is rigidly fixed in the 

lay shaft. Due to rotation of lay shaft other gears of lay shaft also rotates as all the 

gears in lay shaft are rigidly fixed including the reverse gear. 
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▪ The gears of main shaft are internally splined and the main shaft is also splined, 

so the gears of main shaft can slide over it. The gear of main shaft are shifted and 

meshed with different gears of lay shaft to obtain different gear ratios required to 

face different road problems. 

Different gears of Sliding Mesh Gearbox: 

Different gears of Sliding Mesh Gearbox is obtained in the following ways:- 

 

1. First Gear : 

First Gear is used at the time when vehicle starts its movement in forward 

direction. First Gear provide maximum torque and minimum speed and this gear 

is obtained when the smallest gear on the lay shaft meshes with the biggest gear 

in the main shaft. 

 

2. Second Gear: 

Second Gear is obtained when second largest gear of second smallest gear of 

lay shaft meshes with middle size gear of main shaft. Second Gear provides 

lower torque and higher speed than First Gear. 

 

3. Third Gear: 

Third gear is last gear or top gear of Sliding Mesh Gearbox. This gear is 

obtained when biggest gear of lay shaft meshes with smallest gear of main shaft. 

This gear provides maximum speed and minimum power. 

 

4. Reverse Gear: 

Reverse Gear is used when the vehicle needs to move in the opposite direction. 

In this gear the rotation of the output shaft or main shaft is reversed by placing 

an idler gear between the lay shaft gear and the main shaft gear which changes 

the direction of rotation of output shaft. 

Advantages of Sliding Mesh Gearbox: 

1 Since only one gear is in mess in sliding mesh gearbox so less fluctuating loads 

on shafts causing less vibration and noise 

unlike the constant mesh gearbox in which all gears are in constant mesh. 

2. Its efficiency is more than constant gearbox as only one gear is in mess unlike 
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the constant mesh gearbox in which all gears are in constant mesh. 

2. Its manufacturing is easy as compared to constant mesh gearbox. 

3. Its mechanism is simple. 

Disadvantages of Sliding Mesh Gearbox: 

1 Only spur gears can be used as gears are not in constant mesh like constant 

mesh gearbox in which helical or herringbone gears can be used. 

2. More effort is required to engage the gear as the gear has to be sliced in 

sliding mesh gearbox unlike constant mesh gearbox where only dog clutch has 

to be slides for engagements of different gears. 

3. Less life of gear as more wear and tear of gear is caused in sliding mesh 

gearbox due to friction. 

4. It takes more time and money to replace the gears if the gearbox fails but in 

constant mesh gearbox only dog clutches are to be replaced at failure which 

takes less time and money. 

Applications: 

1. Sliding Mesh Gearbox is used in Alfa 12HP with 4-speed manual transmission. 

2. It is also used in Fiat 6HP with 3-speed manual transmission. 

3. It is also used in Mercedes 35 HP and Renault Voilturette. 

 

Synchromesh Gearbox: 

Synchromesh gearbox is the latest version of Constant mesh type. It is a manually 

operated transmission in which, 

Change of gears takes place between gears that are already revolving at the same 

speed. In this type of gearbox, gears can rotate freely or it is locked on layout 

shaft. Synchromesh is an improvement on dog clutch. The synchronizer is the 

main part of this gearbox that stabilizes the speed. A synchronizer is a kind of 

clutch which lets 

Components turning at different speeds. To synchronize the speeds cone friction 

is used. 

https://innovationdiscoveries.space/manual-or-automatic-gearbox-which-is-the-best/
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Principle: 

In a gearbox, there is always a difficulty in engaging the 

Stationary gear with the gears already rotating at a high speed. The principle states 

that 

”Before engaging the gears they are brought in frictional contact with 

Each other and after equalizing the speed the engagement is done.” 

Construction: 

The synchronizer is placed between two gears. So, we can use one unit for two 

gears. G1 and G2 are the ring-shaped members who are having the Internal tooth 

that fits onto the external teeth. F1 and F2 are the sliding members of the main 

shaft. H1, H2, N1, N2, P1, P2, R1, R2 are the friction surface. 

 

1. Main shaft Gears: 

A spline shaft is used as the output shaft over which the synchronizers and Gears 

are mounted. According to Fig. B, C, D, E are the gears that can freely rotate on 
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the main shaft in mesh with corresponding gears in the lay shaft. As long as shaft 

A is rotating all the gears in the main shaft and Lay shaft rotates continuously. 

2. Lay Shaft Gears: 

It is the intermediate shaft over which gears with 

Suitable size are mounted and is used to transmit the rotational motion 

From clutch shaft to the final output shaft. According to Fig. U1, U2, U3, U4 are 

the fixed gears on the countershaft (lay shaft). 

3. Clutch Shaft: 

It is the shaft used as an input shaft in the gearbox as it 

Carries the engine output to the gearbox. 

4. Cone Synchromesh: 

The side of the gear to be engaged has two features. One is hollow-cone, and the 

other is cone surrounded by the ring of dog teeth. The gear is made the cone and 

teeth that the synchromesh mechanism contacts. 

5. Synchronizers: 

They are the special shifting devices used in the 

Synchromesh gearbox which has conical grooves cutover 

It’s surface that provide frictional contact with the gears which is to 

Mesh to equalize the speed of the main shaft, 

Layshaft and clutch shaft which in turn provides smoother shifting of gears. 

6. Gear lever: 

It is the shifting lever operated by the driver and is used to 

Select the appropriate gear i.e. 1, 2, 3, 4, 5 or reverse gear. 

Working: 
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In synchromesh gearbox Layshaft is connected to the engine directly, 

But it rotates freely when the clutch is disengaged. 

Because the gears have meshed all the time, 

The synchro brings the layshaft to the right speed for the dog teeth to 

Mesh to achieve the desired speed of output shaft. 

1. Working of First Gear: 

For first gear, the ring shaft member and the sliding members i.e., G2 and F2 

moves towards left till the cones P1 and P2 rub each other. Then friction makes 

their speed equal. 

Once their speeds are equal G2 is further pushed towards 

Left and it engages with the teeth L2. A motion is carried from clutch gear B to 

the layshaft gear U1. Then it goes to layshaft U3, and the motion is moved to the 

main shaft gear D. From there the motion is transferred to F2 which is the sliding, 

Member and then to the main shaft for the final drive. 

 

2. Working of Second Gear: 
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For second gear the ring shaft and the sliding members i.e., G1 and F1 moves 

towards the right till the cones N1 and N2 rub each other. Then the friction makes 

their speed equal. G1 is further pushed towards the right so that it meshes with 

the gear. The motion is transferred from clutch gear B to the layshaft gear U1. 

From U1 the motion is transferred to U2. From U2 it is shifted to the main shaft 

gear C. Then the motion is transferred to the sliding member F1. Then it goes to 

the main shaft for the final drive. 

 

3. Working of Top Gear: 

For top gear or direct gear, 

The motion is shifted directly from clutch gear B to the sliding member F1. Then 

from F1 to the main shaft. This is done by moving G1 and F1 to the left. 
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4. Working of Reverse Gear: 

For reverse gear, the motion is transferred from clutch gear A to the layshaft gear 

U1. From there it is transferred to layshaft gear U4 and then to the intermediate 

gear U5. From there to the main shaft gear E and then to the sliding member, F2 

and then to the main shaft for the final drive. This is done by moving G2 towards 

the right. Intermediate gear helps to achieve the reverse gear. 
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Advantages: 

• Smooth and Noise-free shifting of gears which is most suitable for cars. 

• No loss of torque transmission from the engine to the driving wheels during 

gear shifts. 

• Double clutching is not required. 

• Less vibration. 

• Quick shifting of gears without the risk of damaging the gears. 

Disadvantages: 

• It is extortionate due to its high manufacturing cost and the number of 

moving parts. 

• When teeth make contact with the gear, the teeth will fail to engage as they 

are spinning at different speeds which causes a loud grinding sound as they 

clatter together. 

• Improper handling of gear may easily prone to damage. 

• It cannot handle higher loads. 

Epicyclic Gear Box 
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Automatic transmission :- 

 Automatic transmission system is the most advanced system in which 

drives mechanical efforts are reduced very much and different speeds are 

obtained automatically. This system is generally also called Hydromatic 

transmission. It contain Epicyclic gear arrangement, fluid coupling and torque 

converter. In this planetary gears sets are placed in series to provide 

transmission. This type of transmission are used by Skoda ,Toyota , Lexus , etc 

 

Epicyclic gearing (planetary gearing) :- it is a gear system consisting of one or 

more outer gears, or planet gears, revolving about a central gear .By using 

Epicyclic gear , different torque speed ratio can be obtained . It also compact 

the size of gear box. 

 

 

Stages of automatic transmission :- 

➢ Park(P) :- selecting the park mode will lock the transmission, thus 

restricting the vehicle 

from moving. 

➢ Reverse( R) :- selecting the reverse mode puts the car into 
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reverse gear, allowing the vehicle to move backward. 

➢ Neutral (N) :- selecting neutral mode disconnects the transmission from 

the wheel. 

➢ Low (L) :- selecting the low mode will allow you to lower the speed to 

move on hilly and 

middy areas. 

➢ Drive (D) :- selecting drive mode allows the vehicle to move and 

accelerate through a range of gears. 

Comparison between manual transmission and automatic 

transmission 

 

 

Manual transmission Automatic transmission 

Vehicles with manual transmission are 

usually cheaper. 

Vehicles with automatic 

transmission are costlier than those of 

manual transmission. 

Manual transmission has better fuel 

economy. This is because manual 

transmission has better mechanical and 

gear train efficiency. 

Automatic transmission has not 

better fuel economy. This is because 

automatic transmission has not better 

mechanical and gear train efficiency 

as compare to those of automatic 

transmission. 

Manual transmission offers

 

the driver more control of the 

vehicle. 

Automatic transmission does not 

offer the driver more control of the 

vehicle as compare to that of 

automatic transmission system. 
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SCHOOL OF MECHANICAL ENGINEERING 

DEPARTMENT OF AUTOMOBILE ENGINEERING 

UNIT-II 

FLUID COUPLING AND TORQUE CONVERTORS 

Introduction 

A fluid coupling or hydraulic coupling is a hydrodynamic device used 

to transmit rotating mechanical power. 

Function  

It is used for transmitting power or torque from one shaft to other 

shaft with help of an oil (fluid) without Mechanical connection 

between the two shafts 
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TORQUE CONVERTER 
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SCHOOL OF MECHANICAL ENGINEERING 

 

DEPARTMENT OF AUTOMOBILE ENGINEERING 

UNIT-III 

AUTOMATIC TRANSMISSION 

 

 



 
 

SAU1402 AUTOMOTIVE TRANSMISSION   2 
 

 

 

Comparison between Manual and Automatic Transmission 

Manual Transmission Automatic Transmission 
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Vehicles with manual transmission are 

usually cheaper 

Vehicles with automatic transmission 

are costlier than those of manual 

transmission. 

Manual transmission has better fuel 

economy. This is because manual 

transmission has better mechanical and 

gear train efficiency 

Automatic transmission has not better 

fuel economy. This is because 

automatic transmission has not better 

mechanical and gear train efficiency as 

compare to those of automatic 

transmission. 

Manual transmission offers the driver 

more control of the vehicle. 

Automatic transmission does not offer 

the driver more control of the vehicle 

as compare to that of automatic 

transmission system. 

 

FORD T-MODEL GEAR BOX 
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WILSON GEAR BOX 
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COTAL ELECTROMAGNETIC TRANSMISSION SYSTEM 
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HYDRAULIC CONTROL SYSTEM 
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HYDRAULIC COMPONENTS USED IN HYDRAULIC CONTROL 
SYSTEM 
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SCHOOL OF MECHANICAL ENGINEERING 

DEPARTMENT OF AUTOMOBILE ENGINEERING 

UNIT-IV 

AUTOMOTIVE TRANSMISSION APPLICATIONS 

CHEVROLET TURBOGLIDE TRANSMISSION 

 



 
 

 
 

 

 



 
 

 
 

 

 

FORD T-MODEL GEARBOX 

 

The flywheel rim A serves as planet carrier and driving member, 

having lateral studs secured into it which carry triple planetary pinions. Gear 

B is the driven member, being keyed to the hub of clutch drum C, which in 

turn is secured to drive shaft D. By applying a brake band to drum E, gear F is 

held stationary, pinion G rolls on it, and the smaller pinion H causes gear B to 

turn slowly in the same direction as pinion carrier A.   

By applying a brake band to drum I, gear J is held stationary; pinion H 

turns gear B slowly in the reverse direction. For the high gear or direct drive, 

the friction clutch locks clutch drum C to the engine crankshaft, and the gear 

rotates as a unit. The three pedals control the transmission and brakes.  When 

the left pedal is push down all the way, the car is low gear.  To remain in low 



 
 

 
 

 

gear, you must continue pushing on the left pedal.  (It’s been said that you 

push a Model T up a hill in low gear with your left foot!). If the left pedal is 

pushed to the halfway position, the car is in neutral.  When the left pedal is 

completely released (not depressed at all), the car is in high gear.  

If the car is in neutral (either by depressing the left pedal halfway or by 

moving the lever to the left of the pedals to an upright position) the middle 

pedal can be pushed to engage reverse gear.  The right pedal is a brake that 

acts on the transmission when pushed.  Operating the brake and transmission 

sounds more difficult than it really is. After some practice, most drivers don’t 

give it a second thought. Interestingly, the Model T has a planetary 

transmission that’s the forerunner of the transmission. It’s very similar to an 

automatic transmission expect you use foot pedal pressure to operate the bands 

rather than hydraulic pressure and it doesn’t have a torque converter.  The 

lever at the right and under the steering wheel is the hand throttle. It controls 

the speed, much like the control found on the tractor or riding mover. 



 
 

 
 

 

 

 
 

Continuously Variable Transmission 

The continuously variable transmission (CVT) 

is a transmission in which the ratio of the 

rotational speeds of two shafts, as the input shaft 

and output shaft of a vehicle or other machine, 

can be varied continuously within a given range, 

providing an infinite number of possible ratios. 

A CVT need not be automatic, nor include zero or reverse output. Such 



 
 

 
 

 

features may be adapted to CVTs in certain specific applications. 

Other mechanical transmissions only allow a few different discrete gear 

ratios to be selected, but the continuously variable transmission essentially 

has an infinite number of ratios available within a finite range, so it enables 

the relationship between the speed of a vehicle, engine, and the driven speed 

of the wheels to be selected within a continuous range. This can provide 

better fuel economy than other transmissions by enabling the engine to run at 

its most efficient speeds within a narrow range 

 

About CVT 

How CVTs work and how they improve performance, etc…. 

 

• The purpose of CVTs-To vary the transmission ratio continuously. 

 

• Working of CVT depends on the type of CVT: 

o Friction CVTs vary the radius of the contact point between two 

rotating objects, thus the tangential velocity; 

 

o Hydrostatic CVTs vary the fluid flow with variable displacement 

pumps into hydrostatic motors 

 

o Ratcheting CVTs vary the stroke of a reciprocating motion, which 

is connected to a free-wheel, resulting unidirectional rotation. 

 



 
 

 
 

 

• CVT improves efficiency by allowing the engine to operate always in it's 

optimum R.P.M., whatever the vehicle's speed. 

 

• What are the benefits of operating in the optimum R.P.M.? 

o Lower consumption; 

o Less greenhouse gas emissions; 

o Better performance; 

• CVT is the ideal transmission, so why are there so few CVT cars? 

The existing inventions are based on 

o Friction, 

o hydrostatic, 

o Ratcheting which are all mechanical systems with inherent 

limitations, (compared to traditional transmissions). 

• How to extract the full CVT potential? 

• A conceptual innovation is the only way out. Although, research continues 

improving the friction CVTs and ratcheting CVTs, these efforts are 

accomplished by expensive high-tech materials and precision 

manufacturing. This is to overcome the inherent limitations of these 

concepts (friction and ratcheting). 

 

TYPES OF CVTs 

1. Frictional Type CVTS 



 
 

 
 

 

   

 

 

 

 

 

The most common type of CVT is the frictional type, in which two bodies are 

brought into contact at points of varying distance from their axes of rotation, and 

allowing friction to transfer motion from one body to the other. Sometimes there is 

a third intermediary body, usually a wheel or belt. 

 

The simplest CVT seems to be the "disk and wheel" design, in which a wheel 

rides upon the surface of a rotating disk; the wheel may be slid along it's splined 

axle to contact the disk at different distances from its center. The speed ratio of 

such a design is simply the radius of the wheel divided by the distance from the 

contact point to the center of the disk. 

 

Friction plays an important part in frictional CVT designs - the maximum torque 

transmissible by such a design is: 

 



 
 

 
 

 

Tmax = Cf × FN × Ro 

 

where To is the torque output, Cf is the coefficient of friction between the 

wheel and the disk, FN is the force pushing the wheel into the disk (normal 

force), and Ro is the radius of the output wheel or disk. The coefficient of 

friction depends on the materials used; rubber on steel is typically around 0.8 

to 0.9. 

 

Power is lost in two ways: 

 Deformation of the components; 

 Differential slip. 

 

Deformation of the components, the larger factor of the two, is caused by 

high normal forces, and can be minimized by using very hard materials that 

do not deform much, and materials with a very high coefficient of friction. 

Differential slip is caused by a large contact area between the rotating 

components; in this example, the "footprint" of the wheel riding on the disk. 

The edge of the footprint closest to the axis of rotation of the disk will roll 

along a smaller radius than the edge furthest from the axis of rotation, 

causing further distortion of the wheel and the edges of the footprint to slip. 

Differential slip is minimized by using a hard wheel that produces a small 

contact area. 

 

Very similar to the "disk and wheel" is the "cone and wheel" design, in 

which the disk is replaced by a cone. There is little advantage to using a 



 
 

 
 

 

cone instead of a flat disk, except to decrease the differential slip of the 

contact surface by minimizing the difference in the radius traveled by the 

inner and outer edges of the contact area. Other designs have used different 

shapes, but the principle remains the same. 

  

 

 

 

More advanced designs used three bodies instead of two. There are two 

advantages to using three bodies: an increase in speed ratio range; and a 

simpler design. However, the range of speed ratios usually crosses unity - for 

example, it might range from 1:5 to 5:1 - making necessary a secondary gear 

sets, often a planetary set. Almost all such designs are based on toroidal 

contact surfaces, an exception being the "dual cone" design, which only 

affords the former advantage. 



 
 

 
 

 

Toroidal CVT 

 

The simplest toroidal CVT involves two coaxial disks bearing annular 

groves of a semi-circular cross section on their facing surfaces. The spacing 

of the disks is such that the centers of the cross sections coincide. Two or 

more (in patent-speak, "a plurality of") idler wheels, of a radius equal to the 

radius of the cross sections of the grooves, are placed between the disks such 

that their axes are perpendicular to, and cross, the axes of the disks. 

 

 

 

 

 

 

 

 

In the image, the speed ratio is varied by rotating the wheels in opposite 

directions about the vertical axis (dashed arrows). When the wheels are in 

contact with the drive disk near the center, they must perforce contact the 

driven disk near the rim, resulting in a reduction in speed and an increase in 

torque. When they touch the drive disk near the rim, the opposite occurs. 



 
 

 
 

 

This type of transmission has the advantage that the wheels are not required 

to slide on a splined shaft, resulting in a simpler, stronger design. 

 

Just as the disk CVT evolved into the cone CVT, the toroidal CVT has 

evolved toward a cone-shape as well. The result is a much more compact 

transmission. This type is peculiar in that the speed ratio may be controlled 

by directly rotating the wheels, or by moving them slightly up or down, 

causing them to rotate and change the speed ratio on their own. 

Some more detail about Toroidal CVT 

 

Another version of the CVT - the toroidal CVT system -- replaces the 

belts and pulleys with discs and power rollers. 

 

 

Although such a system seems drastically different, all of the components 



 
 

 
 

 

are analogous to a belt-and-pulley system and lead to the same results -- a 

continuously variable transmission. Here's how it works: 

 One disc connects to the engine. This is equivalent to the driving 

pulley. 

 Another disc connects to the drive shaft. This is equivalent to the 

driven pulley. 

 Rollers, or wheels, located between the discs act like the belt, 

transmitting power from one disc to the other. 

 

The wheels can rotate along two axes. They spin around the horizontal axis 

and tilt in or out around the vertical axis, which allows the wheels to touch 

the discs in different areas. When the wheels are in contact with the driving 

disc near the center, they must contact the driven disc near the rim, resulting 

in a reduction in speed and an increase in torque (i.e., low gear). When the 

wheels touch the driving disc near the rim, they must contact the driven disc 

near the center, resulting in an increase in speed and a decrease in torque 

(i.e., overdrive gear). A simple tilt of the wheels, then, incrementally 

changes the gear ratio, providing for smooth, nearly instantaneous ratio 

changes. 



 
 

 
 

 

 
Nissan Exterior toroidal CVT 

Variable diameter pulleys type CVT 

Variable diameter pulleys are a variation 

in the theme. Two 20° cones face each other, 

with a v-belt riding between them. The 

distance from the center that the v- belt 

contacts the cones is determined by the 

distance between them; the further apart they 

are, the lower the belt rides and the smaller 

the pitch radius. The wider the belt is, the 

larger the range of  

available radii, so the usual 4L/A series belt is not often used in this way. 

Often special belts, or even chains with special contact pads on the links, are 

used. Variable diameter pulleys must always come in pairs, with one 

increasing in radius as the other decreases, to keep the belt tight. Usually one 



 
 

 
 

 

is driven with a cam or lever, while the other is simply kept tight by a spring. 

Variable diameter pulleys have been used in a myriad of applications, like 

 

 power tools 

 Snowmobiles, 

 Automobiles. 

 

The variable-diameter pulleys are the heart of a CVT. Each pulley is made of 

two 20-degree cones facing each other. A belt rides in the groove between 

the two cones. V-belts are preferred if the belt is made of rubber. V-belts get 

their name from the fact that the belts bear a V-shaped cross section, which 

increases the frictional grip of the belt. 

When the two cones of the pulley are far apart (when the diameter 

increases), the belt rides lower in the groove, and the radius of the belt loop 

going around the pulley gets smaller. When the cones are close together 

(when the diameter decreases), the belt rides higher in the groove, and the 

radius of the belt loop going around the pulley gets larger. CVTs may use 

hydraulic pressure, centrifugal force or spring tension to create the force 

necessary to adjust the pulley halves. 

 



 
 

 
 

 

Variable-diameter pulleys must always come in pairs. One of the pulleys, 

known as the drive pulley (or driving pulley), is connected to the 

crankshaft of the engine. The driving pulley is also called the input pulley 

because it's where the energy from the engine enters the transmission. The 

second pulley is called the driven pulley because the first pulley is turning 

it. As an output pulley, the driven pulley transfers energy to the driveshaft. 

 

The distance between the centers of the pulleys to where the belt makes 

contact in the groove is known as the pitch radius. When the pulleys are far 

apart, the belt rides lower and the pitch radius decreases. When the pulleys 

are close together, the belt rides higher and the pitch radius increases. The 

ratio of the pitch radius on the driving pulley to the pitch radius on the driven 



 
 

 
 

 

pulley determines the gear 

 

Variable diameter friction gears are very similar, only with the belt 

replaced by a wheel with friction surfaces along the sides of its 

circumference. The two wheels are moved together or apart to control the 

speed ratio, with the proper distance between the cones being maintained by 

a spring. 

 

2. Electrical Type 

It could easily be argued that a generator powering a motor through some 

kind of electronic speed control would constitute a continuously variable 

transmission. Electrical transmissions have the advantage of great flexibility 

in layout, as the generator can be located at any distance or orientation with 

the motor. Furthermore, any excess power generated can be stored in 

batteries, and drawn upon when high loads are experienced. However, they 

are heavy and inefficient. A typical generator or motor is only 75% to 80% 

efficient, so compounding two results in an efficiency of only 56% to 64%. 

This limits their use to situations where other types of transmissions cannot 

be used. 

 

Diesel locomotives and some ships use such drive trains, and more recently, 

"hybrid" gas-electric cars. 

 

3. Hydraulic Type 



 
 

 
 

 

A hydraulic CVT is a hydraulic pump driving a hydraulic motor, at least one 

of which has a variable displacement. If, for example, the pump has a 

variable displacement, the increasing the displacement will obviously 

increase the speed of the motor. If the motor has a variable displacement, 

then the situation is reversed; increasing the displacement will decrease the 

speed at which it turns, as the volume produced by the pump remains 

constant. Decreasing the displacement of the motor will likewise increase its 

speed. 

 

This kind of transmission is used in the Honda Rubicon ATV. It consists of a 

hydraulic swash plate pump driving a swash plate hydraulic motor. The 

motor is variable displacement, achieved by controlling the angle of the 

swash plate. 

"Hydrostatic" CVTs 

Principle: Hydrostatic CVTs convert rotational motion into fluid flow 

(hydrostatic pump), and then back to rotational motion (hydrostatic motor). 

 



 
 

 
 

 

In some cases, the fluid flow is continuously varied by variable 

displacement pump. There are other cases where the variable displacement 

unit is the hydrostatic motor, or both. 

   

Bent Axis Pump 

(variable angle) 

Radial Piston Pump 

(variable axis offset) 

Vane Pump (variable 

axis ) 

 
Some examples of "Hydrostatic" CVTs: 

 

Hydrostatic CVTs for Tractors: 

 



 
 

 
 

 

 

 

Hydrostatic CVTs for Motorcycles: 

 

Hydrostatic CVTs for Bikes: 

 

4. "Ratcheting" CVTs or "Crank-CVT" or 

"Variable-Stroke CVT" 

Principle: 

 

These CVTs convert uniform motion to reciprocating motion, and then 

rectify it back to an "almost" uniform motion. 

Firstly, there is a mechanism that produces reciprocating motion from 



 
 

 
 

 

rotational input. This mechanism allows adjustable reciprocating stroke. 

Secondly, the reciprocating motion is rectified by a mechanism such as a 

one-way-clutch (or free-wheel).Thus, the reciprocating motion is rectified to 

a unidirectional rotational output. 

It is possible to adjust the speed of this rotational output simply by adjusting 

the reciprocating stroke. 

To obtain a smoother output motion, several out-of-phase cranks are used: 

 

 

Some examples of "Ratcheting" CVTs: 



 
 

 
 

 

 

 

 

Bike-CVTs (reciprocating input -> rotational output) 

 

 

 



 
 

 
 

 

 

 

According to the technical specifications, this car takes 12.1s to 

accelerate from rest to 100 km/h. If we include luggage and 

passengers, the value should rise to about 15.5s. 

 

Anyway, we will have to calculate this MT case theoretically in order 

to compare with the corresponding theoretical calculations for the 

CVT case. 

 

During each gear, the torque will be almost constant, and so will be 

the car's acceleration. Force=Power/Velocity. Also, 



 
 

 
 

 

Acceleration=Force/Mass. Thus, 

 

Acceleration = Power / ( Velocity * Mass ). 

 

 

2nd case: Continuously Variable Transmission (CVT): 

Now we will calculate the required time to accelerate from rest to 

100km/h, using a Continuously Variable Transmission (CVT). To 

simplify calculations, we will consider the IVT case, because it 

allows continuous ratio variation from rest. 

To maximize acceleration, power must be kept on it's greatest value 

 

 

 

Advantages of CVTs 

1. Constant, stepless acceleration from a complete stop to cruising 
speed which Eliminates "shift shock" -- makes for a smoother 
ride 

 

2. Works to keep the car in its optimum power range regardless of 

how fast the car is traveling which Improves fuel efficiency 



 
 

 
 

 

 

3. Responds better to changing conditions, such as changes in 

throttle  and speed which Eliminates gear hunting as a car 

decelerates, especially going up a hill 

 

4. Less power loss in a CVT than a typical automatic transmission 

gives Better acceleration 

 

5. Better control of a gasoline engine's speed range which gives 

Better control over emissions 

 

6. Can incorporate automated versions of mechanical clutches 

which Replaces inefficient fluid torque converters 

 

A CVT Test Drive 

 

Cars with CVTs have been common in Europe for years. But it's 

taken a while for the technology to gain a foothold in the United 

States. The first  production automobile to offer a CVT in the United 

States was the Subaru Justy. 



 
 

 
 

 

 

 

Sold between 1989 and 1993, the Justy never attracted the attention 

of American drivers. So, what's different about newer CVT-based 

cars -- cars like the Saturn Vue, the Audi A4 and A6, the Nissan 

Murano and the Honda Insight? The best way to answer that question 

is to take one of these cars for a "test drive." The animation below, 

which compares the acceleration of a car with a CVT to one without, 

gives you a good feel for the experience. When you step on the gas 

pedal of a car with a continuously variable transmission, you notice 

the difference immediately. The engine revs up toward the rpms at 

which it produces the most power, and then it stays there. But the car 

doesn't react immediately. Then, a moment later, the transmission 

kicks in, accelerating the car slowly, steadily and without any shifts. 

In theory, a car with a CVT should reach 60 mph (100 km/hr) 25-

percent faster than the same car with the same engine and a manual 

transmission. That's because the CVT converts every point on the 

engine's operating curve to a corresponding point on its own 

operating curve. 

 



 
 

 
 

 

CVTs are equally efficient on hills. There is no "gear hunting," 

because the CVT cycles stepless down to a gear ratio appropriate for 

the driving conditions. A conventional automatic transmission shifts 

back and forth trying to find the right gear, which is far less efficient. 

 

With all of their advantages, CVTs do have some shortcomings. 

Traditionally, belt-drive CVTs were limited in the amount of torque 

they could handle and were larger and heavier than their automatic 

and manual counterparts. Technological advances have put CVTs in 

the realm of their competition -- the Nissan Murano's CVT can 

handle its 3.5-liter, 245-horsepower V6 engine 

-- but first impressions are hard to overcome. 

 

A Case study of Audi cars having CVTs 

 

 

1st is the Audi multitronic CVT showing the variator with link-plate 

chain & 2nd is the General view of Audi multitronic CVT. 

 

In 1490, Leonardo da Vinci made a sketch that indicated the potential 

of the stepless continuously variable transmission (CVT). Leonardo, 

it seems, took the invention of the automobile itself as mundane and 



 
 

 
 

 

obvious: He just wanted to get down to details. He reckoned two 

pedals would be better than three and that conventional gears were 

already passe. However, he has had a long wait. CVTs may be great 

in theory but the fact is they have a questionable image and have 

made, until recently, relatively little impact on the automotive scene. 

Now, Audi has revealed that it has developed a new CVT it believes 

overcomes the drawbacks of earlier systems and will, at last, make 

the principle generally acceptable. It adds that its CVT, which it calls 

multitronic, when installed in an A6 sedan or wagon (Avant) not only 

offers markedly better fuel consumption than a regular automatic but 

gives marginally improved acceleration to 100 km/h (62 mph) 

compared to a five-speed manual. And Audi feels it can offer the 

system at only slightly higher cost than its current conventional 

automatic. AEI went to Germany to find out more. 

 

In Europe, DAF in The Netherlands produced a CVT for a car in 

1958. This was developed and improved over the years. Basically, it 

was a simple (some would say crude) rubber band and cone system. 

The attractions of CVT are (in theory) many and varied, including 

seamless power delivery, the ability to allow the engine to rev almost 

immediately to deliver maximum torque, and a wide spread of ratios. 

However, the DAF CVT had something of an image problem. 

Because it was simple to use with just a stick shift for selecting 

forward or reverse and fitted to a low-powered car (the original 

production DAF had a 0.6-L engine) it was popular with older 

people. Later, the system was taken up by various manufacturers but 

at a time when cars were becoming quieter and more refined. The 

CVT's trait of going to high revs on wide throttle openings with 

subsequently increased interior noise levels met with customer 

resistance. It was also decided that the system should have low speed 

"creep" similar to that of a regular automatic for low-speed 



 
 

 
 

 

maneuvering or when driving in very slow city traffic. But this 

created a jerky response. Its performance was improved as more 

advanced electronics were developed, but the electronics actually 

became a limiting factor. There was also a problem with regard to the 

maximum torque that could be handled by a CVT even when the 

rubber belt was replaced by a steel thrust belt. 

 

Audi's research and development engineers watched all this with 

caution and it has been almost 20 years since its first tentative CVT 

work started, and only now it feels that it has overcome the system's 

minus points and enhanced its pluses. To demonstrate it, Audi invited 

AEI to sample its multitronic system fitted to a 2.8-L A6, over a 

mixed route of regular roads and autobahn. It is unlike other CVTs 

experienced by this journalist. Audi states that multitronic finally 

overcomes all the drawbacks of the stepless principle, and that the 

multitronic is the first transmission of its kind not to pay the high 

price of poorer dynamism and economy for the added convenience it 

brings A key element of the Audi design is a variator that Audi 

explains adopts a new transmission element called a link-plate chain 

made entirely from steel, said to be almost as flexible as a V-belt (it 

has been tested "over a number of years"), to handle the high forces 

and torque levels of the A6's engine, which has a peak torque of 280 

N•m (207 lb•ft). The variator allows a spread of ratios equating to a 

six- speed system: due to its high maximum torque ratio, the variator 

facilitates acceleration from rest and renders a hydraulic torque 

converter unnecessary. Audi has opted instead to use an oil-cooled 

multi-plate clutch which it said implements a variety of starting 

strategies which respond to driver preference via sensors linked to the 

accelerator pedal. The system allows sport or economy mode driving. 

The multi-plate clutch also provides constant creep behavior. By 

optimizing the hydraulics, the transmission engineers have ensured 

that the adjustment processes take place dynamically and without any 



 
 

 
 

 

trailing effects. The "rubber band effect" or "slipping clutch 

syndrome," which have been a common source of criticism on 

conventional CVTs, are essentially banished. 

 

 

 

 

 

 

The variator uses a novel dual-piston system and oil flow is separated 

into high pressure and cooling circuits. Pump output of the hydraulic 

system is said to be lower than that of a conventional transmission, 

which aids in efficiency and road performance. The rubber band 

effect is avoided by electronically controlled speed tracking, 

producing, says Audi, dynamic driving properties in conjunction with 

a reassuringly familiar pattern of sound — in other words, the engine 

does not rev with manic insistence as the car's speed "catches up." 

Multitronic also has a "manual" mode with six fixed transmission 



 
 

 
 

 

stages, working in a similar way to the manual one-touch sequential 

element of a conventional automatic transmission. Audi claims that 

the multitronic A6 accelerates from 0-100 km/h (0-62 mph) 1.3 s 

quicker than a geared automatic transmission and is 0.1 s quicker 

over the same speed than an equivalent model with "optimum" use of 

a five-speed manual gearbox. Gasoline consumption measured to EU 

standards shows a 0.9-L (0.25-gal) savings over 100 km (62 mi) less 

than an automatic and 0.2 L (0.04 gal) less than a manual. Audi 

claims it to be the first automatic transmission to achieve lower fuel 

consumption and better performance than an otherwise identical 

model with a manual five-speed gearbox. Audi opted to use 

magnesium for the gearbox housing and claims the multitronic as the 

first automatic transmission to use the material. "This factor alone 

brought about a weight reduction of approximately 7 kg (15.4 lb.)," 

says Reinhard Gesenhaus, Audi's Manager of Transmission 

Engineering, who discussed some of the other key elements of the 

multitronic system. "We used an oil cooled drive-off clutch to replace 

the torque converter usually found in automatic transmissions. An 

input side step-down gear matches the torque to the variator and 

provides a suitable overall ratio. The variator with link-type chain 

provides a continuously variable ratio according to torque and engine 

speed. Output to the front wheels is via an integral front axle 

differential. The hydraulic control unit with integrated pump and 

local electronic system is installed at the rear of the transmission." 
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