
 

 

Program : B.Tech 

Subject Name: Machine Component Design 

Subject Code: ME-602 

Semester: 6th  

 

 

 



Syllabus : 
Materials for friction surface, uniform pressure and uniform wear theories, Design of friction clutches: 
Disc,plate clutches, cone & centrifugal clutches. Design of brakes: Rope, band & block brake, Internal 
expending brakes, Disk brakes 
 
Subject Notes 
Clutch Introduction 

A clutch is a machine member used to connect a driving shaft to a driven shaft so that the driven shaft may be 
started or stopped at will, without stopping the driving shaft. The use of a clutch is mostly found in 
automobiles. A little consideration will show that in order to change gears or to stop the vehicle, it is required 
that the driven shaft should stop, but the engine should continue to run. It is, therefore, necessary that the 
driven shaft should be disengaged from the driving shaft. The engagement and disengagement of the shafts is 
obtained by means of a clutch which is operated by a lever. 
Types of Clutches 
Following are the two main types of clutches commonly used in engineering practice: 

1. Positive clutches, and 2. Friction clutches. 

Positive Clutches 
The positive clutches are used when a positive drive is required. The simplest type of a positive clutch is a jaw 
or claw clutch. 
Friction Clutches 
A friction clutch has its principal application in the transmission of power of shafts and machines which must 
be started and stopped frequently. Its application is also found in cases in which power is to be delivered to 
machines partially or fully loaded. The force of friction is used to start the driven shaft from rest and 
gradually brings it up to the proper speed without excessive slipping of the friction surfaces. 
 
Material for Friction Surfaces 
1. It should have a high and uniform coefficient of friction. 
2. It should not be affected by moisture and oil. 
3. It should have the ability to withstand high temperatures caused by slippage. 
4. It should have high heat conductivity. 
5. It should have high resistance to wear and scoring. 
 
Considerations in Designing a Friction Clutch 
The following considerations must be kept in mind while designing a friction clutch. 
1. The suitable material forming the contact surfaces should be selected. 
2. The moving parts of the clutch should have low weight in order to minimize the inertia load, 
especially in high speed service. 
3. The clutch should not require any external force to maintain contact of the friction surfaces. 
4. The provision for taking up wear of the contact surfaces must be provided. 
5. The clutch should have provision for facilitating repairs. 
6. The clutch should have provision for carrying away the heat generated at the contact 
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surfaces. 
7. The projecting parts of the clutch should be covered by guard.
 
Types of Friction Clutches 
Though there are many types of friction clutches, yet the following are important from the subject point of 
view: 
1. Disc or plate clutches (single disc or multiple disc clutch),
2. Cone clutches, and 
3. Centrifugal clutches. 
 
Single Disc or Plate Clutch 

A single disc or plate clutch, as shown in Fig.
are faced with a frictional material It is mounted on the hub which is free to
the driven shaft. The pressure plate is mounted inside the clutch
the pressure plate and the flywheel r
pushes the clutch plate towards the flywheel by a
body. The three levers (also known as
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. 
 
When the clutch pedal is pressed down, its linkage forces the thrust release bearing to move in towards the 
flywheel and pressing the longer ends of the levers inward. The levers are forced to turn on their suspended 
pivot and th pressure plate moves away from the flywheel by the knife edges, thereby compressing the clutch 
springs. This action removes the pressure from the clutch plate and thus moves back from the flywheel and 
the driven shaft becomes stationary. On the other ha
thrust bearing moves back by the levers. This allows the springs to extend and thus the pressure plate pushes 
the clutch plate back towards the flywheel.
The axial pressure exerted by the spring pro
relative motion between the driving and driven members tends to take place. If the torque

The projecting parts of the clutch should be covered by guard. 

Though there are many types of friction clutches, yet the following are important from the subject point of 

late clutches (single disc or multiple disc clutch), 

ate clutch, as shown in Fig., consists of a clutch plate whose both sides
faced with a frictional material It is mounted on the hub which is free to move axially along the splines of 

the driven shaft. The pressure plate is mounted inside the clutch body which is bolted to the flywheel. Both 
the pressure plate and the flywheel rotate with the engine crankshaft or the driving shaft. 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 

arranged in such a manner so that the pressure plate moves away from the flywheel by 
movement of a thrust bearing. The bearing is mounted upon a forked shaft and moves forward 

When the clutch pedal is pressed down, its linkage forces the thrust release bearing to move in towards the 
flywheel and pressing the longer ends of the levers inward. The levers are forced to turn on their suspended 

th pressure plate moves away from the flywheel by the knife edges, thereby compressing the clutch 
springs. This action removes the pressure from the clutch plate and thus moves back from the flywheel and 
the driven shaft becomes stationary. On the other hand, when the foot is taken off from the clutch pedal, the 
thrust bearing moves back by the levers. This allows the springs to extend and thus the pressure plate pushes 
the clutch plate back towards the flywheel. 
The axial pressure exerted by the spring provides a frictional force in the circumferential direction
relative motion between the driving and driven members tends to take place. If the torque

Though there are many types of friction clutches, yet the following are important from the subject point of 

 
, consists of a clutch plate whose both sides 

move axially along the splines of 
body which is bolted to the flywheel. Both 

crankshaft or the driving shaft. The pressure plate 
set of strong springs which are arranged radially inside the 

rried on pivots suspended from the case 
arranged in such a manner so that the pressure plate moves away from the flywheel by 

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

When the clutch pedal is pressed down, its linkage forces the thrust release bearing to move in towards the 
flywheel and pressing the longer ends of the levers inward. The levers are forced to turn on their suspended 

th pressure plate moves away from the flywheel by the knife edges, thereby compressing the clutch 
springs. This action removes the pressure from the clutch plate and thus moves back from the flywheel and 

nd, when the foot is taken off from the clutch pedal, the 
thrust bearing moves back by the levers. This allows the springs to extend and thus the pressure plate pushes 

vides a frictional force in the circumferential direction when the 
relative motion between the driving and driven members tends to take place. If the torque due to this frictional 
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force exceeds the torque to be transmitted, then no slipping takes place and
driving shaft to the driven shaft. 
 
 
Design of a Disc or Plate Clutch
 
Consider two friction surfaces maintained in contact by an axial thrust (
Fig. 24.3 (a). 

force exceeds the torque to be transmitted, then no slipping takes place and the 

Design of a Disc or Plate Clutch 

Consider two friction surfaces maintained in contact by an axial thrust (W ) as shown in

 power is transmitted from the 

) as shown in 
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Multiple Disc Clutch 
 
A multiple disc clutch, as shown in Fig., may be used when a large torque is to be transmitted. The inside
discs (usually of steel) are fastened to the driven shaft to permit axial motion (except for the last disc). The 
outside discs (usually of bronze) are 
driving shaft. The multiple disc clutches are extensively used in motor cars, machine tools etc.

multiple disc clutch, as shown in Fig., may be used when a large torque is to be transmitted. The inside
discs (usually of steel) are fastened to the driven shaft to permit axial motion (except for the last disc). The 
outside discs (usually of bronze) are held by bolts and are fastened to the housing which is keyed to the 
driving shaft. The multiple disc clutches are extensively used in motor cars, machine tools etc.

 

multiple disc clutch, as shown in Fig., may be used when a large torque is to be transmitted. The inside 
discs (usually of steel) are fastened to the driven shaft to permit axial motion (except for the last disc). The 

held by bolts and are fastened to the housing which is keyed to the 
driving shaft. The multiple disc clutches are extensively used in motor cars, machine tools etc. 
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Cone Clutch 
 
A cone clutch, as shown in Fig., was extensively used in automobiles, but now
completely by the disc clutch. It consists of one pair of friction surface only. In a cone clutch, the driver is 
keyed to the driving shaft by a sunk 
outside conical surface of the driven. The driven member resting on the feather key in the driven shaft, may 
be shifted along the shaft by a forked lever provided at 
conical surfaces in contact. Due to the frictional resistance set up at this contact surface, the torque is 
transmitted from one shaft to another. In some cases, a spring is placed around the driven shaft in contact wit
the hub of the driven. This spring holds the clutch faces in contact and maintains the pressure between them, 
and the forked lever is used only for disengagement of the clutch. The contact surfaces of the clutch may be 
metal to metal contact, but more often the driven member is lined with some material like wood, leather, cork 
or asbestos etc. The material of the clutch faces (
pressure and the coefficient of friction.

Design of a Cone Clutch 
Consider a pair of friction surfaces of a cone clutch as shown in Fig.. A little consideration
area of contact of a pair of friction surface is a frustrum of a cone.

A cone clutch, as shown in Fig., was extensively used in automobiles, but now
completely by the disc clutch. It consists of one pair of friction surface only. In a cone clutch, the driver is 
keyed to the driving shaft by a sunk key and has an inside conical surface or face which exactly fits into the 
outside conical surface of the driven. The driven member resting on the feather key in the driven shaft, may 
be shifted along the shaft by a forked lever provided at B, in order to engage the clutch by bringing the two 
conical surfaces in contact. Due to the frictional resistance set up at this contact surface, the torque is 
transmitted from one shaft to another. In some cases, a spring is placed around the driven shaft in contact wit
the hub of the driven. This spring holds the clutch faces in contact and maintains the pressure between them, 
and the forked lever is used only for disengagement of the clutch. The contact surfaces of the clutch may be 
metal to metal contact, but more often the driven member is lined with some material like wood, leather, cork 
or asbestos etc. The material of the clutch faces (i.e. contact surfaces) depends upon the allowable normal 
pressure and the coefficient of friction. 

der a pair of friction surfaces of a cone clutch as shown in Fig.. A little consideration
area of contact of a pair of friction surface is a frustrum of a cone. 

A cone clutch, as shown in Fig., was extensively used in automobiles, but now-a-days it has been replaced 
completely by the disc clutch. It consists of one pair of friction surface only. In a cone clutch, the driver is 

key and has an inside conical surface or face which exactly fits into the 
outside conical surface of the driven. The driven member resting on the feather key in the driven shaft, may 

ngage the clutch by bringing the two 
conical surfaces in contact. Due to the frictional resistance set up at this contact surface, the torque is 
transmitted from one shaft to another. In some cases, a spring is placed around the driven shaft in contact with 
the hub of the driven. This spring holds the clutch faces in contact and maintains the pressure between them, 
and the forked lever is used only for disengagement of the clutch. The contact surfaces of the clutch may be 

ten the driven member is lined with some material like wood, leather, cork 
. contact surfaces) depends upon the allowable normal 

 

der a pair of friction surfaces of a cone clutch as shown in Fig.. A little consideration will show that the 
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Centrifugal Clutch 
 
The centrifugal clutches are usually incorporated int the motor pulleys. It consists of a number of shoes on the 
inside of a rim of the pulley, as shown in Fig
material. These shoes, which can mov
shaft by means of springs. The springs exert a radially inward force which is assumed constant. The weight of 
the shoe, when revolving causes it to exert a radially outward force (
this centrifugal force depends upon the speed at which the shoe is revolving. A little consideration will show 
that when the centrifugal force is less than the spring force, the shoe remains in the same position as 
driving shaft was stationary, but when the centrifugal force is equal to the spring force, the shoe is just 
floating. When the centrifugal force exceeds the spring force, the shoe moves outward and comes into contact 
with the driven member and presses against it. The force with which the shoe presses against the driven 
member is the difference of the centrifugal force and the spring force. The increase of speed causes the shoe 
to press harder and enables more torque to be transmitted.

 
Design of a Centrifugal Clutch 
In designing a centrifugal clutch, it is required to determine the weight of the shoe, size of the shoe and 
dimensions of the spring. The following procedure may be adopted for the design of a centrifugal clutch.
1. Mass of the shoes 
Consider one shoe of a centrifugal clutch as shown in Fig.

The centrifugal clutches are usually incorporated int the motor pulleys. It consists of a number of shoes on the 
of the pulley, as shown in Fig. The outer surface of the shoes are covered with a friction 

material. These shoes, which can move radially in guides, are held against the boss (or spider) on the driving 
shaft by means of springs. The springs exert a radially inward force which is assumed constant. The weight of 
the shoe, when revolving causes it to exert a radially outward force (i.e. centrifugal force). The magnitude of 
this centrifugal force depends upon the speed at which the shoe is revolving. A little consideration will show 
that when the centrifugal force is less than the spring force, the shoe remains in the same position as 
driving shaft was stationary, but when the centrifugal force is equal to the spring force, the shoe is just 
floating. When the centrifugal force exceeds the spring force, the shoe moves outward and comes into contact 

sses against it. The force with which the shoe presses against the driven 
member is the difference of the centrifugal force and the spring force. The increase of speed causes the shoe 
to press harder and enables more torque to be transmitted. 

In designing a centrifugal clutch, it is required to determine the weight of the shoe, size of the shoe and 
dimensions of the spring. The following procedure may be adopted for the design of a centrifugal clutch.

Consider one shoe of a centrifugal clutch as shown in Fig. 

 

The centrifugal clutches are usually incorporated int the motor pulleys. It consists of a number of shoes on the 
. The outer surface of the shoes are covered with a friction 

e radially in guides, are held against the boss (or spider) on the driving 
shaft by means of springs. The springs exert a radially inward force which is assumed constant. The weight of 

. centrifugal force). The magnitude of 
this centrifugal force depends upon the speed at which the shoe is revolving. A little consideration will show 
that when the centrifugal force is less than the spring force, the shoe remains in the same position as when the 
driving shaft was stationary, but when the centrifugal force is equal to the spring force, the shoe is just 
floating. When the centrifugal force exceeds the spring force, the shoe moves outward and comes into contact 

sses against it. The force with which the shoe presses against the driven 
member is the difference of the centrifugal force and the spring force. The increase of speed causes the shoe 

 

In designing a centrifugal clutch, it is required to determine the weight of the shoe, size of the shoe and 
dimensions of the spring. The following procedure may be adopted for the design of a centrifugal clutch. 
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      Let    m = Mass of each shoe,
   n = Number of shoes,

Since the speed at which the engagement begins to take place is generally taken as 3/4th of the running speed, 
therefore the inward force on each shoe exerted by the spring is given by

= Mass of each shoe, 
= Number of shoes, 

 

 
Since the speed at which the engagement begins to take place is generally taken as 3/4th of the running speed, 

force on each shoe exerted by the spring is given by 

 

Since the speed at which the engagement begins to take place is generally taken as 3/4th of the running speed, 
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Introduction 
A brake is a device by means of which artificial frictional resistance is applied to a moving machine member,
in order to retard or stop the motion of a machine. In the pro
absorbs either kinetic energy of the moving member or potential energy given up by objects being lowered by 
hoists, elevators etc. The energy absorbed by brakes is dissipated in the form of heat. This heat is dis
the surrounding air (or water which is circulated through the passages in the brake drum) so that excessive 
heating of the brake lining does not take place. The design or capacity of a brake depends upon the following 
factors : 
1. The unit pressure between the braking surfaces,
2. The coefficient of friction between the braking surfaces,
3. The peripheral velocity of the brake drum,
4. The projected area of the friction surfaces, and
5. The ability of the brake to dissipate heat equivalent 
 
The major functional difference between a clutch and a brake is th
driven member moving together, whereas brakes are use
 
Types of Brakes 
The brakes, according to the means used for transforming the energy by the braking element,are classified as :
1. Hydraulic brakes e.g. pumps or hydrodynamic brake and fluid agitator,
2. Electric brakes e.g. generators and eddy current brakes, and
3. Mechanical brakes. 
The hydraulic and electric brakes cannot bring the member to rest and are mostly used where
of energy are to be transformed while the brake is retarding the load such as in laboratory
way trucks and electric locomotives. These brakes are also used for retarding or
vehicle for down-hill travel. The mechanical brakes, according to the direction of acting force, may be divided 
into the following two groups : 
 

BRAKES 

A brake is a device by means of which artificial frictional resistance is applied to a moving machine member,
in order to retard or stop the motion of a machine. In the process of performing this function, the brake 
absorbs either kinetic energy of the moving member or potential energy given up by objects being lowered by 
hoists, elevators etc. The energy absorbed by brakes is dissipated in the form of heat. This heat is dis
the surrounding air (or water which is circulated through the passages in the brake drum) so that excessive 
heating of the brake lining does not take place. The design or capacity of a brake depends upon the following 

pressure between the braking surfaces, 
The coefficient of friction between the braking surfaces, 
The peripheral velocity of the brake drum, 
The projected area of the friction surfaces, and 
The ability of the brake to dissipate heat equivalent to the energy being absorbed.

The major functional difference between a clutch and a brake is that a clutch is used to keep the 
driven member moving together, whereas brakes are used to stop a moving member or to 

The brakes, according to the means used for transforming the energy by the braking element,are classified as :
. pumps or hydrodynamic brake and fluid agitator, 

. generators and eddy current brakes, and 

The hydraulic and electric brakes cannot bring the member to rest and are mostly used where
of energy are to be transformed while the brake is retarding the load such as in laboratory

tric locomotives. These brakes are also used for retarding or
The mechanical brakes, according to the direction of acting force, may be divided 

 

A brake is a device by means of which artificial frictional resistance is applied to a moving machine member, 
cess of performing this function, the brake 

absorbs either kinetic energy of the moving member or potential energy given up by objects being lowered by 
hoists, elevators etc. The energy absorbed by brakes is dissipated in the form of heat. This heat is dissipated in 
the surrounding air (or water which is circulated through the passages in the brake drum) so that excessive 
heating of the brake lining does not take place. The design or capacity of a brake depends upon the following 

to the energy being absorbed. 

at a clutch is used to keep the driving and 
d to stop a moving member or to control its speed. 

The brakes, according to the means used for transforming the energy by the braking element,are classified as : 

The hydraulic and electric brakes cannot bring the member to rest and are mostly used where large amounts 
of energy are to be transformed while the brake is retarding the load such as in laboratory dynamometers, high 

tric locomotives. These brakes are also used for retarding or controlling the speed of a 
The mechanical brakes, according to the direction of acting force, may be divided 
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(a) Radial brakes. In these brakes, the force acting on the brake drum is in radial direction. The
may be sub-divided into external brakes 
element, these brakes may be block or shoe brakes and band brakes
 

(b) Axial brakes. In these brakes, the force acting on the brake drum is in axial direction. The
may be disc brakes and cone brakes. The analysis of these brakes is similar to
 
Single Block or Shoe Brake 
 
A single block or shoe brake is shown in Fig
a revolving brake wheel drum. The block is made of a softer material than the rim of the wheel. This type of a 
brake is commonly used on railway trains and tram cars.
a tangential braking force to act on the wheel, which retard the rotation of the wheel. The block is pressed 
against the wheel by a force applied to one end of a lever to which the block is rig
Fig.The other end of the lever is pivoted on a fixed fulcrum 

 

these brakes, the force acting on the brake drum is in radial direction. The
external brakes and internal brakes. According to

element, these brakes may be block or shoe brakes and band brakes. 

In these brakes, the force acting on the brake drum is in axial direction. The
may be disc brakes and cone brakes. The analysis of these brakes is similar to clutches.

 

brake is shown in Fig. It consists of a block or shoe which is pressed against the rim of 
a revolving brake wheel drum. The block is made of a softer material than the rim of the wheel. This type of a 
brake is commonly used on railway trains and tram cars. The friction between the block and the wheel causes 
a tangential braking force to act on the wheel, which retard the rotation of the wheel. The block is pressed 
against the wheel by a force applied to one end of a lever to which the block is rig

The other end of the lever is pivoted on a fixed fulcrum O. 

these brakes, the force acting on the brake drum is in radial direction. The radial brakes 
According to the shape of the friction 

In these brakes, the force acting on the brake drum is in axial direction. The axial brakes 
clutches. 

. It consists of a block or shoe which is pressed against the rim of 
a revolving brake wheel drum. The block is made of a softer material than the rim of the wheel. This type of a 

The friction between the block and the wheel causes 
a tangential braking force to act on the wheel, which retard the rotation of the wheel. The block is pressed 
against the wheel by a force applied to one end of a lever to which the block is rigidly fixed as shown in 
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From above we see that when the brake wheel rotates an
it rotates clockwise in case 3 [Fig. (
RN × x = P.l + μ.RN.a 
From this we see that the moment of frictional force (μ. 
words, the frictional force helps to apply the brake. Such type of brakes are said to be 
 
 
When the frictional force is great enough to apply the brake with no external force, then the brake is said to be 
self-locking brake. From the above expression, we see that if 
zero. This means no external force is needed to apply the brake and hence the brake is self locking. Therefore 
the condition for the brake to be self locking is 
applications.The brake should be self
prevent the brake from grabbing, x 
shoe, then the bearing pressure on the sh
Pb = RN / Ab 
We know that Ab = Width of shoe × Projected length of shoe = 
When a single block or shoe brake is applied to a rolling wheel, an additional load is thrown on the
bearings due to heavy normal force (
drawback, a double block or shoe brake is used.
 
Pivoted Block or Shoe Brake
 

We have discussed in the previous article that when the angle of contact is less than 60°, then it
may be assumed that the normal pressure between the block and the wheel is uniform. But when the
contact is greater than 60°, then the unit pressure normal to the surface of contact is less at the
centre. In such cases, the block or shoe is pivoted to the lever
attached to the lever. This gives uniform wear of the brake lining in the
braking torque for a pivoted block or shoe brake (
 

From above we see that when the brake wheel rotates anticlockwise in case 2 [Fig.
(a)], the equations (i) and (ii) are same, i.e. 

From this we see that the moment of frictional force (μ. RN.a) adds to the moment of force (
words, the frictional force helps to apply the brake. Such type of brakes are said to be 

When the frictional force is great enough to apply the brake with no external force, then the brake is said to be 
From the above expression, we see that if x ≤ μ.a, then P 

zero. This means no external force is needed to apply the brake and hence the brake is self locking. Therefore 
the condition for the brake to be self locking is x ≤ μ.a The self-locking brake is used only in back

ons.The brake should be self-energizing and not the self-locking.In order to avoid self
x is kept greater than μ.a.If Ab is the projected bearing area of the block or 

shoe, then the bearing pressure on the shoe, 

= Width of shoe × Projected length of shoe = w (2r sin θ) 
When a single block or shoe brake is applied to a rolling wheel, an additional load is thrown on the
bearings due to heavy normal force (RN) and produces bending of the shaft. In order to overcome this
drawback, a double block or shoe brake is used. 

Pivoted Block or Shoe Brake 

We have discussed in the previous article that when the angle of contact is less than 60°, then it
pressure between the block and the wheel is uniform. But when the

contact is greater than 60°, then the unit pressure normal to the surface of contact is less at the
centre. In such cases, the block or shoe is pivoted to the lever as shown in Fig. 25.4,
attached to the lever. This gives uniform wear of the brake lining in the direction of the applied force. The 
braking torque for a pivoted block or shoe brake (i.e. when 2θ > 60°) is given by

 

ticlockwise in case 2 [Fig. (b)] and when 

) adds to the moment of force (P.l). In other 
words, the frictional force helps to apply the brake. Such type of brakes are said to be self energizing brakes.  

When the frictional force is great enough to apply the brake with no external force, then the brake is said to be 
P will be negative or equal to 

zero. This means no external force is needed to apply the brake and hence the brake is self locking. Therefore 
locking brake is used only in back-stop 

locking.In order to avoid self-locking and to 
is the projected bearing area of the block or 

When a single block or shoe brake is applied to a rolling wheel, an additional load is thrown on the shaft 
bending of the shaft. In order to overcome this 

We have discussed in the previous article that when the angle of contact is less than 60°, then it 
pressure between the block and the wheel is uniform. But when the angle of 

contact is greater than 60°, then the unit pressure normal to the surface of contact is less at the ends than at the 
as shown in Fig. 25.4, instead of being rigidly 

direction of the applied force. The 
is given by 
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Double Block or Shoe Brake 
 
When a single block brake is applied to a rolling wheel, and additional load is thrown on the shaft bearings 
due to the normal force (RN). This produces bending of the shaft. In order to overcome this drawback, a 
double block or shoe brake as shown in Fig., is used. It consists of two brake blocks applied at the opposite 
ends of a diameter of the wheel which eliminate or reduces the unbala
by a spring which pulls the upper ends of the brake arms together. When a force 
lever, the spring is compressed 
and the brake is released. This type of brake is often used on electric
electromagnet or solenoid. When the current is switched off, there is no force on the bell crank lever and the 
brake is engaged automatically due to the spring force and thus there will be no downward movement of t
load. In a double block brake, the braking action is doubled by the use of two blocks and the two blocks may 
be operated practically by the same force which will operate one. In case of double block or shoe brake, the 
braking torque is given by 
TB = (Ft1 + Ft2) r 
where, Ft1 and Ft2 are the braking forces on the two blocks.

 
 

 

When a single block brake is applied to a rolling wheel, and additional load is thrown on the shaft bearings 
). This produces bending of the shaft. In order to overcome this drawback, a 

double block or shoe brake as shown in Fig., is used. It consists of two brake blocks applied at the opposite 
ends of a diameter of the wheel which eliminate or reduces the unbalanced force on the shaft. The brake is set 
by a spring which pulls the upper ends of the brake arms together. When a force 

and the brake is released. This type of brake is often used on electric cranes and the force 
electromagnet or solenoid. When the current is switched off, there is no force on the bell crank lever and the 
brake is engaged automatically due to the spring force and thus there will be no downward movement of t
load. In a double block brake, the braking action is doubled by the use of two blocks and the two blocks may 
be operated practically by the same force which will operate one. In case of double block or shoe brake, the 

t2 are the braking forces on the two blocks. 

 

 

When a single block brake is applied to a rolling wheel, and additional load is thrown on the shaft bearings 
). This produces bending of the shaft. In order to overcome this drawback, a 

double block or shoe brake as shown in Fig., is used. It consists of two brake blocks applied at the opposite 
nced force on the shaft. The brake is set 

by a spring which pulls the upper ends of the brake arms together. When a force P is applied to the bell crank 

cranes and the force P is produced by an 
electromagnet or solenoid. When the current is switched off, there is no force on the bell crank lever and the 
brake is engaged automatically due to the spring force and thus there will be no downward movement of the 
load. In a double block brake, the braking action is doubled by the use of two blocks and the two blocks may 
be operated practically by the same force which will operate one. In case of double block or shoe brake, the 
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Simple Band Brake 
 
A band brake consists of a flexible band of leather, one or more ropes, or a steel
which embraces a part of the circumference of the drum. A band brake, as shown in Fig, is called a 
band brake in which one end of the band is attached to a fixed pin or fulcrum of the lever while the other end 
is attached to the lever at a distance 
When a force P is applied to the lever at 
the drum and hence the brakes are applied. The friction between the band and the drum provides 
force. The force P on the lever at C 

Now considering the equilibrium of the lever 
clockwise direction as shown in Fig. (
tension T2 and end of the band attached to 
rotates in the anticlockwise direction as shown in Fig. (
the band attached to the fulcrum O 
slack with tension T2. Now taking moments about the fulcrum 

A band brake consists of a flexible band of leather, one or more ropes, or a steel
which embraces a part of the circumference of the drum. A band brake, as shown in Fig, is called a 

in which one end of the band is attached to a fixed pin or fulcrum of the lever while the other end 
hed to the lever at a distance b from the fulcrum. 

is applied to the lever at C, the lever turns about the fulcrum pin 
the drum and hence the brakes are applied. The friction between the band and the drum provides 

C may be determined as discussed below : 

 

 
Now considering the equilibrium of the lever OBC. It may be noted that when the drum rotates in the 
clockwise direction as shown in Fig. (a), the end of the band attached to the fulcrum 

2 and end of the band attached to B will be tight with tension T1. On the other hand, when the drum 
rotates in the anticlockwise direction as shown in Fig. (b), the tensions in the band will reverse, 

O will be tight with tension T1 and the end of the band attached to 
2. Now taking moments about the fulcrum O, we have 

A band brake consists of a flexible band of leather, one or more ropes, or a steel lined with friction material, 
which embraces a part of the circumference of the drum. A band brake, as shown in Fig, is called a simple 

in which one end of the band is attached to a fixed pin or fulcrum of the lever while the other end 

, the lever turns about the fulcrum pin O and tightens the band on 
the drum and hence the brakes are applied. The friction between the band and the drum provides the braking 

 

 

 

. It may be noted that when the drum rotates in the 
), the end of the band attached to the fulcrum O will be slack with 

1. On the other hand, when the drum 
e band will reverse, i.e. the end of 

1 and the end of the band attached to B will be 
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P.l = T1.b                              
and P.l = T2.b                          

 
where   l = Length of the lever from the fulcrum (

b = Perpendicular distance from 
 
 
Differential Band Brake 
 
In a differential band brake, as shown in Fig, the ends of the band are joined at 
pivoted on a fixed pin or fulcrum 
greater than the length OB. 

 
The braking torque on the drum may be obtained in the similar way as discussed in simple band
considering the equilibrium of the lever 
direction, as shown in Fig. a, the end of the band attached to 
band attached to B will be tight with tension 
anticlockwise direction, as shown in Fig. 
end of the band attached to B will be slack with tension 
have 

 
We have discussed in block brakes, that when the frictional force helps to apply the
energizing brake. In case of differential band brake, we see from equations
and T2.b helps in applying the brake (because it 
rotation of the drum respectively. We have also discussed that when the force 
is self locking. Thus for differential band brake and for clockwise rotation of the 
locking is 
T2.a ≤ T1.b or T2/T1 ≤ b / a 
 
and for anticlockwise rotation of the drum, the condition for self
T1.a ≤ T2.b or T1/T2 ≤ b / a 
 

b                              ...(for clockwise rotation of the drum)
b                          ...(for anticlockwise rotation of the drum)

= Length of the lever from the fulcrum (OC), and 
= Perpendicular distance from O to the line of action of 

In a differential band brake, as shown in Fig, the ends of the band are joined at 
pivoted on a fixed pin or fulcrum O. It may be noted that for the band to tighten, the

The braking torque on the drum may be obtained in the similar way as discussed in simple band
considering the equilibrium of the lever AOC. It may be noted that when the drum rotates in the clockwise 

, the end of the band attached to A will be slackwith tension 
will be tight with tension T1. On the other hand, when the drum rot

anticlockwise direction, as shown in Fig. b, the end of the band attached to A will be tight with tension 
will be slack with tension T2. Now taking moments about the fulcrum 

, that when the frictional force helps to apply the
energizing brake. In case of differential band brake, we see from equations (i) 

helps in applying the brake (because it adds to the moment P.l) for the clockwise an
We have also discussed that when the force P 

for differential band brake and for clockwise rotation of the 

and for anticlockwise rotation of the drum, the condition for self-locking is 

...(for clockwise rotation of the drum) 
...(for anticlockwise rotation of the drum) 

 
to the line of action of T1 or T2. 

In a differential band brake, as shown in Fig, the ends of the band are joined at A and B to a lever AOC 
. It may be noted that for the band to tighten, the length OA must be 

 

The braking torque on the drum may be obtained in the similar way as discussed in simple band brake. Now 
It may be noted that when the drum rotates in the clockwise 

will be slackwith tension T2 and end of the 
1. On the other hand, when the drum rotates in the 

will be tight with tension T1 and 
2. Now taking moments about the fulcrum O, we 

 

, that when the frictional force helps to apply the brake, it is said to be self 
) and (ii) that the moment T1.b 

) for the clockwise and anticlockwise 
P is negative or zero, then brake 

for differential band brake and for clockwise rotation of the drum, the condition for self- 
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Band and Block Brake 
 
The band brake may be lined with blocks of wood or other material, as shown in Fig. 
the blocks and the drum provides braking action. Let there are ‘
2 θ at the centre and the drum rotates

Consider one of the blocks (say first block) as shown in Fig. 
following forces : 
1. Tension in the tight side (T1), 
2. Tension in the slack side (T1') or tension in the band
3. Normal reaction of the drum on the block (
4. The force of friction (μ.RN). 

The band brake may be lined with blocks of wood or other material, as shown in Fig. 
the blocks and the drum provides braking action. Let there are ‘n’ number of blocks, each subtending an angle 
2 θ at the centre and the drum rotates in anticlockwise direction. 

Consider one of the blocks (say first block) as shown in Fig. b. This is in equilibrium under the action of the 

) or tension in the band between the first and second block,
Normal reaction of the drum on the block (RN), and 

The band brake may be lined with blocks of wood or other material, as shown in Fig. a. The friction between 
’ number of blocks, each subtending an angle 

 

 
. This is in equilibrium under the action of the 

between the first and second block, 
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Internal Expanding Brake 
 
An internal expanding brake consists of two shoes 
are lined with some friction material (usually with Ferodo) to increase the coefficient of friction and to 
prevent wearing away of the metal. Each shoe is pivoted at one end about a fixed fulcrum 
made to contact a cam at the other end. When the cam rotates, the shoes are pushed outwards against the rim 
of the drum. The friction between the shoes and the drum produces the braking torque and hence reduces the 
speed of the drum. The shoes are normally held in off posit
encloses the entire mechanism to keep out dust and moisture. This type of brake is commonly used in motor 
cars and light trucks. 

We shall now consider the forces acting on such a brake, when the drum rotates in the anticlockwise direction 
as shown in Fig. b. It may be noted that for the anticlockwise direction, the left hand shoe is known as 
or primary shoe while the right hand shoe is known as 
Let    r = Internal radius of the wheel rim.

b = Width of the brake lining.
p1 = Maximum intensity of normal pressure,

pN = Normal pressure, 
F1 = Force exerted by the cam on the leading shoe, and
F2 = Force exerted by the cam on the trailing shoe.

Consider a small element of the brake lining 
θ with OO1  as shown in Fig.b. It is assumed that the pressure distribution on the shoe is nearly uniform, 
however the friction lining wears out more at the free end. Since the shoe turns about 
wear of the shoe lining at A will be proportional to the radial displacement of that point. The rate of wear of 

An internal expanding brake consists of two shoes S1 and S2 as shown in Fig. a 
are lined with some friction material (usually with Ferodo) to increase the coefficient of friction and to 
prevent wearing away of the metal. Each shoe is pivoted at one end about a fixed fulcrum 

cam at the other end. When the cam rotates, the shoes are pushed outwards against the rim 
of the drum. The friction between the shoes and the drum produces the braking torque and hence reduces the 
speed of the drum. The shoes are normally held in off position by a spring as shown in Fig. 
encloses the entire mechanism to keep out dust and moisture. This type of brake is commonly used in motor 

We shall now consider the forces acting on such a brake, when the drum rotates in the anticlockwise direction 
as shown in Fig. b. It may be noted that for the anticlockwise direction, the left hand shoe is known as 

and shoe is known as trailing or secondary shoe
= Internal radius of the wheel rim. 

= Width of the brake lining. 
1 = Maximum intensity of normal pressure, 

1 = Force exerted by the cam on the leading shoe, and 
exerted by the cam on the trailing shoe. 

Consider a small element of the brake lining AC subtending an angle δθ at the centre. Let 
. It is assumed that the pressure distribution on the shoe is nearly uniform, 

however the friction lining wears out more at the free end. Since the shoe turns about 
will be proportional to the radial displacement of that point. The rate of wear of 

 

 The outer surface of the shoes 
are lined with some friction material (usually with Ferodo) to increase the coefficient of friction and to 
prevent wearing away of the metal. Each shoe is pivoted at one end about a fixed fulcrum O1 and O2 and 

cam at the other end. When the cam rotates, the shoes are pushed outwards against the rim 
of the drum. The friction between the shoes and the drum produces the braking torque and hence reduces the 

ion by a spring as shown in Fig. a. The drum 
encloses the entire mechanism to keep out dust and moisture. This type of brake is commonly used in motor 

 
We shall now consider the forces acting on such a brake, when the drum rotates in the anticlockwise direction 
as shown in Fig. b. It may be noted that for the anticlockwise direction, the left hand shoe is known as leading 

secondary shoe. 

subtending an angle δθ at the centre. Let OA makes an angle 
. It is assumed that the pressure distribution on the shoe is nearly uniform, 

however the friction lining wears out more at the free end. Since the shoe turns about O1, therefore the rate of 
will be proportional to the radial displacement of that point. The rate of wear of 
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the shoe lining varies directly as the perpendicular distance from O1 to OA, i.e. O1B. From the geometry of 
the figure, 
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If MF > MN, then the brake becomes self locking. 
 
 
 
Disc Brake 
 
Main Components of Disc brake 

1. Wheel Hub: The disc rotor is attached to the wheel hub and it rotates with it. The wheel of the vehicle is 
bolted to the wheel hub. 
 

2. Caliper Assembly 

The caliper assembly consist of 

(i) Brake pad: It makes contact with the rotor disc and due to the friction between the brake pad and 

rotor disc the vehicle speed reduces and it stops. 

(ii) Caliper bracket 

(iii) Caliper frame 

(iv) Piston: It applies the brake force on the brake pads when brake lever is pressed. 

(v) Slider pin: It is the sliding pin which slides in the hole when brake is applied. 

(vi) Dust boots: It prevents the entry of dust into the caliper pin or slider pin hole. 

 
3.  Disc Rotor: It is the rotating part of disc brake. When brakes are applied, a lot of heat is generated which can 

decrease the braking efficiency, so the rotor has drilled vent holes on it which dissipates the heat. 
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Working 

(i) When brake pedal is pressed, the high pressure fluid from the master cylinder pushes the piston 
outward. 

(ii) The piston pushes the brake pad against the rotating disc.
(iii) As the inner brake pad touches rotor, the fluid 

inward and pulls the outward brake pad towards the rotating disc and it touches the disc.
(iv) Now both the brake pads are pushes the rotating disc, a large amount of friction is generated in 

between the pads and rotating disc and slows down the vehicle and finally let it stop.
(v) When brake pad is released, the piston moves inward, the brake pad away from the rotating disc. And 

the vehicle again starts to move.
 

Advantages 
1.It is lighter than drum brakes. 
 
2. It has better cooling (because the braking surface is directly exposed to the air)
 
3. It offers better resistance to fade. 
 
4. It provides uniform pressure distribution
 
5. By design they are self-adjusting brakes.
 
Disadvantages 
1. It is costlier than drum brakes. 

2.  Higher pedal pressure is required for stopping the vehicle. This brake system is installed with vacuum 
booster. 

3. No servo action is present. 

4. It is difficult to attach a suitable parking attachment.

When brake pedal is pressed, the high pressure fluid from the master cylinder pushes the piston 

The piston pushes the brake pad against the rotating disc. 
As the inner brake pad touches rotor, the fluid pressure exerts further force and the caliper moves 
inward and pulls the outward brake pad towards the rotating disc and it touches the disc.
Now both the brake pads are pushes the rotating disc, a large amount of friction is generated in 

and rotating disc and slows down the vehicle and finally let it stop.
When brake pad is released, the piston moves inward, the brake pad away from the rotating disc. And 
the vehicle again starts to move. 

2. It has better cooling (because the braking surface is directly exposed to the air)

 

m pressure distribution 

adjusting brakes. 

Higher pedal pressure is required for stopping the vehicle. This brake system is installed with vacuum 

It is difficult to attach a suitable parking attachment. 

***************************** 

 
When brake pedal is pressed, the high pressure fluid from the master cylinder pushes the piston 

pressure exerts further force and the caliper moves 
inward and pulls the outward brake pad towards the rotating disc and it touches the disc. 
Now both the brake pads are pushes the rotating disc, a large amount of friction is generated in 

and rotating disc and slows down the vehicle and finally let it stop. 
When brake pad is released, the piston moves inward, the brake pad away from the rotating disc. And 

2. It has better cooling (because the braking surface is directly exposed to the air) 

Higher pedal pressure is required for stopping the vehicle. This brake system is installed with vacuum 
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