
 

 

Subject Name: Design of Machine Elements 

Subject Code: ME-5003 

Semester: 5
th

     

 

 

 

 



Unit -4 

Brakes and Clutches 

 

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 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 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 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, 

 

Band brakes  

A band brake has a band, normally made of metal, and makes a part of the circumference of drum. The 

braking is carried out by tightening the band. The net force in the tensions at both the end of the band 

gives the necessary torque.  

Simple band brakes: When one of the end of band is fixed to the fulcrum, then this kind of brake is 

called simple band brake as represented in figure  

Let, 

T = Tension in Tight Side N  

T2 = Tension in Slack Side N  

θ = Lap Angle in radians  

µ = Friction Coefficient  

D = Brake drum Diameter in mm  

M1 = Torque in N-mm 
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Block Brake: 

A single-block brake is represented in figure It contains a short shoe (may be firmly mounted or pivoted) 

to lever. It is pressed against the rotating wheel by a force at one end of the lever. The other end is 

pivoted on a fixed ball crank O. The frictional force exerts by the block on wheel will reduces the 

rotation of wheel. This kind of brake is generally used in railway trains. When brake is applies, the lever 

together with the block will be considered as  free body in equilibrium under following forces.  

1. Force F, Applied at the end of the lever.  

2. Normal reaction Fn, between shoe and wheel.  

. Fri tional or tangential raking for e Fθ between shoe and wheel.  

4. Reaction at Pin.  
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Let  

F = Force  

M1 = Torque   

r = Wheel Radius  

θ = Angle of contact   

µ = Friction coefficient   

Fθ = raking for e (Tangential) = r Mt  

Fn = Normal force = µ Fθ  

a = Distance b/w the fulcrum pin and center of shoe  

b = Distance b/w center of shoe to end of lever, when the effort applied  

c = Distance between fulcrum pin & the line of action of Fg 

Let us study the following 3 cases;  

(i) Line of action of force(tangential) F0 passes through fulcrum 
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Dynamometer: 

It is a tool used to realize the force and break power needed to run a driven machine. 

Dynamometers are generally classified into 2 varieties. They are: 

1. Power Absorption Dynamometer: They measure and absorb the power output of engine to 

which they're assembled. the power absorbed is typically came back as heat by some type. 

2. Power Transmission Dynamometers: They transfers the power to the load coupled to the engine 

after that it is measured on some suitable scale & also referred as torque meters. 

Some of dynamometers are discussed below in short. 

Prony Brake Dynamometer: 

It is one in every of the best dynamometers for measurement output/brake power. it's an attempt to 

prevent an engine by employing a brake on flywheel & measure the wt. with an arm hooked up to break 

can support, because it attempts to rotate in conjunction with regulator.

 

Figure 1: Prony Brake 

The Prony brake is represented in the above fig. It have a wooden block, a rope, a  frame, set of brake 

shoes & a flywheel. It works on principle of changing work to heat by friction. Bolts with Spring-load are 

provided to enhance the friction by tightening the wooden block. 
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The whole power is absorbed is converted into heat & so, this type of dynamometer must be cooled. 

Brake power can be calculated from: 

BP =  πNT 

Where T = W × L 

Dynamometer (Rope Brake): 

It is shown in below figure & is another device for getting brake power of an engine. It consists of some 

turns of rope wrapped around the rotating drum assembled to the output shaft. One side of rope is 

attached to a spring balance & other side is attached with loading device. The power absorbed due to 

friction b/w the rope and drum. Thus, drum in rope brake devices required cooling. 

 

Figure 2: Rope Brake 

These dynamometers are cheap & can be made quickly but brake power cannot be obtained accurately 

because of change in the  coefficient of friction the rope with change in temperature. 

The brake power is given by  

B P= π DN W − S  

when D is the brake drum dia., 

W is the wt. of load & 

S is spring balance. 

 

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. 
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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 

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. 
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Single Plate Clutch 

 

Figure: Single Plate Clutch 

Design of a Disc or Plate Clutch 

T = Torque transmitted by the clutch, 
p = Intensity of axial pressure with which the contact surfaces are 
held together, 
r1 and r2 = External and internal radii of friction faces, 
r = Mean radius of the friction face, and 
µ= Coefficient of friction. 
Consider an elementary ring of radius r and thickness dr as shown in Fig. 24.3 (b). 
We know that area of the contact surface or friction surface 
= 2r.dr Normal or axial force on the ring, W = Pressure × Area = p × 2r.dr 
and the frictional force on the ring acting tangentially at radius r, 
Fr = µ× W = µ.p × 2r.dr Frictional torque acting on the ring, 
Tr = Fr × r = .p × 2r.dr × r = 2 µp. r2.dr 

Multiple Disc Clutch 

A multiple disc clutch 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. 
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Cone Clutch 

A cone clutch 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 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 with the hub of the driven. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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