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UNIT V 

DESIGN OF CAM CLUTCHES AND BRAKES    

Cam Design: Types-pressure angle and under cutting base circle determination-forces and 

surface stresses. 

Design of plate clutches –axial clutches-cone clutches-internal expanding rim clutches – internal  

and external shoe brakes. 

PRINCIPLES OF OPERATION OF THE CLUTCH 

 The clutch works on the principle of friction. When two friction surfaces are brought in 
contact with each other and pressed, they are united due to the friction between them. The 
friction between the two surfaces depends upon the area of the surfaces, pressure applied upon 
them and coefficient of friction of the surface materials. The principles of friction clutch is 
understood with the help of the following fig. The two surfaces can be separated and brought 
into contact when required. One surface in considered as driving member and the other as driven 
member. The driving member is kept rotating. When the driven member brought in contact to the 
driving member, it also starts rotating. When the driven member is separated from the driving 
member it does not revolve. This is the principles behind the operation of the clutch. 

        

  

 

 

 

 

CLASSIFICATION OF CLUTCHES 

The clutches are classified in two ways: 

1. Based on the engagement or actuation method used*: 
a) Mechanics, 
b) Pneumatic, 
c) Hydraulic, 
d) Electrical and 
e) Automatic. 
f)  

2. Based on the basic operating principle used**: 
a) Positive contact clutches    
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 Square jaw 
 Spiral jaw 
 Toothed  

b) Frictional clutches 
 Axial  
 Radial 
 Cone 

c) Overrunning clutches 
 Roller  
 Sprag 
 Wrap – spring 

d) Magnetic clutches 
 Magnetic particles 
 Hysteresis 
 Eddy current 

e) Fluid coupling 
 Dry fluid 
 Hydraulic 

SINGLE PLATE CLUTCH  

  This type of clutch is mostly used in motor vehicles. Is consists of one clutch plate, clutch shaft, 
clutch spring, pressure plate, friction lining and bearing. The flywheel is mounted on the engine 
crankshaft and rotes with it the pressure plate is bolted to the flywheel is mounted on the engine 
crankshaft and rotates with it. The pressure plate is bolted to the flywheel through clutch springs. 
The friction linings are on both sides of the clutch plate. Figure shows the arrangement of single 
plate clutch. 

Operation: When the clutch is engaged, the clutch plate is gripped between the flywheel and the 
pressure plates. Due to friction, the clutch plate and shaft revolves. When the clutch pedal is 
pressed, the pressure plate moves back against the force of the springs, and the clutch plate 
becomes free between the flywheel and the pressure plate. 

 Thus the flywheel remain rotating as long as the engine is running and the clutch shaft 
speed reduces slowly and finally it stops rotating. 

Design of a single plate clutch (Torque transmitted by the single plate clutch) 

 Consider two friction surfaces held together by an axial thrust W, as shown in figure  
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Let  T = Torque transmitted by the clutch, 

  P = Intensity of axial pressure acting on contact surfaces, 

  r1 = External radius of friction surface, 

  r2 = Internal radius of friction surface, and  

   = Coefficient of friction  

Consider an elementary ring of radius r and thickness dr, as shown in figure  
Area of the element ring = 2  . dr 

Normal or axial force on the ring, 2  . dr and the frictional force on the ring acting tangentially 

at radius r is given by 
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CLASSFICATION OF BRAKES  
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PART – A 

1. State about the profile of cam that gives no jerk and mention how jerk is eliminated. 

                                                          (M/J 2012) 

4-5-6-7 polynomial cam profile gives zero jerks. Profile smoothing techniques can remove 

the excessive jerks in a cam profile. 

2. Why is it necessary to dissipate the heat generated during clutch operation? 

                 (M/J 2012) 

When clutch engages, most of the work done will be liberated as heat at the interface. 

Consequently the temperature of the rubbing surface will increase. This increased 

temperature may destroy the clutch. So heat dissipation is necessary in clutches. 

3. What is self-locking in a brake?                              (N/D 2011) 

When a frictional force is sufficient enough to apply the brake with no external force, then 

the brake is said to be self-locking brake. 

4. What are the factors upon which the torque capacity of a clutch depends?   

                      (N/D 2011) 

Torque capacity of a clutch depends on 

i. Number of pair of contact surfaces, 

ii. Coefficient of friction, 

iii. Axial thrust exerted by the spring, and  

iv. Mean radius of friction surface. 

5. When do we use multiple disk clutches?                           (A/M 2010) 

A multiple clutch is used when large amount of torque is to be transmitted. In a multi plate 

clutch, the number frictional linings and the metal plates are increased which increases the 

capacity of the clutch to transmit torque. 

6. What is the disadvantage of block brake with one short shoe? What is the remedy? 

              (A/M 2010) 

 If only one block is used for braking, then there will be side thrust on the bearing of 

wheels shaft. This drawback can be removed by providing two blocks on the two sides of 

the drum. This also doubles the braking torque. 
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7. Under what condition of a clutch, uniform rate of wear assumption is more valid? 

             (M/J 2009) 

If the clutch is an old clutch, then uniform rate of wear assumption is more valid. 

8. Name four profiles normally used in cams.                            (M/J 2009) 

The four profiles normally used in cams are 

i. Uniform velocity, 

ii. Simple harmonic motion, 

iii. Uniform acceleration and retardation and 

iv. Cycloidal motion. 

9. How the ‘uniform rate of wear’ assumption is valid for clutches?                  (A/M 2008) 

In clutches, the value of normal pressure, axial load for the given clutch is limited by the 

rate of wear that can be tolerated in the brake linings. Moreover, the assumption of uniform 

wear rate gives a lower calculated clutch capacity than the assumption of uniform pressure. 

Hence clutches are usually designed on the basis of uniform wear. 

10. What are the significances of pressure angle in cam design?                   (N/D 2007) 

The pressure angle is very important in cam design as it represents steepness of the cam 

profile. If the pressure angle is too large, a reciprocating follower will jam in its bearing. 

UNIVERSITY QUESTIONS 

1. An automobile single plate clutch consists of two pairs of contacting surfaces. The inner 
outer radii of friction plate are 120 mm and 250 mm respectively. The coefficient of 
friction is 0.25 and the total axial force is 15 kN. Calculate the power transmitting 
capacity of the clutch plate at 500 rpm using  
(i) Uniform wear theory and  
(ii) Uniform pressure theory.                      (M/J 2013) 

2. Describe with the help of a neat sketch the design procedure of an internal expanding 
shoe brake. Also deduce the expression for the braking torque.  

                 (M/J 2013) 
3. Design a cam for operating the exhaust valve of an oil engine. It is required to give equal 

uniform acceleration and retardation during opening and closing of the valve, each of 
which corresponding to 60º of cam rotation. The valve should remain in the fully open 
position for 20º of cam rotation. The lift of the valve is 32 mm and the least radius of the 
cam is 50 mm, the follower is provided with a roller of 30 mm diameter and its line of 
stroke passes through the axis of the cam.           (M/J 2012) 

4. A dry single plate clutch is to be designed to transmit 112 kW at 2000 rpm. The outer 
radius of the friction plate is 1.25 times the inner radius. The intensity of pressure 
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between the plates is not to exceed 0.07 N/mm2. The coefficient of friction may be 
assumed equal to 0.3. The helical springs required by this clutch to provide axial force 
necessary to engage the clutch are 8. If each spring has stiffness equal to 40 N/mm. 
Determine the dimensions of the friction plate and initial compression in the springs. 
                                                                                 (M/J 2012) 

5. The displacement function of a cam-follower mechanism is given by y(θ) = 100 (1-cosθ) 
mm, 0≤θ≤2π, where y is the follower displacement and θ is the cam rotation. The cam 
speed is 1000 rpm. The spring constant is 20 N/mm and the spring has an initial 
compression of 10 mm, when the roller follower is in its lowest position. The weight of 
the mass to be moved including the follower is 10 N, length of the follower outside the 
guide A= 40 mm, length of the guide B = 100 mm, Rb = 50 mm, Rr = 10 mm and the 
coefficient of friction between the guide and the follower µ = 0.05. Computer normal 
force and the cam shaft torque when t cam has rotated 60 degrees. 

6. A single plate clutch, both sides being effective, is required to connect a machine shaft to 
a driver shaft which runs at 500 rpm. The moment of inertia of the rotating parts of the 
machine is 1 kg.m2. The inner and outer radii of the friction discs are 50 mm and 100 mm 
respectively. Assuming uniform pressure of 0.1 N/mm2 and coefficient of friction of 0.25, 
determine the time taken for the machine to reach full speed when the clutch is suddenly 
engaged. Also determine the power transmitted by the clutch, the energy dissipated 
during clutch slip and the energy supplied to the machine during engagement. 

7. A multi-disc clutch has three discs on the driving shaft and two on the driven shaft is to 
be designed for a machine tool, driven by an electric motor of 22 kW running at 1440 
rpm. The inside diameter of the contact surface is 130 mm. The maximum pressure 
between the surfaces is limited to 0.1 N/mm2. Design the clutch. Take µ = 0.3, n1=3, 
n2=2. 

8. Determine the capacity and the main dimensions of a double block brake for the 
following data: 
The brake sheave is mounted on the drum shaft. The hoist with its load weights 45 kN 
and moves downwards with a velocity of 1.15 m/s. The pitch diameter of the hoist drum 
is 1.25 m. The hoist must be stopped with in a distance of 3.25 m. The kinetic energy of 
the drum may be neglected.  

Reference books: 
1. Machine design (volume –II), Design of Transmission Systems, S.Md.Jalaludeen 
2. Machine design – R.S. Khurmi & J.K. Gupta 
3. Design of transmission systems – T.J. Prabhu 
4. Design of transmission systems – V. Jayakumar 

 

 

 


