
 1 

Unit -4 

Cams 

Cam:- 

A cam is a mechanical member for transmitting a desired motion to a follower by direct 
contact. 

(or) 

A cam is a rotating machine element which gives reciprocating or oscillating motion to another 
element know as follower. 

    The cam and the follower have a line contact and constitute a higher 
pair. The cams are usually rotated at uniform speed by a shaft, but the follower motion is 
predetermined and will be according to the shape of the cam. The cam and follower is one 
of the simplest as well as one of the most important mechanisms found in modern machinery 
today. The cams are widely used for operaing the engines, automatic attachment of 
machineries, paper cutting machines, and automatic lathes machanies….etc 

Types of followers:- 

1. according to the surface in contact:-

(a) knife edge follower:- when the cotating end of the follower, as shown in figure. The
sliding motion takes edge place between the contacting surface (i.e., the knife edge and the
cam surface). It is seldom used in practice because the small area of contacting sueface
results in excessive wear. In knife edge followers, a considerable, thrust exists between the
follower and the guide.
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(b) roller follower :-

When the contacting end of the follower is a roller, it is called a roller follower, as shown in 
figure. Since the rolling motion takes place between the contacting surfaces (i.e., the roller 
and the cam), therfore the rate of wear is greatly reduced. In roller followers also the side 
thrust exists between the follower and the guide. The roller followers are extensively used 
where more  space is available such as in stationary gas and oil engines and aircrafts 
engines. 

(c) flat faced (or) mushroom follower:-

When the contacting and of the follower is a perfectly flat face, it is called flat faced 
follower, as shown in figure. It may be noted that the side thrust between the follower and 
the guide is mush reduced in case of flat faced followers. Flat faced follower causes high 
surface stress to minimize these stresses used the spherical faced follower. 
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(d) spherical faced follower :-

When the contacting end of the follower is of spherical shape, it is called a spherical faced 
follower, as shown in figure. It may be noted that when a flat faced follower is used in 
automobile engines, high surface stresses are produced . in order to minimize these stresses, 
the flat end of the follower is machined to a spherical shape. 

2. according to othe motion of the follower:-

The follower according to its motion, are of the following two types, 

(a) Reciprocating (or) translating follower :-

When the follower reciprocates in guides as the cam rotates uniformly, it is called reciprocates 
or translating follower. The follower as shown in fig (a to d) all reciprocating or translating 
followers. 

(b) oscillating or rotating follower :-

When the uniform rotaty motion of the cam is connerted into predetermined oscillatory motion 
of the follower, it is called oscillatory or rotating follower. The follower, as shown in fig, is an 
oscillatory or rotating follower. Fig (d)is the oscillating follower. 

3. according to the path of of motion of the follower :-

These are two types, 
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(a) Radial follower:-

When the motion of the follower is along an axis passing through the centre of the cam, it 
is known as radial follower. The followers, as shown in fig (a to d) are radial followers. 

(b) off – set follower:-

When the motion of the follower is along an axis away from the axis of the cam centre, it 
is called off-set follower. The follower, as shown in fig. 

Types of cams :- 

Cams are classified into two types. They are, 

(1) Radial or disc cam :-

In radial cams, the follower reciprocates or oscillates in a direction perpendicular to the cam 
axis. The cams as shown in fig. 
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(2) cylindrical cam :-

In cylindrical cams, the follower reciprocates or oscillates in a direction parallel to the cam 
axis. The follower rides in a groove at its cylindrical surface. A cylindrical grooved cam with 
a reciprocating and an osillating follower shown in fig. 

Terminology use in cams :- 

Below fig shows a radial cam with reciprocating roller follower. The following terms are 
importing in order to drawn the cam profile. 
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1. Base circle:- it is the smallest circle that can be drawn to the cam profile.

2. Trace point :- The trace point is used to generate the pitch curve. In case of knife edge
follower, the knife edge represents the teace point and the pitch curve corresponds to the
cam profile. In a roller follower, the centreof the  roller represents the trace point.

3.pressure angle :- it is the angle between the direction of the follower motion and a normal
to the pitch curve. This angle is very improtant in designing a cam profile. If the pressure
angle is too large, a reciprocating follower will jam in its bearings.

4. pitch point :- it is a point on the pitch curve having the maximum pressure angle.

5.pitch circle :- it is a circle drawn from the centre of the cam through the pitch points.

6. pitch curve :- it is the curve generated by trace point as the follower moves relative to
the cam. For a knife edge follower, the pitch curve and the cam profile are same where as
for a roller follower, they are seperated by the radius of the roller.

7. prime circle :- it is the smallest circle that can be draen from the centre of the cam and
tangent to the pitch curve.

8. lift or strocke :- it is the maximum travel of the follower from its lowest position to the
top most position.

9. angle of Dwell :- it is the angle through which the cam turns while the follower remains
stationary at the highest or the lowest position.

10. angle of action :- it is the total angle moved by the cam during the time between the
beginning of rise and the end of the return of the follower.

Types of follower motions :- 

The different types of followers motions are as followers, 

1. uniform velocity 2. Simple harmonic motion 3.uniform acceleration and retardation, and
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4. Cyclodal.

1. uniform velocity :-

   as the follower moves with uniform velocity during its rise and return stroke, 
therefore the displacement curves should have a constante slope. The displacement, velocity 
and acceleration diagrams drawn by taking time on x- axis and displacement, velocity or 
acceleration respectively on y-axis. These figures are shown below. Since the follower moves 
with uniform velocity, there force the lines AB and CD should be straight. The acceleration or 
retardation of the follower at the beginning and at the end of each stroke is infinite. This is 
mainly due to the reason that the follower has to start from MA and has to gain velocity 
within no time. 

2. simple harmonic motion :-

  The displacement, velocity and acceleration diagrams when the follower moves with 
simple harmonic motion are shown in figures. The displacement diagram is drawn as follows. 

a. draw a semi-circle on the follower stroke as diameter.

b. divide the semi- circle into any number of even equal parts (say eight).
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c. divide the angular displacements of the cam during out stroke and return stroke into the
same number of equal parts.

d. the displacement diagram is obtained by projecting the points as shown in fig.

 The velocity and acceleration diagrams are shown in figures. Since the follower moves with 
a simple harmonic motion, therefore velocity diagram consists of a sine curve and the 
acceleration diagram is a cosine curve. 

We see from fig. that the velocity of the follower is zero at the beginning and at the end of 
its stroke and increases gradually to a maximum at mid- stroke on the other hand, the 
acceleration of the follower is maximum at the beginning and at the ends of the stroke and 
diminishes to zero at mid- stroke. 

www.Jntufastupdates.com 8



 9 

Let 

S= stroke of the follower 

𝜃0 𝑎𝑛𝑑 𝜃𝐿 = anular displacement of the cam during out stroke and return stroke of the 
follower respectiverly, in radians. 

𝜔=angular velosity of the cam in rad/ sec. 

Maximum acceleration of the follower on the out stroke 

𝑎0  = 𝑎𝑝 =  
𝜋2 𝜔2 .𝑠

2(𝜃0)
2

Maximum velocity of the follower on the return stroke 

   𝑉𝑅 =  
𝜋𝜔 .𝑠

2 𝜃𝑅
 

Maximum acceleration of the follower on the return stroke 

𝑎𝑅 =  
𝜋2 𝜔2 . 𝑠

2(𝜃𝑅)
2

Maximum velocity of the follower on the outstroke 

𝑉𝑜 =  
𝜋𝜔. 𝑠

2 𝜃𝑜

3. uniform acceleration and retardation :-

The displacement, velocity and acceleration diagrams when the follower moves with uniform 
acceleration and retardation are shown in fig. we see that the displacement diagram consists 
of a parabolic curve and may be drawn as discussed below: 

www.Jntufastupdates.com 9



10 

a. divide the angular displacement of the cam during outstroke into any even number of equal
parts. And drawn vertical lines through these points as shown in figure.

b. divide the stroke of the follower into the same number of equal even parts.

c. join Aa to intersect the vertical line through point 1 at B. similarly, obtain the other points
C, D ..etc. now join thes points to obtain the parabolic curve for the outstroke of the
follower.

d. in the similar way as discussed above, the displacement diagram for the follower during
return stroke may be drawn.
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Maximum velocity of the follower on the outstroke 

   𝑉𝑜 =  
2𝜔.𝑠

𝜃0
 

Maximum velocity of the follower on the return stroke 

   𝑉𝑅 =  
2𝜔.𝑠

 𝜃𝑅
 

Maximum acceleration of the follower during out stroke 

𝑎0 =  
4 𝜔2 . 𝑠

(𝜃0)
2

Maximum acceleration of the follower on the return stroke 

𝑎𝑅 =  
4 𝜔2 . 𝑠

(𝜃𝑅)
2

4.cyclodial motion :-

It is out of the syllabus. 

Construction of cam profile for a radial cam :- 

1. in order to drawn the cam profile for a radial cam, first of all the displacement diagram.
For the given motion of the follower is drawn.

2. the follower must rotate in the opposite direction to the cam rotation.

3. then by constructing the follower unit proper positions at each angular position the profile
of the working surface of the cam is drawn.

www.Jntufastupdates.com 11



12 

Problems on these 3 follower motions :- 

1. a cam is to give the following motion to a knife –edged follower:

1. outstroke during 60 degree of cam rotation. 2.dwell for the next 30 degree of cam
rotaion. 3.return stroke during next 60 degree of cam rotation and  4. dwell for the
remaining 210 degree of cam rotation.

 The stroke of the follower is 40 mm ans the minimum radius of the cam is 50 mm. the 
follower moves with uniform velocity during both the outstroke and return stroke. Draw the 
profile of the cam when (a) the axis of the follower pases through the axis of the cam 
shaft, and (b) the axis of the follower is ooset by 20 mm from axis of the cam shaft. 

Displacement diagram :- 
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(a):- 

(b):- 
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Displacement diagram:- 
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(a):- 

(b):- 
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(b):- 
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Analysis of motion of followers:- 
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