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explanation to all questions. This book will also help ESE aspirants get an idea about the pattern and weightage
of questions asked in ESE.
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Q–1: Explain Grashof’s linkage. Explain the inversions of this linkage. [4 Marks ESE–2015]

Sol : A very important consideration when designing a mechanism is to ensure that the input crank can make
a complete revolution. Mechanisms in which no link makes a complete revolution would not be useful in
such applications. Grashof’s law states that for a planar four-bar linkage, the sum of the shortest and
longest link lengths cannot be greater than the sum of the remaining two link lengths if there is to be
continuous relative rotation between two members. Let the longest link has length l, the shortest link has
length s, and the other two links have lengths p and q. In this notation. Grashof’s law states that one
of the links, in particular the shortest link, will rotate continuously relative to the other three links if and
only if

s p q  l

If this inequality is not satisfied, no link will make a complete revolution relative to another.

By fixing different links one by one in a mechanism, different mechanisms
are obtained. This process of getting different mechanism is called
inversion of mechanisms. The relative motion between the links remain
same irrespective of any link fixed.

1. Inversion of Four Bar Chain

C

c

DA

a

B
b

Crank

d

Consider a 4-bar mechanism shown in the figure.

The length of four links are a, b, c and d as shown in figure.

(a) Shortest length link ‘d’ is fixed i.e. d < b, c,a.

 Sum of shortest and longest link length is less
than sum of rest two.

a

b

c

d

 In above conditions both ‘a’ and ‘c’ can make
full revolution and ‘b’ also make full revolution
relative to fixed link ‘d’. This type of mechanism
is called as crank-crank, or double cranks or
rotatory-rotatory or drag-crank mechanism.

(b) Link adjacent to Shortest (a or c) is fixed

 Both the cases, ‘d’ makes complete revolution.

 But link ‘b’ oscilates. c

b

a

a-fixed
d-crank

a
d

b

a

c-fixed
d-crank

a
d

c

 This mechanism is called as crank-rocker or
crank-lever or rotatory-oscilatory mechanism.

(c) Fix link ‘b’ opposite to shortest link

 Here links adjacent to shortest i.e. ‘a’ and ‘c’ can oscilate only. This mechanism is called
as double rocker or double lever or oscilating-oscilating mechanism as Class-II of
mechanism when sum of shortest and longest links is more than sum of rest two.

MechanismCHAPTER
1
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Q–2: Draw a crank rocker mechanism and identify all instantaneous centres. [4 Marks ESE–2014]

Sol : For crank-rocker mechanism, the Grashof law
should be satisfied. i.e. “Sum of length of largest
link and smallest link should be less than the
sum of rest two intermediate length links.” Hence
atleast one link of four bar chain is crank if
Grashof law is satisfied.

To get crank rocker mechanism, the link
adjacent to shortest should be fixed as shown
below i.e. link ‘1’ or ‘3’ should be fixed.

I13

I34

4

3I23

2
1I24

I12
I14

All instantaneous centres are marked on figure.

Q–3: One of the turning pairs of a four-bar chain is replaced by a sliding pair. Draw the inversions by
fixing different links. Give one application for each of the mechanism. [10 Marks ESE–2013]

Sol : When one of the turning pair of four bar chain is replaced by sliding pair, the mechanism is called sliding
pair mechanism.

Turning Pair 'D'
Changes to Sliding

B
C

A D

A

B

C

Various inversion of sliding pair mechanism.
We know that in 4-bar mechanism a turning pair can be replaced by a sliding pair and resultant
mechanism is called as slider-crank mechanism as shown in figure. The various inversions of slider crank
mechanism are,
(a) First Inversion

(a) Fixing link ‘1’.
C4

3

B

1

A

2

(b)  Link-2 as crank i.e., complete revolutions.

Applications
 Reciprocating Compressor :  Hence crank-2 is driver and piston-4 is follower.
 Reciprocating Engine : Here piston-4 is driver and crank-2 is follower.

(b) Second Inversion
Now fix link-2 and link-3 along with slider rotates. This makes the link-1 to oscilate as shown below.

4

A

O

1
2

3
B

1
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Applications
 Whitworth Quick Return mechanism
 Rotatory Engine
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Whitworth Quick Return Mechanism
 During rotation of anlge ‘’, metal cutting  occure.
 During rotation of along , the return stroke occure.

So in order to minimise the total cutting time, the return stroke is fast.

4 A

2

1

B

3O

5

Figure 1.





Figure 2.

The quick return ratio of this mechanism is,

.
 =

Cutting time
Return time

Crank and Slotted Lever Mechanim
 Crank (link-3) rotates about A and link-2 is fixed.

From Fig. 2 it is clear that the time of forward stroke is proportional to angle ‘’ and time of
return stroke is proportional to angle ‘’.


Forward stroke time
Return stroke time

 = 
 
  

Difference between Slotted-lever and Whitworth Mechanism
 Output is same i.e., slow forward and fast return

stroke used in metal cutting (shaper).
 Attachment of link-5 to link-1. In whitworth it is

attached with beyond point B and in slotted lever it
is opposite of this.

Rotatory Engine
In this engine, link ‘3’ rotates about A and link

4

3 1
A

2

O
‘1’ i.e. body of engine rotates about ‘O’ and piston ‘4’
reciprocates in cylinder i.e., in link 1.

(c) Third inversion
Here link ‘3’ is fixed and link ‘2’ rotates (i.e., crank) and link ‘4’ oscilates.
Oscillating Cylinder Engine

2

1 

3

Rotation

4
Here link-2 rotates (i.e., crank) and cylinder-4 oscillates. The piston is fixed at the end of link 1
which reciprocates in cylinder.
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(d) Fourth Inversion
Now the link-4 (slider) is fixed as shown in figure.

B

4

1
3

2

3

B4

1 2

Hand pump

The example is Hand pump.

 Link-3-oscilLates about B.

 Link-1-reciprocates along the axes of link-1 (fixed).

Q–4: Determine the maximum and minimum  transmission angle of the mechanism shown which is
driven by member O1A. [2 Marks ESE–2012]

3c
m

s

p

q
6cm

O1

A

B

4cm

8cm

O2

Sol :

A s

B

O1

p
q O2



Class of mechanism,

 ( + s) > (p + q)

(8 + 3) > (4 + 6)

11 > 10

Hence the mechanism is class II and is a double rocker mechanism. So in this mechanism,

(i) Maximum transmission angle ' '  occure when   is 180°
B

s

pA
O1

q O2

max


 maxcos =
 22 2s p q

2s
  



=
 22 23 8 4 6

2 3 8
  

 

=
9 64 100

48
 

 = 
27
48

  = – 0.5625

max = 124.229°
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(ii) Minimum angle of transmission occures when links ‘p’ and ‘s’ are collinear as shown below.

A

p

q

B
s

O1 O2

mm mincos =
 

 

2 2 2p s q
2 p s
  

 



=
2 2 27 8 6
2 7 8
 
 

= 0.6875

 min = 46.567°

Q–5: A crank and slotted lever Quick Return Motion Mechanism used in a shaping machine has a
distance of 200 mm between the centre of oscillation ‘A’ of the slotted lever and the centre of
rotation ‘B’ of the crank. The radius of the crank BC is 100 mm.
(i) Show on a diagram the extreme positions of the lever AD during one complete rotation of

the crank.
(ii) Find the ratio of the time of cutting to the time of the return stroke. [2 Marks ESE–2011]

Sol : Distance between fixed centers, AB = 200 mm
Radius of crank, BC = 100 mm

DD

C 

A

2

B

C

In extreme positions, the angle BCA is right angle. So AD and AD
are extreme positions of slotted link AD.
The ratio of cutting to return stroke time,

=
2
2
 


 
 In right angle triangle ABC

cos =
BC
AB

 = 
100
200

 = 
1
2

  =
3


 =
2
3

    

 Time ratio =

2
3 2

3






Q–6:

B

C

DA

5 rad/s

AB = AD = l
BC = DC = 
AD is fixed

2 l

The driver link AB of a four bar mechanism is rotated at 5.0 rad/s in counter clockwise direction
as shown in the above figure. Located and indicate the Instantaneous Centre (I.C.) of the coupler
BC with respect to fixed link AD at an instant when BAD = 180°. Find angular velocity of the
coupler using I.C. method only. [2 Marks ESE–2010]

Sol : The schematic of four bar mechanism when angle BAD = 180°
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