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PART A 
  Answer any three full questions, each carries 10marks. Marks 

1  Explain with neat figures the different inversions of four bar chain with 

examples substantiated with neat figures 

( 10)  

2  You are being asked to generate exact straight line for a research purpose. 

Explain any four mechanisms which will help you for the same 

(10) 

3  In a slider crank mechanism, the crank is 480 mm long and rotates at 20 rad/s 

in the counter clockwise direction. The length of the connecting rod is 1.6 m. 

When the crank turns 60° from the inner dead centre, determine the 

i. Velocity of the slider 

ii. Velocity of a point E located at a distance 450 mm extended from the 

connecting rod 

iii. Position and velocity of a point F on the connecting rod having the least 

absolute velocity 

(10) 

4  Explain the different static equilibrium conditions used for static force analysis (10) 

PART B 

Answer any three full questions, each carries 10marks. 

5  Explain any four types of centrifugal governors with neat figures ( 10) 

6  Derive an expression to find out the gyroscopic couple from the concept of 

angular velocity and angular acceleration 

(10) 

7 a) Define the terms for a flywheel- 

i. Fluctuation of speed 

ii. Fluctuation of energy 

iii. Coefficient of fluctuation of speed 

iv. Coefficient of fluctuation of energy 

  

(4) 

 b) A flywheel with a mass of 3kN has a radius of gyration of 1.6 m. Find the 

energy stored in the flywheel when its speed increases from 315 rpm to 340 

rpm 

(6) 

8  Explain the different parameters considered for engine force analysis (10) 
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PART C 

Answer any four full questions, each carries 10marks. 

9  Define the basic terms for a cam with the help of neat figure (10) 

10  Find the expression for maximum velocity and maximum acceleration  for 

cams under simple harmonic motion along with plotting displacement, velocity 

and acceleration diagrams for the same 

( 10) 

11  Draw the profile of a cam operating a knife- edge follower having a lift of 30 

mm. The cam raises the follower with SHM for 150° of the rotation followed 

by a period of dwell for 60°. The follower descents for the next 100° rotation of 

the cam with uniform velocity again followed by a dwell period. The cam 

rotates at a uniform velocity of 120 rpm and has a least radius of 20 mm. What 

will be the maximum velocity and acceleration of the follower during the lift 

and the return? 

(10) 

12  Explain law of gearing and satisfy the condition of constant angular velocity 

ratio between the gears. Also derive the expression for velocity of sliding  

(10) 

13  Two involute gears in mesh have a module of 8 mm and a pressure angle of 

20°. The larger gear has 57 teeth while the pinion has 23 teeth. If the addenda 

on pinion and gear wheels are equal to one module, find the 

(i) Contact ratio 

(ii) Angle of action of the pinion and gear wheel 

(iii) Ratio of sliding to rolling velocity at the beginning of contact 

(10) 

14  Explain the different classification of gear trains with neat figures. Also find 

the expression for speed ration in each case 

(10) 

**** 
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  Answer 

1 a) Define: kinematic link, kin

 b) Explain Grashoff’s law for four bar chain mechanism

2  Explain the different 

examples 

3 a) Explain the different criteria regarding the mobility of mechanisms for finding 

out the degrees of freedom

 b) Define the terms transmission angle and mechanical advantage

4  For the position of the mechanism shown in figure calculate the ang

of the link AR. OA

direction.OQ=650 mm and QOA =40

Answer any three 

5  In a Hartnell governor the extreme radii of rotation of the balls are 40mm and 60 

mm, and the corresponding speeds are 210 rpm and 230 rpm. The mass of each 

ball is 3 kg. The lengths of the ball and the sleeve arm 

initial compression and the constant of the central spring

6  Explain in detail what way

aircraft while taking a turn

7 a) Explain precisely the turning moment diagram 

 b) Define the terms ‘coefficient of fluctuation of energy’ and ‘coefficient of 

fluctuation of speed’, in the case of flywheels

8  The turning moment diagram for a 

Turning moment, 1 mm 

diagram  repeats itself at every half revolution of the engine and the areas above 

and below the mean turning moment line taken in order are 295, 685, 40, 340, 

960, 270 mm2. The rotating parts are equivalent to a mass of 36 kg at a radiu

gyration of 150 mm
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PART A 

Answer any three full questions, each carries 10marks

Define: kinematic link, kinematic pair, and kinematic chain. 

Explain Grashoff’s law for four bar chain mechanism 

Explain the different inversions of slider crank chain with the help of detailed 

Explain the different criteria regarding the mobility of mechanisms for finding 

out the degrees of freedom. 

Define the terms transmission angle and mechanical advantage for a mechanism

For the position of the mechanism shown in figure calculate the ang

of the link AR. OA is 300 mm long and rotates at 20 rad/s in the clockwise 

direction.OQ=650 mm and QOA =40⁰. 

 
PART B 

any three full questions, each carries 10marks

In a Hartnell governor the extreme radii of rotation of the balls are 40mm and 60 

mm, and the corresponding speeds are 210 rpm and 230 rpm. The mass of each 

ball is 3 kg. The lengths of the ball and the sleeve arm are equal. Determine the 

initial compression and the constant of the central spring 

what ways the gyroscopic couple affects the motion of an 

aircraft while taking a turn under different criterion. 

Explain precisely the turning moment diagram for a double acting steam engine

Define the terms ‘coefficient of fluctuation of energy’ and ‘coefficient of 

fluctuation of speed’, in the case of flywheels 

The turning moment diagram for a petrol engine is drawn to the following scales:

Turning moment, 1 mm = 5 N-m;crank angle, 1 mm = 1°. The turning moment 

diagram  repeats itself at every half revolution of the engine and the areas above 

and below the mean turning moment line taken in order are 295, 685, 40, 340, 

The rotating parts are equivalent to a mass of 36 kg at a radiu

gyration of 150 mm. Determine the coefficient of fluctuation of speed when the 
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(6 )  

( 4) 

the help of detailed (10) 

Explain the different criteria regarding the mobility of mechanisms for finding (6) 

for a mechanism (4) 

For the position of the mechanism shown in figure calculate the angular velocity 

is 300 mm long and rotates at 20 rad/s in the clockwise 

(10) 

marks. 

In a Hartnell governor the extreme radii of rotation of the balls are 40mm and 60 

mm, and the corresponding speeds are 210 rpm and 230 rpm. The mass of each 

are equal. Determine the 

(10) 

the gyroscopic couple affects the motion of an (10) 

for a double acting steam engine. (5) 

Define the terms ‘coefficient of fluctuation of energy’ and ‘coefficient of (5) 

petrol engine is drawn to the following scales: 

The turning moment 

diagram  repeats itself at every half revolution of the engine and the areas above 

and below the mean turning moment line taken in order are 295, 685, 40, 340, 

The rotating parts are equivalent to a mass of 36 kg at a radius of 

Determine the coefficient of fluctuation of speed when the 

(10) 
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engine runs at 1800 r.p.m. 

PART C 

Answer any four full questions, each carries 10 marks. 

9  Explain with sketches the different classifications of followers. (10) 

10  A cam is to be designed for a knife edge follower with the following data:Cam 

lift = 40 mm during 90° of cam rotation with simple harmonic motion.Dwell for 

the next 30°.During the next 60° of cam rotation, the follower returns to its 

original position with simple harmonic motion. Dwell during the remaining 180°. 

Draw the profile of the cam when the line of stroke is offset 20 mm from the axis 

of the cam shaft. The radius of the base circle of the cam is 40 mm. 

(10) 

11  Explain displacement, velocity and acceleration diagrams for uniform 

acceleration and deceleration motion of cam follower and also derive the 

expressions for the same 

(10) 

12  What is the difference between simple gear train and a compound gear train? 

Explain with the help of sketches. 

(10) 

13 a) Explain the terms addendum and dedendum. What is clearance? (4) 

 b) The following data relate to two meshing gears. Velocity ratio = 1/3, Module = 4 

mm, Pressure angle = 20⁰, Centre distance =200 mm. Determine the number of 

teeth and the pitch circle radius of the gear wheel. 

(6) 

14  An epicyclic gear train consists of an arm and two gears A and B having 30 and 

40 teeth respectively. The arm rotates about the centre of the gear A at a speed of 

80 rpm counter-clockwise. Determine the speed of the gear B if: 

i.) The gear A is fixed , and  

     ii.)         The gear A revolves at 240 rpm clockwise instead of being fixed 

(10) 

**** 
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  Answer 
1 a) Define transmission angle in a planar mechanism and give its significance.
 b) What is the Kutzbach Criterion for mechanisms?
 c) Calculate the mobility of the 

2 a) What do you mean by kinematic inversion?
 b) What are the different kinematic inversions of the slider crank chain? Explain 

each with the help of figure and state applications of the same
3  For the mechanism 

250mm and BO4 = 300mm. If link 2 is given a constant angular velocity of 4
rad/s in the counter clockwise direction, Find the angular velocities and angular 
accelerations of links 3 and 4.  Also find the a

4 a) What do you mean by a linear system and the principle of superposition?
 b) In a slider crank mechanism with crank radius of 40 mm and connecting rod 

length of 100 mm, find the 
equilibrium when the crank angle is 45
1500 N. 

Answer any t
5  Explain the construction and working of the following
 a) Watt governor 
 b) Hartnell Governor 
6 a) Derive an expression for the gyroscopic couple in a rotor with moment of inertia I, 

angular velocity of rotation ω and velocity of precession of the rotational axis ω
 b) An aeroplane flying at 200 km/h turns towards the left and completes a quarter 

circle of 50m radius. The mass of the rotary engine and the propeller of the plane 
is 450 kg with a radius of gyration of 320 mm. The engine speed is 2000 rpm 
clockwise when viewed from the rear. Determine the gyroscopic couple on the 
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PART A 

Answer any three full questions, each carries 10 marks
Define transmission angle in a planar mechanism and give its significance.
What is the Kutzbach Criterion for mechanisms? 
Calculate the mobility of the following mechanisms. 

 
What do you mean by kinematic inversion? 
What are the different kinematic inversions of the slider crank chain? Explain 
each with the help of figure and state applications of the same. 
For the mechanism shown in figure, AO2 = 100mm, BA = 250 mm, O

= 300mm. If link 2 is given a constant angular velocity of 4
rad/s in the counter clockwise direction, Find the angular velocities and angular 
accelerations of links 3 and 4.  Also find the absolute velocity of point B.

 
What do you mean by a linear system and the principle of superposition?
In a slider crank mechanism with crank radius of 40 mm and connecting rod 

find the external torque to be applied on the crank for 
equilibrium when the crank angle is 45ᵒ from top dead centre and the piston load is 

PART B 
any three full questions, each carries 10 marks

Explain the construction and working of the following 

Derive an expression for the gyroscopic couple in a rotor with moment of inertia I, 
angular velocity of rotation ω and velocity of precession of the rotational axis ω
An aeroplane flying at 200 km/h turns towards the left and completes a quarter 
circle of 50m radius. The mass of the rotary engine and the propeller of the plane 
is 450 kg with a radius of gyration of 320 mm. The engine speed is 2000 rpm 

wed from the rear. Determine the gyroscopic couple on the 
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Define transmission angle in a planar mechanism and give its significance. (3)  
(3) 
(4) 

(2) 
What are the different kinematic inversions of the slider crank chain? Explain (8) 

= 100mm, BA = 250 mm, O4O2 = 
= 300mm. If link 2 is given a constant angular velocity of 45 

rad/s in the counter clockwise direction, Find the angular velocities and angular 
bsolute velocity of point B. 

(10) 

What do you mean by a linear system and the principle of superposition? (3) 
In a slider crank mechanism with crank radius of 40 mm and connecting rod 

on the crank for static 
from top dead centre and the piston load is 

(7) 

marks 
 

(5) 
(5) 

Derive an expression for the gyroscopic couple in a rotor with moment of inertia I, 
angular velocity of rotation ω and velocity of precession of the rotational axis ωp. 

(4) 

An aeroplane flying at 200 km/h turns towards the left and completes a quarter 
circle of 50m radius. The mass of the rotary engine and the propeller of the plane 
is 450 kg with a radius of gyration of 320 mm. The engine speed is 2000 rpm 

wed from the rear. Determine the gyroscopic couple on the 

(6) 
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aircraft and state its effect.
7  Turning moment diagram for a petrol engine is drawn to the following scales: 

turning moment, 1 mm = 5 Nm, crank angle 1mm = 1
diagram repeats itself at every half revolution of the engine and the area of above 
and below the mean turning moment line taken in order are 295, 685,40, 340, 960, 
270 mm2. The rotating parts are equivalent to a mass of 36 kg at a radius of 
gyration of 150mm. Determi
engine runs at 1800 rpm.

8 a) Derive an expression for the energy stored in a flywheel.
 b) Explain and derive an expression for the coefficient of fluc

flywheel in terms of both angular and linear speeds.

Answer 
9  The cam follower mechanism is used to transmit motion by direct contact. How 

are followers classified according to their shape, movement and location 
movement? Explain each with the help of simple figures.

10  Draw the profile of the cam with knife edge follower. The cam lifts the follower 
for 120ᵒwith SHM followed by a dwell period of 40
down during 150ᵒ of the cam rotation with uniform acceleration and deceleration 
followed by dwell period. Given that the minimum radius of the cam is 25 mm, 
lift is 30mm. If the cam rotates at a uniform speed of 150 rpm calculate the 
maximum velocity and acceleration of t

11  A cam with a radial roller follower imparts the following motion to the follower
To raise the follower through 30 mm with uniform acceleration and deceleration 
during the 120ᵒ rotation of the cam. Dwell for 
lower the follower with simple harmonic motion during the next 100
the cam and dwell for rest of the cam rotation.
The cam has a minimum radius of 30 mm and rotates in the clockwise direction at 
uniform speed of 800 rpm. The roller diameter is 14mm.

12 a) What do you mean by pitch circle of a gear?
 b) Define module in a gear. Can two gear of different modules mesh?
 c) What is contact ratio in the context of gears? What is its significance?
 d) State and explain the law of gearing.
13 a) What are the different types of gear trains?
 b) An epicyclic gear train as shown in figure has 100 teeth on A and 250 teeth on B. 

Determine the speed of arm 
counter clockwise. 

14 a) Define addendum and addendum circle in a gear.
 b) Explain undercutting in a gear with the help of a diagram.
 c) The number of teeth in a spur gear is 30 and it rotates at 200 rpm. What will be its 

circular pitch and the pitch line velocity if it has a module of 2 
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aircraft and state its effect. 
Turning moment diagram for a petrol engine is drawn to the following scales: 
turning moment, 1 mm = 5 Nm, crank angle 1mm = 1ᵒ. The turning moment 

ats itself at every half revolution of the engine and the area of above 
and below the mean turning moment line taken in order are 295, 685,40, 340, 960, 

. The rotating parts are equivalent to a mass of 36 kg at a radius of 
gyration of 150mm. Determine the coefficient of fluctuation of speed when the 
engine runs at 1800 rpm. 
Derive an expression for the energy stored in a flywheel. 
Explain and derive an expression for the coefficient of fluctuation of speed of a 

of both angular and linear speeds. 
PART C 

Answer any four full questions, each carries 10 marks
The cam follower mechanism is used to transmit motion by direct contact. How 
are followers classified according to their shape, movement and location 
movement? Explain each with the help of simple figures. 
Draw the profile of the cam with knife edge follower. The cam lifts the follower 

with SHM followed by a dwell period of 40ᵒ. Then the follower lowers 
of the cam rotation with uniform acceleration and deceleration 

followed by dwell period. Given that the minimum radius of the cam is 25 mm, 
lift is 30mm. If the cam rotates at a uniform speed of 150 rpm calculate the 
maximum velocity and acceleration of the follower during the descent period.
A cam with a radial roller follower imparts the following motion to the follower
To raise the follower through 30 mm with uniform acceleration and deceleration 

rotation of the cam. Dwell for the next 30ᵒ of cam rotation and to 
lower the follower with simple harmonic motion during the next 100
the cam and dwell for rest of the cam rotation. 
The cam has a minimum radius of 30 mm and rotates in the clockwise direction at 

d of 800 rpm. The roller diameter is 14mm. 
What do you mean by pitch circle of a gear? 
Define module in a gear. Can two gear of different modules mesh?
What is contact ratio in the context of gears? What is its significance?
State and explain the law of gearing. 
What are the different types of gear trains? 
An epicyclic gear train as shown in figure has 100 teeth on A and 250 teeth on B. 
Determine the speed of arm ‘a’, if A rotates at 100 rpm clockwise and B at 50 r

 
Define addendum and addendum circle in a gear. 
Explain undercutting in a gear with the help of a diagram. 
The number of teeth in a spur gear is 30 and it rotates at 200 rpm. What will be its 
circular pitch and the pitch line velocity if it has a module of 2 mm.

**** 
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Turning moment diagram for a petrol engine is drawn to the following scales: 
. The turning moment 

ats itself at every half revolution of the engine and the area of above 
and below the mean turning moment line taken in order are 295, 685,40, 340, 960, 

. The rotating parts are equivalent to a mass of 36 kg at a radius of 
ne the coefficient of fluctuation of speed when the 

(10) 

(7) 
tuation of speed of a (3) 

marks 
The cam follower mechanism is used to transmit motion by direct contact. How 
are followers classified according to their shape, movement and location of line of 

(10) 

Draw the profile of the cam with knife edge follower. The cam lifts the follower 
. Then the follower lowers 

of the cam rotation with uniform acceleration and deceleration 
followed by dwell period. Given that the minimum radius of the cam is 25 mm, 
lift is 30mm. If the cam rotates at a uniform speed of 150 rpm calculate the 

he follower during the descent period. 

(10) 

A cam with a radial roller follower imparts the following motion to the follower 
To raise the follower through 30 mm with uniform acceleration and deceleration 

of cam rotation and to 
lower the follower with simple harmonic motion during the next 100ᵒ rotation of 

The cam has a minimum radius of 30 mm and rotates in the clockwise direction at 

(10) 

(2) 
Define module in a gear. Can two gear of different modules mesh? (2) 
What is contact ratio in the context of gears? What is its significance? (2) 

(4) 
(2) 

An epicyclic gear train as shown in figure has 100 teeth on A and 250 teeth on B. 
clockwise and B at 50 rpm 

(8) 

(2) 
(4) 

The number of teeth in a spur gear is 30 and it rotates at 200 rpm. What will be its 
mm. 

(4) 
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  Answer any three full questions, each carries 10marks. Marks 

1  Explain the different inversions of slider crank chain with the help of detailed 

examples 

(10)  

2  In a four-link mechanism as shown in the figure below, the dimensions of the links 

areas under: AB =50 mm, BC = 66mm, CD = 56 mm and AD = 100 mm. At the 

instant when <DAB = 60°, the link AB has an angular velocity of 10.5 rad/s in the 

counter clockwise direction. Determine- 

i. Velocity at point C 

ii. Velocity of point E on the link BC when BE = 40 mm 

iii. Velocity of an offset point F on the link BC if BF = 45 mm, CF = 30 mm and 

BCF is read clockwise 

iv. Velocity of rubbing at pins A, B, C and D when the radii of the pins are 

30,40,25 and 35 mm respectively 

 

(10) 

3 a) Explain the Kutzback’s and Gruebler’s criterion for the mobility of mechanisms (5) 

 b) You are being asked to design a mechanism to construct an exact straight line as a 

part of an interview in a reputed organisation. What will be your suggestion and 

explain it. 

(5) 

4  A four-link mechanism with the following dimensions is acted upon by a force 80 

N at an angle of 150° on the link Dc as shown in the figure. The dimensions of the 

links are as follows: AD = 500 mm, AB = 400 mm, BC = 1000 mm, DC = 750 

mm, DE = 350 mm. Determine the input torque T on the link AB for the static 

equilibrium of the mechanism for the given configuration. 

 

(10) 
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PART B 

Answer any three full questions, each carries 10marks. 

5  Explain any three types of centrifugal governors with the help of neat figures (10) 

6  Arrive at the condition for the vehicle’s stabilityby considering the effect of 

gyroscopic couple and centrifugal couple for an automobile taking a turn  

(10) 

7 a) Explain the turning moment diagram of a multi cylinder engine. (3) 

 b) The turning moment diagram for a petrol engine is drawn to a vertical scale of 1 

mm= 500Nm and a horizontal scale of 1 mm = 3°. The turning moment diagram 

repeats itself after every half revolution of the crankshaft. The areas above and 

below the mean torque line are 260, -580, 80, -380, 870 and -250 mm2. The 

rotating parts have a mass of 55 kd and radius of gyration of 2.1 m. If the engine 

speed is 1600 rpm, determine the coefficient of fluctuation of speed. 

(7) 

8 a) How inertia governors are different from centrifugal governors. Comment (5) 

 b) Comment on the following terms: 

i) Sensitiveness of governor       ii) Hunting 

(2) 

 c) It is stated that a governor can have the same equilibrium speed for all the positions 

of sleeve or balls. Comment on this particular condition. 

(3) 

PART C 

Answer any four full questions, each carries 10marks. 

9  Derive the expression to calculate the path of contact and arc of contact for gear 

teeth with involute profile. 

(10) 

10  An epicyclic gear train consists of an arm and two gears A and B having 30 and 40 

teeth respectively. The arm rotates about the centre of the gear A at a speed of 80 

rpm counter clockwise. Determine the speed of the gear B if- 

i) The gear A is fixed. 

      ii) The gear A revolves at 240 rpm clockwise instead of being fixed. 

(10) 

11 a) State and prove the law to maintain a constant angular velocity ratio between two 

gears. 

(7) 

 b) What is meant by undercutting in gears? (3) 

12  Draw the profile of a cam operating a knife-edge follower having a lift of 30 mm. 

The cam raises the follower with SHM for 150° of the rotation followed by a 

period of dwell for 60°. The follower descends for the next 100° rotation of the 

cam with uniform velocity, again followed by a dwell period. The cam rotates at a 

uniform velocity of 120 rpm and has a least radius of 20 mm. What will be the 

maximum velocity and acceleration of the follower during the lift and the return? 

(10) 

13  Detail the classification of cams according to their shape with the help of neat 

figures. 

(10) 

14 a) Explain the different terms and definitions regarding a cam with roller follower 

with the help of a neat figure. 

(7) 

 b) Explain the classification of follower according to location of line of movement. (3) 

**** 
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