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Unit I 

1. Sketch and explain the four inversions of Single-slider crank chain. 
2. Explain the working of two different types of quick return mechanisms. Derive an expression for the ratio of time 

taken in forward and return stroke for one of these mechanisms. 
3. Explain the working of a toggle mechanism and Offset slider mechanism with a neat sketch. State their application. 
4. What is degree of freedom of a mechanism? How is it determined? Define Grashof’s law. State how is it helpful in 

classifying the four link mechanisms into different types? Find the maximum and minimum transmission angles for 
the mechanisms shown in Fig. The figures indicate the dimensions in standard units of length. 

 

5. Explain mechanical advantage and transmission angle related to Four- bar mechanisms. Sketch a four-bar crank 
rocker mechanism in (1) Maximum transmission angle position and (2) toggle position where mechanical advantage 
is infinity. 

Unit II 

1. The Crank of a slider crank mechanisms rotates clockwise at a Constant speed of 600 r.p.m. The crank is 125 mm 
and connecting rod is 500 mm long. Determine 1. Linear velocity and acceleration of the mid Point of the connecting 
rod, and 2. Angular velocity and angular acceleration of the connecting rod, at a crank angle of 45° from inner dead 
centre position.  

2. In the mechanism shown in Fig the crank OA rotates at a constant speed equal to 20 rpm anticlockwise and gives 
motion to the sliding blocks B and D. The dimensions of various links are OA = 300 mm; AB = 1200 mm; BC = 450 mm 
and CD = 450 mm. For the given configuration, determine : i. Velocities of sliders B and D ii. Angular velocity of link 
CD iii. Linear acceleration of D and iv. Angular acceleration of CD 



 

 
3. In a four bar chain ABCD, AD is fixed and is 120 mm long. The crank AB is 30 mm long and rotates at 100 rpm 

clockwise while the link CD = 60 mm oscillates about D; BC = 120 mm. Using graphical method, find the angular 
velocity and angular acceleration of link BC when angle BAD = 60°. 

4. Derive the expression for Coriolis component of acceleration with neat sketch. 
 A four-bar mechanism, with 02A as the input link, is shown in figure. Using analytical method, derive the equations 
for the angular velocity of the output link and of the connecting link AB. (8) ii. If the coordinates of the pin joints are 
02 (0,0), A (-15, 26), B(75, 70) and 04(50, 0) and the input link rotates at 2 rad/s counter-clockwise, find the angular 
velocities of AB and of 04B . 

 
5. The driving crank AB of a quick-return mechanism shown below revolves at a uniform speed of 200 rpm. Find the 

velocity of the tool-box R, in the position shown in Fig.1, when the crank makes as angle of 60° with the vertical line 
AP. Also determine the angular velocity of link PQ. 



 

 
Unit III 
1. Draw a cam profile 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 corresponds to 60° of cam 
rotation. The valve must remain in the fully open position for 20° of cam rotation. The valve is 37.5 mm and the 
least radius of the cam is 40 mm. The follower is provided with a roller of radius 20 mm and its line of stroke 
passes through the axis of the cam. 

2. A cam is designed for a knife edge follower with following data: Cam lift = 40 mm during 90° of cam rotation 
with SHM Dwell for the next 30° During the next 60° of cam rotation, the follower returns to original position 
with SHM Dwell for 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. 

3. .A cam is to be designed for a knife edged follower with the following data: I. Follower lift is 40 mm with SHM, 
during 90° of cam rotation II. Dwell for the next 30° III. Follower return to its original position with SHM, during 
next 60° of cam rotation IV. Dwell for the remaining cam rotation. The line of stroke of the follower passes 
through the axis of the cam Shaft. Radius of the base circle of the cam is 40 mm. 1. Draw the displacement 
diagram. (4) 2. Draw the profile of the cam. (8) 3. Determine the maximum velocity and acceleration of the 
follower during forward and return strokes, if the cam rotates at 200 rpm in CW direction 

4. The following data are for a disc cam mechanism with roller follower : Minimum radius of the cam = 35 mm, lift 
of the follower = 40 mm Offset of the follower = 10 mm right, Roller diameter = 15 mm Cam rotation angles are 
as mentioned below : During ascent = 120°, Dwell = 80° During descent = 80°, Dwell = 80° Cam rotates in 
clockwise direction and the follower motion is simple harmonic during both ascent and descent. Draw the 
displacement diagram of the follower and indicate the relevant data. Draw the cam profile and indicate the 
relevant data. 

5. Construct a tangent cam and mention the important terminologies on it. Also derive the expression for 
displacement, velocity, acceleration of a reciprocating roller follower when the roller has contact with the nose. 

6. a) Classify with neat sketches the cam follower according to their shape, location and motion. State also their 
advantages, if any, with respect to other followers  



 
b). Sketches neatly the displacement, velocity and acceleration curves of a cycloidal motion follower. Why is it 
superior over other motion curves? 
 
Unit IV 
1. State and prove the law of gearing. Explain the various pitches of helical gears with sketch. 
2. Write short notes on speed ratio of a planetary gear train. With the help of a neatly drawn sketch of a spur 

gear, explain elaborately the nomenclature of gears. 
3. Explain the various pitches of helical gears with sketch. An epicyclic gear train consists of three gears 1, 2 

and 3 as shown in fig.6 the internal gear 1 has 72 teeth and gear 3 has 32 teeth. The gear 2 meshes with 
both gear .1 and gear 3 and is carried on an arm A. which rotates about the centre 02 at 20 rpm. If the gear 
1 is fixed, determine the speed of gears 2 and 3. 

4. In the epicyclic gear train shown in Fig, the compound wheels A and B as well as internal wheels C and D 
rotate independently about the axis O. The wheels E and F rotate on the pins fixed to arm a. All the wheels 
are of the same module. The number of teeth on the wheels is TA = 52, TB= 56, TE= TF = 36 Determine the 
speed of C if i. The wheel D fixed and arm a rotates at 200 rpm clockwise ii. The wheel D rotates at 200 rpm 
counter-clockwise and the arm a rotates at 20 rpm counter-clockwise. 

 
5. a) Two unequal gears of involute profile are to give required gear ratio. Derive an expression for the 

minimum number of teeth required for the pinion in order to avoid interference.  
b) An epicyclic gear train is shown in Fig. 14(b). The input S has 24 teeth. Gears P and C constitute a 
compound planet having 30 and 18 teeth respectively. If all the gears are of the same pitch, find the speed 
ratio of the gear train assuming A to be fixed. 

 
Unit V 



 
1. Derive an expression for a) braking torque on the drum of simple band brake b) friction moment of a collar 

thrust bearing, stating clearly the assumption made. 
2. a) Derive the force analysis of a body resting on an inclined plane with force inclined to the plane b) Derive an 

expression for the effort required to raise a load with screw jack taking friction into consideration.  
3. a) A leather belt is required to transmit 7.5 kw from a pulley 1.2 m in diameter, running at 250 rpm. The angle 

entranced is 1650 and the coefficient of friction between the belt6 and the pulley is 0.3. If safe working stress 
for the leather belt is 1.5 MPa, density of leather is 1 kg/ m3 end thickness of belt is 10 mm. Determine the 
width of the belt taking C.F tension into account.  
b)Two pulley one 450 mm diameter and other 200mm dia are on parallel shaft 2.1 m apart and are connected 
by a cross belt. The larger pulley rotates at 225 rpm. The maximum permissible tension in the belt is 1 KN and 
the coefficient of friction between the belt and the pulley is 0.25. Find the length of the belt required and the 
power can be transmitted. 
4. A single dry plate clutch transmits 7.5 kW at 900 rpm. The axial pressure is limited to 0.07 N/mm2. If the co-
efficient of friction is 0.25, find mean radius and face width of the friction lining assuming the ratio of the mean 
radius to the face width as 4 and outer and inner radii of the clutch plate. 
5. A leather belt is required to transmit 7.5 kW from a pulley 1.2 m in diameter, running at 250 rpm. The angle 
embraced is 165° and the coefficient of friction between the belt and the pulley is 0.3. The safe working stress 
for the leather belt is 1.5 MPa; the density of leather is 1000 kg/m3 and thickness of belt is 10 mm. Determine 
the width of the belt taking centrifugal tension into account. 
6. The mean diameter of the screw jack having pitch of 10 mm is 50 mm. A load of 20 KN is lifted through a 
distance of 170 mm. Find the work done in lifting the load and ficiency of the screw jack when (i) the load 
rotates with the screw, and (ii) the load rests n the loose head which does not rotate with screw. The external 
and internal diameter of the bearing surface of the loose head is 60 mm and 10mm respectively. The coefficient 
of friction for the screw as well as the bearing surface may be taken as 0.08. 
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