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UNIT I-BASICS OF MECHANISMS 
 

Machine: A machine is any device that transmits or modifies energy  

 
Mechanism: A mechanism is a combination of parts designed to perform a given function. 
 
Structure: It is an assemblage of a number of resistant bodies having no relative motion between 
them and meant for carrying loads having straining action 
 
Simple mechanism: A mechanism with four links is known as simple mechanism. 
 
Complex mechanism: A mechanism with more than four links is known as simple mechanism. 
 
Equivalent mechanism: The mechanism, that obtained has the same number of the degree of 
freedom, as the original mechanism called equivalent mechanism. 
 
Kinematics: The branch of mechanics dealing with the description of the motion of bodies or fluids 
without reference to the forces producing the motion. 
 
Dynamics: A branch of mechanics that deals with forces and their relations to patterns of motion. 
 
Kinematic link: It is resistive bodies which go to make a part of a machine having relative motion 
between them. 
 
Kinematic pair: When two links are in contact with each other it is known as a pair. If the pair 
makes constrain motion it is known as kinematic pair. 
 

Binary Joint: If two links are connected at the same junction it is called binary joint. 

 
Ternary Joint: If three are connected to the same junction, then is known ternary joint 
One ternary joint is equivalent to two binary joints. 
 
Quaternary Joint: 
If four links are connected to the same joint then it is a Quaternary joint. One quaternary joint is 
equal to three binary joints 
 
Kinematic chain: When a number of links connected in space make relative motion of any point on 
a link with respect to any other point on the other link follow a definite law it is known as kinematic 
chain. 
 
Higher pair: The pair which is having point contact known as higher pair  
 
Lower pair: The pair which is having surface contact known as lower pair  
 
Open pair: In this pair everything is open to the atmosphere 
 
Closed pair: In this pair everything is closed from the atmosphere 
 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



Sliding pair: In a sliding pair minimum number of degree of freedom is only one 
 
Turning pair: In a turning pair also degree of freedom is one. When two links are connected such 
that one link revolves around another link it forms a turning pair. 
 
Cylindrical pair: In a cylindrical pair degree of freedom is two. If one link turns and slides along 
another link it forms a cylindrical pair. 
 
Rolling pair: In a rolling pair degree of freedom is two. The object moves both linearly and 
angularly. 
 
Spherical pair: In a spherical pair degree of freedom is three. It can both move left and right, up 
and down, and rotate along the same point. 
 
Degree of freedom: A displacement quantity which defines the shape and location of an object. 
 
Motion adjustment mechanism: The mechanism used to adjust or modify any one of the links in a 
mechanism is known as motion adjustment mechanism 
 
Scott Russel mechanism. This is one of the mechanism to produce straight line motion 
mechanism. The mechanism in which the straight line is copied from a existing straight line 
constrain is known as Scott Russel mechanism. 
 
Rigid body: a rigid body is an idealization of a solid body of finite size in which deformation is 
neglected. 
 
Deformable body: A deformable body is a body that deforms, meaning it changes its shape or 
volume while being acted upon by an external force. 
 
Mechanical advantage: The ratio of the output force to the input force. 
 
Inversion of Mechanism: The method of obtaining different mechanism by fixing different links in a 
kinematic chain is known as inversion of mechanism 
 
Transmission angle: The acute angle between follower and coupler is known as  
transmission angle. 
 
Toggle position: If the driver and coupler lie in the same straight line at this point mechanical 
advantage is maximum. Under this condition the mechanism is known as toggle position 
 
Crank: A device attached to a shaft, one end of which is free to rotate about the shaft's axis, used 
to convert rotary to reciprocating motion or vice versa. 
 
Pantograph: It is device which is used to reproduce a displacement exactly in a enlarged scale. 
 
Ratchet: A toothed wheel adjustment device that prevents backward motion. 
 
Snap: the tendency of a body to return to its original shape after it has been stretched or 
compressed 
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II KINEMATICS OF PLANE MECHANISMS  
 
Kinematic analysis: The analysis   which is used to determine the Kinematic quantities such as 
displacement, velocity and acceleration of the element in a mechanism is known Kinematic analysis 
 
Displacement: A change in position. A displacement may be a translation a rotation or a 
combination of those. 
 
Angular displacement: Angular displacement of a body is the angle in radians (degrees, 
revolutions) through which a point or line has been rotated in a specified sense. 
 
Speed: distance traveled per unit time 
 
Velocity: The velocity of an object is its speed in a particular direction. 
 
Angular velocity: The time rate of change of angular displacement. 
 
Acceleration: The rate of change of velocity over time. 
 
Angular acceleration:  The time rate of change of angular velocity. 
 
Tangential acceleration: The component of the acceleration directed along the velocity vector. 
 
 
Coriolis acceleration: An acceleration of a parcel moving in a relative coordinate system. 
 
 
Vector: a quantity described by both magnitude and direction. 
 
Instantaneous center axis: Instantaneous axis is a line drawn through an instantaneous center 
and perpendicular to the plane of motion. 
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Cam: a rotating piece that imparts motion to a roller moving against its edge. 
 
Follower: a companion to the camshaft that transfers the action of the camshaft to the rest of the 
valve train by sliding or reciprocating 
 
Cam jump: At higher speeds the cam and follower losses the contact this phenomenon is called as 
cam jump   
 
Simple harmonic motion: periodic motion in which the restoring force is proportional to the 
displacement. 
 
Radial or Disc Cams: In radial cams the follower reciprocates or oscillates in a direction 
perpendicular to the cam axis. The cams are all radial rams. In actual practice, radial cams are 
widely used due to their simplicity and compactness 
 
Roller Follower : In place of a knife edge roller is provided at the contacting end of the follower 
 
Spherical follower: In the contacting end of the follower is of spherical shape . 
 
Angle of ascend   : The angle of rotation of the cam from the position when the follower begins to 
rise till it reaches its highest points  
 
Angle of descend: The angle through which the cam rotates during the time the follower returns to 
the initial position.  
 
Angle of dwell  :It is the angle through which the cam rotates while the follower remains stationary 
at the highest or the lowest . 
 
Angle of action: The total angle moved by the cam during its rotation between the beginning of 
rise and the end of return of the follower 
 
Dwell: The zero displacement or the absence of motion of the follower during the motion of the cam 
is called dwell. 
 
Translating angle: The wedge is replaced by a flat plate with a groove. The plate cam moves back 
and forth imparting a translatory motion to the follower. Thus these cams are also known as 
translating cams. 
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IV GEARS 
 
Law of gearing: Law of gearing states that, the common normal at the point of contact between a 
pair of teeth must always pass through the pitch point. 
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Interchangeability of all gears : For interchangeability of all gears, the set must have the same 
circular pitch, module, diameter pitch, pressure, angle, addendum and dedendum and tooth 
thickness must be one half of the circular pitch. 
 
Gear tooth system: A tooth system is a standard which specifies the relationship between 
addendum, dedendum, working depth, tooth thickness and pressure angle to attain 
interchangeability of gears of tooth numbers but of the same pressure angle and pitch 
 
Gear train: A combination of gears that is used for transmitting motion from one shaft to another 
shaft is known as gear train 
 
Velocity ratio: Velocity ratio of a simple gear train is defined as the ratio of the angular velocity of 
the first gear in the train to the angular velocity of the last gear. 
   
Epicyclic gear train: In a gear train when the axes of shafts over which the gears are mounted 
move relative to a fixed axis is called epicyclic gear train. 
 
Spur gear: A spur gear is a cylindrical gear whose tooth traces are straight line generation 
of the reference cylinder. They are used to transmit rotary motion between parallel shafts. 
 
Bevel gears: The gears which are used to connect shafts whose axes of rotation intersect are 
called bevel gears. 
 
Limited slip differential: The coupling unit which is sensitive to wheel speed causes most of the 
torque to be directed to the slow moving wheel. This combination is called limited slip 
differential 

Pitch circle: It is an imaginary circle which by pure rolling action, would give the same motion as 
the actual gear. 

Pitch circle diameter: It is the diameter of the pitch circle. The size of the gear is usually specified 
by the pitch circle diameter. It is also called as pitch diameter. 

Pitch point: It is a common point of contact between two pitch circles. 

Pitch surface: It is the surface of rolling discs which the meshing gears have replaced at the pitch 
circle. 

Pressure angle or angle of obliquity: It is the angle between the common normal to two gear 
teeth at the point of contact and the common tangent at the pitch point. 

Addendum: It is the radial distance of a tooth from the pitch circle to the top of the tooth. 

Dedendum: It is the radial distance of a tooth from the pitch circle to the bottom of the tooth. 

Addendum circle: It is the circle drawn through the top of the teeth and is concentric with the pitch 
circle. 

Dedendum circle: It is the circle drawn through the bottom of the teeth. It is also called as root 
circle. 

Circular pitch: It is the distance measured on the circumference of the pitch circle from a point of 
one tooth to the corresponding point on the next tooth. 

Diametral pitch: It is the ratio of number of teeth to the pitch circle diameter in millimeters. 
 
Module: It is the ratio of the pitch circle diameter in millimeters to the number of teeth. 
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Clearance: It is the radial distance from the top of the tooth to the bottom of the tooth, in a meshing 
gear. A circle passing through the top of the meshing gear is known as clearance circle. 
 
Total depth: It is the radial distance between the addendum and the dedendum circle of a gear. It 
is equal to the sum of the addendum and dedendum. 
 
Working depth: It is radial distance from the addendum circle to the clearance circle. It equal to the 
sum of the addendum of the two meshing gears. 
 
Tooth space: It is the width of space between the two adjacent teeth measured along the pitch 
circle. 
 
Backlash: It is the difference between the tooth space and the tooth thickness, as measured on the 
pitch circle. 
 
Face of the tooth: It is the surface of the tooth above the pitch surface. 
 
Top land: It is the surface of the top of the tooth. 
 
Flank of the tooth: It is the surface of the tooth below the pitch surface. 
 
Face width: It is the width of the gear tooth measured parallel to its axis. 
 
Profile: It is the curve formed by the face and flank of the tooth. 
 
Fillet radius: It is the radius that connects the root circle to the profile of the tooth. 
 
Path of contact: It is the path traced by the point of contact of two teeth from the beginning to the 
end of the engagement. 
 
Length of the path of contact: It is the length of the common normal cut-off by the addendum 
circles of the wheel and pinion. 
 
Arc of contact: It is the path traced by a point on the pitch circle from the beginning to the end of 
the engagement of a given pair of teeth. The arc of contact consists of two parts. 
 
Arc of approach: It is the portion of the path of contact from the beginning of the engagement to 
the pitch point. 
 
Arc of recess: It is the portion of the path of contact from the pitch point to the end of the 
engagement of a pair of teeth. 
 
Helix angle: It is a constant angle made by the helices with the axis of rotation. 
 
Axial pitch: It is the distance, parallel to the axis, between the similar faces of adjacent teeth. It is 
the same as circular pitch. 
 
Normal pitch: It is the distance between similar faces of adjacent teeth along a helix on the pitch 
cylinders normal to the teeth. 
 
 
 
Angle of approach: The angle of approach is defined as the angle through which a gear rotates 
from the instant a pair of teeth comes into contact until the teeth are in contact at the pitch point. 
 
Contact ratio: Contact ratio is defined as the ratio of the length of arc of contact to the circular pitch  
 
Conjugate action: When the tooth profiles are so shaped so as to produce a constant angular 
velocity ratio during Meshing, then the surface are said to de conjugate. 
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Cycloid: A cycloid is the curve traced by a point on the circumference of a circle which rolls 
without slipping on a fixed straight line. 
 
Gear ratio: The quotient of the number of teeth on the wheel divided by the number of threads on 
the worm. 
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V –FRICTION 
 

Frictional force: Force of friction is always acting in the direction opposite to the direction of motion 
 
Static friction: It is the friction experienced by a body, when at rest. 
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Dynamic friction: It is the friction experienced by the body, when in motion. The dynamic friction is 
also called as kinematic friction. 
 
Co-efficient of friction: It is defined as the ratio of the limiting friction (F) to the normal reaction 
(RN) between the two bodies. It is generally denoted by μ. 
 
Angle of repose: If the angle of inclination of the plane to horizontal is such that the body begins to 
move down the plane. Then the angle is called the angle of repose. 
 
Screw jack: The screw jack is the device used to lift the heavy loads by applying a 
comparatively small effort at its handle. The working principle of screw jack is similar to that of an 
inclined plane 

 
Clutch:  Clutch is a transmission device of an automobile which is used to engage and disengage 
the power from the engine to the rest of the system. 
 
Centrifugal clutch: Centrifugal clutch is being increasingly used in automobile and machines 
obviously it works on the principle of centrifugal force. 
 
Law of belting: Law of belting states that the centre line of the belt, as if approaches the pulley lie 
in a plane perpendicular to the axis of that pulley or must lie in the plane of the pulley otherwise the 
belt will run off the pulley. 
 
Slip: Slip is defined as the relative motion between the belt and pulley. 
 
Creep of the belt: when the belt passes from the slack side to the tight side, a certain portion of the 
belt extends and it contracts again when the belt passes from the tight side to slack side. Due to 
these changes in the length, there is a relative motion between the belt and the pulley surfaces. 
This relative motion is termed as creep. 
 
Centrifugal tension: The force that impels a material outward from a center of rotation is called as 
centrifugal tension. Force that tends to move the particles of a rotating object away from the center 
of rotation is known as centrifugal force. 
 
Initial tension in the belt: in order to increase the grip between the belt and pulley, the belt is 
tightened up. At this stage, even when the pulleys are stationary, the belt is subjected to some 
tension, called initial tension. 
 
Velocity ratio of the belt drive  :The velocity ratio of the belt drive is defined as the ratio between 
the velocities of the driver and the follower or the driven.. 
 
Open belt drive:  The open belt drive is used with shaft arranged parallel and rotating in same 
direction.  

Pulley: simple machine consisting of a wheel with a groove in which a rope can run to change the 
direction or point of application of a force applied to the rope. 

Sprocket: Thin wheel with teeth that engage with a chain is called as sprocket. 
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MAHENDRA  ENGINEERING COLLEGE     
DEPATMENT OF MECHANICAL ENGINEERING  

II YEAR /IV SEMESTER  

QUESTION BANK  

 

ME 2203 -KINEMATICS OF MACHINERY 
 

  1. BASICS OF MECHANISMS 
Part -A 

1) Define Kinematic Link  

2) Define Kinematic pair  

3) Define Kinematic chain  

4) Define   Klein’s equation for joints  

5) Define Degree of freedom of mechanism. 

6) State   Kutzbach’s relation  

7) State Grashoff’s law 

8) Define Inversion of mechanism  

9) Define Mechanical advantage of mechanism  

10) Define Transmission angle? 

11) Define Toggle position. 

13) Define pantograph? 

14) Name the application of crank and slotted lever quick return motion mechanism? 

15) Define structure? 

16) What is simple mechanism? 

17) Define mechanism? 

18) Define equivalent mechanism? 

19) Define single slider crank chain mechanism? 

20) Define double slider crank chain mechanism? 

21) State the types of straight line generators  

22) What is a ternary link? 

 23) What is meant by constrained motion? 

24) Define degree of freedom and give the DOF for shaft in a circular hole. 

25) State Grashof’s law for a four bar linkage. 

26) What is Kutzbach criterion for planar mechanism? 

27) Sketch an exact straight line mechanism, with link proportions 

28) Enumerate the difference between a machine and a structure. 

29) List out the inversions of double slider crank chain. 

30) Differentiate the higher pair and lower pair interns of contact  
Part -B 

 

1)  i)Define transmission angle of a four bar linkage. What is the effect of transmission angle on 

mechanical advantage? 

 

  ii) Briefly explain various types of constrained motions. 

 

2) Illustrate a crank and slotted lever mechanism as an inversion of single slider crank chain. Deduce 

an expression for length of stroke in terms of link lengths.  
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3) Define a Kinematic pair. Explain the various types of Kinematic pairs.  

 

4) Analytically perform the displacement analysis of a four bar mechanism. 

 

5). Explain the inversions of four chain, with neat sketches. 

 

6) Explain with neat sketches the following 

 

i)Offset slider mechanism.   

ii)An indexing mechanism. 

7). i) Explain the inversions of single slider crank chains, with neat sketches. 

ii) Explain mechanical advantage and transmission angle related to four bar mechanisms. 

8. i) Define transmission angle of four bar linkage. What is the effect of transmission angle on 

mechanical advantage? 

   ii) State and prove kutchbach criterion for the following kinematic chains. 

 (a)Three bar chain.  

 (b)Four bar chain.  

 (c)Cam with knife edge follower.  

9. Derive the displacement, velocity and acceleration equation of slider crank mechanism. 

10. i) Distinguish, with suitable free hand sketches, the following: 

  A spherical pair and a planar pair. 

 Dead centre positions and toggle positions of a four bar mechanism. 

  ii) Prove, with neat sketches, that an elliptical trammel can be used to trace many ellipses and one 

circle. 

11) Link lengths of a four bar mechanism are mentioned below: 

 Fixed link =72mm   

Input link = 32mm 

 Coupler = 50mm  

 Output link = 60mm 

Determine, graphically, the rocker swing angle of the output and find whether this mechanism is a 

quick return mechanism or not, if the left input link rotates clockwise and the right output link 

completes forward stroke from left extreme position to right extreme position. 

12) Explain about exact straight line generators with neat sketches  

13) Explain about approximate straight line generators with neat sketches  

 14) What is intermittent mechanism? Explain the following intermittent motion  

        Mechanism  
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(i) Geneva  

(ii) Ratchet  

 

15) In a crank and slotted lever quick return motion mechanism, the length of the fixed link 

is 300mm and that of the crank is 150mm.Determine the maximum angle the slotted lever 

will make the fixed link. Also determine the ratio of the time of cutting and return stroke. If 

the length of slotted bar is 700mm, what would be the length of the Stroke, assuming that 

the line of stroke passes through the positions of the free end of the slotted lever?      
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 II KINEMATICS OF PLANE MECHANISM  
PART A 

 

1. What is the objective of Kinematic analysis? 

2. State the freudensteion’s equation for a four bar mechanism. 

3. Explain normal component of acceleration. 
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4. State corioli’s law. 

5. What is corioli’s component of acceleration? 

6. Define rubbing velocity. 

7. How will you determine the total acceleration of a point on a link, when the normal 

component of acceleration and the tangential component of acceleration are known? 

8. What are the components of acceleration? 

9. Write an expression for find number of instantaneous centers in a mechanism? 

10. What is expression for Carioles component of acceleration? 

11. What are the expressions for radial and tangential component of acceleration? 

12. How can we represent the direction of linear velocity of any point on a link with 

respect to another point on the same line? 

13. Define instantaneous center axis? 

14. What are the names of instantaneous center? 

15. How can we apply instantaneous center method to determine velocity? 

16. Write any two rules to locate Instantaneous center? 

PART B 

1. PQRS is a four bar chain with link PS fixed the length of the links PQ=62.5mm, 

QR=175mm, RS=112.5mm, PS=200mm.If the crank PQ rotates at 10 rad/sec clockwise 

direction .Draw the velocity and acceleration diagram when angle QPS=60° and Q and R 

lie on the same side of PS. Find the angular velocity and angular acceleration of links QR 

and RS. 

 

2. The crank of a slider crank mechanism rotates clockwise at a constant speed of 

300r.p.m.The crank is 150mm and the connecting rod is 600mm long. Determine 

i .Linear velocity and acceleration of the midpoint of the connecting rod. 

ii Angular velocity and Angular acceleration of the connecting rod ,at a crank angle of 450 

from inner dead center position. 

 

3.An engine mechanism is shown in the following figure the crank CB=100mm and the 

connecting rod BA=300mm with a center of gravity G 100mm from point B in the position 

shown the crank shaft has a speed of 75 rad/sec and an angular acceleration 0f 1200 

rad/sec2.Find 

i Velocity of G and angular Velocity of AB 

ii Acceleration of G and angular acceleration of AB 

 

 

4. A four bar chain ABCD as a fixed link AD = 1m. The driving rank AB = 0.3m.The 

Follower link CD = 0.6 m and the connecting link BC = 1.2m. Find the velocity and 

acceleration of point ‘P’ midway between B and C When the angle BAD =1350 and AB 

rotates at a speed of 300 rpm. 

 

 

5. A four bar chain mechanism ABCD is made up of 4 links pin jointed at ends. AD is 

fixed link, which is 250 mm long. The links AB, BC & CD are 90mm, 180mm & 180mm 

long respectively. The crank AB rotates at 100 rpm and an angular acceleration 100rad/sec2 

at the instant when the crank AB makes an angle of 600 to the horizontal. Find the angular 

velocities and angular accelerations of links BC & CD. 

 
6. In a four–bar mechanism ABCD, the link lengths in mm are as follows: Input AB = 25, 

coupler BC = 85, output CD = 50 and frame AD = 60. The angle between the frame and the 
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input is 100. measured anti–clockwise. The velocity of point B is 1.25 m/sec in  the 

clockwise direction. Sketch the mechanism and determine the velocity and acceleration of 

the mid–point of the link BC. Also, find the angular velocity and angular accelerations of 

the links BC   and CD.   
 

7. Write a brief note an instantaneous center of rotation. 

A four bar chain ABCD as a fixed link AD = 1m. The driving rank AB = 0.3m. The 

Follower link CD = 0.6 m and the connecting link BC = 1.2m. Find the velocity and 

acceleration of point ‘P’ midway between B and C When the angle BAD =1350 and AB 

rotates at a speed of 300 rpm 

 

8. In a four–bar mechanism ABCD, the link lengths in mm are as follows: Input AB = 25, 

coupler BC = 85, output CD = 50 and frame  AD = 60. The angle between the frame and the 

input is 100. Measured anti–clockwise. The velocity of point B is 1.25 m/sec in the 

clockwise direction. Sketch the mechanism and determine the velocity and acceleration of 

the mid–point of the link BC. Also, find the angular velocity and angular accelerations of 

the links BC   and CD.  

 

9.. Determine the velocity and acceleration of the piston by “Kleins Construction” for a 

steam engine for the following specification: Stroke of piston = 600mm, Ratio of length o 

connecting rod to crank length = 5, speed of the engine = 450rpm CW, position of the 

crank = 45 degree with IDC  

 

10. The crank of an engine is 20cm long and connecting rod length to crank radius is 4. 

Determine the acceleration of the piston when the crank has turned through 45 Degree from 

the inner dead center position and moving towards center at 240 rpm by  Klein’s 

construction and compare the values and get the error %  

 

11. Derive analytical expressions for velocity and acceleration of the piston in a 

reciprocating engine mechanism. 

 

 

12. The crank of a reciprocating engine is 60mm long and connecting rod is 240 mm long. 

The crank rotates at 400 rpm. Find the velocity and acceleration of both piston and the 

angular velocity and angular acceleration of the connecting rod when the crank is 300 from 

IDC by analytical method  

 

 13. The crank of an engine is 20cm long and connecting rod length to crank radius is 4. 

determine the acceleration of the piston when the crank has turned through 45 Degree from 

the inner dead center position and moving towards center at 240 rpm by complex algebra 

analysis 

 

14. In an internal combustion engine mechanism, the crank radius is 100mm and the length 

of the connecting rod is 450 mm. the crank is rotating at 10 rad/sec, in (CCW) direction. 

Determine the magnitude and direction of 1) Velocity of the piston 2) The angular velocity 

of the connecting rod when crank is at 45 degree from the inner dead center by complex 

algebra method verify the same by Klein’s construction. 

 

15.the driving crank AD of the quick-return mechanism, as shown in Figure  resolves at a 

uniform speed of 200 r.p.m. find the velocity and acceleration of the tool-box R , in the 
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position shown , when the crank makes an angle of 60 with the vertical line of centers PA. 

What is the acceleration of sliding of the block at B along the slotted lever PQ? 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

16. For the toggle mechanism as shown figure, the slider D is constrained to move 

along horizontal direction. The crank rotates at 180 rpm. The dimensions of various 

links are as follows. OA= 180 mm; CB= 240 mm; AB= 360 mm; BD= 540 mm. For the 

given configuration determine the velocity of links AB, BC AND BD. Also determine 

the linear acceleration of the slider D.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

17. In a Whitworth quick return mechanism, as shown in figure, crank QA rotates at 30 

rpm in clock wise direction. The dimensions of various links are OA= 150 mm, OC= 

100mm, CD= 125 mm AND DR= 500mm. determine the acceleration of the sliding 

block R and the angular acceleration of the slotted lever BD.  
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 III KINEMATICS OF CAM 
PART A 

 

1. What is cam? 

2. State the classification of cam? 

3. Classify cam based on a shape? 

4. State the classification of follower? 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



5. What is roller follower? 

6.  What is Spherical follower? 

7. Define Angle of ascend? 

8.  Define Angle of descend? 

9.  Define Angle of dwell? 

10.  Define Angle of action 

11. What is a circular arc cam? 

12. State the expression for maximum velocity and acceleration of a follower moves with 

cycloidal motion. 

13. What are the classifications of cams based on contact surfaces? 

14. State the basic requirements for high speed cams. 

15. What is prime circle of a cam? What is the radial distance between the prime circle and 

base circle for a cam with knife edge follower? 

16. State atleast, one advantage and one disadvantage of flat faced follower over roller 

follower in a cam mechanism. 

17. What is undercutting and its effect on a cam roller follower system.      

18. What is radial or disc cams? 

19. What is dwell? 

20. What is classification of followers according to follower shape? 

21. What is classification of follower according to the motion of the follower? 

22. What is classification of followers according to the path of motion? 

23. What is the motion of the follower? 

24. What is the application of cam? 

25. What are the necessary elements of a cam mechanism? 

26. What is translating angle? 

27. Write the formula for maximum velocity? 

 
PART B 

 

(1) A cam rotating clockwise at a uniform speed of 1000 r.p.m is required to give a roller 

follower the motion defined below: 

1. Follower to move outwards through 50mm during 120◦ of cam rotation  

2. Follower to dwell for next 60◦ of cam rotation  

3. Follower to return to its standing position during next 90◦ of cam rotation  

4. Follower to dwell for the next of the cam rotation  

The minimum radius of the cam is 50 mm and the diameter of roller is 60mm. The line of 

stroke of the follower is offset by 20mm from the axis of the cam shaft. If the displacement 

of the follower takes place with uniform and equal acceleration and retardation of both the 

outward and return stoke draw profile of the cam and find the maximum velocity and 

acceleration during outstroke and return stroke 

 

 

(2)Draw the profile of the cam when the roller follower moves with cycloid motion during 

outstroke and return stroke as given below: 

(i) Out stroke with max displacement of 31.4mm during 180° of cam rotation.  

 (ii) Return stroke for the next 150° of cam rotations.   

(iii) Dwell for the remaining 30° of cam rotation 

 Min radius of the cam is 15mm and roller diameter of follower is 10mm.  

Draw the profile for (a) Radial type (b) offset type  
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(3)A cam rotating clock wise at uniform speed pf 1000r.p.m is required to give a knife edge 

follower the motion defined below  

(a) follower to move outward through 2.5m during 120 of cam rotation   

(b) Follower to dwell for next 60 of cam rotation   

(c) Follower to set up to its starting position during next 90 of cam rotation   

(d) follower to dwell for the next of the rotation  

 

 (4)A cam profile is to give the following motion to a knife edge follower 

(i) Out stroke during 60º of cam rotation.  

(ii)Dwell for the next 30 of am rotation. 

(iii)Return stroke dieing next60º of cam rotation. 

 (iv)Dwell for the remaining 210º of cam rotation.  

The stroke of follower is 40mm and the minimum radius of the cam is 50mm. The follower 

moves with uniform velocity during both the outstroke and return stroke. Draw the profile 

of the outstroke and return stroke.  

Drawn the profile of the cam when 

(a)The axis of the follower passes through the axis of the cm shaft 

(b)Axis of the follower id offset by 20mm right hand side from axis of the cam shaft .  

 

5. For the following data draw the profile of a cam with a flat faced follower line of motion 

which passes through the cam centre. 

Least radius of the cam = 30mm 

Angle of ascent an descent each = 72º 

Angle of dwell in lifted position =30º 

Follower lift =27.5mm  the minimum radius of the cam is 50mm 

The out ward stroke takes place with S.H.M and the inward strokes with uniform 

Acceleration and retardation. If the uniform speed of rotation of the cam is 3000r.p.m 

What will be the maximum velocity and acceleration during out ward and inward stroke of 

the follower? 

 

 6. Draw the radial cam and explain its terminologies?  

 

7. Draw the outline of a cam which will transmit motion to a roller follower in the         

following manner  

I) the follower to move outwards through a distance of 65 mm during 180 degree of cam 

rotation.  

ii) Follower to return to its initial position during 150 degree of cam rotation.  

iii) Follower to dwell for the remaining 30 degree of cam rotation.  

The minimum radius of the cam is 30 mm & the displacement of the follower is to take 

place with cycloidal motion both during outward & return strokes. The roller diameter is 

10mm & the follower axis is offset by 10mm from the axis of the shaft.   

          

8. Draw the profile of the cam to give the following motion to the follower—Follower to 

move through 30mm. During 180oof cam rotation with cycloidal motion. Follower to return 

with cycloidal motion during 180o of cam rotation. Base circle dia. of the cam is 30mm and 

the roller dia of the follower is 10mm.the axis of the roller is offset by 8mm to the right. 

Determine the maximum velocity and acceleration of the follower during the outstroke, 

when cam rotates at 2000rpm.   
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9. A disc cam is required to lift a flat-faced follower with U.A.R.M motion through 30 mm 

in 1/3 rd revolution. Keep it fully raised through 1/6th revolution & to lower it with S.H.M. 

in 1/3rd revolution and to dwell during rest of the revolution  .The minimum radius of the 

cam is 25 mm. Draw the cam profile & also determine the maximum velocity & 

acceleration of the follower during and return strokes if the cam rotates at 200 rpm 

clockwise.   

 

10. Draw the cam profile for the cam with reciprocating follower .The axis of the follower 

passes through the axis of the cam. Details of the cam & the follower motion are the 

following: Roller dia = 10mm, minimum radius of the cam = 22 mm, Total lift = 25 mm 

.The cam has to lift the follower with SHM during 180 degree of cam rotation, then allows 

the follower to drop suddenly halfway & further return the follower with UARM during the 

remaining 180 degree cam rotation. Calculate the maximum velocity & acceleration of the 

follower during outstroke  

 

11. A push rod operated by a cam is to rise and fall with SHM along an inclined path. The 

least radius of the cam is 30 mm and push rod is fitted at its lower end with a roller 15 mm 

diameter. When in its lowest position, the roller center is above the cam axis. The max. 

Displacement of the follower is 40 mm in a direction 30 degree to the right of the vertical 

.The cam rotates at 100 rpm in a clockwise direction .The time of lift is 0.15 sec & the time 

of fall is 0.10 sec with a period of rest of 0.05 sec at the upper position, draw the graphical 

cam profile.  

 

12.. A knife edged follower for the fuel valve of a four stroke diesel engine has its center 

line coincident with the vertical center line of the cam .It rises 25 mm with SHM during 600 

of cam rotation, then dwells for 30 degree of cam rotation and finally descends with 

UARM during 90 degree of cam rotation, the deceleration period being 1/2 the acceleration 

period .The least radius of the cam is 30 mm. Draw the profile of the cam to full size.  

 

13.. The distance between the pivot center and the roller follower center is 70mm. Roller 

dia is 10mm, minimum radius of cam is 30mm .The location of the pivot is 70mm to the 

left and 50mm above the axis of the cam. The motion of the follower is to take place with 

SHM during outstroke and with UARM during return stroke, the acceleration during 

outstroke of the follower, if the cam speed is 1200rpm 

 

14. A cam rotating clockwise at uniform speed of 300rpm operates a reciprocating follower 

through a roller 10mm dia the follower motion is defined:  

(i) Follower to move outwards during 1200 of the cam rotation with equal uniform 

acceleration and de-acceleration.  (ii) Follower to dwell in the lifted position for the next 

300 of cam rotation.  (iii) Follower to return to its starting position during 1200 of cam 

rotation with SHM.  (iv) Follower to dwell for the rest of cam rotation 

  

  15..A cam rotates at a uniform speed of 300 rpm clock wise and gives an   oscillating 

follower 75mm long, an angular displacement of 30 degree in each stroke. The follower is 

fitted with a roller of 20mm diameter, which makes contact with the cam. The outward and 

inward displacement of the follower each occupying 120 degree cam rotation and there is 

no dwell in the lifted position. The follower moves through out by SHM. The axis of 

fulcrum is 80mm from the axis of cam and the least distance of roller axis from cam axis is 

40mm 
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16. A roller follower is offset to the left by 1.2cm.the base circle radius of the cam is 

3cm.the desired displacement of the follower Y for any cam rotation  is listed in the table 

given below. Layout the cam profile if the radius of roller follower is 1cm. The cam rotates 

in clockwise direction.  
 

 

  

Cam rotation 

o  

0 30 60 90 120 150 180 210 240 270 300 330 

Follower 

displacement 

(cm) 

Y 

0 0.25 0.92 1.87 2.83 3.50 3.75 3.5 2.83 1.87 0.92 0.25 

 

17. A disc cam used for moving a knife edge follower with simple harmonic motion during 

lift and uniform acceleration and retardation motion during return rotates in clockwise 

direction at 300 rpm. The line of motion of the follower has an offset 10 mm to the right of 

camshaft axis. The minimum radius of the cam is 30mm.The lift of the follower is 40 mm. 

The cam rotation angles are: Lift 60, dwell 90, return 120 and remaining angle for dwell. 

(i)Draw the cam profile  

(ii)Determine the maximum velocity and acceleration during the lift and return. 
 

 

18. Draw a cam profile to suit the following specifications: 

Least radius of the cam = 50 mm 

Angle of ascent = 90° 

Angle of dwell = 20° 

Angle of descent = 120° 

Radius of the roller = 25 mm 

Follower lift = 40 mm.  

The follower has S.H.M both during outstroke and in stroke and its line of motion passing 

through the cam center.  

When the cam rotates at 600 rpm, what will be maximum velocity and maximum 

acceleration of the follower during the ascent and descent? 

 

 

 
19. A cam operating a knife edged follower has the following data: 

a. Follower moves outwards through 40mm during 60° of cam rotation. 

b. Follower dwells for the next 45°. 

c. Follower returns to its original position during next 90° 

d. Follower dwells for the rest of the rotation. 

The displacement of the follower is to take place with simple harmonic motion during both 

the outward and return strokes. The least radius of the cam is 50mm.draw the 

Profile of the cam when 

1. The axis of the follower passes through the cam axis. 
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2. The axis of follower is offset 20mm towards right from the cam axis.  

If the cam rotates at 300 r.p.m determine maximum velocity and acceleration of the 

follower during the outward stroke and the return stroke. 

 

20. Draw cam profile of a cam to be used for opening and closing the exhaust valve of a 

diesel engine, with uniform acceleration and retardation when lift of the valve is 

37.5mm.the valve is to reopen and close separately during rotation of the cam and remains 

for follower for 30% cam rotation .the least radius of the cam is 50mm .the follower is 

provided with a follower is provided with a roller of 50mm dia and its line of stroke passes 

through the axis of the cam. If the cam rotates with a uniform speed of 300 r.p.m what will 

be the maximum velocity, and uniform acceleration of the follower. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

ME 2203 -KINEMATICS OF MACHINERY 
IVGEARS  

PART A 

 
1. State the law of gearing. 

2. Define gear tooth system 

3. Define gear train. 

4. Define velocity ratio. 

5. Define conjugate action 

6. What is the principle reason for employing non standard gears? 

7. Define spur gear 

8. Define addendum and dedendum 

9. Define circular pitch. 
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10. Define I) path of contact. II) Length of path of contact 

11. Define angle of approach 

12. What is the advantage of in volute gear? 

13. Define clearance. 

14. When in volute interference occurs. 

15. Define epicycles gear train. 

16. List out the characteristics of in volute action. 

17. Define contact ratio 

18. Define cycloid. 

19. Define helix angle  

20. Define gear ratio 

21. Differentiate diameter pitch and circular pitch of a friction wheel. 

22. Diagrammatically represent the forces acting on a body when it slides either up or 

down on an inclined plane with out considering the effect of fiction. 

23. What is reverted gear train? 

24. Define module of gears and its relation to circular pitch. 

25. Explain briefly the use of differential in an automobile 

26. What is axial pitch of a helical gear? 

27. What are the advantages and disadvantages of gear drive? 

28. List out the application of epicyclic gear train 

29. Prove or disprove that pure rolling is possible at one point only, on the line of action, 

between two meshing gear teeth profiles. 

30. Distinguish with suitable free hand sketches, a non reverted gear train and a reverted 

gear train. 

31. What are the conditions to be satisfied for interchangeability of all gears. 

32. List out the function of differential gear used in the rear drive of an automobile. 

33. Define bevel gears. 

34. Define limited slip differential. 
 

PART B 

  

 

1.   What are toothed gears? State their uses  

  

2.       Draw a neat sketch of spur gear and explain the various terms 

  

3. Define the following  (i) Pitch circle diameter (ii) Circular Pitch (iii) Module      (iv) 

Addendum (v) Dedendum (vi) Pressure angle (vii) Path of Contact  

(viii) Arc of Contact (xi) Contact Ratio 

 

4. Derive the formula for the length of arc of contact for two meshing spur Gears of 

involute profile  

  

5.  Explain the phenomenon of interference. State the condition for no Interference 

  

6.  Describe the various methods of avoiding interference 

  

7. Derive an expression for minimum number of teeth necessary for a pinion to avoid 

interference.   
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8. Name different types of Gear Trains and give examples 

  

9. Two equal spur gears of 48 teeth mesh together with pitch radii of 100 mm, and the 

addendum is 4.25 mm. If the pressure angle is 200, calculate the length of action and 

contact ratio. Sketch the different types of gear trains and explain briefly 

    

10. A pair of gears having 40 and 20 teeth are rotating in mesh the speed of smaller being 

1800rpm. Determine the velocity of sliding between the gear teeth faces at the point of 

engagement, at the pitch point, at the point of disengagement if the smaller gear is the 

driver. Assume the gear teeth 200 involute form, addendum length is 5mm and the module 

is 5mm 

  

11. The number of teeth on each of two equal spur gears is mesh each other are 40. The 

teeth have 200 involute pressure angle and module is 5mm. If the arc of contact is 1.75 

times the circular pitch. Find the addendum 

  

12. The following are the particulars of a single reduction spur gear the gear ratio is 10: 1 

and the center distance is 275mm. The pinion transmits 375 KW at 1800 rpm. The teeth's 

are of involute form with standard addendum of 1 module and pressure angle is 22.50. 

Normal tooth pressure is not to exceed 9810N/cm width. Find (I) the nearest standard 

diameter pitch if no interference is to occur (ii) the number of teeth in each wheel (iii) the 

width of pinion 

  

13. Two Gear wheels mesh externally and are to give a velocity ratio of 3. The teeth are of 

involute form of module 6mm, and the standard addendum is one module. If the pressure 

angle is 180 and the pinion rotates at 90 rpm. Find i) The minimum number of teeth on 

each wheel to avoid interference. The length of path of contact iii) The maximum velocity 

of sliding iv) number of pairs of teeth in contact* 

14. Two gear wheels mesh externally to give a velocity ratio of 3 to 1. The involute teeth 

has 6 mm module and 20 pressure angle. Addendum is equal to one module. The pinion 

rotates at 90 rpm. Determine: (i) Number of teeth on pinion to avoid interference and the 

corresponding number on the wheel (ii) the length of path and arc of contact (iii) contact 

ratio and (iv) the maximum velocity of sliding. 

  

15. In a reverted epicyclic gear train the arm A carries two wheels B & C and a compound 

wheel DE. The wheel C gears with wheel D. The number of teeth on wheel B, C&D is 75, 

30 & 90 respectively. Find the speed and directions of the wheel C when wheel B is fixed 

and the arm A make 100rpm clockwise 

  

15. In a planetary gear system of sun and planet type, the sun wheel A has 20 teeth and is 

fixed to the frame. The arms C with Planet gear wheel B with 40 teeth revolve about the 

gear wheel A. When the arm rotates at 30rpm, determine the speed planet gear B 

 

16. In a reverted epicyclic gear train, the arm A carries two gears 1S  and 2S  and a 

compound gear 21 PP  . The gear 1S  meshes with gear 1P  and the gear 2S  meshes with 

gear 2P . The numbers of teeth on 1S , 2S  and 2P are 80, 48 and 72 respectively. Find the 

speed and direction of gear 2S  when gear 1S  is fixed and arm A makes 400 rpm counter 

clockwise 
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17. In a reverted gear train two shafts A and B are in the straight line and are geared 

through an intermediate parallel shaft C .the gears connecting A and C have a module of 2 

and those connecting C and B have a module of 3.5. Speed of B is less than 1/10 that of A 

.if two pinions have each 24 teeth, find suitable teeth for gears, the actual velocity ratio and 

corresponding distance of shaft C from A. 

 

 

 

 

 

 

 

 

 

 
    

 
 
 
 
 
 
 
 
 
 
 
 
 

ME 2203 -KINEMATICS OF MACHINERY 
V FRICTION   

PART A 

 

1. Define clutch. 

2. What are the types of friction clutches? 

3. Define centrifugal clutch. 

4. What are the types of flat drives? 

5. Define slip. 

6. Define law of belting. 

7. Rope drive: Utility. 

8. Belt drive: Utility. 

9. What are the types of ropes? 

10. Quarter turn left drive. 

11. Define the velocity ratio of the belt drive. 
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12. Advantages of V-belt. 

13. Disadvantages of V-belt. 

14. Name the types of friction. 

15. Define the angle of repose. 

16. What is meant by frictional force? 

17. Why self locking screws have lesser efficiency? 

18. What is static friction? 

19. What is dynamic friction? 

20. What is co-efficient of friction? 

21. Define screw jack. 

22. Square thread vs V-thread. 

23. Open belt drive. 

24. Open belt drive with one idler pulley. 

25. How centrifugal tension affects the power transmission in belt drive? 

26.  Define the term “Limiting Friction”? 

27.  What is creep in the case of belt? 

28.  Which type of screw thread is preferable in power transmission? 

29What is the effort required to lift a 50tonne lorry using screw jack? (μ=0.3, Ө=20º) 
30. What is condition of maximum efficiency of a screw jack?  

31. The coefficient of friction between the belt and the pulley in a belt drive is 0.3. The angle of lap 

is 165. If the tension on the tight side is 3000 N, determine the tension on the slack side. 

 

 

 
PART B 

 

1. Derive the expression for frictional torque on cone clutch based on uniform pressure theory  

 

2. The external and internal radii of a friction of a friction plate of a single clutch are 120 mm and 

60 mm respectively. The friction surfaces are held together with a total  axial thrust of 1500 N . For, 

uniform wear; find the maximum, minimum and average pressure on the contact surface 

 

 

3. A 10 KW engine develops a maximum torque of 100 N-m and is driving a car having a single 

plate clutch of two active surfaces. Axial pressure is not to exceed 0.85 bar . External diameter of 

friction plate is 1.25 times internal diameter. Assume uniform wear and co-efficient of friction = 0.3 

Determine dimension of friction plate and axial force exerted by the springs.  

 

4. A leather faced conical clutch has a cone angle of 300. If the intensity of pressure between the 

contact surfaces is limited to 0.35 MPa and the breath of the conical surface is not to exceed one-

third of the mean radius, find the dimensions of the contact surfaces to transmit 22.5 KW at 2000 

rpm. Assume uniform rate of wear and take coefficient of friction as 0.15. 

 

5. A leather faced conical clutch has a cone angle of 30 degree. If the intensity of pressure between 

the contact surfaces is limited to 0.35N/mm2 and the breadth of the conical surface is not to exceed 

1/3rd of the mean radius. Determine the dimension of the contact surfaces to transmit 22.5 KW at 

2000 rpm. Assume uniform wear rate and µ= 0.15. 

 

6. Derive an expression for breaking torque on the drum of Simple band break 

 

7. An open belt drive connects two pulleys 120 cm and 50 cm diameters on parallel shafts 4 m 

apart. The maximum tension in the belt is 1855 N. The coefficient of friction is 0.3. The driver 

pulley of diameter 120 cm runs at 200 rpm. Calculate:  (i) Power transmitted  
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(ii) Torque on each of the two shafts 

 

8. An open belt running over two pulleys of 1.5m and 1.0m diameters connects two parallel shafts 

4.80m apart. The initial tension in the belt is 3000 N. The smaller pulley is rotating at 600 rpm. The 

mass of belt is 0.6703 kg/m length. The coefficient of friction between the belt and pulleys is 0.3.  

Find (I)the exact length of the belt required,  

(II) The power transmitted taking centrifugal tension into account 

 

9. A compressor requires 90 KW to operate at 250 rpm. The drive is by V belts from an electric 

motor running at 750 rpm. The diameter of the pulley on the compressor shaft must not be greater 

than 1 meter while the center distance between the pulleys is limited to 1.75m. The belt speed 

should not exceed 1600m/min. Determine the no of V belts required to transmit the power if each 

belt has a cross sectional area of 375 mm2 ; density 1000 kg/m3 and an allowable tensile stress of 

2.5 Mpa. The groove angle of the pulley is 35°. The coefficient of friction between the belt and 

pulley is 0.25. Also calculate the length required for each belt. 

 

10. Derive an expression for the torque required to lift a load by a screw jack, if l is the length of 

the arm. 

 

11..A body of weight 450 n is pulled up along an inclined plane with 30degree inclination to the 

horizontal at a steady speed . If the co-efficient of friction between the body and the plane is 0.25 

and force is applied parallel to the inclined plane, find the force required. Find also the work done 

on the body, if the distance traveled by the body is 10 m along the plane.  

 

12. Pitch of 50 mm dia threaded screw of a screw jack is 12.5 mm. Co-efficient of friction between 

screw and nut is 0.10. Determine the torque to raise a load of 25 KN rotating with the screw. Also 

find the torque required to lower the load and efficiency of screw jack.  

 

13.A square threaded bolt of root of dia 22.5 mm and pitch 5 mm is tightened  by screwing a nut 

whose mean diameter of bearing surface is 50 mm . if the co-efficient  of friction between nut and 

bolt is 0.1 and nut and bearing surface is 0.16 , determine the  force required at the end of spanner 

500 mm long when the load on the bolt is 10 KN  

 

14.100kw is to be transmitted by a rope drive through a 160cm diameter 45 degree grooved pulley 

running at 200 rpm . angle of overlap is 140degree and coefficient  of friction between pulley and 

rope is 0.25 . mass of rope is 0.7 kg/m and it can withstand a tension of 800N . considering 

centrifugal tension , find the following : 

 

(1). Number of ropes required. 

(2). Initial tension in the rope.  

 

15. Explain the following  

(1) crowning  of pulleys  

(2) self –locking of brakes  

(3) uses of brakes in automobiles.  
(4) Slip of the belt and creep of the belt  
 

16. Prove or disprove the following statement: 

‘‘Angle of friction is equal to angle of repose’’. 

  

17. A bolt is having V–threads. The pitch of the threads is 5 mm and the V–angle is 55. The mean 

diameter of the bolt is 20 mm. The   bolt is tightened by screwing a nut. The mean radius of the 

bearing   surface of the nut is 25 mm. The load on the bolt is 5000 N. The coefficient of 
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friction for nut and bolt is 0.1 whereas for nut and bearing surface is 0.16. Determine the force 

required at the end of a spanner 0.6 m long.  

  

18. An open belt drive connects two pulleys of 1.2 m and 0.5 diameters   on parallel shafts 4 m 

apart. The maximum tension in the belt is 1800 N. The coefficient of friction is 0.3.  The driven 

pulley of diameter 1.2 m runs at 250 rpm. Calculate the length of the belt required, the power 

transmitted, and the torque on each of the two shafts.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MAHENDRA ENGINEERING COLLEGE  

DEPARTMENT OF MECHANICAL ENGINEERING  

 
07ME403-KINEMATICS OF MACHINERY 

ASSIGNMENT 1  
 

BASICS OF MECHANISMS 
 

 

1. Explain the following terms with examples 

(i) Machine (ii) Link (iii) Kinematic pair (iv) Mechanism (v) Inversion            

 

2. Define a Kinematic pair. Explain the various types of Kinematic pairs.  

  

3. Define mobility of a mechanism and write the Grubler’s mobility equation for planar 

mechanism 

 

4. Sketch and explain the following 
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(i) Four Bar Chain and its inversions (ii) Single slider crank chain and its inversions     

(iii) Double slider crank chain and its inversions  

  

 5. Explain the working of an Ellipse Trammel and show how it is useful in drawing an 

ellipse 

  

  6. Explain the construction of Oldham’s coupling and state for what purpose it is used 

  

7. Derive the expression for displacement, velocity, acceleration of piston in slider           

Crank mechanism 

 

8. Define transmission angle of a four bar linkage .what is the effect of transmission angle 

on mechanical advantage 

   

9. What are straight-line motion mechanisms? How are they classified? 

  

10. Describe Roberts approximate straight line motion mechanism with suitable sketches 

  

11. Write short notes on Ackermann steering gear  

  

12.   What is intermittent mechanism? Explain the following intermittent motion  

        Mechanism (i) Geneva (ii) Ratchet 

 

  
   

 

 

MAHENDRA  ENGINEERING COLLEGE  

DEPARTMENT OF MECHANICAL ENGINEERING 

  
07ME403-KINEMATICS OF MACHINERY 

     

ASSIGNMENT II 
 

KINEMATICS OF PLANE MECHANISM   
 

1. RELATIVE VELOCITY METHOD  

 
1. A four bar chain ABCD as a fixed link AD = 1m. The driving rank AB = 0.3m.The 

Follower link CD = 0.6 m and the connecting link BC = 1.2m. Find the velocity and 

acceleration of point ‘P’ midway between B and C When the angle BAD =1350 and AB 

rotates at a speed of 300 rpm. 

 

2. A four bar chain mechanism ABCD is made up of 4 links pin jointed at ends. AD is 

fixed link, which is 250 mm long. The links AB, BC & CD are 90mm, 180mm & 180mm 

long respectively. The crank AB rotates at 100 rpm and an angular acceleration 100rad/sec2 
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at the instant when the crank AB makes an angle of 600 to the horizontal. Find the angular 

velocities and angular accelerations of links BC & CD. 

 
 

2. INSTANTANEOUS CENTER METHOD  

 

3. Write a brief note an instantaneous center of rotation. 

A four bar chain ABCD as a fixed link AD = 1m. The driving rank AB = 0.3m. The 

Follower link CD = 0.6 m and the connecting link BC = 1.2m. Find the velocity and 

acceleration of point ‘P’ midway between B and C When the angle BAD =1350 and AB 

rotates at a speed of 300 rpm 

 

4. In a four–bar mechanism ABCD, the link lengths in mm are as follows: Input AB = 25, 

coupler BC = 85, output CD = 50 and frame  AD = 60. The angle between the frame and the 

input is 100. Measured anti–clockwise. The velocity of point B is 1.25 m/sec in  the 

clockwise direction. Sketch the mechanism and determine the velocity and acceleration of 

the mid–point of the link BC. Also, find the angular velocity and angular accelerations of 

the links BC   and CD.  

 

 

 

3. KLEIN’S CONSTRUCTION 

  
5. Determine the velocity and acceleration of the piston by “Klein’s Construction” for a 

steam engine for the following specification: Stroke of piston = 600mm, Ratio of length o 

connecting rod to crank length = 5, speed of the engine = 450rpm CW, position of the 

crank = 45 degree with IDC  

 

6. The crank of an engine is 20cm long and connecting rod length to crank radius is four. 

Determine the acceleration of the piston when the crank has turned through 45 Degree from 

the inner dead center position and moving towards center at 240 rpm by Klein’s construction 

and compare the values and get the error %  

 

4. ANALYTICAL METHOD 

 

7. Derive analytical expressions for velocity and acceleration of the piston in a 

reciprocating engine mechanism. 

 

     8.The crank of a reciprocating engine is 60mm long and connecting rod is 240 mm long. The 

crank rotates at 400 rpm. Find the velocity and acceleration of both piston and the angular 

velocity and angular acceleration of the connecting rod when the crank is 300 from IDC by 

analytical method 

 

 

5. COMPLEX ALGEBRA ANALYSIS 

 

9. The crank of an engine is 20cm long and connecting rod length to crank radius is 4. 

Determine the acceleration of the piston when the crank has turned through 45 Degree from 

the inner dead center position and moving towards center at 240 rpm by complex algebra 

analysis 
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10. In an internal combustion engine mechanism, the crank radius is 100mm and the length of 

the connecting rod is 450 mm. the crank is rotating at 10 rad/sec, in (CCW) direction. 

Determine the magnitude and direction of 1) Velocity of the piston 2) The angular velocity 

of the connecting rod when crank is at 45 degree from the inner dead center by complex 

algebra method verify the same by Klein’s construction. 

 

 

 

 

 

 
 
 
 
 

 

 

 

 

 

 

 

MAHENDRA ENGINEERING COLLEGE  

DEPARTMENT OF MECHANICAL ENGINEERING 
07ME403-KINEMATICS OF MACHINERY 

ASSIGNMENT III 
KINAMATICS OF CAMS 

 
1.        Draw the outline of a cam which will transmit motion to a roller follower in the 

following manner I) the follower to move outwards through a distance of 65 mm during 

180 degree of cam rotation.  ii) Follower to return to its initial position during 150 degree 

of cam rotation.  iii) Follower to dwell for the remaining 30 degree of cam rotation.  The 

minimum radius of the cam is 30 mm & the displacement of the follower is to take place 

with cycloidal motion both during outward & return strokes.  

The roller diameter is 10mm & the follower axis is offset by 10mm from the axis of the 

shaft.   

          

2. Draw the profile of the cam to give the following motion to the follower—Follower to 

move through 30mm. During 180oof cam rotation with cycloidal    motion. Follower to 

return with cycloidal motion during 180o of cam rotation. Base circle dia. of the cam is 

30mm and the roller dia of the follower is 10mm.the axis of the roller is offset by 8mm to 

the right.  Determine the maximum velocity and acceleration of the follower during the 

outstroke, when cam rotates at 2000rpm.  
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3. A disc cam is required to lift a flat-faced follower with U.A.R.M motion through 30 mm 

in 1/3 rd revolution. Keep it fully raised through 1/6th revolution & to lower it with S.H.M. 

in 1/3rd revolution and to dwell during rest of the revolution  .The minimum radius of the 

cam is 25 mm. Draw the cam profile & also determine the maximum velocity & 

acceleration of the follower during and return strokes if the cam rotates at 200 rpm 

clockwise.   

 

  4. Draw the cam profile for the cam with reciprocating follower .The axis of the follower 

passes through the axis of the cam. Details of the cam & the follower motion are the 

following:  Roller dia = 10mm , Minimum radius of the cam = 22 mm,Total lift = 25 mm 

.The cam has to lift the follower with SHM during 180 degree of cam rotation, then allows 

the follower to drop suddenly halfway & further return the follower with UARM during the 

remaining 180 degree cam rotation.  Calculate the maximum velocity & acceleration of the 

follower during outstroke  

 

  5. A push rod operated by a cam is to rise and fall with SHM along an inclined path. The 

least radius of the cam is 30 mm and push rod is fitted at its lower end with a roller 15 mm 

diameter. When in its lowest position, the roller center is above the cam axis. The max. 

Displacement of the follower is 40 mm in a direction 30 degree to the right of the vertical 

.The cam rotates at 100 rpm in a clockwise direction .The time of lift is 0.15 sec & the time 

of fall is 0.10 sec with a period of rest of 0.05 sec at the upper position, draw the graphical 

cam profile. 

  

6. A knife edged follower for the fuel valve of a four stroke diesel engine has its center line 

coincident with the vertical center line of the cam .It rises 25 mm with SHM during 600 of 

cam rotation, then dwells for 30 degree of cam rotation and finally descends with UARM 

during 90 degree of cam rotation, the deceleration period being 1/2 the acceleration period 

.The least radius of the cam is 30 mm. Draw the profile of the cam to full size.  

   

7. The distance between the pivot center and the roller follower center is 70mm. Roller dia 

is 10mm, minimum radius of cam is 30mm .The location of the pivot is 70mm to the left 

and 50mm above the axis of the cam. The motion of the follower is to take place with SHM 

during outstroke and with UARM during return stroke, the acceleration during outstroke of 

the follower, if the cam speed is 1200rpm. 

  

8.A cam rotating clockwise at uniform speed of 300rpm operates a reciprocating follower 

through a roller 10mm dia the follower motion is defined: (I) Follower to move outwards 

during 1200 of the cam rotation with equal uniform acceleration and de-acceleration. (ii) 

Follower to dwell in the lifted position for the next 300 of cam rotation. (iii) Follower to 

return to its starting position during 1200 of cam rotation with SHM. (iv) Follower to dwell 

for the rest of cam rotation  

 

 9. A cam rotates at a uniform speed of 300 rpm clock wise and gives an oscillating 

follower 75mm long, an angular displacement of 30 degree in each stroke. The follower is 

fitted with a roller of 20mm diameter, which makes contact with the cam. The outward and 

inward displacement of the follower each occupying 120 degree cam rotation and there is 

no dwell in the lifted position. The follower moves through out by SHM. The axis of 

fulcrum is 80mm from the axis of cam and the least distance of roller axis from cam axis is 

40mm 
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10. A roller follower is offset to the left by 1.2cm.the base circle radius of the cam is 

3cm.the desired displacement of the follower Y for any cam rotation  is listed in the table 

given below. Layout the cam profile if the radius of roller follower is 1cm. The cam rotates 

in clockwise direction.  

  

Cam 

rotation o  

0 30 60 90 120 150 180 210 240 270 300 330 

Follower 

displacem

ent (cm) 

Y 

0 0.25 0.92 1.87 2.83 3.50 3.75 3.5 2.83 1.87 0.92 0.25 

11. A disc cam used for moving a knife edge follower with simple harmonic motion during 

lift and uniform acceleration and retardation motion during return rotates in clockwise 

direction at 300 rpm. The line of motion of the follower has an offset 10 mm to the right of 

camshaft axis. The minimum radius of the cam is 30mm.The lift of the follower is 40 mm. 

The cam rotation angles are: Lift 60, dwell 90, return 120 and remaining angle for dwell. 

Draw the cam profile and determine the maximum velocity and acceleration during the lift 

and return. 

 

Date of announcement   :  

Date of submission         : 
MAHENDRA  ENGINEERING COLLEGE  

DEPARTMENT OF MECHANICAL ENGINEERING 
 07ME403-KINEMATICS OF MACHINERY 

ASSIGNMENT IV  
GEARS 

 

  

  

1. Draw a neat sketch of spur gear and explain the various terms 

  

2. Derive the formula for the length of arc of contact for two meshing spur Gears of 

involute profile 

   

3.  Explain the phenomenon of interference. State the condition for no Interference 

  

4. Derive an expression for minimum number of teeth necessary for a pinion to avoid 

interference.   

 

  

5. Two equal spur gears of 48 teeth mesh together with pitch radii of 100 mm, and the 

addendum is 4.25 mm. If the pressure angle is 200, calculate the length of action and 

contact ratio. Sketch the different types of gear trains and explain briefly 
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6. A pair of gears having 40 and 20 teeth are rotating in mesh the speed of smaller being 

1800rpm. Determine the velocity of sliding between the gear teeth faces at the point of 

engagement, at the pitch point, at the point of disengagement if the smaller gear is the 

driver. Assume the gear teeth 200 involute form, addendum length is 5mm and the module 

is 5mm 

  

7. The number of teeth on each of two equal spur gears is mesh each other are 40. The teeth 

have 200 involute pressure angle and module is 5mm. If the arc of contact is 1.75 times the 

circular pitch. Find the addendum 

  

8. The following are the particulars of a single reduction spur gear the gear ratio is 10: 1 

and the center distance is 275mm. The pinion transmits 375 KW at 1800 rpm. The teeth's 

are of involute form with standard addendum of 1 module and pressure angle is 22.50. 

Normal tooth pressure is not to exceed 9810N/cm width. Find (I) the nearest standard 

diameter pitch if no interference is to occur (ii) the number of teeth in each wheel (iii) the 

width of pinion 

  

9. Two Gear wheels mesh externally and are to give a velocity ratio of 3. The teeth are of 

involute form of module 6mm, and the standard addendum is one module. If the pressure 

angle is 180 and the pinion rotates at 90 rpm. Find i) The minimum number of teeth on 

each wheel to avoid interference. The length of path of contact iii) the maximum velocity 

of sliding iv) number of pairs of teeth in contact 

10. Two gear wheels mesh externally to give a velocity ratio of 3 to 1. The involute teeth 

has 6 mm module and 20 pressure angle. Addendum is equal to one module. The pinion 

rotates at 90 rpm. Determine:  

(i) Number of teeth on pinion to avoid interference and the corresponding number on the 

wheel (ii) the length of path and arc of contact (iii) contact ratio and (iv) the maximum 

velocity of sliding. 

  

 

11. In a reverted epicyclic gear train the arm A carries two wheels B & C and a compound 

wheel DE. The wheel C gears with wheel D. The number of teeth on wheel B, C&D are 75, 

30 & 90 respectively. Find the speed and directions of the wheel C when wheel B is fixed 

and the arm A makes 100rpm clockwise 

  

12. In a planetary gear system of sun and planet type, the sun wheel A has 20 teeth and is 

fixed to the frame. The arms C with Planet gear wheel B with 40 teeth revolve about the 

gear wheel A. When the arm rotates at 30rpm, determine the speed planet gear B 

 

13. In a reverted epicyclic gear train, the arm A carries two gears 1S  and 2S  and a 

compound gear 21 PP  . The gear 1S  meshes with gear 1P  and the gear 2S  meshes with 

gear 2P . The numbers of teeth on 1S , 2S  and 2P are 80, 48 and 72 respectively. Find the 

speed and direction of gear 2S  when gear 1S  is fixed and arm A makes 400 rpm counter 

clockwise 
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MAHEDNRA ENGINEERING COLLEGE  

DEPARTMENT OF MECHANICAL ENGINEERING 
 07ME403-KINEMATICS OF MACHINERY 

ASSIGNMENT V  
FRICTION  

 
1. Derive the expression for frictional torque on cone clutch based on uniform pressure theory  

 

2. The external and internal radii of a friction of a friction plate of a single clutch are 120 mm and 

60 mm respectively. The friction surfaces are held together with a total  axial thrust of 1500 N . For, 

uniform wear; find the maximum, minimum and average pressure on the contact surface 

 

3. A leather faced conical clutch has a cone angle of 300. If the intensity of pressure between the 

contact surfaces is limited to 0.35 MPa and the breath of the conical surface is not to exceed one-

third of the mean radius, find the dimensions of the contact surfaces to transmit 22.5 KW at 2000 

rpm. Assume uniform rate of wear and take coefficient of friction as 0.15. 

 

4. A leather faced conical clutch has a cone angle of 30 degree. If the intensity of pressure between 

the contact surfaces is limited to 0.35N/mm2 and the breadth of the conical surface is not to exceed 

1/3rd of the mean radius. Determine the dimension of the contact surfaces to transmit 22.5 KW at 

2000 rpm. Assume uniform wear rate and µ= 0.15. 

 

5. An open belt drive connects two pulleys 120 cm and 50 cm diameters on parallel shafts 4 m 

apart. The maximum tension in the belt is 1855 N. The coefficient of friction is 0.3. The driver 

pulley of diameter 120 cm runs at 200 rpm.  

Calculate:  (i) Power transmitted  
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(ii) Torque on each of the two shafts 

 

6. An open belt running over two pulleys of 1.5m and 1.0m diameters connects two parallel shafts 

4.80m apart. The initial tension in the belt is 3000 N. The smaller pulley is rotating at 600 rpm. The 

mass of belt is 0.6703 kg/m length. The coefficient of friction between the belt and pulleys is 0.3.  

Find (I) the exact length of the belt required,  

(ii) The power transmitted taking centrifugal tension into account 

 

7. A compressor requires 90 KW to operate at 250 rpm. The drive is by V belts from an electric 

motor running at 750 rpm. The diameter of the pulley on the compressor shaft must not be greater 

than 1 meter while the center distance between the pulleys is limited to 1.75m. The belt speed 

should not exceed 1600m/min. Determine the no of V belts required to transmit the power if each 

belt has a cross sectional area of 375 mm2 ; density 1000 kg/m3 and an allowable tensile stress of 

2.5 Mpa. The groove angle of the pulley is 35°. The coefficient of friction between the belt and 

pulley is 0.25. Also calculate the length required for each belt. 

 

8..A body of weight 450 n is pulled up along an inclined plane with 30degree inclination to the 

horizontal at a steady speed . If the co-efficient of friction between the body and the plane is 0.25 

and force is applied parallel to the inclined plane, find the force required. Find also the work done 

on the body, if the distance traveled by the body is 10 m along the plane.  

 

9. Pitch of 50 mm dia threaded screw of a screw jack is 12.5 mm. Co-efficient of friction between 

screw and nut is 0.10. Determine the torque to raise a load of 25 KN rotating with the screw. Also 

find the torque required to lower the load and efficiency of screw jack.  

 

10..A square threaded bolt of root of dia 22.5 mm and pitch 5 mm is tightened  by screwing a nut 

whose mean diameter of bearing surface is 50 mm . if the co-efficient  of friction between nut and 

bolt is 0.1 and nut and bearing surface is 0.16 , determine the  force required at the end of spanner 

500 mm long when the load on the bolt is 10 KN  

 

11.100kw is to be transmitted by a rope drive through a 160cm diameter 45 degree grooved pulley 

running at 200 rpm. Angle of overlap is 140degree and coefficient of friction between pulley and 

rope is 0.25. Mass of rope is 0.7 kg/m and it can withstand a tension of 800N. Considering 

centrifugal tension, find the following: 

(1). Number of ropes required. 

(2). Initial tension in the rope.  

 

12. A bolt is having V–threads. The pitch of the threads is 5 mm and the V–angle is 55. The mean 

diameter of the bolt is 20 mm. The   bolt is tightened by screwing a nut. The mean radius of the 

bearing   surface of the nut is 25 mm. The load on the bolt is 5000 N. The coefficient of 

friction for nut and bolt is 0.1 whereas for nut and bearing surface is 0.16. Determine the force 

required at the end of a spanner 0.6 m long.  

  

13. An open belt drive connects two pulleys of 1.2 m and 0.5 diameters   on parallel shafts 4 m 

apart. The maximum tension in the belt is 1800 N. The coefficient of friction is 0.3.  The driven 

pulley of diameter 1.2 m runs at 250 rpm. Calculate the length of the belt required, the power 

transmitted, and the torque on each of the two shafts.   
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      1.  How centrifugal tension affects the power transmission in belt drive? 

      2.  Define the term “Limiting Friction”? 

      3.  What is creep in the case of belt? 

      4.  Which type of screw thread is preferable in power transmission?  

 

 

 

 

 

 

2. Derive an expression for the torque required to lift a load by a screw jack, if l is the length of 

the arm. 

3. A leather faced conical clutch has a cone angle of 300. If the intensity of pressure between 

the contact surfaces is limited to 0.35 Mpa and the breath of the conical surface is not to 

exceed one-third of the mean radius, find the dimensions of the contact surfaces to transmit 

22.5 KW at 2000 rpm. Assume uniform rate of wear and take coefficient of friction as 0.15. 

4. A compressor requires 90 KW to operate at 250 rpm. The drive is by V belts from an electric 

motor running at 750 rpm. The diameter of the pulley on the compressor shaft must not be 

greater than 1 meter while the center distance between the pulleys is limited to 1.75m. The 

belt speed should not exceed 1600m/min. Determine the no of V belts required to transmit the 

power if each belt has a cross sectional area of 375 mm2 ; density 1000 kg/m3 and an 

allowable tensile stress of 2.5 Mpa. The groove angle of the pulley is 35°. The coefficient of 

friction between the belt and pulley is 0.25. Also calculate the length required for each belt. 

5. Derive an expression for breaking torque on the drum of Simple band break. 

6. An open belt drive connects two pulleys 120 cm and 50 cm diameters on parallel shafts 4 m 

apart. The maximum tension in the belt is 1855 N. The coefficient of friction is 0.3. The 

driver pulley of diameter 120 cm runs at 200 rpm. Calculate :  (i) Power transmitted  

(ii) Torque on each of the two shafts. 

 

7. A car moving along a level road is having the following data: 

      Wheel base of car = 2.85 m 

       Height of CG from road surface = 600 mm 

       Perpendicular distance of CG from rear axle = 1.2 m 

       Speed = 60 km/h ; µ = 0.1 ; Find the minimum distance in which the car may be                
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 stopped when brakes are applied. 

(i) to the rear wheels 

(ii) to all the four wheels. 

 

8. An open belt running over two pulleys of 1.5m and 1.0m diameters connects two parallel 

shafts 4.80m apart. The initial tension in the belt is 3000 N. The smaller pulley is rotating at 

600 rpm. The mass of belt is 0.6703 kg/m length. The coefficient of friction between the belt 

and pulleys is 0.3. Find  

(i) The exact length of the belt required, and  

(ii) The power transmitted taking centrifugal tension into account. 

 

 

9. A body of weight 450 n is pulled up along an inclined plane with 30degree inclination to the 

horizontal at a steady speed . If the co-efficient  of friction between the body and the plane is 

0.25 and force is  applied parallel to the inclined plane , find the force required . Find also the 

work done on the body, if the distance traveled by the body is 10 m along the plane .  

 

10. The  external and internal radii of a friction of a friction plate of a single clutch are 120 mm 

and 60 mm respectively . The friction  surfaces are held together with a total  axial thrust of 

1500 n . For ,uniform wear , find the maximum , minimum and average pressure on the 

contact surface.  

 

11. Pitch of 50 mm dia threaded screw of a screw jack is 12.5 mm . co-efficient  of friction 

between screw and nut is 0.10. determine the torque to raise a load of 25 kn rotating  with the 

screw . Also find the torque required to lower the load and efficiency  of screw jack .  

 

12. 100kw is to be transmitted by a rope drive through a 160cm diameter 45 degree  grooved  

pulley running at 200 rpm . angle of overlap is 140degree and coefficient  of friction between 

pulley and rope is 0.25 . mass of rope is 0.7 kg/m and it can withstand a tension of 800N . 

considering  centrifugal tension , find the following : 

 

(1). Number of ropes required . 

(2). Initial tension in the rope .  

 

 

12.Explain the following  

(1) crowning  of pulleys  

(2) self –locking of brakes  

(3) uses of brakes in automobiles.  

 

13. A 10 kw engine develops a maximum torque of  100 N-m and is driving a car having a 

single plate clutch of two active surfaces . Axial pressure is not to exceed 0.85 bar . 

External  diameter of friction plate is 1.25 times internal diameter . Assume uniform wear 

and co-efficient of friction = 0.3  Determine dimension  of friction plate and axial force 

exerted by the springs .  

 

14. A square threaded bolt of root of dia 22.5 mm and pitch 5 mm is tightend  by screwing a 

nut whose mean diameter of bearing surface is 50 mm . if the co-efficient  of friction 

between nut and bolt is 0.1 and nut and bearing surface is 0.16 , determine the  force 

required at the end of spanner 500 mm long when the load on the bolt is 10 kn  

 

15. A leather faced  conical  clutch has a cone angle of 30 degree . if the intensity of  pressure 

between the contact surfaces is limited to 0.35N/mm2 and  the breadth of the conical 

surface is not to exceed 1/3rd of the mean radius . determine  the dimension of the contact 

surfaces to transmit 22.5 KW at 2000 rpm . Assume uniform wear rate and mue = 0.15 . 
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16. Derive the expression for frictional torque on cone clutch  based on uniform pressure 

theory .   
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