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 SYLLABUS 

ME6401   KINEMATICS OF MACHINERY  L T P C 3 0 0 3 
OBJECTIVES: 

 To understand the basic components and layout of linkages in the assembly of a 
system or machine. 

 To understand the principles in analyzing the assembly with respect to the 
displacement, velocity, and acceleration at any point in a link of a mechanism. 

 To understand the motion resulting from a specified set of linkages, design few 
linkage mechanisms and cam mechanisms for specified output motions. 

 To understand the basic concepts of toothed gearing and kinematics of gear trains 
and the effects of friction in motion transmission and in machine components. 
 

UNIT I  BASICS OF MECHANISMS    9 
Classification of mechanisms – Basic kinematic concepts and definitions – Degree of 
freedom, Mobility – Kutzbach criterion, Gruebler‟s criterion – Grashof‟s Law – 
Kinematic inversions of four-bar chain and slider crank chains – Limit positions – 
Mechanical advantage – Transmission Angle – Description of some common 
mechanisms – Quick return mechanisms, Straight line generators, Universal Joint – 
rocker mechanisms. 
  

UNIT II KINEMATICS OF LINKAGE MECHANISMS  9 
Displacement, velocity and acceleration analysis of simple mechanisms – Graphical 
method– Velocity and acceleration polygons – Velocity analysis using instantaneous 
centres – kinematic analysis of simple mechanisms – Coincident points – Coriolis 
component of Acceleration – Introduction to linkage synthesis problem. 
 

UNIT III  KINEMATICS OF CAM MECHANISMS   9 
Classification of cams and followers – Terminology and definitions – Displacement 
diagrams –Uniform velocity, parabolic, simple harmonic and cycloidal motions – 
Derivatives of follower motions – Layout of plate cam profiles – Specified contour 
cams – Circular arc and tangent cams – Pressure angle and undercutting – sizing of 
cams. 
 

UNIT IV  GEARS AND GEAR TRAINS    9 
Law of toothed gearing – Involutes and cycloidal tooth profiles –Spur Gear 
terminology and definitions –Gear tooth action – contact ratio – Interference and 
undercutting. Helical, Bevel, Worm, Rack and Pinion gears [Basics only]. Gear trains 
– Speed ratio, train value – Parallel axis gear trains – Epicyclic Gear Trains. 
  

UNIT V  FRICTION IN MACHINE ELEMENTS   9 
Surface contacts – Sliding and Rolling friction – Friction drives – Friction in screw 
threads –Bearings and lubrication – Friction clutches – Belt and rope drives – 
Friction in brakes- Band and Block brakes. 

TOTAL: 45 PERIODS 
OUTCOMES: 

 Upon completion of this course, the students can able to apply fundamentals of 
mechanism for the design of new mechanisms and analyse them for optimum 
design. 
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ME 6401 KINEMATICS OF MACHINERY 

 

Aim and Objective of the Subject 

 

 To understand the basic components and layout of linkages in the assembly 

of a system or machine. 

 To understand the principles in analyzing the assembly with respect to the 

displacement.   

 To understand the motion resulting from a specified set of linkages, design 

few linkage velocity, and acceleration at any point in a link of a mechanism.    

 To understand the basic concepts of toothed gearing and kinematics of gear 

trains and the mechanisms and cam mechanisms for specified output 

motions. Effects of friction in motion transmission and in machine 

components. 
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SCAD GROUP OF INSTITUTIONS 

Department of Mechanical Engineering 

Detailed Lesson Plan 

Name of the Subject& Code: ME 6401: KINEMATICS OF MACHINERY 

Name of the Faculty:   

Text Book: 

1. Uicker, J.J., Pennock G.R and Shigley, J.E., “Theory of Machines and 
Mechanisms”, 3rd Edition, Oxford University Press, 2009.  

2. Rattan, S.S, “Theory of Machines”, 3 rd Edition, Tata McGraw-Hill, 2009. 
References: 

1. Khurmi, R.S.,”Theory of Machines”, 14th Edition, S Chand Publications, 
2005.  

2. R K Bansal.,‟‟Theory of machines‟‟ 3rd Edition,Laxshmi publications 2012 

 

S.No 
Unit 

No 
Topic / Portions to be Covered 

Hours 

Required / 

Planned 

Cumulative 

Hrs 

Books 

Referred 

1 1 Introduction to basics of mechanisms 1 1 TB 2, RB1 

2 1 

Basic kinematic concepts and definitions- 
Definitions Kinematic Link, types of links, 
structure, Difference between structure & 
machine. 

1 2 TB 2, RB1 

3 1 

Kinematic pair, Types of constrained motions 
Classification of Kinematic pairs. Kinematic 
Chain, types of joints in a chain. 

1 3 TB 2, RB1 

4 1 

Mechanisms, Degree of freedom, Mobility, 
Number of Degrees of Freedom for Plane 
Mechanisms, Kutzbach Criterion, Grubler‟s 
Criterion. 

1 4 TB 2, RB1 

5 1 

Inversion of mechanisms, Types of Kinematic 

Chains, Four bar Chain, Kinematic Inversion of 

Four bar Chain 

1 5 TB 2, RB1 

6 1 
Slider crank chain, Kinematic Inversion of slider 

crank- Quick return mechanism 
1 6 TB 2, RB1 

7 1 
Double slider crank chain & Inversion of double 

slider crank 
1 7 TB 2, RB1 
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8 1 
Grashoff‟s Law, Limit positions, Mechanical 

advantage, Transmission Angle  
1 8 TB 2, RB1 

9 1 
Pantograph,, straight line generator, Universal 

(Hook‟s) Joint, rocker mechanisms.   
2 10 TB 2, RB1 

10 1 

Offset slider & Indexing mechanism, Steering 

gear mechanism, Toggle mechanism, Ratchet 

mechanism Review of complete unit- I. 

1 11 TB 2,RB1 

11 2 
Introduction to kinematics of linkage 

mechanisms 
1 12 

TB 2, RB1, 

RB2 

12 2 
Velocity diagram for slider crank ,4 bar chain- 

problems-practice 
2 14 

TB 2, RB1, 

RB2 

13 2 
Acceleration diagram for slider crank ,4 bar 

chain- problems-practice 
2 16 

TB 2, RB1, 

RB2 

14 2 Coincident points, corrolis acceleration 1 17 
TB 2, RB1, 

RB2 

15 2 
Velocity analysis by instantaneous centres 

method  
2 19 

TB 2, RB1, 

RB2 

16 2 

Analytical method of analysis of four bar 

mechanism Introduction to linkage synthesis 

problem.  

1 20 
TB 2, RB1, 

RB2 

17 3 
Introduction to Unit- III cams, Classification of 

cams and followers. Terminology and definitions 
1 21 RB1,RB2 

18 3 

Different motions of followers, Displacement, 

Velocity and Acceleration Diagrams when the 

Follower Moves with Uniform Velocity, Simple 

Harmonic Motion, Uniform Acceleration and 

Retardation & Cycloidal Motion 

2 23 RB1,RB2 

19 3 

Graphical construction of displacement diagram 

for knife edge follower and the cam profile 

diagram.-problems 

1 24 RB1,RB2 

20 3 

Graphical construction of displacement diagram 

for roller follower and the cam profile diagram.-

problems 

1 25 RB1,RB2 

21 3 

Graphical construction of displacement diagram 

for flat reciprocating follower and the cam profile 

diagram.-problems 

1 26 RB1,RB2 
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22 3 

Graphical construction of displacement diagram 

for oscillating  follower and the cam profile 

diagram.-problems Derivatives of follower 

motions – Layout of plate cam profiles 

1 27 RB1,RB2  

23 3 Specified contour cams ,Tangent Cam with 

Reciprocating Roller Follower 
1 28 RB1,RB2 

24 3 Circular Arc Cam with Flat-faced Follower 1 29 RB1,RB2 

25 3 
Concept of pressure angle and under cutting 

sizing of cams  
1 30 RB1,RB2 

26 4 

Introduction to Gears and Gear Trains friction 

wheels, Classification of Toothed Wheels Gear 

tooth terminology and definitions 

1 31 
TB 2, 

RB1,RB2 

27 4 Fundamental Law of toothed gearing and  

Involutes and cycloidal tooth profiles 
2 33 

TB 2, 

RB1,RB2 

28 4 Length of  contact, path of contact and contact 

ratio-problems 
2 35 TB 2, RB1, 

RB2 

29 4 Interference and undercutting-problems 1 36 
TB 2, 

RB1,RB2 

30 4 Helical, Bevel, Worm, Rack and Pinion gears 

[Basics only].   
1 37 

TB 2, RB1, 

RB2 

31 4 Gear trains – Types ,Simple, compound 1 38 
TB 2, RB1, 

RB2 

32 4 

Reverted gear train, Speed ratio, train value 

,Parallel axis gear trains Epicyclic gear trains-

problems 

1 39 
TB 2, RB1, 

RB2 

33 4 Compound epicyclic gear train-problems  2 41 
TB 2, RB1, 

RB2 

34 5 

Introduction to unit –V Friction in machine 

elements,Types of Friction, Limiting Friction, 

Laws of Static Friction, Laws of Kinetic or 

Dynamic Friction, Laws of Solid Friction, Laws 

of Fluid Friction, Coefficient of Friction, Limiting 

Angle of Friction, Angle of Repose 

1 42 RB1,RB2 
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35 5 Screw Friction 1 43 RB1,RB2 

36 5 

Friction in Journal Bearing-Friction Circle, 

Friction of Pivot and Collar Bearing, Flat Pivot 

Bearing-problems 

1 44 RB1,RB2 

37 5 

Conical Pivot Bearing, Trapezoidal or Truncated 

Conical Pivot Bearing, Flat Collar Bearing-

problems 

1 45 RB1,RB2 

38 5 
Friction Clutches, Single clutch plate friction 

problems 
1 46 RB1,RB2 

39 5 Multiplate clutch friction- problems 1 47 RB1,RB2 

40 5 Cone clutch- Centrifugal clutch-problems 1 48 RB1,RB2 

41 5 

Introduction to Belt friction, Types of Flat Belt 

Drives. Velocity Ratio, Centrifugal Tension-

problems 

1 49 RB1,RB2 

42 5 V belt friction Rope friction - problems  1 50 RB1,RB2 

43 5 
Introduction to brake friction-types of brake 

Band and Block brakes-problems 
1 51 RB1,RB2 
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UNIT 1 - BASICS OF MECHANISMS 

PART-A 

 
1. Define Kinematic Pair.       (May/June 2013) 

Kinematic pair is a joint of two links having relative motion between them. The 

types of kinematic pair are classified according to  

 Nature of contact. (lower pair, higher pair)  

 Nature of mechanical contact. (Closed pair, unclosed pair)  

 Nature of relative motion. (Sliding pair, turning pair, rolling pair, screw pair, 

spherical  pair)  

 

2. Define Kinematic Chain.        

When the kinematic pairs are coupled in such a way that the last link is joined 

to the first link to transmit definite motion it is called a kinematic chain.  

Eg: The crank shaft of an engine forms a kinematic pair with the bearings 

which are fixed in a pair, the connecting rod with the crank forms a second kinematic 

pair, the piston with the connecting rod forms a third pair and the piston with the 

cylinder forms the fourth pair. The total combination of these links is a kinematic 

chain. Eg: Lawn mower.  

 

3. Define Degrees of Freedom.  `                                  (April/May 2015)  

It is defined as the number of input parameters which must be independently 

controlled in order to bring the mechanism in to useful engineering purposes.  

It is also defined as the number of independent relative motions, both 

translational and rotational, a pair can have.  

 

4. What is meant by transmission angle?    (May/June 2012) 

In a four bar chain mechanism, the angle between the coupler and the 

follower (driven) link is called as the transmission angle.  

 

5. Write down the Grashof’s law for a four bar mechanism? (Nov/Dec 2012) 

Grashof‟s law states that the sum of the shortest and longest links cannot be 

greater than the sum of the remaining two links lengths, if there is to be continuous 

relative motion between two members.  

 

6. What is indexing mechanism? Where do we use it?                              

(Nov/Dec 2012) 

 Indexing mechanism is a cam like mechanism which provides intermittent 

rotary motion. It is used for indexing of a work table in both low and high speed 

machinery. 
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7. Define inversion of a mechanism.       

 The method of obtaining different mechanism by fixing different links in a 

kinematic chain is known as inversion of the mechanism. 

 

8. Define Actual Mechanical Advantage.       

 The Mechanical advantage is defined as the ratio of the output torque to the 

input torque.It is also defined as the ratio of the load to the effort. 

 

9. Explain Grubler’s criteria?      (Nov/Dec 2015) 

 Grubler‟s criteria for plane mechanism is obtained by substituting n = 1 and    

h = 0 in Cutzbach criterion as below  

We know that, 

  3l – 2j – 4 = 0 

This equation is known as Grubler‟s criterion for plane mechanism. 

 

10. Difference between machine and structure. 

  

S.No Machine Structure 

1. 
Relative motion exist between its 

parts. 

No relative motion exists between its 

members. 

2. 
It transforms available energy into 

useful work. 

It does not convert the available energy into 

work. 

3. 
Links are meant to transmit motion 

and force. 

Members are meant for carrying loads 

having action. 

4. Examples: Scooter, Car, Bus Examples: Roof Trusses, bridges. 

 

PART-B 

1. Sketch and explain the various inversions of a single slider crank chain. 

(APR/MAY-13) 

A single slider crank chain is a four-link mechanism. We know that by fixing, in turn, 

different links in a kinematic chain, an inversion is obtained and we can obtain as 

many mechanisms as the links in a kinematic chain. It is thus obvious, that four 

inversions of a single slider crank chain are possible. These inversions are found in 

the following mechanisms. 

1. Pendulum pump or Bull engine : 

  In this mechanism, the inversion is obtained by fixing the Cylinder or link 4 (i.e. 

sliding pair), as shown in Fig. In this case, when the crank (link 2) rotates, the 

connecting rod (link 3) oscillates about a pin pivoted to the fixed link 4 at A and the 
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piston attached to the piston rod (link 1) reciprocates. The duplex pump which is 

used to supply feed water to boilers has two pistons attached to link 1, as shown in 

Fig. 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Oscillating cylinder engine: 

  The arrangement of oscillating cylinder engine mechanism, as shown 

in Fig. It  is used to convert reciprocating motion into rotary motion. In this 

mechanism, the link 3 forming the turning pair is fixed. The link 3 corresponds to the 

connecting rod of a reciprocating steam engine mechanism. When the crank (link 2) 

rotates, the piston attached to piston rod (link 1) reciprocates and the cylinder (link 4) 

oscillates about a pin pivoted to the fixed link at A. 

 

 
 

 

3. Rotary internal combustion engine or Gnome engine: 

Rotary internal combustion engines were used in aviation. But now-a-days gas 

turbines are used in its place. It consists of seven cylinders in one plane and all 

revolves about fixed centre D, as shown in Fig. While the crank (link 2) is fixed. In 

this mechanism, when the connecting rod (link4) rotates, the piston (link 3) 

reciprocates inside the cylinders forming link 1. 
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4. Crank and slotted lever quick return motion mechanism: 

  This mechanism is mostly used in shaping machines, slotting machines and in 

rotary internal combustion engines. In this mechanism, the link AC (i.e. link 3) 

forming the turning pair is fixed, as shown in Fig. The link 3 corresponds to the 

connecting rod of a reciprocating steam engine. The driving crank CB revolves with 

uniform angular speed about the fixed centre C. A sliding block attached to the 

crankpin at B slides along the slotted bar AP and thus causes AP to oscillate about 

the pivoted point A. A short link PR transmits the motion from AP to the ram which 

carries the tool and reciprocates along the line of stroke R1R2. The line of stroke of 

the ram (i.e. R1R2) is perpendicular to AC produced.  

 
  

`In the extreme positions, AP1 and AP2 are tangential to the circle and the 

cutting tool is at the end of the stroke. The forward or cutting stroke occurs when the 

crank rotates from the position CB1 to CB2 (or through an angle β) in the clockwise 

direction. The return stroke occurs when the crank rotates from the position CB2 to 

CB1 (or through angle α) in the clockwise direction. Since the crank has uniform 

angular speed, therefore 
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Since the tool travels a distance of R1 R2 during cutting and return stroke, therefore 

travel of the tool or length of stroke 

 
5. Whitworth quick return motion mechanism: 

   This mechanism is mostly used in shaping and slotting machines. In this 

mechanism, the link CD (link 2) forming the turning pair is fixed, as shown in Fig.. 

The link 2 corresponds to a crank in a reciprocating steam engine. The driving crank 

CA (link 3) rotates at a uniform angular speed. The slider (link 4) attached to the 

crank pin at A slides along the slotted bar PA (link 1) which oscillates at a pivoted 

point D. The connecting rod PR carries the ram at R to which a cutting tool is fixed. 

The motion of the tool is constrained along the line RD produced, i.e. along a line 

passing through D and perpendicular to CD. 
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2. Describe the mechanism obtained by inversions of four bar chain. (Nov/Dec 

2015)    (16)  

Kinematic chain is a combination of four or more kinematic pairs, such that 

the relative motion between the links or elements is completely constrained. The 

simplest and the basic kinematic chain is a four bar chain or quadric cycle chain, as 

shown in Fig. It consists of four links, each of them forms a turning pair at A, B, C 

and D. The four links may be of different lengths. According to Grashof ‟s law for a 

four bar mechanism, the sum of the shortest and longest link lengths should not be 

greater than the sum of the remaining two link lengths if there is to be continuous 

relative motion between the two links.  

 

A very important consideration in designing a mechanism is to ensure that the 

input crank makes a complete revolution relative to the other links. The mechanism 

in which no link makes a complete revolution will not be useful. In a four bar chain, 

one of the links, in particular the shortest link, will make a complete revolution 

relative to the other three links, if it satisfies the Grashof ‟s law. Such a link is known 

as crank or driver. In Fig.5.18, AD (link 4) is a crank. The link BC (link 2) which 

makes a partial rotation or oscillates is known as lever or rocker or follower and the 

link CD (link 3) which connects the crank and lever is called connecting rod or 

coupler. The fixed link AB (link 1) is known as frame of the mechanism. 

 When the crank (link 4) is the driver, the mechanism is transforming rotary 

motion into oscillating motion. 

Inversions of Four Bar Chain 

Though there are many inversions of the four bar chain, yet the following are 

important from the subject Point of view 

 

1. Beam engine (crank and lever mechanism).A part of the mechanism of a beam 

engine (also known as crank and lever mechanism) which consists of four links is 

shown in Fig. In this mechanism, when the crank rotates about the fixed centre A 

lever oscillates about a fixed centre D. The end E of the lever CDE is connected to a 

piston rod which reciprocates due to the rotation of the crank. In other words, the 

purpose of this mechanism is to convert rotary motion into reciprocating motion. 
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2. Coupling rod of a locomotive (Double crank mechanism). The mechanism of 

a coupling rod of a locomotive (also known as double crank mechanism) which 

consists of four links is shown in Fig. In this mechanism, the links AD and BC (having 

equal length) act as cranks and are connected to the respective wheels. The link CD 

acts as a coupling rod and the link AB is fixed in order to maintain a constant centre 

to centre distance between them. This mechanism is meant for transmitting rotary 

motion from one wheel to the other wheel. 

 

 
 

3. Watt’s indicator mechanism (Double lever mechanism). A *Watt‟s indicator 

mechanism (also known as Watt's straight line mechanism or double lever 

mechanism) which consists of four links, is shown in Fig.  The four links are: fixed 

link at A, link AC, link CE and link BFD. It may be noted that BF and FD form one link 

because these two parts have no relative motion between them. The links CE and 

BFD act as levers. The displacement of the link BFD is directly proportional to the 

pressure of gas or steam which acts on the indicator plunger. On any small 

displacement of the mechanism, the tracing point E at the end of the link CE traces 

out approximately a straight line. 

The initial position of the mechanism is shown in Fig. by full lines whereas the 

dotted lines show the position of the mechanism when the gas or steam pressure 

acts on the indicator plunger 
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3. (a) Briefly explain the Classification of Kinematic Pairs.( May/June 2015 ) 

(10) 

 

Classification of Kinematic Pairs 

The kinematic pairs may be classified according to the following 

considerations: 

 

1. According to the type of relative motion between the elements. The kinematic 

pairs according to type of relative motion between the elements may be classified as 

discussed below: 

 

(a) Sliding pair. When the two elements of a pair are connected in such a way that 

one can only slide relative to the other, the pair is known as a sliding pair. The piston 

and cylinder, cross-head and guides of a reciprocating steam engine, ram and its 

guides in shaper, tail stock on the lathe bed etc. are the examples of a sliding pair. A 

little consideration will show that a sliding pair has a completely constrained motion. 

 

(b) Turning pair. When the two elements of a pair are connected in such a way that 

one can only turn or revolve about a fixed axis of another link, the pair is known as 

turning pair. A shaft with collars at both ends fitted into a circular hole, the crankshaft 

in a journal bearing in an engine, lathe spindle supported in head stock, cycle wheels 

turning over their axles etc. are the examples of a turning pair. A turning pair also 

has a completely constrained motion. 

 

(c) Rolling pair. When the two elements of a pair are connected in such a way that 

one rolls over another fixed link, the pair is known as rolling pair. Ball and roller 

bearings are examples of rolling pair. 

 

 

 

Visit & Downloaded From : www.LearnEngineering.in

Visit & Downloaded From : www.LearnEngineering.in



 

18 
 

(d) Screw pair. When the two elements of a pair are connected in such a way that 

one element can turn about the other by screw threads, the pair is known as screw 

pair. The lead screw of a lathe with nut, and bolt with a nut are examples of a screw 

pair. 

 

(d) Spherical pair. When the two elements of a pair are connected in such a way 

that one element (with spherical shape) turns or swivels about the other fixed 

element, the pair formed is called a spherical pair. The ball and socket joint, 

attachment of a car mirror, pen stand etc., are the examples of a spherical pair. 

 

2. According to the type of contact between the elements. The kinematic pairs 

according to the type of contact between the elements may be classified as 

discussed below : 

 

(a) Lower pair. When the two elements of a pair have a surface contact when 

relative motion takes place and the surface of one element slides over the surface of 

the other, the pair formed is known as lower pair. It will be seen that sliding pairs, 

turning pairs and screw pairs form lower pairs. 

 

(b) Higher pair. When the two elements of a pair have a line or point contact when 

relative motion takes place and the motion between the two elements is partly 

turning and partly sliding, then  the pair is known as higher pair. Pair of friction discs, 

toothed gearing, belt and rope drives, ball and roller bearings and cam and follower 

are the examples of higher pairs. 

 

2. According to the type of closure. The kinematic pairs according to the type of 

closure between the elements may be classified as discussed below : 

 

(a) Self closed pair. When the two elements of a pair are connected together 

mechanically in such a way that only required kind of relative motion occurs, it is 

then known as self closed pair. The lower pairs are self closed pair. 

 

(b) Force - closed pair. When the two elements of a pair are not connected 

mechanically but are kept in contact by the action of external forces, the pair is said 

to be a force-closed pair. The cam and follower is an example of force closed pair, 

as it is kept in contact by the forces exerted by spring and gravity. 
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3. (b) A crank and slotted lever mechanism used in a shaper has a centre 

distance of 300 mm between the centre of oscillation of the slotted lever and 

the centre of rotation of the crank. The radius of the crank is 120 mm. Find the 

ratio of the time of cutting to the time of return stroke. 

 

Given : AC = 300 mm ; CB1 = 120 mm 

The extreme positions of the crank are shown in Fig. We know that 

 

 
Solution. 
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4 . Sketch and explain the following mechanisms: 

i) Elliptical trammel 

ii) Scotch Yoke mechanism 

iii) Oldham’s coupling 

OR 

Explain the inversion of double slider crank chain. 

 A kinematic chain which consist of two turning pairs and two sliding pairs 

is known as double slider crank chain. 

Elliptical Trammel 

1. This inversion can be obtained by fixing the slotted plate. 

2. The fixed plate has two straight grooves cut in it at right angles to each 

other. 

3. The link 1 and 3 are known as sliders and form sliding pairs with link 4. 

4. The link AB (link 2) is a bar which forms a turning pair with links 1 & 3. 

5. When links 1 and 3 slide along their respective grooves, any point on the 

link 2 such as P traces out the ellipse on the surface of link 4. 

 

From the geometry 

X = PQ = AP Cosθ 

Y = PR = BP Sinθ   





Sin
BP

Y

Cos
AP

X




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Squaring and adding 

1

22

22

22
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


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












BP

Y

AP

X

CosSin
BP

Y

AP

X


 

This is an equation of an ellipse. Hence the path traced by the point P is an 

ellipse whose semi – major axis is AP and semi-minor axis is BP. 

SCOTCH YOKE MECHANISM 

It is obtained by fixing either the link1 or link 3, here the link 1 is fixed. 

When the link 2 rotates about B as centre the link 4 reciprocates. The fixed 

link guides the frame. 

 

OLDHAM’S COUPLING 

It is obtained by fixing the link 2. 

1. The shafts to be connected have two flanges rigidly fastened at their ends by 

forging. 

2. The link 1 and 3 forms turning pairs with link 2. 

3. Flanges have diametrical slots cut in their inner faces. 

4. The intermediate piece which is a circular disc have two tongues T1 and T2 

on each face at right angles to each other. 

5. The tongues on the link 4 closely fit into the slots in the two flanges. 

6. The link 4 can slide or reciprocate in the slot in the flanges. 
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The driving shaft A is rotates, the flanges C (L1) causes the intermediate piece to 

rotate at the same any through which the flange has rotated and it further 

rotates the flange D (link 3) at the same angle and thus the short rotates. 

Then the links 1, 3 and 4 have the same angular velocity at every instant. 

The maximum sliding speed of each tongue along its slot is equal to the 

peripheral velocity of the centre of the disc along its circular path. 

V = ω x d 

5. a) What is straight line mechanism? Sketch the peaucellier straight line 

motion mechanism and prove that the generating points moves in a straight 

line. (10 )    (Dec 2012)   

 

A mechanism in which straight line motion is obtained by using turning pairs is 

called as straight line mechanism. In a straight line mechanism one point always 

moves in a straight line path hence it generates a straight line 

Straight line mechanisms: It is a constraint mechanism is that it permits only 

relative motion of an oscillatory nature along a straight line. Exact straight line motion 

mechanisms made up of turning pairs: Let O be a point on the circumference of a 

circle of diameter OP. 

 

Let B is a point on OA (chord), such that 
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From similar triangles OAP and OBQ, 

  

  

But OP and OQ are constant then OA X OB = Constant. 

Hence the point B moves along a straight path BQ which is perpendicular to OP. 

Peaucellier mechanism 

 

 

 

 

1. It consists of 8 links i.e. a fixed link OO1 and the straight links O1A, OC, OD, AD, 

DB, BC and CA are connected by turning pairs.  

2. The pin at A is constrained to move along the circumference of a circle.  

 

3. AC = CB = BD = DA; OC = OD; and OO1 = O1A  

 

From the triangles ORC and BRC 

 

 

         

 

  

 

 

 Therefore the product OB X OA remains constant. Hence the point B traces a 

straight path perpendicular to the diameter OP.  
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5. b) With suitable diagram, explain how a pantograph works. What are its 

uses? (6) 

    PANTOGRAPH:  

1. It is a four bar linkage used to produce paths exactly similar to the ones traced out 

by a point on the linkage.  

2. The paths so produced are usually on an enlarged or reduced scale and may be 

straight or curved ones. 

 

 

  

 

  

 

1. It consists of a jointed parallelogram ABCD as shown in the figure.  

2. It is made up of bars connected by turning pairs.  

3. From similar triangles OAD and OBE,  

 

   Let O be fixed and the points D and E move to some new positions D‟ and E‟. Then 

 

 Therefore the point E traces out the same path as described by point D.  

4. A pantograph is mostly used for the reproduction of plane areas and figures such 

as maps, plans …etc.  

5. A modified form of pantograph is used to collect electricity at the top of electric 

trains.  

PART-C 

1. In a crank and slotted lever quick return motion mechanism, the distance 

between the fixed centres is 240mm and the length of the driving crank is 

120mm. find the inclination of the slotted bar with the vertical in the extreme 

position and time ratio of cutting stroke to the return storke. If the length of 

the slotted bar is 450mm, find the length of the stroke if the line of stroke 

passes through the extreme positions of the free end of the lever.  (Nov/Dec 

2015)    (16) 
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2. Write the application of Kutzbach criterion and Grubler’s criterion to plane 

mechanism. (16) 

Application of Kutzbach criterion: 
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Application of Grubler’s criterion: 
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UNIT-II KINEMATICS OF LINKAGE MECHANISM 

PART-A 

1. Write the relation between the number of instantaneous centers and the 

number of links in a mechanism    (April/May 15,May/June 13) 

   N=n (n-1)/2   

Where 

 N-Number of instantaneous centre (May/June 14) 

n- Number of links 

2. Define instantaneous centre      (May/June 14) 

The combined motion of rotation & translation of any link may be assumed to 

be a motion of pure rotation about some centre I which is called instantaneous 

centre of rotation (or) virtual centre 

3. What is a configuration diagram? What are its uses?   (Nov/Dec 12) 

Drawing the given mechanism with convenient scale is called configuration 

diagram which is used to draw the velocity and acceleration diagram for a 

mechanism 

4. Define Rubbing velocity. What will be the expression for rubbing velocity at 

a pin joint when the two links are in opposite direction? (May/June 13) 

         Rubbing velocity at the pin joint is defined as the algebraic sum between the 

angular velocities of two links which are connected by using pin joint multiplied by 

the radius of pin. 

    VR= (ω1+ω2)*Radius of pin 

5. What is low degree of complexity?     (Nov/Dec 13) 

By changing the input links a complex mechanism is converted into a simple 

mechanism is called low degree of complexity. 

6. What is coriolis component of acceleration?   (May 14) 

When the sliding pair itself revolves, its acceleration will include coriolis 

component of acceleration due to change in its relative distance between two points. 

   acc = 2Vsω 

  Vs – sliding velocity 

  acc – coriolis  component of acceleration 

7. List out the various methods for finding velocity & acceleration analysis of 

mechanism? 

1. Relative velocity method 

2. Instantaneous center 

3. Klein‟s construction of I.C engine mechanism 

8. State the reason for velocity and acceleration analysis 

  Each particle of every link of a machine is constrained to move along a 

definite path therefore, to design a machine completely; the velocity and acceleration 

analysis is needed 
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9.    State Kennedy’s theorem 

  If three bodies move relative to each other then they have three 

instantaneous centers and lie on a straight line, It is used for locating ICR in the 

mechanisms such as IC engine mechanism, four bar mechanism, quick  return 

mechanism etc. 

10.  State the application in which Coriolis components of acceleration occurs.  

i) Crank and slotter lever mechanism and 

ii) Oscillating cylinder mechanism. 

PART - B 
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PART-C 

1. In a pin jointed four bar mechanism, as shown in fig, AB=300mm, 

BC=CD=360mm, and AD= 600mm. The angle of BAD = 60°. The crank AB 

rotates uniformly at 100rpm. Locate all instantaneous centres and find 

angular velocity of link BC.   (16) 
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2. Locate the all instantaneous centres of the slider crank mechanism as 

shown in Fig. The lengths of the crank OB and connecting rod AB are 

100mm and 400mm respectively. If the crank rotates clockwise with an 

angular velocity 10rad/s. find, 1. Velocity of the slider A, and 2. Angular 

velocity of the connecting rod AB.   (16) 
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UNIT 3 - KINEMATICS OF CAM MECHANISMS 

PART-A 

1. Define Lift (or) Stroke in cam.  

It is the maximum travel of the follower from its lowest position to the topmost 
position.  

2. State the advantages of cam mechanisms over linkage mechanisms.  
 Cam mechanisms are simple and inexpensive. They have few moving parts, 
and occupy a very small space. The versality and flexibility of the cam design are 
more than that of the linkage mechanisms. 
 
3. What are the different motions of the follower?                (April/May 2014) 
 Uniform motion, 

 Simple harmonic motion,  

 Uniform acceleration and retardation, and  

 Cycloidal motion.  
 

4. State the advantages of tangent cam.       
 Tangent cams are symmetrical and ease to manufacture. 

 They are less costly to manufacture. 

 They are used for operating the inlet and exhaust valves of I.C. engine. 

 

5. List any four types of cam followers.      

1. Knife edge follower 

2. Roller follower 

3. Mushroom or flat faced follower  
4. Spherical face follower 
 

6. What are the advantages of roller follower than knife-edge follower? 
 The rate of wear at the contacting end of the roller follower is comparatively 
lesser than that of the knife-edge follower. 
 
 7. What is the follower motion used for high speed cams? Why?   
 Cycloidal motion because it results in lower jerks. 

 

8. Define pressure angle in cam and its significance.     

It is the angle between the direction of the follower motion and a normal to 

the pitch curve. This angle is very important in designing a cam profile. If the 

pressure angle is too large, a reciprocating follower will jam in its bearings.  

As the pressure angle increases, the force required to lift the follower 
increase. 

 
9. Define undercutting in cam. How is occurs?     
 The cam profile must be continuous curve without any loop. If the curvature 
of the pitch curve is too sharp, then the part of the cam shape would be lost and 
thereafter the intended cam motion would not be achieved. Such a cam is said to be 
undercut. Undercutting occurs in the cam because of attempting to achieve too great 
a follower lift with very small cam rotation with a smaller cam.  
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10. Define Prime circle and trace point in cam?     

The smallest circle drawn tangent to the pitch curve is known as the prime 
circle.It is a reference point on the follower and is used to generate the pitch curve. 
In case of knife edge follower the knife edge represents the trace point and the pitch 
curve corresponds to the cam profile. In a roller follower the centre of the roller 
represents the trace point. 
 

PART - B 
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PART-C 

1. Draw the displacement, velocity and acceleration curves, when the follower 

moves with SHM and derive the expression for maximum velocity and 

maximum acceleration. (May/June 2016) (16). 
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2. A cam drives a flat reciprocating follower in the following manner: During 

first 120° rotation of the cam, follower moves outwards through a distance of 

20mm with SHM. The follower dwells during next 30° of cam rotation. During 

next 120° of cam rotation, the follower moves inwards with SHM. The follower 

dwells for the next 90° of cam rotation. The minimum radius of the cam is 

25mm. draw the profile of the cam.   (16) 
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UNIT IV GEAR AND GEAR TRAINS 

PART-A 

1. What is an angle of obliquity in gears?    (May 2010) 

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. It is also called as pressure 

angle. 

  

2. What is meant by arc of contact in gears?   (Nov 2012) 

Arc of contact is the path traced by a point on the pitch circle from the 

beginning to the end of engagement of a pair of teeth. 

 

3. State law of Gearing.       (May 2014) 

The law of gearing states that for obtaining a constant velocity ratio, at any 

instant of teeth the common normal at each point of contact should always pass 

through a pitch point, situated on the line joining the centre of rotation of the pair of 

mating gears. 

 

4. Write down the common forms of teeth.    (May 2013) 

1. Involute Tooth Profile 

2. Cycloidal Tooth Profile 

 

5. What are the advantages of gear drive over friction wheels?  (Nov 2010) 

     Advantages: 

1. Since there is no slip, so exact velocity ratio is obtained. 

2. It is more efficient and effective  

 

6. What do you understand by interference as applied to gears? (May 2015) 

The phenomenon when the tip of tooth undercuts the roots on its mating gear 

is Known as interference. 

 

7. What are the methods to avoid interference?   (May 2014) 

1. The height of the teeth may be reduced. 

2. The pressure angle may be increased. 

3. The radial flank of the pinion may be cut back (undercutting). 

 

8. What are the special advantages and applications of epicyclic gear trains? 

(May 2015) 

The epicyclic gear trains are useful in transmitting high velocity ratios in a 

comparatively lesser space. They are used in the back gear of lathe, differential 

gears of the automobiles, pulley blocks, wrist watches, etc. 

 

9. Write short notes on differentials     (Nov 2013) 

The differential gears are used in the rear drive of automobile .Its function is to 

transmit motion from the engine shaft to the rear driving wheels. 
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10. Define gear ratio.      (Nov 2013) 

Gear ratio is the ratio of the speed of the driver to the speed of the driven and 

the ratio of the speeds of any pairs of gears in mesh is the inverse of their number of 

teeth.  
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PART-C 
 
1. Fig shows an epicyclic gear train, Gear A is fixed to the frame and is, 

therefore, stationary. The arm B and gears C and D are free to rotate on the 
shaft S. Gears A, C and D have 100, 101 and 99 teeth respectively. The planet 
gear has 20 teeth. The pitch circle diameters all are the same so that the 
planet gear P meshes with all of them. Determine the revolutions of gears C 
and D for one revolution of the arm B. (16) 
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2. Fig shows a differential gear used in a motor car. The pinion A on the propeller 
shaft has a 12 teeth and gears with crown gear B which has 60 teeth. The shaft P 
and Q form the rear axles to which the road wheels are attached. If the propeller 
shaft rotates at 1000 rpm. And the road wheel attached to axle Q has a speed of 210 
rpm while taking a turn, find the speed of road wheel attached to axle P. (May/June 
2014) (16) 
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UNIT-V     FRICTION IN MACHINE ELEMENTS   

PART-A 

1. What are the advantages and disadvantages of V-belt drive over flat belt 

drive? (May 2011) 

i) Power transmitted is more due to wedging action in the grooved pulleys. 

ii) V-belt is more compact, quiet and shock absorbing. 

iii) The V-belt drive is positive because of negligible slip between the belt and 

the groove. 

iv) High velocity ratio (maximum 10) may be obtained. 

 

2. What is the difference between sliding friction and rolling friction? 

 (May 2011) 

Sliding friction Rolling friction 

If the two surface have sliding 

motion with respect to each 

other to friction between them. 

Ex: Nut & bolt 

If the two surface rolling motion with 

respect to each other the friction 

between them is known as rolling 

friction. 

Ex: Ball & Rolling 

 

 

3. Define the term “Limiting friction”.   

The limiting angle of friction (ø) is defined as the angle at which the resultant 

reaction R makes with the normal reaction „RN‟  

 

4. Define speed ratio or velocity ratio?  (May 2014) 

Speed ratio is defined as the ratio between the speed of the driven and the 

driver shaft. 

Speed ratio = 
pulley driving of Speed

pulleydriven  of Speed

 
 

5. Differentiate between self locking and overhauling of screw.  (May 2012) 

 

S.No Self locking Over hauling 

1 
Condition for self locking ø≥α Condition for overhauling 

ø≤α 

2 

Due to self locking the load will 

be held in its position without any 

external brake 

Due to overhauling the 

load continuous to 

descend under its own 

weight unless an external 

brake is applied 

3 Used in Screw jack Used in fly press 
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6. What are the advantages and disadvantages of V belt drive? 

Advantages 

1. V-belts have higher power transmitting capacity 

2. V-belts can be used for high speed reduction ratio 7:1 

Disadvantages 

1. They are complex to design and manufacture  

2. V-belts have lower efficiency. 

7. Distinguish between open and cross belt drive in terms of its application.          

( May 2013) 

1. Open belt drive is used when both the driving and driven shaft are arranged 

in parallel and rotating in the same direction 

2. Cross belt drive is used when both the driving and driven shaft are arranged 

in parallel, but rotating in opposite direction. It is used for low speed 

applications 

 

8. What is the role of friction in screw jack?  

                The role of friction in screw jack is to avoid the descending of load under 

its own weight or friction is necessary for the self locking condition of the screw. 

 

9. What is creep in the case of 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 of lengths, there is a relative motion. 

 

10. List down the laws of friction.                               (May 2013) 

i) The force of friction is directly proportional to the normal reaction between 

the surface  

 in contact and always opposes the relative motion between them 

ii) The force of friction depends on the nature of materials of the contacting 

surfaces. 

iii) The force of friction is independent of the load 

iv)  The force of friction reduces with rise in temperature of the lubricant. 
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PART-C 

1. Following data is given for a rope pulley transmitting 24 kW: Diameter of pulley 

= 400mm, speed = 110rpm, Angle of groove=45°, Angle of lap on smaller pulley= 

160°, Coefficient of friction = 0.28, Number of ropes = 10, Mass in kg/m length of 

the rope = 53C2, and working tension is limited to 122C2 kN, where C is girth of 

rope in meters. Find initial tension and diameter of the each rope. (16) 
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2. Derive an expression for the effort required to raise a load with screw jacking 

friction into consideration. (MAY/JUNE 2014) 
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             UNIVERSITY QUESTION BANK 
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