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SYLLABUS

MEG6401 KINEMATICS OF MACHINERY LTPC 3003
OBJECTIVES:
e To understand the basic components and layout of linkages in the assembly of a
system or machine.
e 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.
e To understand the motion resulting from a specified set of linkages, design few
linkage mechanisms and cam mechanisms for specified output motions.
e 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 Il 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 1l 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:
e 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.

2

Visit & Downloaded From : www.LearnEngineering.in



Visit & Downloaded From : www.LearnEngineering.in

TEXT BOOKS:

1. Uicker, J.J., Pennock G.R and Shigley, J.E., “Theory of Machines and

Mechanisms”, 3" Edition, Oxford University Press, 2009.

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

REFERENCES:

1.

8.

9.

Thomas Bevan, "Theory of Machines", 3rd Edition, CBS Publishers and
Distributors, 2005.

. Cleghorn. W. L, “Mechanisms of Machines”, Oxford University Press, 2005

Robert L. Norton, "Kinematics and Dynamics of Machinery", Tata McGraw
Hill, 2009.

Allen S. Hall Jr., “Kinematics and Linkage Design”, Prentice Hall, 1961

Ghosh. A and Mallick, A.K., “Theory of Mechanisms and Machines", Affiliated
East-West Pvt. Ltd., New Delhi, 1988.

Rao.J.S. and Dukkipati.R.V. "Mechanisms and Machine Theory", Wiley-
Eastern Ltd., New Delhi, 1992.

John Hannah and Stephens R.C., "Mechanics of Machines", Viva Low-Prices
Student Edition, 1999.

Ramamurthi. V, "Mechanics of Machines", Narosa Publishing House, 2002.

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

10.Sadhu Singh: Theory of Machines, "Kinematics of Machine", Third Edition,

Pearson Education, 2012

3

Visit & Downloaded From : www.LearnEngineering.in



Visit & Downloaded From : www.LearnEngineering.in

TABLE OF CONTENTS

S.NO TABLE OF CONTENTS PQSE'
1. | Aim and Objective of the subject 5
2. | Detailed Lesson Plan 6
3. | Unit I-Basics of mechanisms-Part A 10
4. | Unit |- Basics of mechanisms-Part B 11
5. | Unit I- Basics of mechanisms-Part C 24
6. | Unit llI-Kinematics of linkage mechanisms-Part A 28
7. | Unit lI-Kinematics of linkage mechanisms -Part B 29
8. | Unit IlI-Kinematics of linkage mechanisms -Part C 40
9. | Unit lll-Kinematics of cam mechanisms-Part A 42
10, Unit lll-Kinematics of cam mechanisms -Part B 43
11, Unit lll-Kinematics of cam mechanisms -Part C 53
12, Unit IV-Gears and gear trains-Part A 56
13. Unit IV-Gears and gear trains-Part B 57
14, Unit IV-Gears and gear trains-Part C 71
15, Unit V- Friction in machine elements- Part A 73
16.| Unit V- Friction in machine elements- Part B 75
17, Unit V- Friction in machine elements- Part C 84
18.| Question bank 87

4

Visit & Downloaded From : www.LearnEngineering.in




Visit & Downloaded From : www.LearnEngineering.in

ME 6401 KINEMATICS OF MACHINERY

Aim and Objective of the Subject

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

e To understand the principles in analyzing the assembly with respect to the
displacement.

e 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.

e 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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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”, 3" 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

Hours

ni ) . i mulati Book
S.No unit Topic / Portions to be Covered Required / pumulative 00KS
No Hrs Referred
Planned

1 1 Introduction to basics of mechanisms 1 1 TB 2, RB1
Basic kinematic concepts and definitions-

2 1 Definitions Kinematic Link, types of Ilinks,
structure, Difference between structure & 1 2 TB 2, RB1
machine.
Kinematic pair, Types of constrained motions

3 1 Classification of Kinematic pairs. Kinematic 1 3 TB 2, RB1
Chain, types of joints in a chain.
Mechanisms, Degree of freedom, Mobility,
Number of Degrees of Freedom for Plane

4 1 Mechanisms, Kutzbach Criterion, Grubler’s 1 4 TB 2, RB1
Criterion.
Inversion of mechanisms, Types of Kinematic

5 1 Chains, Four bar Chain, Kinematic Inversion of 1 5 TB 2, RB1
Four bar Chain

5 1 Slider crahk chain, Klnemat!c Inversion of slider 1 5 TB 2. RB1
crank- Quick return mechanism

7 1 Double slider crank chain & Inversion of double 1 y TB 2. RB1

slider crank
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Grashoff's Law, Limit positions, Mechanical

8 advantage, Transmission Angle 8 T8 2, RB1
9 Pantog]raph.,, straight line geperator, Universal 10 TB 2. RB1
(Hook’s) Joint, rocker mechanisms.
Offset slider & Indexing mechanism, Steering
10 gear mechanism, Toggle mechanism, Ratchet 11 TB 2,RB1
mechanism Review of complete unit- 1.
Introduction to  kinematics of linkage TB 2, RB1,
11 . 12
mechanisms RB2
Velocity diagram for slider crank ,4 bar chain- TB 2, RB1,
12 . 14
problems-practice RB2
Acceleration diagram for slider crank ,4 bar TB 2, RB1,
13 . : 16
chain- problems-practice RB2
o . . . TB 2, RB1
14 Coincident points, corrolis acceleration 17 R’BZ ’
15 Velocity analysis by instantaneous centres 19 TB 2, RB1,
method RB2
Analytical method of analysis of four bar
. . . : TB 2, RB1,
16 mechanism Introduction to linkage synthesis 20 RB2
problem.
17 Introduction to Unit- Il gams, CIaSS|f|ca.t|9.n of 21 RB1,RB2
cams and followers. Terminology and definitions
Different motions of followers, Displacement,
Velocity and Acceleration Diagrams when the
18 Follower Moves with Uniform Velocity, Simple 23 RB1,RB2
Harmonic Motion, Uniform Acceleration and
Retardation & Cycloidal Motion
Graphical construction of displacement diagram
19 for knife edge follower and the cam profile 24 RB1,RB2
diagram.-problems
Graphical construction of displacement diagram
20 for roller follower and the cam profile diagram.- 25 RB1,RB2
problems
Graphical construction of displacement diagram
21 for flat reciprocating follower and the cam profile 26 RB1,RB2

diagram.-problems
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Graphical construction of displacement diagram
for oscillating follower and the cam profile

27

RB1,RB2

22 diagram.-problems  Derivatives of  follower
motions — Layout of plate cam profiles
23 Specified contour cams ,Tangent Cam with 28 RB1,RB2
Reciprocating Roller Follower
24 Circular Arc Cam with Flat-faced Follower 29 RB1,RB2
o5 Cp_ncept of pressure angle and under cutting 30 RB1.RB2
sizing of cams
Introduction to Gears and Gear Trains friction TB 2
26 wheels, Classification of Toothed Wheels Gear 31 ;
. . RB1,RB2
tooth terminology and definitions
27 Fundamental Law of toothed gearing and 33 TB 2,
Involutes and cycloidal tooth profiles RB1,RB2
28 Length of contact, path of contact and contact 35 TB 2, RB1,
ratio-problems RB2
29 Interference and undercutting-problems 36 B 2,
gp RB1,RB2
30 Helical, Bevel, Worm, Rack and Pinion gears 37 TB 2, RB1,
[Basics only]. RB2
31 Gear trains — Types ,Simple, compound 38 8 ;’BF\Z)BL
Reverted gear train, Speed ratio, train value TB 2 RBL
32 ,Parallel axis gear trains Epicyclic gear trains- 39 R’BZ ’
problems
o . TB 2, RB1,
33 Compound epicyclic gear train-problems 41 RB2
Introduction to unit =V Friction in machine
elements,Types of Friction, Limiting Friction,
s Laws of Static Friction, Laws of Kinetic or 42 RB1.RB2

Dynamic Friction, Laws of Solid Friction, Laws
of Fluid Friction, Coefficient of Friction, Limiting
Angle of Friction, Angle of Repose
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35 Screw Friction 43 RB1,RB2
Friction in Journal Bearing-Friction Circle,

36 Friction of Pivot and Collar Bearing, Flat Pivot 44 RB1,RB2
Bearing-problems
Conical Pivot Bearing, Trapezoidal or Truncated

37 Conical Pivot Bearing, Flat Collar Bearing- 45 RB1,RB2
problems

38 Friction Clutches, Single clutch plate friction 46 RB1.RB2
problems

39 Multiplate clutch friction- problems a7 RB1,RB2

40 Cone clutch- Centrifugal clutch-problems 48 RB1,RB2
Introduction to Belt friction, Types of Flat Belt

41 Drives. Velocity Ratio, Centrifugal Tension- 49 RB1,RB2
problems

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

43 Introduction to brake friction-types of brake 51 RB1.RB2

Band and Block brakes-problems
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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
v Nature of contact. (lower pair, higher pair)
v" Nature of mechanical contact. (Closed pair, unclosed pair)
v" 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.lt 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,
3I-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 | No relative motion exists between its
" | parts. members.

5 It transforms available energy into | It does not convert the available energy into
" | useful work. work.

3 Links are meant to transmit motion | Members are meant for carrying loads
" | and force. 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

11
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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.

__.-'-l'-"r'r.-'.-'._-:_
4 A 4 Colirder
2 |\ B (Cnke

o F;_;ﬁ_ﬂ. Connecting rod

: {Link 3)
ki
) -

== Lrank
(Link 2)
j-'.-".-"_-" l:'-'::-'
o
. — -r mn
= i =
T

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.

i
in _
N T
we LT U Crank",
W T \ (Link2) ",
75 — \ \ |
\ T{faﬁ,, ol ﬁ777 FT7d 77 7T 77T 7T |
\ ‘{:L) In !
e Connecting * ;
rod AN %
(Link 3) - -

3. Rotary internal combustion engine or Ghome 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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Connecting rod
(Link 4)

Fixed crank
(Link 2)

Cylinder
(Link 1)

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.

——» Cutting stroke
+— Return stroke

tod \ I I Line of
“fTOOI / stroke

- ._'C.\”" = -~ H2
-

Connecting

|III I'll '- - - = [
\ \ | Slider (Link 1) / 2

\ / Crank (Link 2) /

‘\j A)t;["a ! /
/*(_E — !
. \ Yo p)
a AN -
(90°— 5} L Fixed
(Link 3)
Slotted bar
(Link 4) )

‘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 B) in the clockwise
direction. The return stroke occurs when the crank rotates from the position CB2 to
CB1 (or through angle a) in the clockwise direction. Since the crank has uniform
angular speed, therefore

Time of cutting stroke B B 360° -

Time of return stroke ¢ 360°— B o
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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
=R/R,=PFP, =2P,Q=2AP,sin £ P, AQ

_ 2Aﬁsin(goc-_%) = 2APcos & . (AR = AP)
CB, CB,
e —_— - = a_
2AP % AC ( COSE_ Aé}
— 2 AP % i_g ... (- CB =CB

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.

Connecting rod

/ —y Cutting stroke
~~ 4—— Return stroke

/ i Line of

Slotted bar \ Fixed | stroke

(Link 1) m\

(Eilri,?(egt] \ Driving / /!
e
) L
Time of cutting stroke _ p _ B o 360° - a1
Time of return stroke o 360°-f o
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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.

Four bar chain.

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.

15
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Levar
15; {Link 4)
e
FPiston (D = e
rod ,_JT - Sy
v Link 3
o TR Ll
Cylindear 35 o
'\—\__-% E . A -\.1
i i i i i i i i i A i "
Frame (Link 1) - B
Crank
{Link 2)

Beam engine.

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.

Link 4 ~Wheels —

\\..' Lk 2 . Link 2
F o D l C*—”

B i F AT FFF I FEF e e |

Link 1

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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Watt's indicator mechanism.

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.

17

Visit & Downloaded From : www.LearnEngineering.in



Visit & Downloaded From : www.LearnEngineering.in

(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 :

(&) 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.

18
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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.

sin ZCAB, =sin (90°—0./2)

_CR 120 _
AC _30[:1_0”11

£ CAB, =90° - 01/2

=sin! 0.4 =23.6°
o/ 2=90°-23.6° =66.4°
a=2x606.4=1328"°

We know that

Time of cutting stroke ~ 360°-q¢  360°-132.8 |
Time of return stroke ¥} 132.8°  ~ 172
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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.
e 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. Thelink 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.

-
-
#

|
_.-Jf‘“-h— Slider
Bar + (Link 3)
(Link 2) > |
B i Slotted
e plate (Link 4)
_. |
|

el & I . S

f’/:ﬁf i f?‘ B_ - ! = ra s
\"'\-\.)//‘hq-. ] ! B . s
Slider [ -h-q7T
(Link 1) i
From the geometry v
X = PQ = AP CosB =
Y = PR = BP Sin@ Pls-|@
J " I‘*
X X I
——=Cos# 2 © L
AP *
Y )
ﬁ—Sln 9 y)
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Squaring and adding

2 2

K] Ssinvg+costo
AP BP
2 2
L + L :1
AP BP

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.

Crank Slider
(Link 2) \ —” (Link 3)
N A

Link 1 +— Bl

y
| L

#

S|

Vo F S I 47 S v B U A S A A i

Frame (Link 4)

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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Flange [ Inte;riréigiate Link 4
Link 1 3 .
( : c (Link 4) \};-',r Link 1
Driving L,[lf_ Flan _._,..--’-1 — “~._
ge /7 N
shaft "y A F : | (Link 3) [l il )
: 1 1. C _', II'._ \k Ii.-:;_.l o &}\ I
5 i s \ h-l jj;.fl/ Slot
\—Driven R '/s'
Supporting shaft f -
I
{[ﬁ?‘; | Link 3 Slot
FFFFFrsy EF A A
(a) (b)

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=wxd

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

(4 » 05 =constant
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, iB
A |
R i
, |
v'-‘ :
or 5 '_!Q
From similar triangles OAP and OBQ,
04_00
OP OB

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

S
> R__-AB
- - \--r "-‘ /o
- - s _-_?) 1
OWWTE).—-__?___!S
.\ /
\ ,
N A
o~ -

1. It consists of 8 links i.e. a fixed link OO; and the straight links O;A, 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 = 0D; and O0; = O;1A

From the triangles ORC and BRC

oc = 0R?+RC? ()
BC? =RB*+RC? ..(if)
Subtracting equation (i7) from (7). we have
0C?-BC?=0R*-RB’
=(OR+RB)(OR-RB)
=08 =04

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.

vy

1. It consists of a jointed parallelogram ABCD as shown in the figure.
2. Itis made up of bars connected by turning pairs.

3. From similar triangles OAD and OBE,

OD/OE=ADIBE
Let O be fixed and the points D and E move to some new positions D’ and E’. Then

OD/OE = OD'/OE’
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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Solution. Given : AC = 240mm ; CB, = 120 mm : AP, = 450 mm

Inclination of the slotted bar with the vertical

Let £CAB, =Inclination of the slotted bar with the vertical.
The extreme positions of the crank are |
shown in Fig. 5.29. We know that {H Ling of stroke ——-HE’
LS . . i . - - O T
sin ZCAB = siﬂ(90° -%) o
.\'\. - f—_“‘“\\
\\\ / \' :;f
_BC 120 _ \ | c |/
TAC M0 0.5 \l ﬁkéh“‘x .'|
51\% 2y /9 B,
o e [
. LCAB =902 N7 7
(9= 5) ’Xy
=sin"'0.5=130° Ans.

Time ratio of cutting stroke to the return stroke

We know that
907 -a/2=30°
0o/2=90"-30"=60°
or 0h=2x60"=120°

Time of cutting stroke  360°-00 _ 360°-120° "
Time of return stroke o 1200 7™

Length of the stroke
We know that length of the stroke,
RR,=PP=2P0=2AP sin(90°-a/2)

= 2 % 450 sin (90°- 60°) = 900 x 0.5 = 450 mm Ans,
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2. Write the application of Kutzbach criterion and Grubler’s criterion to plane
mechanism. (16)
Application of Kutzbach criterion:
Kutzbach criterion for determining the number of degrees of freedom or movability (n) of a plane

mechanism is
n=3(-1)-2j-h

D
C 3 --lc 4 ,,-"\ 3 -__E
C D 8 D _3-A
- Eo § e /|
3 2 2 ' c | '/ { 5
4 \ . 5 .'.I- -II. 2 4 |I
";7—;777_7;-7i '777777777‘ ll-T!! T J7""
A 1 B A 1 B A 1 B A {1 B
(@) Three-bar i(#) Four bar (c) Five bar (d) Five bar () Six bar _
mechanism. mechanism. mechanism. mechanism, mechanism.

Fig. Plane mechanisms.

The number of degrees of freedom or movability (#) for some simple mechanisms having no
higher pair (i.e. i=0), as shown in Fig. 5.16, are determined as follows :

1. The mechanism, as shown in Fig. (a). has three links and three binary joints, ie.
I=3and j=3.

: n=3(3-1-2x3=0

2. The mechanism, as shown in Fig. (8},  has four links and four binary joints, ie.
I=4and j=4.

: n=34-1)-2x4=1

3. The mechanism, as shown in Fig. (c).  has five links and five binary joints, ie.
I=5,andj=3

n=3(5-1)-2x5=2
4. The mechanism, as shown in Fig.  (d),  has five links and six equivalent binary joints
(because there are two binary joints at B and ), and two ternary joints at A and ), ie
I="5and j=6.
: n=3(5-1)-2x6=0
5. The mechanism, as shown in Fig. (e},  has six links and eight equivalent binary joints
(because there are four ternary joints at A, B, C and 1Y), ie. /=6 and j = 8.
n=3(6-1)-2=x8=-1
It may be noted that

(a)  When n =10, then the mechanism forms a structure and no relative motion between the
links is possible, as shown in Fig. (a) and (d).

(h) Whenn =1, then the mechanism can be driven by a single input motion, as shown in Fig. (p).

(¢} When n = 2, then two separate input motions are necessary to produce constrained
motion for the mechanism, as shown in Fig. (c).

(d) When n= -1 or less, then there are redundant constraints in the chain and it forms a
statically indeterminate structure, as shown in Fig. (e).

The application of Kutzbach's criterion applied to mechanisms with a higher pair or two
degree of freedom joints is shown in Fig.
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N P Wheel
2 fo~3
I 2, . 4/

/ o ST ETTRE RIS
CEIEFTTEEAOR

1

(@) (b)

Fig. Mechanism with a higher pair.

InFig. (4, thereare three links, two binary joints and one higher pair, ie. /=3, j=2and hi=1.

" n=3@3-1)-2x2-1=1
In Fig. (b) | there are four links, three binary joints and one higher pair, ie. | = 4,
j=3and h=1

’ 11‘23[:4—].]—23(3—1:2
Here it has been assumed that the slipping is possible between the links (i.e. between the
wheel and the fixed link). However if the friction at the contact is high enough to prevent slipping, the

joint will be counted as one degree of freedom pair, because only one relative motion will be possible
between the links.

Application of Grubler’s criterion:

The Grubler's criterion applies to mechanisms with only single degree of freedom joints
where the overall movability of the mechanism is unity. Substituting 1= 1 and /= 0 in Kutzbach
equation, we have

[=3(-1)-2j o 3-2j-4=0

This equation is known as the Grubler's criterion for plane mechanisms with constrained

motion.

A little consideration will show that a plane mechanism with a movability of 1 and only
single degree of freedom joints can not have odd number of links. The simplest possible machanisms
of this type are a four bar mechanism and a slider-crank mechanism in which /=4 and j=4.
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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 | 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= (w+wy)*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 = 2VsW
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
i) Oscillating cylinder mechanism.

PART - B

12 The 6,ottowlr\j doto 9\96"-‘” o fhe elnaaitors 9
He fwrk O@ @ gﬁ)ui“‘ bes recherisq . PB = 50mm,
Be: 66 mm, CD - 5brm, Bp( Fined Lnk) = oo mire

AF e thStont wWOhen &pg - bo. The Lank PB hans
ar w(\juiu) Vcﬁoc'ua to.s vod/s S Coantes clock wi€

Delewnune Veloely of Pent ¢, E on denk BC cOohdde
PRE =4omm end He engutes V@Leclfj Lirnte Be £ B ”

M%ij 12018
.(Z\Vl'

U,#SPQ& dLQ{jwm c:_?COLLQ—— %O'L—XC
c VR C%fme“
o
B o pr =somMm™
/,.' b e= berre
| e = 5bmme
B 2 |©o© O
pepr = bo
’(‘—\ L— ( gx‘)dlg
] Wap =0
,}bec RE = 46mM
7T GO 4 6 i ///77'77‘/;7//,//////rrb e P
A o Fen O y -
—_— ’\/D/ wﬁc/uﬁp;?
C.w\je}o&m rD(Qtjxom \eloai ‘7_-) .
\ . Whpg ¥
AB : i~ — SQ; l\/\f\z\/
= \B.EREGP - S
Ved - l('; S code-
iy il \ [ % ise
(7 ™ S i
il TR} : 5.85
k Neb Nes -
e SRS
\; \
b
29

Visit & Downloaded From : www.LearnEngineering.in



Visit & Downloaded From : www.LearnEngineering.in

rom tHee VQ(OQ('a" T an 9'(5" Bc\j AR Al amond

Yo = VB = 5235 mm(g = 0.535™M|g
Neb = 333~y - 0.33 Mg
Ned = 400 mmls = O Mg

Vo= Vap = 4ao0 ~mls ~ 042 mlg

Tle \/eﬂoc‘tf(j “6VC = 0.4 Mg

Ye = ©-.qamls
= [ "-O'be
Tw Ou(\jula} VQJOC:”_&—Y o{) RBc =6bbrmm
i = Tme 5 SE2 o BEFs
S B e ©-66
The Ou\CJuvto)’ '\('eleﬁ‘a 04 ep
g, = Vep R S P U
Cp 0.05%b

The Crerd AR o@ %Ou‘) ban Are hosds Sho o
5% ¢caQ nng.
e é'ﬁ Potates ok o vpm Olockwise , Deter
(

; fo
He Neloluie &J‘C‘j‘udaﬁ NVelock Hes 06 HRe Ccuvploﬁak
He Crark ond He Qovon Fo He COu.P.Qe?‘. Fon

" & Bj Fas
tHhe wubbing velediHes ok Re MQQ é

° &
{ Jhe ot B 4 .
g nadhd ond J U\)ov/pee 2012 )
Given 0=
N - (')erprv*/ = Q5 rmm = 0.0 M
- e "%
Dobbig Veloowy ok goont B2
S To Fund - o 0
e ¢ by B Oanae JNE
o™ Qubb\fhfjco"* ) <wRC4LVCp> x O .0
K o I Kelr~
loe cm | 24
30

Visit & Downloaded From : www.LearnEngineering.in



Visit & Downloaded From : www.LearnEngineering.in

\ -
S50 ) Qe ode
éP“u D granr Itto
B —'_\C
\
\
\
\\
6¢ \
Y \
P “\
\
QP
V elociby Twr‘ﬂg\ﬂk-
N = bo~p+
U%Bt /&ﬁm - b.ae ~ad | 1
bo
- &5 cm/fg
\/bf \Jbr—\ = wpbx BP
“Coko SEBML sateo = | 1o
) nt
Tyom HRe @b Moo Ao ee
{ \[Q 2 Vae = Q4D O = Qam™k
J \e [ Yb s VYab =~ Rbs el = Qbs mg
A
§ //lVbL \jbc:véb-_- @‘70 CM(S R M{S
A
b

TLO G lalwe \(O,Jlodr\a &6 the C@u.f)ko)‘ \/Q - 9.4 Mg

o labve Velooiy leven Vi = 1ot mls
The Rubbiq Velochy of fout B = (tuy vy )u ¥

: o7 - L 19 vd|
Wye = Vpex BC = [P l

Wep = VLD)( cep = )- 44 TC‘OUS

31

Visit & Downloaded From : www.LearnEngineering.in




Visit & Downloaded From : www.LearnEngineering.in

Pub_b-i?\q ‘\/Q(Gdfa R (wae‘{’ wecs XN
= (6\&9 4+1.19)x 0.085

X - 0.18b M5

A Mz 108 e
; on
: < peed , HO S &\%Qd oo VP
) Tw o Youwrbad S ord notal®s at
i W gl iE Do for3 Jros ebour P
&b N @ T\'\O Qron oS o\ 9& .
ﬁ e AN e ik Cp = bormm o - \fQ\‘DUU
Okockw Q) C‘SWQP\C‘ (Oj !\\QH\DCS» Qq\ 3 UJ\\Qn
Be = 2o WHER S of Lie Be
Q0] 2
(elodiy ond aagutel O Nev| pec
: ) 5SS Scale
P)QD - b6 C:;DN—;LOO"’PM) AL = ], LD
: To Ena 3,
Diogres™M TQ’ - Weae Ao
Spae DieJ B,

[8S _lb(
o
Leq
Qg It \e. iGN vele et |
Yeloei ™ el The @39 WOpp = anv . 20x1e0 :{044_,5,04(5
bo bo
Vpp- WpeexBp = Slgmm(sg
\pc 2
Vb F’roMth’ ool A
b
i [SYVE - 02 M(S
& \, - 230 (s
' (
- \ly - B2 Ml e @32 BALE
N, - Ve W
\ch - 180 mw|g = 0.\3 (¢
32

Visit & Downloaded From : www.LearnEngineering.in




Visit & Downloaded From : www.LearnEngineering.in

1. ograd s

pmau}o} V@ro_&q ch‘ EBC . 032 -
2 oroch

B BRC bR
0.l &

] UWOse = .06 mad s

Pcc elevatte n @Uojrgxm
Crank BB T Ao

& Lo eleovalior .
Sunce  fhe CLeg = occele B C‘OMPO'\QM} 9{

U be ro fengeon
8\\60" e“HK‘?wGeW’ whie J

@Ccoig‘(ahsn 06 @ (GO § I’O P
\)’L
v y
%ﬁ/% QBP . &b: Bp 5 LBL(_! M[S?/
Rp

; >t o B
R odued CON-FDN"N of accolovalms & IRTOR NS

1 2.

N / O3 ;

&c!} E _\;&—B- 2 - O.1}o M/S')’
eB o012

b oclios Componrent oé eccelovalion ¢ ok respect +o P

¥ X 2

ch = E{_Cj_) B 02 " 0.66 M/Sg’.
cn o.0b

86 b e gm"" Q\C_CQi@‘!ul'IO"n d,taawé%

N Q.
ez 0.6 MY, o, S A

4

Ql\bc_:o?-(M{L(s‘ . Be- otz ™

77\9 Ou\julozl @crj—ecb @Ccoiémﬁ@a\cﬁé B

C
A o
e @ b | Bl e
Bc ol
e
33

Visit & Downloaded From : www.LearnEngineering.in




Visit & Downloaded From : www.LearnEngineering.in

DCC clery cx,tto n D( o 3\30”.,.

) : Shkowon n é'\'j . Thke Coran K on ot

45 Po N\«)c_l«‘ i Sk« O [ | -

| R o nti (‘[(‘)L(Q w S €
@U‘ Cs: C{'Ouf'\t (SP&(J chuo»t LE X evPN\ o )

Y NS ( | ) D |
&-} c N.Dl,uén hs Hae S,U‘d}ﬁnﬁ blochs B ke
C)J\‘.l Sl AN / AR- (200
W ) S Oé V oﬁ\,uo) s .Lu\‘kQ are OP = 300
: Sion A

. A ©o%
Be - 4Somm, Cp = 45° M™ C Ap@"g e

Del’évn,u.f\o-
I Velockes of sbide Ba P
5 Prgule Velocify Ak CO
3. iu«a,o.) \{cioc"fl?j 06 D
4 p*\juiw Accale'\'aﬁo‘n Oé Cb.

52
BT

~

N = Qorpm Ww=20N _ Qo9 rad(g

Op=80.3m, AB= [.am, Bc=Cb:z O-45m

C,u:g av Vels u.’./j

Now » W, » OB

Op

\{ = Q.OQ&BOO :Q‘Q‘IMMIS
Ob

34

Visit & Downloaded From : www.LearnEngineering.in



Visit & Downloaded From : www.LearnEngineering.in

SPQ\Q’ dkuﬁf’ram

ScouLn.
) oo
A
¢
3
77 ;77)0
Sceale
- [ loo
Velocily Taangls- Se . pe P8 . ab
CRA— o < bc
5 e Bl
450 b

be = 2.1
—
&‘ Yb: 280-«("‘[5 2 0‘39"’\’;

g =~ Rbo mls = 03bm/)
\’cd = 3bo rmm|

s =036 ay
Ve . goommly s o 4 M g
S Vba: 560 s < 0 S
B
0 = =T

35

Visit & Downloaded From : www.LearnEngineering.in



Visit & Downloaded From : www.LearnEngineering.in

From U Veloctly Tmamie
Prxﬁuiaﬁ \toiot‘\”(j 06 o

p(co&o-;;ul:té“
N - R00>
Oy = O = Yoo . Uﬁpoxep - 21 K&8 R0
y =)
op ar - /323 '\Arv\sz-'

Rodial QON\‘(»RQ”\+ W6 e cele B wika rerpect fo P

X n, -
Ppp = Vepr _ @550 | 952 mmi
Bp ]2c0

‘ . wi bR nept C
QO\GLCOLL Cc"‘\/PDfON* QQLQ.LQTQJJ-O" D v {7

2 i
@Npc s \l/p’-(q = _ﬁ}’D—-— - 88 N\MIS
c 4so
God as © et

9>wnd& Youto n O‘Ib‘g}cr o R Seoar

P & Hhe kS\:PO\QQ d&a?’t‘*m

BB  ab
B e T Xt
be! 'Q{C{: P
__(_9:.22— ;‘l
450 "
Fﬂ\juﬂw F)ue-ﬂpva;twn
O‘\ = i
Dc © &= (&o(,wv\/)t: 6.1.29 M[Sz,

P‘r\j wlet [5d celeved@ o

'Y 9 6
f 7 C

Kep = C‘LDQ dl 2
: il 2.8 ye /f
O 45
36

Visit & Downloaded From : www.LearnEngineering.in




Visit & Downloaded From : www.LearnEngineering.in

/\)L\(Dbur'\ﬂ( \(e(‘oc,;ﬁ-j

\ (=
s ane MOS%} Connecd
hae o S G

TL@ Links ?/“ &
t N oY

: 1) (=) [SR¥ e}
N@Qf\g é P d ‘J_ﬁo cu\ﬁ (J}?Oj'

r_a bQ"kud‘Q(’"\
e Connected Ry

The magbwoﬁt
| Lo LnkS

B‘ﬂ e

CO’-\)CO‘ anre
aduis of P

) d
'U\A/U"le

W
X ! Wi
(N ,;H}"‘j B B
g

3 Sl P"\n Fren
i ety A e el
‘pub\ou«ﬁ el Sa =

= CLO( ~wu) ¥

- (w(-&—b‘;z)’!

c*_f QA
%0&} CQ) = H\GOY\
L, Crank 4 Connet™ "5 7 lon vespech® d
5 The . ove ©.5™M LA ) olorect”
en wh e P ([ockw!§€
Qtear (‘j - igo v-pF o - @lev@l con®®
e Cwank ~ i A fororn A
g B haus e poszy (Ters-SeVt
e~
i QT/QM'
?05“’*0’“ o i o ?)Td’on AL
[ veloed TV oh Qe
e 1905 omeeiii 2
g 4 oé pont £ on &=
{
Ve to =2t
A PP R nk
N 6Nr~f‘ 5 l)~dL b —#Q TU" &6 Cfb\‘l
4 Y@ke w[,\ei" QL[O«
L CWSS'I\OC‘J 4
' C-,o/\ S FFN@
SL%h Qo ?105/)664—1 - 6"/
i boM""l 7 = f OLV\F
a ,0/-»9 - \IQQOU'“j 06 “a i § f~
5 POJJAD" e B joog-l \(p[cﬂ’ J

bn |
%e/i@(iwe Jo  Crenk SLo«é\

37

Visit & Downloaded From : www.LearnEngineering.in




Visit & Downloaded From : www.LearnEngineering.in

/ NP)O = /S;"D 17’/\/'\ = (/O - 2N /b() 3 {8_5)9 MG{’J

) (ot R
Cyvon k ﬂo.«a(—p OR = 06.5m , Lirsar \telottiy Jé

. ko O veloctly of B

W, k ©l3 = 18- 84X 5.5 & Gk W
{Y"B@ = YB’: Ro

L Voloelly of Pisten
Seala
O lm = O5M

O.5m = 2.5T

02 I \\
TLﬁJ_/_ .
~rrryT -
>
Y@(e‘-\‘i-f (d.l‘or\r\» /\
// \
/ \
/'/, \
// VBO’—‘?.HL Mg
4
\&‘Q’/f tmalg = [ cnn
'// ‘\",V > 2 Cnn~
, » 9.4z mlg= 1Y

—— —

¢ | P
Vp

B z:fsj‘l" Anaw Ure SZPQ&QC c(\ojm,v\ /_o Dennae

Sataple Scels
Jo Sone Suufabe

I. .D?O‘-O Noctor ©F dy o Ro

38

Visit & Downloaded From : www.LearnEngineering.in




Visit & Downloaded From : www.LearnEngineering.in

L Yelocity of Prstor
Licst doxeo the Space &05&0'\“ to Sonrce

Suitable Scals
ob Ja o Bo fo Sonre Sdab'R
Og B to-r Jo B

b Draw Vectos
Scele fo 2epeasent He velo ity
Veloaty of 8

Vaekay 6B = Vi® Vas *Hes =ilp
voctor bp 4 Fo BP P
2 éWM Po ol 6
Ve lo <ty 4 P

Q2 -ﬁ‘fafom Pev:nf- b dwcu}
o@ P w7 do 3

%Pw,s"@m* Yele ity
wpw;en-—‘

dwaw Votfo¥ opr N +o Pe
alersect

b/) Lop oF Pou‘( P
to.y o O The Yector® 1

vp: Vectos OP - & mis

23 phJu_,Oos) \tele Q‘L\"L'f

: , Veloa
Bromn Nelocitg oreg¥e™ gz

- 6.8
Vg = Vet bp = 75 ¢
& +h cé C@)wvxochnj Soed PB -
Qr\(j
‘ P Hcloct)
twpp > Ips . bE . St modly (PO
P> A2
ng ned
2 \eloctty 06 4905\» g or (onnechng
P
i B S LSne dastance 6'70rv\ @ )
N
. ’PD HRe Yectod bp <

i end ‘C)

Pe Adeternunre d b(‘j
E C(./\\(IC)( =3Y ’PB

e & e Same safio as

Be | Be

B bP P -
: [bo = 17 ""J

0.  _Be

» I

39

Visit & Downloaded From : www.LearnEngineering.in




1.

Visit & Downloaded From : www.LearnEngineering.in

PART-C
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)

Solution. Given : N, =100 r.p.m or Emmac
®yp = 2 T x 100/60 = 10.47 rad/s B %
Since the length of crank A &= 300 mm = 0.3 m, .&& =
therefore velocity of point 5 on link A B, "‘59{60“ =2
Vig = 0up % AB=10.47 % 0.3 = 3.141 m/s A Sz 7 rrrmrTTA® D
’ L-li G000 mm 41-1

Location of instantaneous certres
The instantaneous centres are located as discussed below:
1. Since the mechanism consists of four links (ie =4 ), therefore number of instantanecus
centres,
nln—-1) 4(4 - 1)
2 B 2
2. For a four bar mechanism, the book keeping table may be drawn -

N = = &

3. Locate the fixed and permanent instantaneous centres by inspection. These centres are [,
Iyq. Iy, and I, as shown in Fig.

4. Locate the remaining neither fixed nor permanent instantaneous centres by Aronhold
Kennedy s theorem. This is done by circle diagram as shown in Fig. Mark four points (equal to
the number of links in a mechanism) 1, 2, 3, and 4 on the circle.

; g,
sy 3 G
T B 4"
. A _(_“‘ Dl-"}_
L. Fig. 12 1 ha

5. Join points 1 to 2, 2 to 3, 3 to 4 and 4 to 1 to indicate the instantaneous centres already
located ie. I,,. I,;, I, and I, ,.

G. Join 1 to 3 to form two triangles 1 2 3 and 3 4 1. The side 13, common to both triangles,
is responsible for completing the two triangles. Therefore the instanta- e
neous centre [, lies on the intersection of the lines joining the points [, N p
I, and [, I, as shown in Fig. Thus centre [ is located. Mark I . s
number & (because four instantaneous centres have already been located) v \
on the dotted line 1 3. | 4 X 2 |

7. Now join 2 to 4 to complete two triangles 2 3 4 and 1 2 4. ,’ .
The side 2 4, common to both triangles, is responsible for completing M K n, yd
the two triangles. Therefore centre [, lies on the intersection of the lines
Joining the points F,; I, and [, I}, as shown in Fig. Thus centre I,
is located. Mark number 6 on the dotted line 2 4. Thus all the six instan-
taneous centres are located.

Angular velocity of the link BC
Let Wy~ = Angular velocity of the link BC.
Since Fis also a point on link BC, therefore velocity of point 7 on link 5C,
Vg = e x i, B
By measurement, we find that 7, 2 = 500 mm=0.5m

3.141
®, — —B_—

= 6.282 rad/.
T T. B 05 radis Ams.
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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)

B
m ___..---""'K’
AR \%\?,))
B ERRR R ____---"_--- &
.ﬁ.‘h"---—----— ....................... LE -I—X\ o
L
Fig. 6.12
Solution. Given: w®_,=10rad/s; OB=100mm=0.1 m

OB

We know that linear velocity of the crank OB,
Vop = Vp=0gp x OB=10x0.1=1m/s

n(n-1) _4(4-1) _

N= = 6
e e
+ lisat o
: |.4 at o
|
T A
™ 13
N |
T :
AN |
| ~ !
| |
% |
: . '
| ks |
'\\ ]
| ~ |
% |
I . I
| “ |
| S |
| \ |
| N |
[ S | 1 - 2
: ~ : /f ! 1 ;?r\\
: w I ’ \\‘ (.r \-
: " “ 8 : ".llr 5. &
: \\\E . ___1||24 Il H ZV\J 2 |
| —— D! N ]
I \ 1y “ |
|34\ : -_-____53_.______.-— 23 i .___x (’r \k\ ;’.
A LL_ __________________ 4 E?\\'} I AN N
T To| 4373
A
A 1
Fig. Fig.

By measurement, we find that
I;A = 460 mm = 0.46 m ; and [,; B = 560 mm = 0.56 m

1. Velocity of the slider A 2. Angular velocity of the connecting rod AR

Let v, = Velocity of the slider A. [et @,y = Angular velocity of the connecting rod 4 B.
Va _ B Vi Ve
We know that = . = = [y
A I.B We know that A I.B AR
I A 0.46 , . 1
or  va= X =lx—=082m’s Ans. - __YB _ _ ;
s B 0.56 Opp TnB - 036 1.78 rad/s Ans.
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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,
v Simple harmonic motion,

v" Uniform acceleration and retardation, and
v' Cycloidal motion.

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

v They are less costly to manufacture.
v 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.
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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).

fw ]

o

[ T

/ ff}".“‘
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!
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, l
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A12345678
:, B =|| L— Og —)J
| (a) Displacement diagram
|
b Fo |
> [
2 ! Max 1,-;:' | |
2 !
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I |
: Slne curve

r(b] Velﬂmty 4:i|.agramI

i
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I
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L

(c) Acceleration diagram

— Acceleration =——-
_g_
—
M)
[}

Fig. Displacement, velocity and acceleration diagrams when the follower
moves with simple harmonic motion.

Let § = Stroke of the follower,
Bpand B = Angular displacement of the cam during out stroke and return stroke of the

follower respectively, in radians, and
Angular velocity of the cam in rad/s.
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.+, Time required for the out stroke of the follower in seconds,

f[} :BD}{{I}

Consider a point P moving at a uniform speed @p radians per sec round the circumference

of a circle with the stroke S as diameter, as shown in Fig
The point P (which s the projection of a paint P on the diam-
eter) executes a simple harmonic motion as the point Protates.
The motion of the follower is similar to that of point 7.

., Peripheral speed of the point /*,

.1 15 o
= A=A
2 I 2 By
and maximum velocity of the follower on the outstroke,
1S o 1S

0
We know that the centripetal a::cc—leration of the ]Jﬂilll P

) M ) 10s | W IE 0'S
OF 290 S 2(30]
+ Maximum acceleration of the follower on the outstroke,
ntwt.S

3(90]2

_3P:

Similarty, maximum velocity of the follower on the return stroke,

no.d

p=——
g

and maximum acceleration of the follower on the return stroke,

S

o
- 2(9R)
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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)

e (Tt SirOKE  — Dwel‘q— Return strﬂke—'|<— Dweell —il

Y G H

‘ L ELTF J“\ |
cl p,/] L 20 mm
bn‘* C// M

~/ | B ST N P

a"'\-\_
B A1 2 3 45 6 0 12 3 45 6 X

= 120° ——— T — ()7 e—— )7 e—

HFlat faced follower
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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 shatft 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)

CH p

}_ _______
lp=20 T,=99 B b [c] [A

Solution. Given : TA = 100 ; Tc =101 :

1
1
'\"-.‘-.'\."l.‘\.\"-.‘J\.‘l.‘x"l.“-.'&'\.‘l.‘x\\'&'\.\.\\\'\.‘\

Revelutions of elements

Step No.|  Conditions of motion Am B | Gear A Gear C Gear [
T I I _ I
1. Arm B fixed, gear A rotated 0 +1 * g N ?C X?D = +T_D

through + 1 revolution (ie. 1
revolution anticlockwise)

T T
7. Arm B fixed, gear A rotated 0 tx +xxA +yx A
through + x revolutions Ie In
3. Add + y revolutions to all +y +y +y +y
elements
Ty Ty
4 Total motion Ly ey Y+ xx—= V+orx—=
' ’ - C Ip

The arm B makes one revolution, therefore

}; = l
Since the gear A is fixed, therefore from the fourth row of the table,
x+y=0 or x=-y=-1
Let Nand N, = Revolutions of gears ("and D respectively.
From the fourth row of the table, the revolutions of gear .
Ty 100 1
Ve =y+xx—=1-1x—=+— Ans,
He T. o1 101"
and the revolutions of gear [),
Ty 100 1
= y+x><+:l——:—— A .
o I 99 g9

From above we see that for one revolution of the arm B, the gear C rotates through 1/101
revolutions in the same direction and the gear [ rotates through 1/99 revolutions in the opposite
direction.
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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
rpom while taking a turn, find the speed of road wheel attached to axle P. (May/June
2014) (16)

Propeller

Sha H:W

—— A
Rear axle D Rear axle
=

—=- —— Q%5

J E= |
‘ﬁ Wheel ad

Wheel ZZ N T~ Spindle
F:
A

Solution. Given : T, =12 ; T, =60 ; N, = 1000
r.p.m. ; NQ= Np=210 r.p.m.

Since the propeller shaft or the pinion A rotates at
1000 r.p.m., therefore speed of crown gear B,

Ny — Ny x 12 _ 1000 x 12
AT 60
=200 r.p.m.

The table of motions is given below :

Revolutions of elements
Step No. Conditions of moetion Gear B Gear C Gear E Gear D
Ic Ic Tg
1. Gear B fixed-Gear C rotated 0 +1 +? _?X?: -1
through + 1 revolution (i.e. 1 £ £ L
revolution anticlockwise) (T =Tp)
Tc
2 Gear B fixed-Gear C rotated 0 + X RLEACE T - x
through + x revolutions E
3. Add + y revolutions to all +y il i T
elements
: Ic
4. Total motion +¥ X+y B Y ¥-X

Since the speed of gear B is 200 r.p.m., therefore from the fourth row of the table,
v=200 ...(7)

Also, the speed of road wheel attached to axle {J or the speed of gear [Jis 210 r.p.m., there-
fore from the fourth row of the table,

y—-x=210 or x=y-210=200-210=-10
. Speed of road wheel attached to axle P
= Speed of gear C=x+ y
=— 10+ 200 = 190 r.p.m. Ans.
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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.
i) 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 | If the two surface rolling motion with
motion with respect to each | respect to each other the friction
other to friction between them. between them is known as rolling
Ex: Nut & bolt friction.
Ex: Ball & Rolling

3. Define the term “Limiting friction”.
The limiting angle of friction (@) is defined as the angle at which the resultant
reaction R makes with the normal reaction ‘Ry’

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 of driven pulley

Speed ratio = —
Speed of driving pulley

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

S.No Self locking Over hauling
1 Condition for self locking g=a Condition for overhauling
g<d
Due to self locking the load will | Due to overhauling the
be held in its position without any | load continuous to
2 external brake descend under its own
weight unless an external
brake is applied
3 Used in Screw jack Used in fly press
73
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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
i) 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 = 53C?, and working tension is limited to 122C? kN, where C is girth of
rope in meters. Find initial tension and diameter of the each rope. (16)

Solution. Given: P =24 kW :; d=400mm=0.4m; N=110rp.m.; 2B =45 or f = 22.5%;
8=160°=160 x x /180 =28 rad ;: n=0.28 ;n=10: m=53 C* kg/m ;: T =122 C¥ kN
=122 x 108 C¢ N

Initial tension
We know that power transmitted per rope,

Total power transmitted _ /- _ 24

P= =— =24 kW = 2400W
No. of ropes n 10
nd. N mwx04x110
i = = =2.3m/s
and velocity of the rope, v 60 60
Let T = Tension in the tight side of the rope, and
T, = Tension in the slack side of the rope.
We know that power transmitted per rope ( P}
2400 = (T,-T) v=(T,-T) 2.3
s I-T,=2400/23=10435N (1)
We know that
2.3103{% ]: W.BcosecP = 0.28 x 2.8 X cosec 22.5°= 2.05
2
log E :@:D.BQIS or E:T.?BE ..(i)
T, | 23 L

...(Taking antilog of 0.8913)
From equations (1) and (i),
I, = 11973 N,and T, = 153.8 N
We know that initial tension in each rope,

T, = ]'I;Tz _ 1]97.324—153.8 —67555N  Auns.

Diameter of each rope

Let d, = Diameter of each rope,

We know that centrifugal tension,

T.= mv*=53C%(23)%=2804C%N
and working tension (),
122 x 10° C* = T, + T =1197.3 + 280.4 (*
122 x 103 C2- 2804 C* = 11973
A C* = 9.836 % 10 or C=0.0992 m=99.2 mm
We know that girth (i e. circumference) of rope (C),

99.2 = nd, or d;=99.2/7=3157 mm Ans.
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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)

If one complete turn of a screw thread by imagined to be unwound, from the body of the
screw and developed, it will form an inclined plane as shown in Fig.(a).

W

_—a Y o
e 7d ——> T

(al Development of a screw. (b) Forces acting on the screw.
Let p = Pitch of the screw,

d = Mean diameter of the screw,
@ = Helix angle,

P = Effort applied at the circumference of the screw to lift the
load,

W = Load to be lifted, and

U = Coefficient of friction, between the screw and nut = tan ¢,
where ¢ is the friction angle.

From the geometry of the Fig. (a), we find that
tanot = pit d

Since the principle on which a screw jack works is similar to that of an inclined plane, there-
fore the force applied on the lever of a screw jack may be considered to be horizontal as shown in Fig. (b).

Since the load is being lifted, therefore the force of friction (F'= R ) will act downwards.
All the forces acting on the screw are shown in Fig. (b).
Resolving the forces along the plane,
Peoso = Wsina + F= Wsinﬂ:ﬂ.l.ﬁ’m 1)
and resolving the forces perpendicular to the plane,
Ky = Psina+ Wcos o, .. (i)
Substituting this value of Ky, in equation (1),
Prosao = Wsino + 1 (Psin ot + W cos )
= Wsina+ 1 Psinot+ 0 Weos o

or Peosa - Psina = Wsino+pu Weosa
or P lcos oo - pwsin o) = W (sin o + 1L cos o)
85
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F—Wxsm o+ | cos O

cos O — L sin O
Substituting the value of it = tan ¢ in the above equation, we get

sin ¢ +tan O cos O
P:W:’C ¢

cos ¢ — tan 0 sin O
Multiplying the numerator and denominator by cos ¢,

F:Wxsinums¢+sin¢cmu: xsin[u+ )
cos O cos ¢ — sin o sin ¢ cos (o0 + )
= W tan (o + 0)

.. Torque required to overcome friction between the screw and nut,
ﬁ=Px;=WmMa+mg

When the axial load is taken up by a thrust collar or a flat surface, as shown in Fig. 10.11 (b),
so that the load does not rotate with the screw, then the torque required to overcome friction at the
collar

! -
T, = M,w[%): W W.R

R, and K, = Outside and inside radii of the collar,
Where R = Mean radius of the collar, and

W, = Coefficient of friction for the collar.

.. Total torque required to overcome friction (ie. to rotate the screw),

T=ﬂ+g=Fx§+MWR

If an effart P, is applied at the end of a lever of arm length [, then the total torque required to
overcome friction must be equal to the torque applied at the end of the lever, ie.

r=pxi-p
2

Notes : 1. When the *nominal diameter () and the **core diameter (d) of the screw thread is given, then the
mean diameter of the screw,

d, +d
d = 0 L= —_ E = d + E
2 % 2 "2
2. Since the mechanical advantage is the ratio of load lifted (W) to the effort applied (F,) at the end of
the lever, therefore mechanical advantage,

M.A.:EJ"E; a;P:E
R pd o T
Wx 21 2

“Wan(e+9)d dtan(o+9)
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UNIVERSITY QUESTION BANK

Reg. No.: I | I

Question Paper Code : 77212

B.E./B.Tech. DEGREE EXAMINATION, APRIL/MAY 2015.
Fourth Semester

Mechanical Engineering
ME 6401 — KINEMATICS OF MACHINERY

(Common to Third Semester Mechanical Engineering (Sandwich),
Mechatronics Engineering)

(Regulation 2013)

Time : Three hours Maximum : 100 marks
Answer ALL questions.
PART A — (10 x 2 = 20 marks)

1. Determine the number of freedom of the mechanism shown in the figure below :

AR RAANY

2. Write a short note on complete and incomplete constraints in lower and higher
pairs, depict your answer with neat sketches.

3. Write the relation between the number of instantaneous centres and the
number of links in a mechanism.

4.  Depict all the directions of Coriolis component of acceleration that arise in a
completed cycle of quick return motion of the erank mechanism.

5.  Draw the displacement, velocity and acceleration diagrams for a follower when
it moves with simple harmonic motion.

Why a roller follower is preferred to that of a knife-edged follower?
What do you understand by the term 'interference' as applied to gears?

What are the special advantages of epicyclic gear trains?
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11.

12.
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What is centrifugal tension in a belt? How does it affect the power
transmitted?

Distinguish between brakes and dynamometers.

(a)

(b)

(a)

(b)

PART B — (5 x 16 = 80 marks)

What do you understand by inversion of a kinematic chain? Describe the
mechanisms obtained by inversion of the four-bar chain. (16)
Or

Sketch and describe the working of two different types of quick return
mechanisms. Give examples of their applications. Derive an expression
for the ratio of times taken in forward and return stroke for one of these
mechanisms. (16)
Locate all the instantaneous centres of the mechanism as shown in
Fig. shown below. The lengths of various links are: AB = 150 mm ;
BC = 300 mm ; CD = 225 mm ; and CE = 500 mm. When the crank
AB rotates in the anticlockwise direction at a uniform speed of 240 r.p.m.
Find

1) \Velocity of the slider E, and

(i) Angular velocity of the links BC and CE. (16)

A single cylinder rotary engine is shown below. OA is the fixed link,
200 mm long. OB is the connecting rod and is 520 mm long. The line of
stroke is along AD and at the instant is inclined at 30° to the vertical.
The body of the engine consisting of cylinders rotates at a uniform speed
of 400 rpm about fixed centre A. Determine the acceleration of slider
B and angular acceleration of connecting rod. (16)

B on slider
C on AD

2 77212
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14.

(a)

(b)

(a)

(b)
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The following particulars relate to a symmetrical circular cam operating
a flat faced follower : .

Least radius = 16 mm, nose radius = 3.2 rhm, distance between cam shaft
centre and nose centre = 25 mm, angle of action of cam = 150°, and cam
shaft speed = 600 r.p.m.

Assuming that there is no dwell between ascent or descent, determine

the lift of the valve, the flank radius and the acceleration and retardation

of the follower at a point where circular nose merges into Circular flank.
(16)

- Or
A cam with 30 mm as minimum diameter is rotating clockwise at a

uniform speed of 1200 r.p.m. and has to give the following motion to a
roller follower 10 mm in diameter :

(i) Follower to complete outward stroke of 25 mm during 120° of cam
rotation with equal uniform acceleration and retardation;

(i) Follower to dwell for 60° of cam rotation;

(iii) Follower to return to its initial position during 90° of cam rotation
with equal uniform acceleration and retardation; '

(iv) Follower to dwell for the remaining 90° of cam rotation.

Draw the cam profile if the axis of the roller follower passes
through the axis of the cam. Determine the maximum velocity of
the follower during the outstroke and return stroke and also the
uniform acceleration of the follower on the out stroke and the
return stoke. : (16)

Calculate :
(@i Length of path of contact
(i) Arc of contact and

(iii) The contact ratio when a pinion having 23 teeth drives a gear
having teeth 57. The profile of the gears is involute with pressure
angle 20°, module 8mm and addendum equal to one module. (16)

Or

Tn an epicyclic gear train a gear C is keyed to the driving shaft A which
rotates at 900 rpm. Gears D and E are fixed together and rotate freely on
a pin carried by the arm M which is keyed to the driven shaft B. Gear
D is in mesh with gear C while the gear E is in mesh with a fixed annular
wheel F. The annular wheel is concentric with the driven shaft B. if the
shafts A and B are collinear and number of teeth on gears C,D,Eand F
are respectively 21, 28, 14 and 84. Determine the speed and sense of
rotation of the driven shaft B. (16)

3 : 77212
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(a)

(b)
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A flat belt, 8 mm thick and 100 mm wide transmits power between two
pulleys, running at 1600 m/min. The mass of the belt is 0.9 kg/m length.

" The angle of lap in the smaller pulley is 165° and the coefficient of

friction between the belt and pulley is 0.3. If the maximum permissible
stress in the belt is 2 MN/m?2,

Find :

(1) Maximum power transmitted; and
(i) Initial tension in the belt. (16)

Or

The spindle of a screw Jack has single start square threads with an
outside diameter of 45 mm and a pitch of 10 mm. The spindle moves in a
fixed nut. The load is carried on a swivel head but is not free to rotate.
The bearing surface of the swivel head has a mean diameter of 60 mm.
The coefficient of friction between the nut and screw is 0.12 and that
between the swivel head and the spindle is 0.10. Calculate the load which

each of effective length of 350 mm. Also determine the velocity ratio and
the efficiency of the lifting arrangement. (16)

4 77212
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Reg. No.: r '

Question Paper Code : 27357

B.E./B.Tech. DEGREE EXAMINATION, NOVEMBER/DECEMBE_R 2015.
Fourth Semester
Mechanical Engineering

ME 6401 — KINEMATICS OF MACHINERY

(Common to Third Semester Mechanical Engineering (Sandwich),
Mechatronics Engineering)

(Regulations 2013)

Time : Three hours Maximum : 100 marks

10.

Answer ALL questions.

PART A — (10 x 2 = 20 marks)

Define Grubler’s criteria for a mechanism.
Name any two inversions of the 4-bar chain.

What is the total number of instantaneous centers that are possible for a
mechanism consisting ‘n’ links?

Name the mechanism in which Corolis component of acceleration is taken into
account.

Define the following with respect to cam and follower mechanism
(a) Pressure angle
(b) Pitch circle.

State the reasons for providing offset in a cam follower mechanism.

State the law of gearing.

How is the epicyclic gear train works?

Write the mathematical expression for the maximum efficiency of a screw jack.

Write mathematical expression for the length of the belt required for two
pulleys of diameters di and d2 and at distance x apart are connected by means
of an open belt drive.
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PART B — (b x 16 = 80 marks)

Describe with neat sketch, the mechanisms obtained by the inversions of
4-bar chain. (16)

Or

In a crank and slotted lever quick return motion mechanism, the distance
between the fixed centres is 240 mm and the length of the driving crank
is 120 mm. Find the inclination of the slotted bar with the vertical in the
extreme position and the time ratio of cutting stroke to the return stroke.

If the length of the slotted bar is 450 mm, find the length of the stroke if
the line of stroke passes through the extreme positions of the free end of
the lever. (16)

In a four bar chain ABCD, AD is fixed and is 15 cm long. The crank AB is
4 cm long and rotates at 120 rpm clockwise, while the link CD (whose

‘length is 8 cm) oscillates about D. BC and AD are of equal length. Find

the angular velocity of link CD when angle BAD = 60°. (16)

Or

The crank of a slider crank mechanism is 15 cm and the connecting rod is
60 cm long. The crank makes 300 rpm in the clockwise direction. When it
has turned 45° from the inner dead centre position, determine
(i) acceleration of the mid-point of the connecting rod and (ii) angular
acceleration of the connecting rod. (16)

Draw the profile of a cam operating a knife-edge follower when the axis of
the follower passes through the axis of cam shaft from the following data:

1) Follower to move outwards through 40 mm during 60° of cam
rotation,

(i) Follower to dwell for the next 45°,

(iii) Follower to return to its original position during next 90°,

(iv) Follower to dwell for the rest of the cam 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
cam is 50 mm. : (16)

Or

Draw the profile of a cam operating a knife-edge follower (when the axis
of the follower passes through the axis of cam shaft) from the following
data:

(i) Follower to move outward through 30 mm with Simple Harmonic
motion during 120° of cam rotation,

(i) Follower to dwell for the next 60°,

(iii) Follower to return to its original position with uniform velocity
during 90° of cam rotation

(iv) Follower to dwell for the rest of the cam rotation. The least radius
of cam is 20 mm and the cam rotates at 240 rpm. (16)

2 27357
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Calculate (i) the length of path of contact, (ii) arc of contact and (iii) the
contact ratio when a pinion having 23 teeth drives a gear having
teeth 57. The profile of the gears is involute with pressure angle 20°,
module 8 mm and addendum equal to one module.

Or

The arm of an epicyclic gear train rotates at 100 rpm in the
anti-clockwise direction. The arm carries two wheels A and B having 36
and 45 teeth respectively. The wheel A is fixed and the arm rotates about
the centre of wheel A. Find the speed of wheel B. What will be the speed
of B, if the wheel A instead of being fixed, makes 200 rpm clockwise. (16)

Wheel B (45)

Fig 14(b)

The external and internal radii of a friction plate of a single clutch are
120 mm and 60 mm respectively. The total axial thrust with which the
friction surfaces are held together is 1500 N. For uniform wear, find the
maximum, minimum and average pressure on the contact surfaces. (16)

Or

Determine the maximum power that can be transmitted using a belt of
100 mm x 10 mm with an angle of lap of 160°. The density of the belt is
1000 kg/m? and the co-efficient of friction may taken as 0.25. The tension

in the belt should not exceed 1.5 N/mm?. (16)
3 27357
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Question Paper Code : 57547

B.E./B.Tech. DEGREE EXAMINATION, MAY/JUNE 2016
Fourth Semester
Mechanical Engineering
ME 6401 - KINEMATICS OF MACHINERY

(Common to Third Semester Mechanical Engineering (Sandwich), Mechatronics

Enginecring)
(Regulations 2013)
Time : Three Hours Maximum : 100 Marks

Answer ALL questions.

PART — A (10 X 2 = 20 Marks)

I.  Classify kinematic pairs based on nature of contact. Give examples.
2. When a linkage becomes mechanism ?
3. What is a relative pole, with respect to velocity analysis ?

4.  What are the different methods used for finding the velocity ?

5.  Define trace point of a cam.

6.  Define tangent cam.

7. Define normal and axial pitch in helical gears.

8. What is the advantage when arc of recess is equal to arc of approach in meshing
gears ?

9.  What are self energizing brakes ?

10. Why self locking screws have lesser efficiency ?
1 57547
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PART - B (5 x 16 = 80 Marks)

(a) (i) Classify kinematic pairs based on degrees of freedom. (10)
(i)  What is inversion and list its properties. 2+4)

OR
(b) (i) Find the degrees of freedom ot the mechanisms shownin fig. 11 (b). (10)
(ii) State the inconsistancies of Grubler’s criterion. 6)

(h) (c)

Figure 12 (a)

The diagram shows part of a quick return mechanism. The pin A slides in the
slot when the disc is rotated. Calculate the angular velocity and acceleration of

link BC when 0 = 60° and ® = 100 rad/s. (16)
OR
2 57547
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Derive the expression for Coriolis component of acceleration with neat sketch

and give its direction for various conditions. (16)

(i) Draw the displacement, velocity and acceleration curves, when the
follower moves with simple harmonic motion and derive the expression for

maximum velocity and maximum acceleration. (10)
(ii) Depict the types of cams. ' (6)
OR

Follower type = roller follower, lift = 25 mm; base circle radius = 20 mm: roller
radius = 5 mm: out stroke with UARM, tfor 120° cam rotation; dwell for 60° cam
rotation; return stroke with UARM, for 90° cam rotation; dwell for the remaining
period. Determine max. velocity and acceleration during out stroke and return
stroke if the cam rotates at 1200 rpm in counter clockwise direction.

Draw the cam pr'uﬁle for conditions with follower off set to right of cam center
by 5 mm. (16)

The cutter of a broaching machine is pulled by square threaded screw of 55 mm
external diameter and 10 mm pitch. The operating nut takes the axial load of 400
N on a flat surface of 60 mm internal diameter and 90 mm external diameter. If
the coefticient of friction is 0.15 for all contact surfaces on the nut, determine the

power required to rotate the operating nut, when the cutting speed is 6 m/min. (16)
OR
Following data is given for a rope pulley transmitting 23.628 kW.

Dia of pulley = 40 cm; speed = 110 rpm, angle of groove = 45°; angle of lap =
60°, co efticient of friction = 0.28, No. of ropes = 10. Mass in kg/m length of
ropes = 0.0053 x C2 and working tension is limited 12.2 C2 N where C = girth of

rope in cm. Find (i) initial tension, and (ii) diameter ot each rope. (16)

Explain gear nomenclature with neat diagram and define all salient terms

pertaining to the gear. (16)

OR

57547

w

96

Visit & Downloaded From : www.LearnEngineering.in



Visit & Downloaded From : www.LearnEngineering.i
in

(b) Fig. showsa differential gear used in a motor car. The pinion A on the propeller
shaft has 12 teeth and gears with the crown gear B which has 60 teeth. The shafts

P and Q form the rear axles to which the. road wheels are attached. 1f the
propeller shaft rotates at 1000 r.p.m. and the road wheel attached to axle Q has a

speed of 2 10 r.p.m. while taking a turm, find the speed of road wheel attached to

axle P. (16)
Pro')e“er
Shaft
Q\\\\ W //
B§ g AT

N N
Reat axle 3}} \V ““D Rear axle
Z = l

1 Wf”é‘ ié’ % - svessaeen 558
4 77 Sumed”
7, NG Spindle
wheel /// : \*

4 575
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Question Paper Code : 51846

B.E/B. Tech. DEGREE- EXAMINATION, MAY/JUNE 2016
Third Semester
Mechanical Engineering
ME 2203/ME 35/ME 1202-A/080120010/10122/ME 404 — KINEMATICS OF MACHINERY
(Regulations 2008/2010)

(Common to PTME 2203/10122 ME 404 — Kinematics of Machinery for B.E. (Part-Time)
Third/Fourth Semester Mechanical Engineering — Regulations 2009/2010)

Time : Three Hours Maximum : 100 Marks

Note :- A3 drawing sheet is to be supplied to all students.

Answer ALL questions.

PART - A (10x2=20 Marks)

. How to determine the given assemblage of links forms the kinematic chain or not ?

5 What is meant by motion adjustment mechanism?

Difference between radial component of acceleration and tangential component of

('S ]

acceleration.

4. How are velocity and acceleration of the slider of a single slider crank chain
determined analytically ?

5. Differentiate roller and mushroom follower of a cam.

6. What is the maximum acceleration of a follower moving with simple harmonic

motion ?
1 51846
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What is meant by arc of approach, arc of recess and arc ot contact ?
How epicyclic gear train differs from the other types of gear trains ?

A block of 50 N rests on a horizontal plane and whose co- efficient of friction is 0.25.

What is the force required to pull the block at an angle 30° to the horizontal ?

What is the condition for transmission of optimum or maximum power in belt drive ?

Part— B (5 x 16 = 80 Marks)

(@ (i)  Show that the locus of the mid-point of the link connecting the two sliders

in an elliptical trammel is a circle. t))

(ii) Explain mechanical advantage and transmission angle related to four- bar
mechanisms. 8)

OR

(b) (i) The distance between two parallel shatts is 15 mm and they are connected
by an Oldham’s coupling. The driving shaft revolves at 150 r.p.m, what
will be the maximum speed of sliding of the tongue of the intermediate

piece along its groove ? (8)

(i)  With neat sketches explain any two straight line generator mechanisms. 8)

(a) In figure. the angular velocity of the crank OA is 600 r.p.m. Determine the
linear velocity of the slider D and the angular velocity of the link BD, when the
crank is inclined at an angle of 75° to the vertical. The dimensions of various
links are: OA = 28 mm; AB = 44 mm: BC = 49 mm: and BD = 46 mm. The
centre distance between the centres of rotation O and C is 65 mm. The path of
travel of the slider is 11 mm below the fixed point C. The slider moves along a
horizontal path and OC is vertical. (Refer fig. 12(a)) (16)

2 51846
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OR

(b) In a mechanism shown in figure, the crank OA is 100 mm long and rotates
clockwise about O at 120 r.p.m. The connecting rod AB is 400 mm long. At a
point C on AB, 150 mm from A, the rod CE 350 mm long is attached. This rod
CE slides in a slot in a trunnion at D. The end E is connected by a link EF, 300
mm long to the horizontally moving slider F. For the mechanism in the position

shown. tind : (Refer fig. 12(b)) (16)
(1) Velocity of F,
(2) Velocity of sliding of CE in the trunnion, and

(3) Angular velocity of CE.

Fig. 12 (b)

3 51846
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13. (a) A cam with 30 mm as minimum diameter is rotating clockwise at a uniform
speed of 1200 r.p.m. and has to give the following motion to a follower 10 mm

in diameter :

(i)  Follower to complete outward stroke of 25 mm during 120° of cam

rotation with equal uniform acceleration and retardation;
(1)  Follower to dwell for 60° of cam rotation;

(i) Follower to return to its initial position during 90° of cam rotation with

equal unitform acceleration and retardation;
(iv) Follower to dwell for the remaining 90° of cam rotation.

Draw the cam profile if the axis of the roller tollower passes through the axis of
the cam. Determine the maximum velocity of the follower during the outstroke
and return stroke and also the uniform acceleration of the follower on the out

stroke and the return stroke. (16)
OR

(b)  The following particulars relate to a symmetrical circular cam operating a flat
taced follower : Least radius = 16 mm, nose radius = 3.2 mm, distance between
cam shaft centre and nose centre = 25 mm, angle of action of cam = 150°, and
cam shafts speed = 600 r.p.m. Assuming that there is no dwell between ascent or
descent, determine the lift of the valve, the flank radius and the acceleration and
retardation of the follower at a point where circular nose merges into circular
flank. ‘ (16)

4 | 51846

101

Visit & Downloaded From : www.LearnEngineering.in



14,

(a)

(b)

Visit & Downloaded From : www.LearnEngineering.in

The following data relate to a pair of 20° involute gears in mesh :
Module = 6 mm, Number of teeth on pinion = 17, Number of teeth on gear = 49;

Addenda on pinion and gear wheel = | module. Find :

1. The number of pair of teeth in contact;

(]

The angle turned through by the pinion and the gear wheel when one pair

of teeth is in contact, and
3. The ratio of sliding to rolling motion when the tip of a tooth on the larger
wheel,
(i)  isjust making contact,
(il) is just leaving contact with its mating tooth, and
(iii) s at the pitch point.
OR

In a gear train, as shown in figure, gear B is connected to the input shaft and
gear F is connected to the output shaft. The arm A carrying the compound
wheels D and E. turns freely on the output shaft. If the input speed is 1000
r.p.m. counter- clockwise when seen from the right. determine the sl')ecd of the
output shaft under the following conditions : (1) When gear C is fixed, and

(2) When gear C is rotated at 10 r.p.m. counter clockwise. (Refer fig. 14(b)

b -

— e —

Quipt [~~~
shaft

Fig. 14 (b)
5 51846
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(1) The pitch of 50 mm mean diameter threaded screw of a screw jack is 12.5
nﬁn. The coefticient of friction between the screw and the nut is 0.13.
Determine the torque required on the screw to raise a ioad of 25 kN,
assuming the load to rotate with the screw. Determine the ratio of the
torque required to raise the load to the torque required to lower the load

and also the efficiency of the machine. 8)

(i) A leather faced conical clutch has a cone angle of 30°. If the intensity of
pressure between the contact surfaces is limited to 0.35 « N/mm? and the
breadth 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 r.p.m. Assume uniform rate ot wear and take coefticient of friction

as 0.15. 3)
OR

The simple band brake, as shown in figure, is applied to a shaft carrying a
flywheel of mass 400 kg. The radius of gyration of the flywheel is 450 mm and
runs at 300 r.p.m. If the coefficient of friction is 0.2 and the brake drum

diameter is 240 mm, find :
(1) The torque applied due to a hand load of 100 N,
(2)  The number of turns of the wheel before it is brought to rest, and

(3)  The time required to bring it to rest, from the moment of the application of

the brake. (Refer fig. 15(b)) (16)

6 51846
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Fig. 15 (b)
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Question Paper Code : 71846

B.E./B.Tech. DEGREE EXAMINATION, APRIL/MAY 2015.
Third Semester

Mechanical Engineering

ME 2203/ME 85/ ME 1202 A/080120010/ 10122 ME 404 — KINEMATICS OF
MACHINERY

(Regulation 2008/2010)

(Common to PTME 2203/ 10122 ME 404 — Kinematics of Machinery for
B.E. (Part-Time) Third /Fourth Semester Mechanical Engineering —
Regulation 2009/2010)

Time : Three hours Maximum : 100 marks

Answer ALL questions.

PART A — (10 x 2=20 marks)

1.  Determine the number of freedom of the mechanism shown in the figure below:

9. What is the significance of degrees of freedom of a kinematic chain when it
functions as a mechanism? Give examples.

3. Explain how the acceleration of a point on a link (whose direction is known) 18
obtained when the acceleration of some other point on the same link is given in
magnitude and direction.

4. Explain how the coriolis component of acceleration arises when a point is
rotating about some other fixed point and at the same time its distance from
the fixed point varies.

5. Draw the displacement, velocity and acceleration diagrams for a foll_ower when
it moves with Cycloidal motion.
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Which of the displacement diagrams in respect of follower motion should be
chosen for better dynamic performance of a cam-follower mechanism?

What do you understand by the term ‘interference’ as applied to gears?

In a clock mechanism, what type of gear train used to connect minute hand to
hour hand?

Which of the two assumptions-uniform intensity of pressure or uniform rate of
wear, would you make use of in designing friction clutch and why?

Distinguish between brakes and dynamometers.

PART B — (5 x 16 = 80 marks)

(a) What is known as kinematic inversion? Sketch and explain the various
inversions of a slider crank chain, also stating the actual machines in
which these are used in practice. (16)

Or

(b) Explain why two Hooke’s joints are used to transmit motion from the
engine to the differential of an automobile. Two shafts are connected by a
universal joint. The driving shaft rotates at a uniform speed of
1200 r.p.m. Determine the greatest permissible angle between the shaft
axes so that the total fluctuation of speed does not exceed 100 r.p.m. Also
calculate the maximum and minimum speeds of the driven shaft. (16)

(2) The dimensions of the mechanism, as shown in Fig. below, are as follows:
AB=0.45m;BD=15m: BC=CE=09m.

The crank AB turns uniformly at 180 r.p.m. in the clockwise direction
and the blocks at D and E are working in frictionless guides. Draw the
velocity diagram for the mechanism and find the velocities of the sliders
D and E in their guides. Also determine the turning moment at A if a
force of 500 N acts on D in the direction of arrow X and a force of 750 N

acts on E in the direction of arrow Y. (16)
<7
- ~
v a5 C - / lxv N
,»*‘.‘é..é'_’_.\ NN
2Dt '. y
X N \'ﬂj \ 7/
\N.__.’/
Or
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A single cylinder rotary engine is shown below. OA is the fixed link,
200 mm long. OB is the connecting rod and is 520 mm long. The line of
stroke is along AD and at the instant is inclined at 30° to the vertical.
The body of the engine consisting of cylinders rotates at a uniform speed
of 400 rpm about fixed centre A. Determine the acceleration of slider
B and angular acceleration of connecting rod. (16)

-]

B on slider
C on AD

The following particulars relate to a symmetrical circular cam operating
a flat-faced follower:

Least radius = 25 mm nose radius = 8 mm, lift of the valve = 10 mm,
angle of action of cam =120°, cam shaft speed = 1000 r.p.m. Determine
the flank radius and the maximum velocity, acceleration and retardation
of the follower. If the mass of the follower and valve with which it is in
contact is 4 kg, find the minimum force to be exerted by the spring to
overcome inertia of the valve parts. (16)

Or

A cam rotating clockwise at a uniform speed of 200 r.p.m. is required to
move an offset roller follower with a uniform and equal acceleration and
retardation on both the outward and return strokes. The angle of ascent,
the angle of dwell (between ascent and descent) and the angle of descent
is 120°, 60° and 90° respectively. The follower dwells for the rest of cam
rotation. The least radius of the cam is 50 mm, the lift of the follower is
95 mm and the diameter of the roller is 10 mm. The line of stroke of the
follower is offset by 20 mm from the axis of the cam. Draw the cam profile
and find the maximum velocity and acceleration of the follower during
the outstroke. (16)

Two spur gears of 24 teeth and 36 teeth of 8 mm module and 20° pressure
angle are in mesh. Addendum of each gear is 7.5 mm. The teeth are of
involute form. Determine: 1. the angle through which the pinion turns
while any pair of teeth are in contact, and 2. the velocity of sliding
between the teeth when the contact on the pinion is at a radius of

102 mm: The speed of the pinion is 450 r.p.m. (16)
Or.
3 71846
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An epicyclic train is shown in Fig. below. Internal gear A is keyed to the
driving shaft and has 30 teeth. Compound wheel C and D of 20 and
22 teeth respectively are free to rotate on the pin fixed to the arm
P which is rigidly connected to the driven shaft. Internal gear B which
has 32 teeth is fixed. If the driving shaft runs at 60 r.p.m. clockwise,
determine the speed of the driven shaft. What is the direction of rotation
of driven shaft with reference to driving shaft? (16)

Driven
shaft

The power transmitted between two shafts 3.5 metres apart by a cross
belt drive round the two pulleys 600 mm and 300 mm in diameters, is
6 kW. The speed of the larger pulley (driver) is 220 r.p.m. The
permissible load on the belt is 25 N/mm which is 5 mm thick. The
coefficient of friction between the smaller pulley surface and the belt is
0.35. Determine: 1. necessary length of the belt; 2. width of the belt, and
3. necessary initial tension in the belt. (16)

Or

A multiplate clutch has three pairs of contact surfaces. The outer and
inner radii of the contact surfaces are 100 mm and 50 mm respectively.
The maximum axial spring force is limited to 1 kN. If the coefficient of
friction is 0.35 and assuming uniform wear, find the power transmitted
by the clutch at 1500 r.p.m. (16)

4 71846
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Question Paper Code : 21846

B.E./B.Tech. DEGREE EXAMINATION, NOVEMBER/DECEMBER 2015.
Third Semester

Mechanical Engineering

ME 2203/ME 35/ME 1202 A/080120010/10122 ME 404 — KINEMATICS OF
MACHINERY

(Regulations 2008/2010)

(Common to PTME 2203/10122 ME 404 — Kinematics of Machinery for
B.E. (Part-Time) Third/Fourth Semester Mechanical Engineering —
Regulations 2009/2010)

Time : Three hours Maximum : 100 marks

Answer ALL questions.
PART A — (10 x 2 = 20 marks)
1. What are the three conditions to obtain a four bar crank rocker mechanism?
2. Define inversion of kinematic chain. |
3.  Define the rubbing velocity.
4. Define coriolis component of acceleration.

5.  Why sometimes‘ the axes of translating roller followers in cam follower
mechanisms are offset from the axis of cam rotating?

6. Define tangential cam.

7. State the law of gearing.

8. Whatis interfereno;e in involute gear and how is it prevented?
9 State the functional difference between a clutch and a brake.

10. What are the advantages of wire ropes over fabric ropes?
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PART B — (5 x 16 = 80 marks)

(a) (i) Sketchand explain the inversion of a 4 bar mechanism, all the four

(b)

(b)

pairs are turning pairs. (10)

(i) Sketch and explain any two types of straight line motion generating

mechanism. (6)

Or

@) - Explain mechanical advantage and transmission angle related to

four bar mechanism. _ (8)

@) Explain the Ratchet and Escapism mechanism with neat diagram.

(8)

For the configuration of a slider crank mechanism shown in fig.12 (a)

Calculate (1) the acceleration of the slider at B (ii) the acceleration of

point E (iii) the angular acceleration of link AB. Link OA rotates at

90 rad/s counter clockwise (16)

Fig. 12 (a)
Or

One cylinder of a rotary engine is shown in the configuration diagram
shown in Fig. 12(b) OA is the fixed crank, 200 mm long. OP is the
connecting rod and is 520 mm long. The line of stroke is along AR and at
the instant is inclined at 30° to the vertical. The body of the engine

consisting of cylinders rotates at a uniform speed of 400 rpm about the

fixed centre A.

2 21846
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Determine :

(i)  Acceleration of piston (slider) inside the cylinder

(ii) Angular acceleration of the connecting rod. (16)

P on slider
Qon AR &)"‘
P Q

Fig. 12 (b)

A cam with a minimum radius of 25 mm is to be designed for a knife-edge
follower with the following data : '

_ To raise the follower through 35 mm during 60° rﬁtation of the cam.
— Dwell for next 40° of the cam rotation.

— Descending of the follower during the next 90° of the cam rotation.
— Dwell during the rest of the cam rotation.

Draw the profile of the cam if the ascending and descending of the cam 1is
with simple harmonic motion and the line of stroke of the follower is
offset 10mm from axis of rotation of the cam. (16)

Or

Draw the profile of a cam operating a roller reciprocating follower and
with the following data :

Minimum radius of cam = 25 mm, Lift = 30 mm, Roller
diameter = 15 mm. The cam lifts the follower for 120° with SHM followed
by a dwell period of 30°. Then the follower lowers down during 150° of the
cam rotation with uniform acceleration and deceleration followed by a
dwell period. If the cam rotates at a uniform speed of 150 rpm, calculate
the maximum velocity and acceleration of the follower during the descent
period. - (16)

3 21846
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The following data relate to a pair of 20° involute gears in mesh :

Module = 6 mm, Number of teeth on pinion = 17. Number of teeth on
gear = 49; Addenda on pinion and gear wheel = 1 module.

Find :

(1)  The number of pairs of teeth in contact;

(i1) The angle turned through by the pinion and the gear wheel when
one pair of the teeth is in contact and

(111) The ratio of the sliding to rolling motion when the tip of a tooth on
the larger wheel (1) is just making contact (2) is just leaving contact
with its mating tooth and (3) is at the pitch point. (16)

Or

In a reverted epicyclic gear train, the arm A carries two gears B and C
and a compound gear D, E. The gear B meshes with gear E and the gear
C meshes with gear D. The number of teeth on gears B, C, and D are 75,
30 and 90 respectively. Find the speed and direction of gear C when gear
B is fixed and the arm A makes 100 rpm clockwise. (16)

(1) The following data relate to screw jack, Pitch of the thread
screw = 8 mm, Diameter of the thread screw = 40 mm, Coefficient of
friction between screw and nut = 0.1, Load = 20 kN Assuming that
the load rotates with the screw, determine (1) the ratio of torque
required to raise and lower the load (2) the efficiency of the
machine. (6)

(1) A friction clutch is used to rotate a machine from a shaft rotating at
a uniform speed of 250 rpm. The disc type clutch has both of its
sides effective, the coefficient of friction being 0.3. The outer and the
inner diameters of the friction plate are 200 mm and 120 mm
respectively. Assuming uniform wear of the clutch, the intensity of
pressure is not to be more than 100 kN/m2. If the moment of inertia
of the rotating parts of the machine is 60.5 kg-m2, determine the
time to attain the full speed by the machine and the energy lost in
slipping of the clutch.

What will be the intensity of pressure, if the condition of uniform

pressure of the clutch is considered? Also, determine the ratio of

power transmitted with uniform wear to that with uniform

pressure. (10)
Or ‘

2.5 kW of powers is transmitted by an open-belt drive. The linear

velocity, of the belt is 2.5 m/s. The angle of lap on the smaller pulley is

165° The coefficient of friction is 0.3. Determine the effect on power
transmission in the following cases;

(1)  Initial tension in the belt is increased by 8%

(1) Initial tension in the belt is decreased by 8%

(i11) Angle of lap is increased by 8% by the use of an idler pulley, for the
same speed and the tension on the tight side, and

(iv) Coefficient of friction is increased by 8% by suitable dressing to the
friction surface of the belt. (16)
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Answer ALL questions.

PART A — (10 x 2 = 20 marks)
Differentiate the machine and structure.
Classify the constrained motion.
Define instantaneous centre.
What is the expression for coriolis component of acceleration?
Define tangent cam.
What are the different motions of the follower?
State the law of gearing.

What are the methods to avoid interference?

e A L

Define velocity ratio.
What is the maximum efficiency of the screw jack?
PART B — (5 x 16 = 80 marks)

(a) Explain the working of two different types of quick return mechanisms.
Derive an expression for the ratio of time taken in forward and return
stroke for one of these mechanisms. (16)

Or

(b) Sketch and explain any three kinematic inversion of four-bar chain.

,._.
e

=
!—l
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1

(1) Derive an expiession for the relationship between the angular
velocities of links in terms of known link lengths, angular positions
of links and angular velocity of input link, for a four—bar linkage. (6)

(i) In-a slider crank mechanism, the length of crank OB and
connecting rod AB are 125 mm and 500 mm respectively. The
centre of gravity G of the connecting rod is 275 mm from the
slider A. The crank speed is 600 rpm clockwise. When the crank has
turned 45° from the inner dead centre position, determine velocity
of the slider A, Velocity of the point G and Angular velocity of the
connecting rod AB (10)

Or

By analytical method, Derive the velocity and acceleration for the
reciprocating steam engine mechanism.

A cam is designed for a knife edge follower with following data:
(1)  Cam lift = 40 mm during 90° of cam rotation with SHM
(i) Dwell for the next 30°

(ii1) During the next 60° of cam rotation, the follower returns to original
position with SHM

@v) Dwell for the remaining 180°

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

Or

In a cam with translating roller follower, the follower axis is offsét to the
right of Cam hinge by 12 mm. The roller radius is 10 mm and the cam
rotates in the counter clock—wise direction. Layout the rise portion of the
cam profile to meet the following specifications: Rise takes place during
180° of cam rotation of which for the first 90° the rise is with constant
acceleration and the rest is with constant retardation. Take seven station
points only. The lift of the cam is 30 mm and the least radius of the cam
is 25 mm.

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

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

corresponding number on the wheel: (4)

(1) The length of path and are of contact (4)
(ii1) Contact ratio and (4)
(iv) The maximum velocity of sliding. 4)

» Or

()  Derive an expression to determine the length of path of contact
between two spur gears of different size. (10)

(i) Briefly explain the sub—classification of compound gear trains with
neat sketches. (6)
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Two pulleys, one 450 mm diameter and the other 200 mm diameter are in
parallel shafts 1.95 m apart and are connected by a crossed belt. Find the
length of the belt required and the angle of contact between the belt and
each pulley. What power can be transmitted by the belt when the larger
pulley rotates at 200 rpm if the maximum permissible tension in the belt
is 1 kN and the co—efficient of friction between the belt and pulley is

0.25? (16)
Or

(1)  Derive an expression for the effort required to raise a load with

screw jack taking friction into consideration. (8)

(i) A 150 mm diameter value, against a steam pressure of 2 MN/m? is
acting, is closed by means of a square threaded screw
50 mm in external diameter with 6 mm pitch. If the co—efficient of
friction is 0.12, find torque required to turn the handle. (8)

3 51622
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Semester — Mechanical Engineering — Regulation 2009)

Time : Three hours , ) i Maximum : 100 marks
Answer ALL questions

PART A —(10x 2=20 marks)

1. Define sliding connectors.

2. Differentiate rotation and translation.

3. Define number of in‘.stantaneous centre.

4. What is low degree of complexicy?

5. Define pressure angle.

6.  Write the procedure to draw the cam profile.

7. Define gear ratio.

8. Write short notes on differentials.

9. Define anti -friction bearing.

- 10. Differentiate multiplate clutch and cone clutch.
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. :
PART B — (5 x 16 = 80 marks)

11. (a) () What is kinematic inversion? Explain the four different inversions
of slider crank mechanism. (10)

(i) Determine the degree of freedom for following linkages. (Fig.1)  (6)

(h) (1) Find the maximum and. minimum transmission angles for the
mechanisms shown in fig.2. The figures indicate the dimensions in
standard units of length. - (8) -

3/

2

b—"
'

8
i

Fig. 2

g

(1)  Write short notes on toggle mechanism. - (8)

12. (a) (1) The crank AB of four bar mechanism shown in figure. 3. Rotates at
60 rpm clockwise. Determine the relative angular velocities of the
coupler to the crank and the lever to the coupler. Find also the
rubbing velocities al the surface of pins 25 mm radius and the joints
B and C. : (8)

doem c
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!

(11) Locate the instantaneous centre’s of the slider crank mechanism
- shown in fig.4. Find the velocity of the slider. : 8)

g 4
Or

() () Fig5 shows the configuration of a whit worth quick return

' mechanism. The lengths of the fixed link OA and the crank OP are
200 mm and 300mm respectively. Other lengths are AR=200 mm
and RS=400 mm. Find the velocity of the ram using instantaneous
centre method when the crank makes a angle of 120° with the fixed
link and rotates at 10 rad/s.

Fig. 5 ,
(i) Differentiate low degree and high degree of complexity with
suitable sketch. - (6)

13. (a) A cam operates on offset roller follower. The least radius of the cam is
50 mm, roller diameter is 30 mm, and offset is 20 mm, the cam rotates at
360 rpm. The angle of ascent is 48°, angle of dwell is 42°, and angle of
descent is 60°. The motion is to be SHM during ascent and uniform
acceleration and deceleration during decent. Draw the cam profile.  (16)

Or
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1

A flat faced mushroom follower is operated by a symmetrical cam
with circular arc flank and nose profile the axis of tappet passed
through the cam axis. Total angle of action is 162°, lift 10 mm and
base circle diameter 40 mm. period of acceleration is half the period
of retardation during the lift. The cam rotates at 1200 rpz.
Determine ,

(1) The nose and flank radii and

(2) The maximum acceleration and retardation during lift. ~ (12)
List the various methods to be used to reduce the pressure angle. (4)
Explain the various pitches of helical gears with sketch. (10)
Two 15 mm module 20° pressure angle spur gears have addendum
equal to one module: The pinion has 25 teeth and the gear 50 teeth.
Determine whether interference will occur or not. If it occurs, to
what valve should the pressure angle be changed to eliminate
interference? (6)
; Or ‘

An epicyclic gear train consists of three gears 1, 2 and 3 as shown in
fig.6 the internal gear 1 has 72 teeth and gear 3 has 32 teeth. The
gear 2 meshes with hoth gear 1 and gear 3 and is carried on an
arm A. which rotates about the centre Oz at 20 rpm. If the gear 11s
fixed, determine the speed of gears 2 and 3. (12)

Write short notes on speed ratio of a planetary gear train. (4)

Derive the force analysis of a body resting on an inclined plane with

force inclined to the plane. (12)

List the various types of friction. (4) .
= Or

A vertical shaft 140 mm diameter rotating at 120 rpm rests on a
flat end foot step bearing. The shaft carries a vertical load of 30 KN.
The coefficient of friction is 0.06. Estimate the power lost 1s friction,
assuming uniform pressure and uniform wear. 8)
A multi-plate disc clutch transmits 55 KW of power at 1800 rpm.
Coefficient of friction for the friction surface 1s 0.1. Axial intensity
of pressure is not to exceed 160 KN/m?. The internal radius 1s
80 mm and 0.7 times the external radius. Find the number of plates
needed to transmit the required torque. 8)
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B.E./B.Tech. DEGREE EXAMINATION, NOVEMBER/DECEMBER 2012,
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MACHINERY

(Common to PTME 2203 — Kinematics of Machinery for B.E. (Part-Time)
Third Semester Mech. — Regulations 2009)

(Regulation 2008)
Time : Three hours Maximum : 100 marks

Answer ALL questions.

PART A — (10 x 2 = 20 marks)

1. Write Grashoff's law for 4-bar mechanism.

2. What is meant by indexing mechanism? Where do we use 1t?

3. What 1s a configuration diagram? What1s 1ts use?

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

pin joint when the two links rotate in opposite direction?

5. State the expressions for maximum acceleration of a follower moving with
cycloidal motion.

6.  Why sometimes the axes of translating roller followers in cam follower
mechanisms are offset from the axis of rotation of cam?

=1

Define the term ‘arc of contact’ in gears.
8. Name two applications of reverted gear train.
9.  Why self locking screws have lesser efficiency?

10.  What is meant by a self-locking and a self-energised brake?
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PART B — (5 x 16 = 80 marks)
Sketch and explain the four inversions of Single-slider crank chain.  (16)
Or

(i)  What are straight-line mechanisms? Sketch the Peaucellier
straight-line motion mechanism and prove that the generating
point moves 1n straight line. (8)

(i) Sketch a Hooke’s joint and derive the condition for equal speeds of
driving and driven shafts. (8)

In a four bar chain ABCD, AD is fixed and is 120 mm long. The crank
AB is 30 mm long and rotates at 100 rpm clockwise while the link
CD = 60 mm oscillates about D; BC = 120 mm. Using graphical method,
find the angular velocity and angular acceleration of link BC when angle

BAD = 60°. (16)
Or

(i) Derive the expressions for the velocity and acceleration of the
piston of a reciprocating engine mechanism. (8)

(i1) In a reciprocating engine mechanism, the lengths of the crank and
connecting rod are 150 mm and 600 mm respectively. The crank
position is 60° from inner dead centre. The crank shaft speed is
450 r.p.m. (clockwise). Using analytical method, determine

(1) velocity of the piston (2)
(2) acceleration of the piston (2)

(3) crank angle for maximum velocity of the piston and the
corresponding velocity. (4)

A cam with a minimum radius of 25 mm, rotating clockwise at a uniform
speed is to be designed to give motion to a roller follower, at the end of a
valve rod, as described below :

(i)  To raise the valve through 50 mm during 120° rotation of the cam.
(1)  To keep the valve fully raised through next 30°.
(i) To lower the valve during next 60° and

(iv) To keep the valve closed during rest of the revolution.

2 11519
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The diameter of the roller is 20 mm and the diameter of the cam
shaft 1s 25 mm. The line of the stroke is offset by 15 mm from the
axis of the cam shaft. The displacement of the valve, while being
raised and lowered is to take place with SHM.

(1)  Draw the displacement diagram. Sketch roughly the shapes of

velocity and acceleration diagrams. (6)
(2)  Draw the profile of the cam. (10)
Or

In a symmetrical tangent cam operating a roller follower, the least radius
of the cam 1s 30 mm and roller radius is 17.5 mm. The angle of ascent is
75° and the total Iift 1s 17.5 mm. The speed of the cam shaft is 600 rpm.
Assume that there is no dwell between ascent and descent.

(1)  Calculate the principal dimensions of the cam. (6)
(11)  Find the acceleration of the follower at the beginning of the lift. (2)

(1i1)) Draw the profile of the cam. (8)

(1)  State and prove the law of gearing. (10)

(i) Show that the involute curves as the profiles of mating gears satisfy
the law of gearing. (6)

Or

A compound gear train using spur gears is required to give a total
reduction ratio of 250 to 1 in four steps. The modules of the gears are
5 mm for the first step, 7 mm for the second, 10 mm for the third and
16 mm for the fourth.

(1)  Arrive at the individual speed ratios, if a tolerance of +0.2% 1s

allowed in the total reduction ratio. (4)

(11) Find the numbers of teeth of all gears, if the minimum number of

teeth for any pinion is 20. (4)

(111) Find the pitch circle diameters of all gears and the centre distances.

(4)
(iv) Sketch a line diagram showing the gear train. (4)
3 11519
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In a thrust bearing, the external and internal diameters of the
contacting surfaces are 320 mm and 200 mm respectively. The total
axial load 1s 80 kN and the intensity of pressure is 350 kN/m? The
shaft rotates at 400 rpm. Taking the coefficient of friction as 0.06,
calculate the power lost in overcoming the friction and the number
of collars required. (8

A screw-jack has a square thread of mean diameter 60 mm and
pitch 8 mm. The co-efficient of friction at the screw thread is 0.09.
Aload of 3 kN 1s to be lifted through 120 mm. Determine the torque
required and the work done in lifting the load through 120 mm.
Find also the efficiency of the jack. (8)

Or

Derive an expression for the centrifugal tension in a belt passing
round a pulley rim. (6)

A leather belt 1s required to transmit 7.5 kW from a pulley 1.2 m in
diameter, running at 250 rpm. The angle embraced 1s 165° and the
coefficient of friction between the belt and the pulley is 0.3. The safe
working stress for the leather belt is 1.5 MPa; the density of leather
is 1000 kg/m? and thickness of belt is 10 mm. Determine the width
of the belt taking centrifugal tension into account. (10)
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