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MALLA REDDY COLLEGE OF ENGINEERING & TECHNOLOGY

(Autonomous Institution — UGC, Govt. of India)

VISION
* To establish a pedestal for the integral innovation, team spirit, originality and
competence in the students, expose them to face the global challenges and become

technology leaders of Indian vision of modern society.

MISSION
* To become a model institution in the fields of Engineering, Technology and
Management.
¢ To impart holistic education to the students to render them as industry ready
engineers.

% To ensure synchronization of MRCET ideologies with challenging demands of

International Pioneering Organizations.

QUALITY POLICY

% To implement best practices in Teaching and Learning process for both UG and PG

courses meticulously.

>

K/
*

To provide state of art infrastructure and expertise to impart quality education.

D)

» To groom the students to become intellectually creative and professionally

competitive.

+* To channelize the activities and tune them in heights of commitment and sincerity,

the requisites to claim the never - ending ladder of SUCCESS year after year.

For more information: www.mrcet.ac.in
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VISION

To become an innovative knowledge center in mechanical engineering through state-of-
the-art teaching-learning and research practices, promoting creative thinking

professionals.

MISSION

The Department of Mechanical Engineering is dedicated for transforming the students
into highly competent Mechanical engineers to meet the needs of the industry, in a
changing and challenging technical environment, by strongly focusing in the
fundamentals of engineering sciences for achieving excellent results in their professional

pursuits.
Quality Policy

v' To pursuit global Standards of excellence in all our endeavors namely teaching,
research and continuing education and to remain accountable in our core and
support functions, through processes of self-evaluation and continuous

improvement.

v To create a midst of excellence for imparting state of art education, industry-

oriented training research in the field of technical education.
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PROGRAM OUTCOMES

Engineering Graduates will be able to:

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering
problems.

2. Problem analysis: Identify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of
mathematics, natural sciences, and engineering sciences.

3. Design/development of solutions: Design solutions for complex engineering problems
and design system components or processes that meet the specified needs with
appropriate consideration for the public health and safety, and the cultural, societal, and
environmental considerations.

4. Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data,
and synthesis of the information to provide valid conclusions.

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern engineering and IT tools including prediction and modeling to complex
engineering activities with an understanding of the limitations.

6. The engineer and society: Apply reasoning informed by the contextual knowledge to
assess societal, health, safety, legal and cultural issues and the consequent
responsibilities relevant to the professional engineering practice.

7. Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and
need for sustainable development.

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

9. Individual and teamwork: Function effectively as an individual, and as a member or
leader in diverse teams, and in multidisciplinary settings.

10. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and
write effective reports and design documentation, make effective presentations, and give
and receive clear instructions.

11.Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member

and leader in a team, to manage projects and in multidisciplinary environments.
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12.Life-long learning: Recognize the need for and have the preparation and ability to

engage in independent and life-long learning in the broadest context of technological

change.
PROGRAM SPECIFIC OUTCOMES (PSOs)
PSO1 Ability to analyze, design and develop Mechanical systems to solve the
Engineering problems by integrating thermal, design and manufacturing Domains.
PS0O2 Ability to succeed in competitive examinations or to pursue higher studies or
research.
PS03 Ability to apply the learned Mechanical Engineering knowledge for the

Development of society and self.

Program Educational Objectives (PEOs)

The Program Educational Objectives of the program offered by the department are broadly

listed below:
PEO1: PREPARATION

To provide sound foundation in mathematical, scientific and engineering fundamentals

necessary to analyze, formulate and solve engineering problems.
PEO2: CORE COMPETANCE

To provide thorough knowledge in Mechanical Engineering subjects including theoretical
knowledge and practical training for preparing physical models pertaining to Thermodynamics,
Hydraulics, Heat and Mass Transfer, Dynamics of Machinery, Jet Propulsion, Automobile

Engineering, Element Analysis, Production Technology, Mechatronics etc.
PEO3: INVENTION, INNOVATION AND CREATIVITY

To make the students to design, experiment, analyze, interpret in the core field with the help of

other inter disciplinary concepts wherever applicable.
PEO4: CAREER DEVELOPMENT

To inculcate the habit of lifelong learning for career development through successful completion

of advanced degrees, professional development courses, industrial training etc.
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PEO5: PROFESSIONALISM

To impart technical knowledge, ethical values for professional development of the student to

solve complex problems and to work in multi-disciplinary ambience, whose solutions lead to

significant societal benefits.
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Blooms Taxonomy

Bloom’s Taxonomy is a classification of the different objectives and skills that educators set for
their students (learning objectives). The terminology has been updated to include the following
six levels of learning. These 6 levels can be used to structure the learning objectives, lessons,

and assessments of a course.

1. Remembering: Retrieving, recognizing, and recalling relevant knowledge from long- term
memory.

2. Understanding: Constructing meaning from oral, written, and graphic messages through
interpreting, exemplifying, classifying, summarizing, inferring, comparing, and explaining.

3. Applying: Carrying out or using a procedure for executing or implementing.

4. Analyzing: Breaking material into constituent parts, determining how the parts relate to
one another and to an overall structure or purpose through differentiating, organizing, and
attributing.

5. Evaluating: Making judgments based on criteria and standard through checking and
critiquing.

6. Creating: Putting elements together to form a coherent or functional whole; reorganizing

elements into a new pattern or structure through generating, planning, or producing.
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Produce new or original work
‘ e Design, assemble, construct, conjecture, develop, formulate, author, investigate

Justify a stand or decision
eva I u ate appraise, argue, defend, judge, select, support, value, critique, weigh

Draw connections among ideas
differentiate, organize, relate, compare, contrast, distinguish, examine,
experiment, question, test

analyze

Use information in new situations
execute, implement, solve, use, demonstrate, interpret, operate,
schedule, sketch

Explain ideas or concepts
classify, describe, discuss, explain, identify, locate, recognize,
report, select, translate

Recall facts and basic concepts
define, duplicate, list,memorize, repeat, state
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Course Objectives:
1. Toimpart knowledge on various types of Mechanisms and synthesis

2. To Synthesize and analyze 4 bar mechanisms
3. Toimpart skills to analyse the position, velocity and acceleration of mechanisms
4. To perform synthesis of mechanism by analytical and graphical method
5. To familiarize higher pairs like cams and principles of cams design
6. To study the relative motion analysis and design of gears, gear trains.
UNIT-I

Mechanisms : Elements or Links , Classification, Rigid Link, flexible and fluid link, Types of
kinematic pairs , sliding, turning, rolling, screw and spherical pairs lower and higher pairs,
closed and open pairs, constrained motion, completely, partially or successfully constrained
and incompletely constrained .

Machines : Mechanism and machines, classification of machines, kinematic chain, inversion
of mechanism, inversion of mechanism , inversions of quadric cycle, chain , single and
double slider crank chains.

UNIT-II

Straight Line Motion Mechanisms: Exact and approximate copiers and generated types
Peaucellier, Hart and Scott Russul Grasshopper Watt T. Chebicheff and Robert Mechanisms
and straight line motion, Pantograph.

Steering Mechanisms: Conditions for correct steering Davis Steering gear, Ackermans
steering gear velocity ratio.

Hooke’s Joint: Single and double Hookes joint Universial coupling application problems.
UNIT-llI

Kinematics: Velocity and acceleration - Motion of link in machine - Determination of
Velocity and acceleration diagrams - Graphical method - Application of relative velocity
method four bar chain.

Plane motion of body: Instantaneous center of rotation, centroids and axodes - relative
motion between two bodies - Three centres in line theorem - Graphical determination of
instantaneous centre, diagrams for simple mechanisms and determination of angular
velocity of points and links.

UNIT-IV

Cams: Definitions of cam and followers their uses Types of followers and cams Terminology
Types of follower motion - Uniform velocity Simple harmonic motion and uniform
acceleration. Maximumm velocity and maximum acceleration during outward and return
strokes in the above 3 cases.

Analysis of motion of followers: Roller follower circular cam with straight, concave and
convex flanks.

S
T %

DEPARTMENT OF MECHANICAL ENGINEERING



UNIT-V

Gears: Higher pairs, friction wheels and toothed gears types law of gearing, condition for
constant velocity ratio for transmission of motion, Form of teeth: cycloidal and involute
profiles. Velocity of sliding phenomena of interferences. Methods of interference. Condition
for minimum number of teeth to avoid interference, expressions for arc of contact and path
of contact - Introduction to Helical, Bevel and worm gearing.

Gear Trains: Introduction - Train value - Types - Simple and reverted wheel train

Epicycle gear Train. Methods of finding train value or velocity ratio - Epicycle gear trains.
Selection of gear box-Differential gear for an automobile.

TEXT BOOKS:
1. Kinematics of Machinery — Special Edition. MRCET, McGrahill Publishers.
2. Theory of Machines by Thomas Bevan/ CBS
3. Theory of machines/ PL. Balaney/khanna publishers.

REFERENCE BOOKS:
1. The theory of Machines /Shiegley/ Oxford.
2. Mechanism and Machine Theory / JS Rao and RV Dukkipati / New Age International
Publishers

3. Theory of Machines / R.K Bansal/Fire Wall media Publisher

Course Outcomes:

1. Understand the principles of kinematic pairs, chains and their classification, DOF,
inversions, equivalent chains and planar mechanisms.

2. Analyze the planar mechanisms for position, velocity and acceleration.

3. Synthesize planar four bar and slider crank mechanisms for specified kinematic
conditions.

4. Design cams and followers for specified motion profiles

5. Evaluate gear tooth geometry and select appropriate gears for the required
applications.

DEPARTMENT OF MECHANICAL ENGINEERING



i

UNIT 1
MECHANISMS & MACHINES
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COURSE OBJECTIVE

To impart knowledge on various types of Mechanisms and synthesis.

LECTURE

LECTURE
TOPIC
Mechanisms

Kinematic
Link and
Classification
of Links

Constrained
Motion and
Classification

Mechanism
and
Machines

Inversion of
Mechanism

Inversions of
Quadric
Cycle

Inversion of
Single Slider
Crank Chains

Inversion of
Double
Slider Crank
Chains

COURSE OUTCOME

KEY ELEMENTS

Definition of Mechanism
Definition of Machine

Definition of Link
Definition of Pair
Classification of Links
Classification of Pairs

Definition of Constrained
Motion

Classification of Constrained
Motion

Definition of Machine.
Determine the nature of
chain.

Definition of Grashof’s law.
Definition of inversion.

Classification of inversion of
mechanism

Working of 4-bar chain
mechanisms

Working of Single slider crank
chain mechanisms

Working of Double slider
crank chain mechanisms

DEPARTMENT OF MECHANICAL ENGINEERING

LEARNING OBJECTIVES

Understanding the
mechanics of rigid, fixed,
deformable bodies (B2)
State the basic concept of
link and pair (B1)
Understanding the
classification of links and
pairs (B2)

Describe the constrained
motion (B1)
Understanding the
direction of motion (B2)
Analyse machine and
structure (B4)

Evaluate the nature of
mechanism (B5)

Understanding the
inversion of mechanisms
and its classifications (B2)
Understanding the
important inversions of
4-bar mechanism (B2)
Analyse the inversion of
4-bar mechanism (B4)
Understanding the
important inversions of
single mechanism (B2)
Analyse the inversion of
single mechanism (B4)
Understanding the
important inversions of
single mechanism (B2)



Machines and Mechanisms

Whitworth Quick-Return Mechanism
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1.1 Machine and Mechanism:
> Mechanism:

— If a number of bodies are assembled in such a way that the motion of one causes
constrained and predictable motion to the others, it is known as a mechanism.

> Machine:

— A machine is a mechanism or a combination of mechanisms which, apart from
imparting definite motions to the parts, also transmits and modifies the available
mechanical energy into some kind of desired work.

» Analysis:

— Analysis is the study of motions and forces concerning different parts of an existing
mechanism.
» Synthesis:

— Synthesis involves the design of its different parts.

1.2 Types of constrained motion:

121 Completely constrained motion:

— When the motion between a pair is limited to a definite direction irrespective of the
direction of force applied, then the motion is said to be a completely constrained
motion.

— For example, the piston and cylinder (in a steam engine) form a pair and the motion
of the piston is limited to a definite direction (i.e. it will only reciprocate) relative
to the cylinder irrespective of the direction of motion of the crank.

— Square hole ~ Collar

7 t

< ah
/~ Square bar Shaft

Fig. 1.1 fig. 1.2
— The motion of a square bar in a square hole, as shown in Fig. 1.1, and the motion of
a shaft with collars at each end in a circular hole, as shown in Fig. 1.2, are also
examples of completely constrained motion.

122 Incompletely constrained motion:

— When the motion between a pair can take place in more than one direction, then the
motion is called an incompletely constrained motion. The change in the direction of
impressed force may alter the direction of relative motion between the pair. A
circular bar or shaft in a circular hole, as shown in Fig. 1.3, is an
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example of an incompletely constrained motion as it may either rotate or slide in a
hole. These both motions have no relationship with the other.

Round hole

- Foot step bearing

Fig. 1.3 FIG. 1.4
123 Successfully constrained motion:

— When the motion between the elements, forming a pair, is such that the constrained
motion is not completed by itself, but by some other means, then the motion is
said to be successfully constrained motion. Consider a shaft in a foot-step bearing
as shown in Fig. 1.4.

— The shaft may rotate in a bearing or it may move upwards. This is a case of
incompletely constrained motion. But if the load is placed on the shaft to prevent
axial upward movement of the shaft, then the motion of the pair is said to be
successfully constrained motion. The motion of an I.C. engine

1.3 Types of Links:

— A mechanism is made of a number of resistant bodies out of which some may have
motions relative to the others. A resistant body or a group of resistant bodies with rigid
connections preventing their relative movements is known as a link.

— A link may also define as a member or a combination of members of a mechanism,
connecting other members and having motion relative to them.

— Links may be classified into binary, ternary and quaternary.

Binary link Ternary link Quaternary link
FIG. 1.4 Types of link

1.4 Kinematic
Pair:

— When two kinematic links are connected in such a way that their motion is either
completely or successfully constrained, these two links are said to form a kinematic
pair.

— Kinematic pairs can be classified according to:

DEPARTMENT MECHANICAL ENGINEERING



1.4.1 Kinematic pairs according to nature of contact:

a. Lower Pair:

o A pair of links having surfaced or area contact between the members is
known as a lower pair. The contact surfaces of two links are similar.
o Examples: Nut turning on a screw, shaft rotating in a bearing.

b. Higher Pair:

o When a pair has a point or line contact between the links, it is known as a
higher pair. The contact surfaces of two links are similar.
o Example: Wheel rolling on a surface, Cam and Follower pair etc.

1.4.2 Kinematic pairs according to nature of contact:

a. Closed Pair:

O When the elements of a pair are held together mechanically, it is known as
a closed pair. The two elements are geometrically identical; one is solid and
full and the other is hollow or open. The latter not only envelops the former
but also encloses it. The contact between the two can be broken only by
destruction of at least one of the members.
b. Unclosed Pair:

o When two links of a pair are in contact either due to force of gravity or
some spring action, they constitute an unclosed pair. In this, the links are
not held together mechanically, e.g. cam and follower pair.

143 Kinematic pairs according to Nature of Relative Motion:
a. Sliding pair:
o When two links have a sliding motion relative to another; the kinematic pair
is known as sliding pair.
b. Turning pair:

o When one link is revolve or turn with respect to the axis of first link, the
kinematic pair formed by two links is known as turning pair.

c. Rolling pair:

o When the links of a pair have a rolling motion relative to each other, they
form a rolling pair.

d. Screw pair:

o If two mating links have a turning as well as sliding motion between them,
they form a screw pair.

e. Spherical pair:

o When one link in the form of sphere turns inside a fixed link, it is a
spherical pair.

1.5 Types of Joint
— The usual types of joints in a chainare:
O Binary Joint
O Ternary Joint
O Quaternary Joint
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a. Binary
Joint:

o Iftwo links are joined at the same connection, it is called a binary joint.

Figl.5. Types of joint

For example, in fig. at joint B

b. Ternary Joint:

o Ifthree links joined at a connection, it is known as a ternary link.

For example point T in fig.
c. Quaternary Joint:

o If four links joined at a connection, it is known as a quaternary link.

For example point Q in fig.
1.6 Degrees of Freedom:

— Anunconstrained rigid body moving in space can describe the following independent

motion:

a. Translational motion along any three mutually perpendicular axes x, y and z.

b. Rotational motion about these axes

= M
—h e
(o

Fig.1.6 Degrees of freedom
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1.7

1.8

1.9

A rigid body possesses six degrees of freedom.

Degrees of freedom of a pair is defined as the number of independent relative motions,
both translational and rotational, a pair can have.
DOF = 6 — Number of Restraints

Kinematic chain

Kinematic chain is defined as the combination of kinematic pairs in which each links
forms a part of two kinematic pairs and the relative motion between the links is either
completely constrained or successfully constrained.
Examples: slider-crank mechanism
For a kinematic chain
N=2P-4=2(+2)/3
Where N = no. of links, P = no. of Pairs and j = no. of joints
When,
LHS > RHS, then the chain is locked
LHS = RHS, then the chain is constrained
LHS < RHS, then the chain is
unconstrained

Kutzbach Criterion

DOF of a mechanism in space can be determined as follows:

In mechanism one link should be fixed. Therefore total no. of movable links are in
mechanism is (N-1)

Any pair having 1 DOF will impose 5 restraints on the mechanism, which reduces its
total degree of freedom by 5P1.

Any pair having 2 DOF will impose 4 restraints on the mechanism, which reduces its
total degree of freedom by 4P2

Similarly, the other pairs having 3, 4 and 5 degrees of freedom reduce the degrees of
freedom of mechanism. Thus,

Thus,

F=6(N-1)—5P,—4P,—3Ps—2P,—1Ps—
Hence, OPs

F=6(N-1)-5P;-4P,-3P3-2P;—1Ps
The above equation is the general form of Kutzbach criterion. This is applicable to
any type of mechanism including a spatial mechanism.

Grubler’s criterion

If we apply the Kutzbach criterion to planer mechanism, then equation of Kutzbach
criterion will be modified and that modified equation is known as Grubler’s Criterion
for planer mechanism.

Therefore in planer mechanism if we consider the links having 1 to 3 DOF, the total
number of degree of freedom of the mechanism considering all restraints will becomes,
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F=3(N-1)-2P,-1P,

The above equation is known as Grubler’s criterion for planer mechanism.
Sometimes all the above empirical relations can give incorrect results, e.g. fig (a) has 5
links, 6 turning pairs and 2 loops. Thus, it is a structure with zero degree of freedom.

Fig. 1.7

However, if the links are arranged in such a way as shown in fog. (b), a double
parallelogram linkage with one degree of freedom is obtained. This is due to the reason
that the lengths of links or other dimensional properties are not considered in these
empirical relations.
Sometimes a system may have one or more link which does not introduce any extra
constraint. Such links are known as redundant links and should not be counted to find
the degree of freedom. For example fig. (B) has 5 links, but the function of the
mechanism is not affected even if any one of the links 2, 4 and 5 are removed. Thus,
the effective number of links in this case is 4 with 4 turning pairs, and thus 1 degree of
freedom.
In case of a mechanism possessing some redundant degree of freedom, the effective
degree of freedom is given by,

F=3(N-1)-2P;-1P,-F;
Where F = no. of redundant degrees of freedom

1.10 The Four-Bar chain

A four bar chain is the most fundamental of the plane kinematic chains. It is a much
proffered mechanical device for the mechanisation and control of motion due to its
simplicity and versatility. Basically, it consists of four rigid links which are connected
in the form of a quadrilateral by four pin-joints.

When one of the link fixed, it is known as mechanism or linkage. A link that makes
complete revolution is called the crank. The link opposite to the fixed link is called
coupler, and the forth link is called a lever or rocker if it oscillates or another crank if it
rotates.

It is impossible to have a four-bar linkage if the length of one of the link is greater than
the sum of other three. This has been shown in fig.
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Fig. 1.7 Four bar chain

1.11 Grashof’s

law:

We have already discussed that the 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. 5.18. 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 ’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.

C
e
3 f |II
- D"’ - ||I

& - I;'..h S |I E
& 4 II' L1 I|
| f 5 i
' Ty
'..'% A l,.{ -I B

Fig. 1.8 Grashof’s law

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.
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1.12 Inversion of Mechanism:

— When the number of links in kinematic chain is more than three, the chain is known as
mechanism. When one link of the kinematic chain at a time is fixed, give the different
mechanism of the kinematic chain. The method of generating different mechanism by
fixing a link is called the inversion of mechanism.

— The number of inversion is equal to the numbers of links in the kinematic chain.
— The inversion of mechanism may be classified as:

a. Inversion of four-bar chain

b. Inversion of single slider crank chain

c. Inversion of double slider crank chain

1.13 Inversion of Four-Bar chain

1.13.1 First inversion: coupled wheel of locomotive

— The mechanism of a coupling rod of a locomotive (also known as double crank
mechanism) which consists of four links is shown in Fig.

Link 3

\ Wh —
Link 4 4 eels -

B o == '. . _ Link 2
[/ AD N [/ ClaT
|I I .I'???T.i?:_.a'?f;’fffx,fx?;‘.r,w‘ | :
WA ) ikt B /)

Fig. 1.9 coupled wheel of locomotive
— 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.

1.13.2 Second inversion: Beam Engine

— A part of the mechanism of a beam engine (also known as cranks and lever
mechanism) which consists of four links is shown in Fig. 1.10.

— In this mechanism, when the crank rotates about the fixed centre A, the 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.

DEPARTMENT MECHANICAL ENGINEERING



Lewver

(o = T om—dl
: e S - o o
Piston T e | 2 R,
rod e RSN Ce'
| | | e —'.I’
‘*’ EHE \ Link 3
i, T S L | (P
wlinder = Bl - | I | s
| :: | ! I' 4 A t:l L
i - e \
P P i i e R I

Frame (Link 1) ~_A"B
Crank
(Link 2)

Fig. 1.10 beam engine

— In other words, the purpose of this mechanism is to convert rotary motion into
reciprocating motion.

1.13.3 Third inversion: watts indicator 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.
Link 2 ._D
-
r -'-\._ .-"l- = - III
Er#ﬁ: D d_d_-:fE
g A " T
a o S W L Link 3
Link 1 (" e \ g H#_
A . | E
Link 4 !
Indicator ;
plunger G M -
14 44 & Indicator
:JLLL— cylinder

Fig. 1.11 watts indicator mechanism
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1.14 The slider-crank chain

When one of the turning pairs of a four-bar chain is replaced by a sliding pair, it
becomes a single slider-crank chain or simply a slider-crank chain.

It is also possible to replace two sliding pairs of a four-bar chain to get a double slider-
crank chain. In a slider-crank chain, the straight line path of the slider may be passing
through the fixed pivot O or may be displaced.

The distance e between the fixed pivot O and the straight line path of the slider is
called the offset and the chain so formed an offset slider-crank chain.

Different mechanisms obtained by fixing different links of a kinematic chain are
known as its inversions.

1.14.1 First inversion

— This inversion is obtained when link 1 is fixed and links 2 and 4 are made the
crank and slider respectively. (fig.a)

— Applications:
a Reciprocating engine
b Reciprocating compressor

SNNNNNN
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1.14.2 Second

inversion
— Fixing of the link 2 of a slider-crank chain results in the second inversion.
— Applications:
a Whitworth quick-return mechanism
b Rotary engine

1.14.3 Third Inversion

— By Fixing of the link 3 of the slider-crank mechanism, the third inversion is
obtained. Now the link 2 again acts as a crank and the link 4 oscillates.

— Applications:
a Oscillating cylinder engine
b Crank and slotted-lever mechanism

1.14.4 Fourth Inversion

— If the link 4 of the slider-crank mechanism is fixed, the fourth inversion is obtained.
Link 3 can oscillates about the fixed pivot B on the link 4. This makes
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the end A of the link 2 to oscillate about B and the end O to reciprocate along the
axis of the fixed link 4.
— Application: Hand Pump

O
2 ’ 2
; A
‘{ F
3 3
4
-
Jr B 7 ~
-~ L
* J b
2l =
A~
(a) (b)

Fig. 1.13 hand pump

— Fig.1.13 shows a hand-pump. Link 4 is made in the form of a cylinder and a
plunger fixed to the link 1 reciprocates in it.

1.15 Whitworth Quick-Return Mechanism:

— This mechanism used in shaping and slotting machines.

— In this mechanism the link CD (link 2) forming the turning pair is fixed; the driving
crank CA (link 3) rotates at a uniform angular speed and the slider (link 4) attached to
the crank pin at a slides along the slotted bar PA (link 1) which oscillates at D.

— The connecting rod PR carries the ram at R to which a cutting tool is fixed and the
motion of the tool is constrained along the line RD produced.

Connecting rod
|

g '° ( —p Cutting stroke
AL S S < Return stroke
Ao * // Pz v Aq Ram «—Tool
——’.————-—f.’-;:-‘ ——-‘._7\.-‘——— RS REDY, = DENC/RELS U5 i
"~ /Bk TRy R R Rz
Slottedbar v/ ': ,:\5 o | Line of
(Link 1) — [ /8%}C >Fixed | stroke
™a/ 7<% - (Link2)
Slider ok X I
(Link 4) —— %~ Driving .
(¥, crank 7
\._\ “o_ (Link3) -
I

Fig. 1.14 Whitworth quick returns mechanism
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The length of effective stroke = 2 PD. And mark P1R1 = P2 R2 = PR.
time of cutting stroke a a 360°— B
B

time of return

B 360° -«

1.16 Rotary engine
Sometimes back, rotary internal combustion engines were used in aviation. But now- a-

days gas turbines are used in its place.
Connecting rod

(Link 4) e\
o \! Fixed crank
(Jo& (Link 2)
PlStOﬂ _/\ & i
(Link 3) 3
\ 2 ;" ] AN
Cylinder o s
(Link 1) L]
L

Fig. 1.15 rotary engine

It consists of seven cylinders in one plane and all revolves about fixed center D, as
shown in Fig. 5.25, while the crank (link 2) is fixed. In this mechanism, when the
connecting rod (link 4) rotates, the piston (link 3) reciprocates inside the cylinders

forming link 1.

1.17 Oscillating cylinder engine
The arrangement of oscillating cylinder engine mechanism, as shown in Fig. Is used

to convert reciprocating motion into rotary motion.

Piston rod
(Link1) o - _ _

3et Sl g
Wl S

AN .
e e | (Link 2) |
o f\‘ -77“);‘77//:'/7/'//77/20
L Connecting Y ¥,
ro .
(Link 3) Sws oaw

Fig. 1.16 oscillating cylinder engine
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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.

1.18 Crank and slotted-lever 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 center C. A
sliding block attached to the crank pin 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
- Line ol
Eﬂam J | j&— Tool f stroke

7

, R2

Connecting
tod

p1,¢: ERae "._ ,Q. = e o,

Sllder (Link 1) _
Crank (Link 2)

f\

) '; A ': ‘r
B { P Y
s O L S ) =/
(90°—=5) N Fixed
i Link 3)
Slotted bar/"\ z, (
(Link 4) !
A

Fig.1.17 Crank and slotted lever mechanism

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° —

timeo return «  360°— B a
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1.19 Example based on Degrees of Freedom:

1 For the kinematic linkages shown in following fig. calculate the following:

The numbers of binary links (N»)

The numbers of ternary links (Nt)

The numbers of other (quaternary) links (No)
The numbers of total links (n)

The numbers of loops (L)

The numbers of joints or pairs (P1)

The numbers of degrees of freedom

(F)

a Nb=4;Ni=4;No=0;N=8;L=4;P1=11 (by
counting) P1=(N+L-1)=11
F=3(N-1)-2P:
F=3(8-1)-2x11=-1or,
VF=N-(2L+1)

F=8-(2x4+1)=-1

b Nb=4;Nt=4;No=0;N=8;L=3;P:1=10 (by

counting) Pr=(N+L-1) =10
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F=3(N-1)-2P1
F=3(8-1)-2x10=1
o, F=N-(2L+1)
F=8-(2x3+1)=1

C Nb=7;Nt=2;No=2;N=11; L=5;P1=15 (by
counting) F=N- (2L + 1)
F=11-(2x5+1)=0
Therefore the linkage is a structure.
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LECTURE 1

Mechanisms
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Engineering Mechanics

Mechanics of Rigid bodies Mechanics of deformable bodies Mechanics of Fluid
Statics Dynamics
(Deals with forces & its effects (Deals with forces & its effects while
while acting on bodies at rest) acting on bodies in motion)
Kinetics Kinematics
(Takes into account the effect of (Doesn’t take into account the effect
forces responsible for motion) of forces responsible for motion)

2B !'?.
bt
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BASICS

Rain acoabber

Motr /
SELY B }E
OO :
Windshield wiper

» A number of bodies are assembled in such a way that the motion of
one causes constrained and predictable motion to the others.

Mechanism:

> A mechanism transmits and modifies a motion.

>Example: 4 bar mechanism, Slider crank
mechanism




BASICS

Machine: (Combinations of Mechanisms)

Transforms energy available in one form to another to do certain type
of desired useful work.




BASICS

Structure:
> Assembly of a number of resistant bodies meant to take up loads.

> No relative motion between the members

STANDARD ROCOF FARALLEL
TRUSE CONFIGURATIONS CHORD -

m 42 FLOOR TRUSS WITH CHase Bridge (Location: Howrah)

- A ki ) o~ T A RISy B
et I A T T B N L S

. &
34 FLOOR OR ROOF TRUSE
(AN DESGM WITH A CHARE A5 WELL)

Truss
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LECTURE 2

KINEMATIC LINK AND CLASSIFICATION OF LINKS
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BASICS

Kinematic Link (element): It is a Resistant body i.e. transmitting the
required forces with negligible deformation.

Types of Links
1. Rigid Link
Doesn’t undergo deformation. Example:
Connecting rod, crank
2. Flexible Link

Partially deformed link. Example: belts,
Ropes, chains

(b) (c)

3. Fluid Link o
Formed by having a fluid in a receptacle Binary link Ternary link Quaternary link
and the motion is transmitted through the (2 vertices) (3 vertices) (4 vertices)

fluid by pressure or ~ compression  only.
Example: Jacks, Brakes

P

E PO S

MRCET CAMPUS
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b2
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BASICS

Kinematic Joint: Connection

between two links by a pin

. Types of joints in a Chain
Types of Joints:

' 1. Bi Joint
»Binary Joint (2 links are - Binary Join ! 2
connected at the joint) f:.
_ 2. Ternary joint
» Ternary Joint (3 links are o2
ConneCtEd) 3. Quaternary joint 2
» Quaternary Joint. (4 links are i :
4
connected)

Note: If ‘" number of links are connected at a joint, it
IS equivalent to (L-1) binary joints.
1

mﬁﬁ-‘:’nmﬁ
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BASICS

Kinematic Pair:

» The two links (or elements) of a machine, when in contact with each
other, are said to form a pair.

> If the relative motion between them is completely or successfully
constrained (i.e. in a definite direction), the pair is known as kinematic
pair

FIXED
PVOT

CAANK AND SLIDER LINKNG€




KINEMATIC PAIRS ACCORDING TO THE
RELATIVE MOTION

1. Sliding Pair

Rectangular bar in a rectangular hole

2.

urning or Revolving Pair

Collared shaft revolving in a circular hole

ALl
T o
MRCET CAMPUS
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KINEMATIC PAIRS ACCORDING TO THE
RELATIVE MOTION

3. Rolling Pair

Outer Race Ll n kS Of p al rS h ave a
ol rolling motion relative to
each other.

Cage or Separator

4. Screw or Helical Pair

If two mating links have a turning as well as sliding motion
between them.

5%
A5 %g

i U 0 i 1 0
MRCET CAMPUS
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KINEMATIC PAIRS ACCORDING TO THE
RELATIVE MOTION

5. Spherical Pair

When one link in the form of a sphere turns inside a fixed link

6. Planar Pair




KINEMATIC PAIRS ACCORDING TO TYPE OF
CONTACT

1. Lower Pair

N i The joint by which two
29E=——-— -¥ members are connected
‘W/////////A‘ has surface (Area) contact

2. Higher Pair

The contact between the
pairing elements takes
place at a point or along a
line.

Toothed gearing, belt and rope drives, ball and roller bearings and cam and
follower are the examples of higher pairs




LECTURE 3

CONSTRAINED MOTION AND CLASSIFICATION
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KINEMATIC PAI
OF CONSTRAIN

RS ACCORDING TO TYPE
.

]

2.

> Elements are no

»Held In contact by the action of

external forces.

Eg. Cam and spring loaded follower

pair

1. Closed Pair

Two elements of pair are held
together mechanically to get
required relative motion.

Eg. All lower pairs

Unclosed Pair

t held mechanically.




CONSTRAINED MOTION

1.Completely constrained Maotion: N 7
Motion in definite direction B = = n| =
irrespective of the direction of the i

force applied. .
2. Successfully (partially) constrained Motion:

» Constrained motion is not completed by itself
but by some other means.

»Constrained motion is successful when
compressive load is applied on the shaft of the

. // foot step bearing '
Lz i s

FOOT STEP BEARING —¥ (
O

3. Incompletely constrained motion: < + “

Motion between a pair can take place in , / //////%

more than one direction. i

Circular shaft in a circular hole may have rotary
2+ and reciprocating motion. Both are independent of each other.

S o
1=
- ":‘_ Lae
h 2ot 4
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KINEMATIC CHAIN

Group of links either joined together or arranged in a manner that permits them
to move relative (i.e. completely or successfully constrained motion) to one
another.

Example: 4 bar chain

The following relationship holds for kinematic chain

Where

p = number of lower pairs
L = number of links

3
2 ] = Number of binary joints




KINEMATIC CHAIN

y_ 3
=2p-4 ==]-2
P J =5

If LHS > RHS, Locked chain or redundant chain;
no relative motion possible.

LHS = RHS, Constrained chain ...e. motion Is
completely constrained

LHS < RHS, unconstrained chain. 1.e. the relative

motion Is not completely constrained.

h 2ot 4
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NUMERICAL EXAMPLE-1

Determine the nature of the chain /=3 7=3 J=3

(K2:U) From equation
C
[=2p—-4
| | = 2%3-4=2
Link 3 Link 2 LH.S. > R.HS.
j=51-2
A Link 1 5




EXERCISE

Determine the nature of the chains given below «2:u)
Hint: Check equations  /=2p-4, = %[ <D

C

Link 3
Link 2

Link 4
A Link 1 B A Link1 B
I=85;p=3, andj=>5
I=4,p=4,andj=4 L.H.S.<R.H.S.
ILHS =R.HS unconstrained chain

... constrained kinematic chain
o

i o
MRCET CAMPUS
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NUMERICAL EXAMPLE-2

Determine the nature of the chain (k2:v)

»>L= 6

»] =3 Binary joints (A, B & D) + 2 ternary
joints (E & C)

»We know that, 1 ternary joint =(3-1) =
2 Binary Joints

»Therefore, | =3 + (2°2) =7

L.H.S.=R.H.S.

Therefore, the given chain Is a
kinematic chain or constrained chain.

S
1=k
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EXERCISE

Determine the number of joints (equivalent binary) in the given chains (K2:U)

1(D)
4 (A, B, E,

Number of Binary Joints
No. of ternary joints
F)
No. of quaternary joints = 2 (C & G)
Therefore, | =1+4 (2) + 2 (3)
=15
453

I@;...L.m'.:;ér.
MRCET CAMPUS
UGC Autonomous

No. of Binary Joints =1 (b)
No. of ternary joints = 6 (A, B, C, EF, G)

j=1+6(2)=13




KINEMATIC CHAIN

»For a kinematic chain having higher pairs, each higher pair is
taken equivalent to two lower pairs and an additional link.

»In this case to determine the nature of chain, the relation
given by A.W. Klein, may be used

h 3
b =212
I+

where j = Number of binary joints,

h = Number of higher pairs, and

[ = Number of links.

S M.,
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MECHANISM AND MACHINES
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CLASSIFICATION OF MECHANISMS

Mechanism:
When one of the links of a kinematic chain is fixed, the chain is called
Mechanism. .
Inout
TypeS' .
»Simple - 4 Links “

»Compound - More than 4 links




Classification of mechanisms

»Complex - Ternary or Higher order f
Links

»Planar - All links lie In the same
plane

:/l Ve %E n '
. Complex Mechanism

Planar Mechanism




Classification of mechanisms

»Spatial - Links of a mechanism lie in different
planes

. Spatial Mechanism

Parallel robot



Machine

When a mechanism Is required to
transmit power or to do some particular
type of work, 1t then becomes a

machine. In such cases, the various
links or elements have to be designed to
withstand the forces (both static and
Kinetic) safely.




DEGREES OF FREEDOM (DOF) /
MOBILITY

It Is the number of independent coordinates required to
describe the position of a body.

-—)—b

.

4 bar Mechanism has 1 DoF as the angle
- turned by the crank AD is fully describing
~ the position of the every link of the
mechanism




DOF

The Lower Pairs Joints

N ‘ A .
v \ '\ M “ . o r‘l{.“.‘ \ ..'.l
ey o<l N . N
| S, | ;\j L‘_‘ = v A [\\ L ,i}'
N — e N st ] —~ ——
. T S i
L
R r S
r— ‘.;.. '; ~: o7 /)
~~ \: ") %) /7 5 N
| R A o ) /oA ¢ %
S——) SN e [ / o >
N’ N R S~
? k&v-? "
e —
C “(S) i FirPa

Pair Synibal Pair Variable Degree of  Relative
: Freedom  Motion

Revolute R A\ | Circular
Prism r As | Rectilinear
Screw SMH)  A@or As (As= hAO) | Helical

Cylinder C ABand As 2 Cylindric
Sphere (S) AO.Ag. Ay 3 Spheric

Flat FP,) v, Ay, A0 3 Planar




DEGREES OF FREEDOM/MOBILITY OF A
MECHANISM

It I1s the number of Inputs (number of
Independent coordinates) required to
describe the configuration or
position of all the links of the
mechanism, with respect to the fixed
link at any given instant.




KUTZBACH CRITERION

For mechanism having plane motion

DoF=n=3({(-1)-27-h

L = number of links

] = number of binary joints or lower pairs (1 DoF pairs)

h = number of higher pairs (i.e. 2 DoF pairs)




NUMERICAL EXAMPLE -1 &2

Determine the DoF of the mechanism shown below:

D 3 s n=3(-1)—2j—h Kutzbach Criterion
. 5 l=5;]=2+2*3-1)=6;h=0
A 5 H=30-1D—=2x%x6=0
]

DoF =0, means that the mechanism forms a structure
lL=5;]=5h=0
n=3((5-1)-2*5-0=2

Two inputs to any two links are required to yield
definite motions in all the links.




NUMERICAL EXAMPLE -3 &4

Determine the Dof for the links shown below:

1
=6;)]=7;h=0
n:3(61) 2(7)-0=1
Dof =1
l.e., one input to any one link

will result in definite motion of
all the links.

7Y
/‘ =,__r
—
UGC Autonomous

R-“'

n=3((—-1)—2j—h Kutzbach Criterion

234

16 56

Note: at the intersection of 2, 3 and 4,
two lower pairs are to be considered

=6;]=5+1(3-1)=7;h=0
n=3(6-1)-2(7)-0=1
Dof =1




NUMERICAL EXAMPLE - 5

=3(/-1)—2j—h Kutzbach Criterion

l=11;j=7+4(3-1)=15;h=0
n=3(11-1)-2(15)-0=0
Dof=0

Here, j= 15 (two lower pairs at the intersection of 3, 4, 6; 2, 4, 5;

5,7,8;8,10,11)and h=0.
Summary

Dof = 0, Structure

Dof = 1, mechanism can be driven by a single input motion

Dof = 2, two separate input motions are necessary to produce

constrained motion for the mechanism

Dof = -1 or less, redundant constraints in the chain and it forms

a statically indeterminate structure

,_d:

P

T/‘ﬁl’
peorael DEPARTMENT OF MECHANICAL ENGINEERING

é.’.

=

i



KUTZBACH CRITERION FOR HIGHER
PAIRS

n=3-1)-2j-h

.

3 Wheel
/=3, j=2and h=1 5 4/
n=3(3-1)-2x2-1=1

1
l =4, j=3 aiid k=]

n=3M4-1)-2x3-1=2




KUTZBACH CRITERION

n=3-1)-2;-h

L=4,j=5,h=0 l=3,]=2,h=1
n=3(4-1)-2(5)-0=- n=3@3-1)-2(2)-1=
1 1

Indeterminate structure




GRUBLER’S CRITERION FOR PLANE
MECHANISMS

Kutzbach Criterion =3 (/-1)-2;-h

Grubler’s criterion applies to mechanisms having 1 DoF.

Substituting n =1 and h=0 in Kutzbatch equation, we can
have Grubler’'s equation.

|=3(-1)-27 o1 3[-2j—-4=0




GRASHOF’S LAW

[+s < ptq
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.

el
“f‘%i’
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Example: 4 bar door damper linkage
Pin or rotary joints \

@ = Wall or
@ = Bar 2 or
@ =Bar3 or

4 = Door or

Link 1 This is the grounded (held still)
Link 2

Link 3
Link 4
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INVERSIONS OF MECHANISM

> A mechanism IS one In which one of the links of a
kinematic chain is fixed.

» Different mechanisms can be obtained by fixing
different links of the same kinematic chain.

>t 1s known as Inversions of the mechanism.




INVERSIONS OF FOUR BAR CHAIN

»Beam engine (crank and lever
mechanism)

»Coupling rod of a locomotive
(Double crank mechanism)

»\Watt’'s indicator mechanism (Double
lever mechanism)




INVERSIONS OF FOUR BAR CHAIN

1. Beam engine (crank and lever mechanism)

Lever
(Link 4)

Piston
rod —Y|

Link 3

T TTT)

—
F iy

ff;f 1
NIFFF7FrT

Cylinde

PV

(Link 2)

e A VA

Beam engine.
[Source: R S Khurmi]

The purpose of this mechanism Is to convert rotary motion
Into reciprocating motion.
B

B ey




INVERSIONS OF FOUR BAR CHAIN

2. Coupling rod of a locomotive (Double crank mechanism).

Link 4 /——'Wheem

Link 3

Link 2

Link 1

[Source: R S Khurmi]

»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.

- "‘_ Lae
b -
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INVERSIONS OF FOUR BAR CHAIN

3.Watt's indicator mechanism (Double lever mechanism)

Indicator _7 ,
plunger N
1 ~
Y o

Copyright 2000, Kaveney.com

Watt’s indicator mechanism.
[Source: R S Khurmi]

On any small displacement of the mechanism, the tracing point E at the end

of the link CE traces out approximately a straight line

S
p AT

b -
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SINGLE SLIDER CRANK CHAIN

Connecting rod (ir.ai;k2
(Link 3) (Link 2)

Guides
Piston rod \q_ % e \‘
e .A Y \

//////////////f({///!/l :
- F/A77777) Frame \ /
- ﬂ( (Link 1) . /
CYIlnder Piston Cross-head ~ €
(Link 4) -

Single slider crank chain

Links 1-2, 2-3, 3-4 = Turning pairs; Link 4-1 = Sliding pair

| —

b caom




INVERSIONS OF SINGLE SLIDER CRANK

connecting rod fixed  slider fixed




INVERSIONS OF SINGLE SLIDER CRANK CHAIN

» Pendulum pump or Bull engine
» Oscillating cylinder engine
» Rotary internal combustion engine (or) Ghome engine

» Crank and slotted lever quick return motion mechanism

» Whitworth quick return motion mechanism




PENDULUM PUMP OR BULL ENGINE




PENDULUM PUMP OR BULL ENGINE

AP

A

Cylinder
T & (link 4)

4 %‘f Connecting rod
o« (Link 3)

Piston rod _
(Link 1) —"_ -~
~ =~ Crank

B RO R R R

AAASAAN NN

_ (Link 2)
é 4— Cylinder
’};//xmzf (Link 4)
/f.-" Fy ///;

[Source: R S Khurmi]

This Inversion is obtained by
fixing the cylinder or link 4 (i.e.
sliding pair)

when the crank (link 2) rocks,

the connecting rod (link 3)
oscillates about a pin pivoted to
the fixed link 4 at A.

The piston attached to the piston
rod (link 1) reciprocates.

It supplies water to a boller.




OSCILLATING CYLINDER ENGINE

/

OSCILLATING CYLINDER ENGINE




OSCILLATING CYLINDER ENGINE

Piston rod
(Link 1)

Connecting

[Source: R S Khurmi]

»used to convert reciprocating motion into rotary motion

»the link 3 (Connecting Rod ) forming the turning pair is
fixed.




MULTI-CYLINDER RADIAL IC ENGINE

P4

C
2

ND MECHANISM

SA

t

)
\

R

oS

0 ! r~ T
d Resofve Constraint 100!

Mechanism
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ROTARY INTERNAL COMBUSTION ENGINE (OR)
GNOME ENGINE

Connecting rod

(Link 4)
Sl
ixed crank 1O E w
- y E = .
Piston (Link 2) %Q!‘. i .‘@
(Link 3) - V“\ SN
-l’.iﬁgc‘\;‘.
"a/ O \}..
.—\ﬂ%’& P
PG S
Cylinder N
(Link 1)
[Source: R Sthurmi] ls ~

»Crank is fixed at center D
» Cylinder reciprocates
»Engine rotates in the same plane

£ o

i U e s 0
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CRANK AND SLOTTED LEVER QUICK RETURN
MOTION MECHANISM

==
Sten| 0

X0

|_ How Crank and Slotted lever Quick Return Motion mechanism works




CRANK AND SLOTTED LEVER QUICK RETURN
MOTION MECHANISM

——» Cutting stroke
4+— Return stroke

: tod \ - ] g Line of
1 00 J strﬂke
P e o pr— f

Connecting

.. P_ge==--B_
R g | '|I | ™
P ety oS i":«_?/ The line of stroke of the ram (i.e.
\ "uh “n., Slider (Link 1) f 2 R1R?2) is perpendicular to AC
\ 'Crank(LmkE f
e x \ f In the extreme positions, AP1 and
| D? / AP2 are tangential to the circle
. '\:5--"’*{ -.%-Eﬁi‘m% j;’ Time of cutting stroke P B 360° - o
\.1 |II |II v . - T N w 01" e T
{; %! E 7 B2 Time of return stroke ~ o 360°—f3 o
(90°="3) T\ £ ~ £ Fixed
* (Link 3)
Slotted bar \&/
(Link 4) ¥}
A
ﬁ:%; [Source: R'S Khurmi]



CRANK AND SLOTTED LEVER QUICK
RETURN MOTION MECHANISM

Connecting ——» Cutting stroke

tc:-d <—— Return stroke L :
— Line o
TOOI Slroke
5 f7H2
u u N _7F‘2
\\ 55 | Slider (Link 1) i’

\\ B *{f(ﬁ:k\mnkz)/’/ length of stroke =R R,=P P, =2P,0=2AP, sin L P AQ

N \ei 0/
\\ —’I b By, /
B‘ ‘\\ B2 = 2AR :-;in(*)[}“ - E) =2APcos & . (AP, = AP)
(90°— '. /- Fixed 2 -
(Link 3)
- B
= oy |
. A _ — EAP X —L wes | COS E ('B
[Source: R S Khurmi] AC 2 AC
P1\\o
X i = 24P x £B CB, = CB)
\.\ AC




Crank and slotted lever quick return mechanism is mostly
used in shaping machines & slotting machines

THE SHAFING MACHINE
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WHITWORTH QUICK RETURN
MOTION MECHANISM

Connecting rod

PR — Cutting stroke @06 X ganimate s
. <«—— Return stroke
| Hext | | Prev | | All | | Go | {oBnee 1 Fasy i Bles
Ram Tool Anination of the Mhitworth Quick Return Mechani
’ — _\_\u_ I B niAaacion o e 1CHOr Uilc eLurn ecnanish
5. - ; R R Rz
Slotted bar ' N Line of
(Link 1) ' C stroke
_\2\‘ |
Slider /
(Link 4) :
A
y
Time of cutting stroke o 360° -
. , =—=—" f ———
Time of return stroke [3  360°—a B

=

P e
MRCET CAMPUS

UGC Autonomous




LECTURE 8

INVERSION OF DOUBLE SLIDER CRANK CHAINS

4 LIVE TO LEARN & LEARN TO SHARE

MRCET CAMPUS

UGC Autonomous
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INVERSIONS OF DOUBLE SLIDER CRANK
CHAIN

(1. ELLIPTICAL TRAMMELS)




INVERSIONS OF DOUBLE SLIDER CRANK
CHAIN

(1. ELLIPTICAL TRAMMELS)

[ Y
/)'A‘“—— Slider *A
Bar /* (Link 3) /
(Link 2) 8 il /
el Slotted
/?Z-““*nnx plate (Link 4) F’Iz-f— Q
# ! Ny o [Sourcé: R/S |Khurmi]
S I A o x—48 X
| /"B | ; B R IO
////{\ (Frrrrs | ({//r//!//ﬁ// rard [
Slider |- F- srr
(Link 1) | 1 ,
Y x=PO=APcos0;and y=PR=BPsin0
»used for drawing ellipses . or .
>any point on the link 2 such as P traces =~ p = c0sb:and 25 =sin®
out an ellipse on the surface of link 4 Squaring and adding,
»AP - semi-major axis; i ,
»>BP - semi-minor axis X+ —cos’@+sin?0=1
Y (AP)*  (BP)’
45
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INVERSIONS OF DOUBLE SLIDER

(2. SCOTCH YOKE MECHANISM)

CRANK CHAIN
Crank Slider
(Link 2) _ (Link 3)

-
-~

FEr AP rr Ay

Frame (Link 4)

Scotch yoke mechanism.
[Source: R S Khurmi]

» This mechanism is used for
converting rotary motion into
a reciprocating motion.

»Link 1 is fixed.

»when the Ilink 2 (crank)
rotates about B as centre,
reciprocation motion taking
place.




INVERSIONS OF DOUBLE SLIDER CRANK
CHAIN

(3. OLDHAM’S COUPLING)

§




INVERSIONS OF DOUBLE SLIDER CRANK
CHAIN

(3. OLDHAM’S COUPLING)

Flange Intermediate Link 4
(Link 1) piece
c (Link 4) To
Driving D __ Flan T+
ge
shaft }rA E - | " (Link3)
S -EFRF 4
g g it
' B
_ | \-Driven
Sﬂfﬁnﬂﬁ'”g ! shaft Link 4
i t
(Link 2) | Link 3 Slo [Source: R S Khurmi]

LV A A A T A A A

(a) (b) (c)
Oldham’s coupling.

T, and T, two tongues (i.e. diametrical projections)
~ on each face at right angles to each other

used for connecting two parallel shafts whose axes are at a
small distance apart.
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SOME COMMON MECHANISMS :TOGGLE
MECHANISM




TOGGLE MECHANISM

F=2Ptan a

»>If a approaches to zero, for a given F, P approaches infinity.

» A stone crusher utilizes this mechanism to overcome a large resistance
with a small force.

>t is used in numerous toggle clamping devices for holding work pieces.

» Other applications are: Clutches, Pneumatic riveters etc.,




INTERMEDIATE MOTION MECHANISM

RATCHET AND PAWL
MECH. PAwL

— SHAFT

.,

~
RATCHET WHEEL

»There are many different forms of ratchets and escapements which

are used in:
» locks, jacks, clockwork, and other applications requiring some form

of intermittent motion.




APPLICATION OF RATCHET PAWL MECHANISM

@

S N Rsacm

Used in Hoisting Machines as safety measure




INTERMEDIATE MOTION MECHANISM

GENEVA MECHANISM (INDEXING
MECHANISM)
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INTERMEDIATE MOTION MECHANISM

GENEVA MECHANISM

Animation showing a six-
position external Geneva drive
In operation

Animation showing an internal
Geneva drive in operation.




INTERMITTENT MOTION MECHANISMS
GENEVA WHEEL MECHANISM




APPLICATIONS OF GENEVA MECHANISM

»Locating and locking mechanism
»Indexing system of a multi-spindle machine tool

alignment ; .
i iaces drive pin

Iong [ockmg Ioc]zing extension

surface
. Drawing courtesy of PRODUCT ENGINEERING Magaszine; June 8,
Fig. 9-15. Six-slot external Geneva used for light-duty 1964: pp. 67, 68
imjtrument spplcations, Fig. 9-18. Chain-mounted drive pins with blocks for lock-

ing during dwells,




Industry applications

. Compliant mechanisms used in new age industries.

. Mechanical Components form Specialized Motion-Control Systems
. Mechanism for Planar Manipulation with Simplified Kinematics

. Five linkages for straight-line motion

. Seven linkages for transport mechanisms
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Question Bank for Assighments

Explain inversions of a four bar chain in detail?

Explain the working of any two inversions of a single slider crank chain with neat
sketches.

What is inversion of mechanism? Describe various inversions of double slider crank
mechanism with sketches.

Explain with neat sketch the working of crank and slotted lever quick return motion
mechanism. Deduce the expression for length of stroke in terms of link lengths.

State and explain Whitworth quick return mechanism. Also derive an equation for
ratio of time taken for return strokes and forward strokes.

Define Kinematic pair and discuss various types of kinematic pairs with example.
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Tutorial Questions

1. What is a machine? Giving example, differentiate between a machine and a
structure.

2. Write notes on complete and incomplete constraints in lower and higher
pairs, illustrating your answer with neat sketches.

3. Explain different kinds of kinematic pairs giving example for each one of
them.

4. Explain the terms: 1. Lower pair, 2. Higher pair, 3. Kinematic chain, and 4.
Inversion.

5. In what way a mechanism differ from a machine?

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

7. Explain Grubler’s criterion for determining degree of freedom for
mechanisms. Using Grubler’s criterion for plane mechanism, prove that the
minimum number of binary links in a constrained mechanism with simple
hinges is four.

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

9. Sketch and describe the four bar chain mechanism. Why it is considered to be
the basic chain?

10. Show that slider crank mechanism is a modification of the basic four bar
mechanism.

11. Sketch slider crank chain and its various inversions, stating actual machines
in which these are used in practice.

12. 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.

13. Sketch and explain any two inversions of a double slider crank chain.
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UNIT 2
SPECIAL MECHANISMS

£y



COURSE OBJECTIVE

To Synthesize and analyze 4 bar mechanisms.

LECTURE

1

LECTURE TOPIC

Straight Line
Motion
Mechanisms

Approximate
Straight Line
Mechanism

Pantograph

Davi’s Steering
Gear
Mechanism

Ackerman’s
Steering Gear
Mechanism

Single and
Double Hooke
Joint

Ratio of Shaft
Velocities

COURSE OUTCOME

KEY ELEMENTS

Definition of Straight line
motion mechanism
Classification of exact
straight line motion
mechanism

Working of approximate
straight-line mechanisms

Purpose of mechanisms
Applications of
Mechanism

Definition of Davi’s
Steering Gear Mechanism

Condition for correct
steering condition

Definition of Ackerman’s
Steering Gear Mechanism

Condition for correct
steering condition

Describe single and
double Hooke’s Joint

List of applications using
single and double
Hooke’s Joint

Derive the ratio of shaft
velocities

DEPARTMENT OF MECHANICAL ENGINEERING

LEARNING OBJECTIVES

Understanding the inversion of
mechanisms and its
classifications (B2)

Understanding the inversions of
approximate straight line
mechanism (B2)

Analyse the approximate straight
line mechanisms (B4)

Understanding the Pantograph
mechanism (B2)

List the applications of
Pantograph (B4)
Understanding the working of

Davi’s Steering gear mechanism
(B2)

Apply the mechanism for correct
steering condition (B3)

Understanding the working of
Ackerman’s Steering gear
mechanism (B2)

Apply the mechanism for correct
steering condition (B3)
Remember the working single
and double Hooke’s Joint (B1)

Apply single and double Hooke’s
joint for various applications (B3)

Evaluate the velocity ratio for
shafts (B5)



Special Mechanisms
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2.1 Straight Line Mechanisms

— It permits only relative motion of an oscillatory nature along a straight line. The
mechanisms used for this purpose are called straight line mechanisms.
1 In which only turning pairs are used
2 In which one sliding pair is used.
— These two types of mechanisms may produce exact straight line motion or approximate
straight line motion.
— Need of StraightL.ine:
1 Sewing Machine converts rotary motion to up/down motion.
2 Want to constrain pistons to move only in a straight line.
3 How do you create the first straight edge in the world? (Compass is easy)
4 Windshield wipers, some flexible lamps made of solid pieces connected by
flexible joints.

2.2 Exact Straight Line Motion Mechanisms Made Up Of

Turning Pairs
— The principle adopted for a mathematically correct or exact straight line motion is
described in Fig.2.1

— Let O be a point on the circumference of a circle of diameter OP. Let OA be any chord
and B is a point on OA produced, suchthat

OA X OB = constant
— The triangles OAP and OBQ are similar.

Fig. 2.1 Exact straight line motion mechanism
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OP X 0Q =0A X OB
0OA X OB
00= —05p
— But OP is constant as it is the diameter of a circle; therefore, if OA x OB is constant,
then OQ will be constant.
— Hence
OA X OB = constant

— So point B moves along the straight line.

2.3 Peaucellier Mechanism (Exact Straight Line)
— It consists of a fixed link OO1 and the other straight links O1A, OC, OD, AD, DB,
BC and CA are connected by turning pairs at their intersections, as shown in Fig. 2.2

— The pinat A is constrained to move along the circumference of a circle with the fixed
diameter OP, by means of the link O1A. In Fig. 2.2
— AC=CB=BD=DA

- 0C=0D
- 00,=0;A
C
- |"l i H""\-\.
R - I
- / A -
e f -"'.-l:‘ _.'.ll ! H - #1 E‘
e N
L ==7 I
i .___.-..-" - :fﬁ"-.“ 5 .._..lr
"o — - -
Illlr _-".-..- =3 Ll i _.-"-- -\-\---"'-;'H.:
| e A S I
P D
O ™ - - - - -
! D ] F| Eﬂ
\ 1 I
‘ /
\ ,
.
. B e
- _'_,_I-'-

Fig. 2.2 Peaucellier Mechanism
— From right angled triangles ORC and BRC, we have

OC2=0R%+RC(C? )

BC2=RB2?+ RC(C? (iD)
— From (i) and (ii)

0C2—BC2=0R?— RB?
= (OR — RB)(OR + RB)

‘.& L §
P
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=0B X 0A

Since OC and BC are of constant length, therefore the product OB x OA remains
constant.

Hart’s Mechanism

This mechanism requires only six links as compared with the eight links required by the
Peaucellier mechanism.

It consists of a fixed link OO1 and other straight links O1A, FC, CD, DE and EF are
connected by turning pairs at their points of intersection, as shown in Fig. 2.3.

The links FC and DE are equal in length and the lengths of the links CD and EF are
also equal. The points O, A and B divide the links FC, CD and EF in the same ratio. A
little consideration will show that BOCE is a trapezium and OA and OB are
respectively parallel to FD and CE.

— - E
¢ ." h , ?
7 —\, : )
(0 (R S\ , ,
[0 \ / |.
/| - I ' p |
.r,"r-. . . i
l ' I} ! .
01 H"'*a - ! s
- ."F ."ll ; -.,I.
\. -H""'\-\.H_ J;r i |
/ “ ’
/ \ / T / e = -l——'.D
' M, ’f_ R _""\-\.:‘,"._ - = ,IJIM N
{ - ~, - . = 'y f
FO&—- - _ - /Q r

Fig. 2.3 Hart’s Mechanism
Here, FC = DE & CD =EF
The point O, A and B divide the links FC, CD and EF in the sameratio.
From similar triangles CFE and OFB,

CE _ 0B B CE X OF _

C OF or CB = FC (i)
From similar triangle FCD and OCA

FD 04 FDx@ -

— = — orOA= —— ... (i}

FC oc FC

From above equations,
FD X @ y CE X OF

0OA X OB =
FC FC
0C X OF
=FDXCEX ———
F(C?

Since the lengths of OC, OF and FC are fixed, therefore
OA X OB =FD X CE X cons. ... (iii)
From point E, draw EM parallel to CF and EN perpendicular to FD.
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FD XCE= FD XxXFM (CE=FM)
= (FN + ND)(FN — MN)
= FN2 — ND2 (MN = ND)
= (FE? — NE?) — (ED? — NE?) (Fromright
angle triangles FEN and

EDN) = E? — ED? = constant  (iv)

— From equation (iii) and (iv),
OA X OB = constant

Exact Straight Line Motion consisting of one sliding pair-Scott
Russell’s Mechanism

— A'is the middle point of PQ and OA = AP = AQ. The instantaneous center for the link
PAQ lies at | in OA produced and is such that IP is perpendicular to OP.

i B
f"’if, Q I"'_':.___E_______:-'_':I
| AT
/ | > |
|'I | - e . .'r-JIJ-.' {
F—-——4—-—-4—-—>epP
i 1::Il I'I L L EEELLE
\ |
II"-. ! EJ.'"I
LS r
x\. &
. A
T 9-- -

Fig. 2.4 Scott Russell’s Mechanism
— Join 1Q. Then Q moves along the perpendicular to 1Q. Since OPIQ is a rectangle and
IQ is perpendicular to OQ, therefore Q moves along the vertical line OQ for all
positions of QP. Hence Q traces the straight line OQ'.
— If OA makes one complete revolution, then P will oscillate along the line OP through a
distance 2 OA on each side of O and Q will oscillate along OQ' through the same
distance 2 OA above and below O. Thus, the locus of Q is a copy of the locus of P.
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Approximate straight line motion mechanisms
Watt’s Mechanism
— It has four links as shown in fig. OB, O1A, AB and OO1.

& % .-.Ar
_I' @
i = =
I'. 'I et - D1
A N
: 5 _f’L"l 3 [—Qf =3
: i
Fi X -
e~ "k'
T = = Er h
0--1 B B ",
b | h
|I "H r"l

Fig. 2.5 watt’s mechanism
— OB and O1A oscillates about centers O and O1 respectively. P is a point on AB
such that,
0, PB
OB~ PA
— As OB oscillates the point P will describe an approximate straight line.

Modified Scott-Russel Mechanism

— This is similar to Scott-Russel mechanism but in this case AP is not equal to AQ
and the points P and Q are constrained to move in the horizontal and vertical

directions.
|
Qe
"-\.
e
. = A
7 -"“1-
# - R T
f | = P |
—_ — —_ ..." — —_ III - ———
L1
5, l:I f.-* T
L
-H"-\._\_ I . P

Fig. 2.6 Modified Scott-Russel Mechanisms
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— Alittle consideration will show that it forms an elliptical trammel, so that any point
A on PQ traces an ellipse with semi-major axis AQ and semi minor axis AP.

— If the point A moves in a circle, then for point Q to move along an approximate
straight line, the length OA must be equal (AP)2 / AQ. This is limited to only small
displacement of P.

Grasshopper Mechanism

— In this mechanism, the centers O and O1 are fixed. The link OA oscillates about O
through an angle AOA1 which causes the pin P to move along a circular arc with
O1 as center and O1P as radius.

D..

|
1

Fig. 2.7 Grasshopper Mechanism
— For small angular displacements of OP on each side of the horizontal, the point Q
on the extension of the link PA traces out an approximately a straight path QQ’. if
the lengths are such that

OA= —
AQ

Tchebicheff’s Mechanism

— Itis a four bar mechanism in which the crossed links OA and O1B are of equal
length, as shown in Fig. 2.8.

— The point P, which is the mid-point of AB, traces out an approximately straight line
parallel to OO1.
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— The proportions of the links are, usually, such that point P is exactly above O or O1
in the extreme positions of the mechanism i.e. when BA lies along OA or when
BA lies along BOa.

A . B
2 - I |
E_F-_ -\""'\-\.\_
Py P,

L
|
|
|
I
|
|
|

A
/ C N
Bs 'T;.f“f Ju‘f“

|

|

|

L1 |

___.-"" S "'._. |
% i

|

|

|

I
|

I

|

I

|

|

I

| F L

I “l
L__.d:' '\-\.'-.
H.l'”.l'.ff.l'.f.f.-'.f.f.-'.".f.n'.-'.’f.-'.‘f.l'.ff.l'
O O,

Fig. 2.8 Tchebicheff’s mechanism
— It may be noted that the point P will lie on a straight line parallel to OO;, in the two
extreme positions and in the mid position, if the lengths of the links are in
proportions

AB: 00; :OA=1:2:45.
Roberts Mechanism

— ltisalso a four bar chain mechanism, which, in its mean position, has the form of a
trapezium. The links OA and O1 B are of equal length and OO1 is fixed. A bar PQ
is rigidly attached to the link AB at its middle point P.

-
A P - B
I 'F-:'H. .H'-—*
A e R
) B x'i.
I i h'x
|I / -"'\.
I ",
i Mg 1
B — - - _—— ‘T
TR DI, Q. .‘_ P
~ Locus of Q

Fig. 2.9 Robert’s Mechanism
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— Alittle consideration will show that if the mechanism is displaced as shown by the
dotted lines in Fig. the point Q will trace out an approximately straight line.

Steering gear mechanism

— The steering gear mechanism is used for changing the direction of two or more of the
wheel axles with reference to the chassis, so as to move the automobile in any desired
path.

— Usually the two back wheels have a common axis, which is fixed in direction with
reference to the chassis and the steering is done by means of the front wheels.

— In automobiles, the front wheels are placed over the front axles, which are pivoted at
the points A and B, as shown in Fig. 2.10.

|« a

Inner front Outer front
wheel &~ Left turn ~
P L B \ ral.___\-.:|-'\r/ WhEEI
FeTTT T T T T T _.‘. _,.-" J':"' b
: U l!h;"x " ?"L i-M-'J
| -
| .
| -
| - b
| -
| Pt e
| P
et _ )
| .-:_ - P Pt
Let Y ‘ ‘
I L Back axle

Sl

Back or rear wheels

Fig. 2.10 steering gear mechanism

— These points are fixed to the chassis. The back wheels are placed over the back axle, at
the two ends of the differential tube. When the vehicle takes a turn, the front wheels
along with the respective axles turn about the respective pivoted points. The back
wheels remain straight and do not turn. Therefore, the steering is done by means of
front wheels only.

— In order to avoid skidding (i.e. slipping of the wheels sideways), the two front wheels
must turn about the same instantaneous centre | which lies on the axis of the back
wheels. If the instantaneous centre of the two front wheels do not coincide with the
instantaneous Centre of the back wheels, the skidding on the front or back wheels will
definitely take place, which will cause more wear and tear of the tyres
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Thus, the condition for correct steering is that all the four wheels must turn about the
same instantaneous centre. The axis of the inner wheel makes a larger turning angle 6
than the angle ¢ subtended by the axis of outer wheel.
Let, a = wheel track

b = wheel base

¢ = Distance between the pivots A and B of the front axle.
Now from triangle IBP,

cotd = —
IP

And from triangle IAP,

AP AB + BP c
cotp= —= ——— = —+coth
IP IP b

cot® —cot@ = 5
b

This is the fundamental equation for correct steering.

Devis Steering Mechanism

The Davis steering gear is shown in Fig. 2.11. It is an exact steering gear mechanism.
The slotted links AM and BH are attached to the front wheel axle, which turn on pivots
A and B respectively.

The rod CD is constrained to move in the direction of its length, by the sliding members
at P and Q. These constraints are connected to the slotted link AM and BH by a sliding
and a turning pair at each end. The steering is affected by moving CD to the right or left
of its normal position. C 'D’ shows the position of CD for turning to the left.

| | | Back axle

Fig. 2.11 Devis steering gear mechanism
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—  Let,

a = Vertical distance between AB and CD,
b = Wheel base,

d = Horizontal distance between AC and BD,

¢ = Distance between the pivots A and B of the front axle.

x = Distance moved by AC to AC’'=CC ' =DD’, and

o = Angle of inclination of the links AC and BD, to the vertical.

— From triangle

AA,C ! A’C’ d + X
tan(a + @) = —— = e
AIAI a ( )
— From triangle AA’C AC g -
tana= — = — U (13|
A a
— Fromtriangle
BB’D’
B'D' d—x
tan(a — 0) = 55 = e e e et e o e (iii)
—  We know that,
tan a + tan @
tan(a + @) =
an(a +0) 1—tana Xtan @
d+x d/q +tan @ _d+( x tan@)
a 1-/, Xtan9® a—( X tan Q)

dxX(a—dxtan®) =a X (d + a X tan @)
ad—d?Xtan@+a-x—dXxXtan@=a-d+ 2 X tan®

tan@ X (a2+d?+d-x)=a- x
a-x

t = J
an 0 (@% + d?+ d X)) e (v)
—  Similarly from tan(a — ) = =~ , We get
“ a-x
tan 0 =
an (@ di—dx) (v)

— We know that for correct steering,
Cc
cot) —cotd = —
b

(a2+d*+d-x) (a2+2—-d-x) ¢
a-x a-x b
2d ¢
‘a b
c
2 tana= —
b
c
tana=
2b

S

DEPARTMENT OF MECHANICAL ENGINEERING



Ackerman steering Gear

The Ackerman steering gear mechanism is much simpler than Davis gear. The
difference between the Ackerman and Davis steering gears are :

1 T?]e V\I/hole mechanism of the Ackerman steering gear is on back of the front
wheels;

whereas in Davis steering gear, it is in front of the wheels.

2 The Ackerman steering gear consists of turning pairs, whereas Davis steering
gear consists of sliding members.

Left tum
P Ll B A *_
| AR _,F-':__ i = i "
: ol \h '-_wc- - ¢i_fi‘
I e
| =
I P .
| i
| £ -
I L o
| - -~
|
| e o
I - -_.-
: .-"- L
I P
A + | |
| : _| Back axle |__

Fig. 2.12 Ackerman steering mechanism

In Ackerman steering gear, the mechanism ABCD is a four bar crank chain, as shown
in Fig. 2.12. The shorter links BC and A D are of equal length and are connected by
hinge joints with front wheel axles. The longer links A B and CD are of unequal
length.

The following are the only three positions for correct steering.

1 When the vehicle moves along a straight path, the longer links A B and CD are
arallel and the shorter links BC and AD are equally inclined to the
ongitudinal axis of the vehicle, as shown by firm lines in Fig. 2.12.

2 When the vehicle is steering to the left, the position of the gear is shown by
dotted lines in Fig. 2.12. In this posmon the lines of the front wheel axle
intersect on the back wheel axle at I, for correct steering.

3 When the vehicle is steering to the right, the similar position may be obtained.

Universal or Hooke’s Joint

A Hooke’s joint is used to connect two shafts, which are intersecting at a small angle,
as shown in Fig.2.10. The end of each shaft is forked to U-type and each fork provides
two bearings for the arms of a cross.

The arms of the cross are perpendicular to each other. The motion is transmitted from
the driving shaft to driven shaft through a cross.
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Forked end

Cross

Fig. 2.13 Hooke's Joint
The main application of the Universal or Hooke’s joint is found in the transmission
from the gear box to the differential or back axle of the automobiles. It is also used for
transmission of power to different spindles of multiple drilling machines.

Ratio of shaft velocities

The top and front views connecting the two shafts by a universal joint are shown in Fig.
2.11. Let the initial position of the cross be such that both arms lie in the plane of the
paper in front view, while the arm AB attached to the driving shaft lies in the plane
containing the axes of the two shafts.

Let the driving shaft rotates through an angle 6, so that the arm AB moves in a circle to
a new position Al B1 as shown in front view.

A little consideration will show that the arm CD will also move in a circle of the same
size. This circle when projected in the plane of paper appears to be an ellipse. Therefore
the arm CD takes new position C1D1 on the ellipse, at an angle 6. But the true angle
must be on the circular path.

To find the true angle, project the point C1 horizontally to intersect the circle at C2.
Therefore the angle COC2 (equal to ) is the true angle turned by the driven shaft.
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Fig. 2.14 ration of shaft velocities

In triangle OC1M, angle OC:M =6

oM
tan0 = —

MC,

In triangle OC:2N, angle OC2N= @

- (D)

e e (i) (NC2=MCy)

(o = angle of inclination of driving and driven

tang =% = OV
NC;  MCy
— Dividing eq. (i) by
(i) tang =2 _ oN
NCZ M(,'1
- But
OM = N; cosa =0Ncosa
shaft)
tané  ON cosa
= =cosa
tan @ ON
tanf = tan® X cosa
— Let,
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o = angular velocity of driving shaft =%

dt
o1 = angular velocity of driven shaft = e
dt
— Differentiating both side of eq. (iii)de
sec2f X __ = cosa X sec:( X ___
dt dt
sec2f X = cosa X sec? X w
w4 sec? 6
w cosa X sec’@
1 .
= . (iv)

c0s26 X cos a X sec%Q

—  We know that,
tan2 @

sec2@=1+tan2@ =1+

sin? @

cos?a

=1+

cos?0 X cos’a
cos2 @ X cos?2 a + sin2 6

cos? 60 X cos?a
cos?2 6 X (1 —sin? @) +sin2 6

c0s?6 X cos’a

cos? @ —sin? a¢ X cos? @ + sin2 @

cos?6 X cos?a

_ 1 —sin?a X cos? 6

c0s?6 X cos’a

—  Substituting this value ineq. (iv)
w, 1 cos? 0 X cos? a
= X

W c0s%6 X cos a 1 —sin?a X cos20

Maximum and Minimum speed of Driven Shaft

W, cosa
W 1 —sin?a X cos20

W X Cos a .
(U]_: W e ws mas mmmaas (l)

1—sina X cos?§
The value of w1 will be minimum for a given value of a, if the denominator of eq. (I)

IS minimum.
cos2f =1, 1ie. 6 =0° 180° 360° etc.
— Maximum speed of the driven shaft,
wcosa w X cos a w

W =
1(max) .
1 —sin?a cos?a cosa
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N
Nl(max) = cos

Similarly, the value of @1 is minimum , if the denominator of eq. (i) is maximum, this
will happen, when (sin? a X cos? 6) is maximum, or
cos2 6 =0, i.e. © =90°, 270° etc.

Polar diagram - salient features of driven shaftspeed

For one complete revolution of the driven shaft, there are two points i.e. at 0° and 180°
as shown by points 1 and 2 in Fig. Where the speed of the driven shaft is maximum and
there are two points i.e. at 90° and 270° as shown by point 3 and 4 where the speed of
the driven shaft is minimum.

6 3 -5
A K S
- -/ w4 {min) NN
| = \
2 | 1 | 1
:- — I — — — -I- —
AN \ w4 {min) v
— \ * A
“~ ¥V
7 ™~ 4 8
~-— i, (Max) —rl-l—m1{max} —

Fig. 2.15 polar diagram
Since there are two maximum and two minimum speeds of the driven shaft, therefore
there are four points when the speeds of the driven and driver shaft are same. This is
shown by points, 5, 6, 7 and 8 in Fig.
Since the angular velocity of the driving shaft is usually constant, therefore it is
represented by a circle of radius w. The driven shaft has a variation in angular velocity,
the maximum value being w/cos a and minimum value is o cos a. Thus it is represented

by an ellipse of semi-major axis w/cos a and semi-minor axis ® cos a, as shown in
Fig.2.15.

Double Hooke’s Joint

The velocity of the driven shaft is not constant, but varies from maximum to minimum
values. In order to have a constant velocity ratio of the driving and driven shafts, an
intermediate shaft with a Hooke’s joint at each end as shown in Fig.2.16, is used. This
type of joint is known as double Hooke’s joint.
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Driving Driving

shaft shaft

Fig. 2.16 double Hooke's joint
— For shaft A and
B, tan @ =tan @ X cos a

— For shaft B and
C,
— This shows that the speed of the driving and driven shaft is constant. In other words,
this joint gives a velocity ratio equal to unity, if
1 The axes of the driving and driven shafts are in the same plane, and
2 Thedriving and driven shafts make equal angles with the intermediate shaft.

tany =tan @ X cos a

Examples:

1. In a Davis steering gear, the distance between the pivots of the front axle
is 1.2 metres and the wheel base is 4.7 metres. Find the inclination of the
track arm to the longitudinal axis of the car, when it is moving along a
straight path .

—Given:c=12m;b=47m

— Let, a= Inclination of the track arm to the longitudinal axis.

—  We know that

2. Two shafts with an included angle of 160° are connected by a Hooke’s
joint. The driving shaft runs at a uniform speed of 1500 r.p.m. The driven
shaft carries a flywheel of mass 12 kg and 100 mm radius of gyration. Find
the maximum angular acceleration of the driven shaft and the maximum
torque required.

— Given: N =1500 rpm; m =12 kg; k = 100 mm; a = 20°
— We know that angular speed of driving shaft,

1500 rad
w=2w ——=157 —
60 S
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— The mass moment of inertia of the driven shaft,
[=mxK?=12%x0.12=0.12kg.m
Max. angular acceleration of driven shatft,
sin2 a X 2 sinZz 20 x 2

cos 20 = - = =0.124
2 —sin’a 2 —sin?20
=41.45°
dw, w? X cos a X sin 260 X sin?a
= 2
dt (1 — sin? a X cos? 9)
1572 X cos 20 X sin 84.9 X sin? 20 rad
= ; = 3090 —-
(1 — sin? 20 X cos? 44.45) S

— Max torque req. 4
w
=Ix _'=0.12%x3090=371N.m
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STRAIGHT LINE MOTION MECHANISMS

 One of the most common forms of the constraint
mechanisms is that it permits only relative motion of an
oscillatory nature along a straight line.

« The mechanisms used for this purpose are called
straight line mechanisms. These mechanisms are of the
following two types:

* In which only turning pairs are used, an
* In which one sliding pair is used.

These two types of mechanisms may produce exact
straight line motion or approximate straight line
motion, as discussed in the following articles.




EXACT STRAIGHT LINE MOTION MECHANISMS MADE
UP OF TURNING PAIRS

« Let O be a point on the circumference of
a circle of diameter OP. A
* Let OA be any chord and B is a point !
on OA produced, such that,

OA x OB = constant o 5@

0A_00

OP OB Exact straight line motion mechanism

OP X OQ = OA ) 4 OB But OP is constant as it is the diameter of a

circle, therefore, if OAxOB is constant, then

OQ will be constant.
OAX OB Hence the point B moves along the straight

OQ = path BQ which is perpendicular to OP.

OP

e

A
MRCET C
UGC Autol

o

i
agiE.
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PEAUCELLIER MECHANISM

* It consists of a fixed link OO1 and the other straight links O1A
OC, OD, AD, DB, BC and CA are connected by turning pairs at

their intersections, as shown in Fig.

 The pin at A is constrained to move along the circumference of a
circle with the fixed diameter OP, by means of the link O1A.

AC=CB =BD=DA;0C=0D;and 00,=0,A
0C* =OR*+ RC* ()
BC* =RB*+R(* ..(ii)
Subtracting equation (iZ) from (i), we have
OC*-BC*=0R*-RB’
=(OR+RB)(OR-RB)
=0Bx0A




HART’S MECHANISM

« This mechanism requires only six links as compared with the eight
links required by the Peaucellier mechanism.

* |t consists of a fixed link OO1 and other straight links O1A, FC,
CD, DE and EF are connected by turning pairs at their points of
Intersection, as shown in Fig.

 The links FC and DE are equal in length and the lengths of the
links CD and EF are also equal. The points O, A and B divide the
links FC, CD and EF in the same ratio.

A little consideration will show that BOCE is a trapezium and OA
and OB are respectively parallel to *FD and CE.

« Hence OAB is a straight line. It may be proved now that the
product OAx OB is constant.




HART’S MECHANISM

From similar triangles CFE and OFB,

CE _ OB CE x OF
— = or (B = _
FC OF FC
and from similar triangles FCD and OCA
FD OA
_ oF OA = FD x OC
FC 0C FC

It therefore follows that if the
mechanism is pivoted about O as
a fixed point and the point A is
constrained to move on a circle
with centre O1, then the point B
will  trace a straight line
perpendicular to the diameter OP
produced.

.
1 i

1.

et Al

o
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HART’S MECHANISM

Multiplying equations (i) and (if), we have

OA X OB = FDxOCXCExOF =FDxCE><OCXOF
FC FC FC?
Since the lengths of OC, OF and FC are fixed, therefore
OA x OB = FD x CE x constant ...(110)
{ . . OCXOF )
Slletltl]tlI'lg 72 = constant
FC
Now from point E, draw EM parallel to CF and EN perpendicular to FD. Therefore
FD x CE=FD x FM ..(w CE=FM)
=(FN + ND) (FN-MN) = FN? - ND? ..(*~ MN=ND)

= (FE?> - NE?) — (ED? — NE?)
...(From right angled triangles FEN and EDN )
= FE? — ED? = constant (1))
...(". Length FE and ED are fixed)
From equations (i77) and (iv),
OA x OB = constant

S

P iy
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APPROXIMATE STRAIGHT LINE MOTION
MECHANISMS

« The approximate straight line motion mechanisms are the
modifications of the four-bar chain mechanisms. Following

mechanisms to give approximate straight line motion, are important
from the subject point of view:

« Watt’s mechanism: It is a crossed four bar chain mechanism and
was used by Watt for his early steam engines to guide the piston
rod in a cylinder to have an approximate straight line motion.

arc BB =arcA A’ or OBx0=0AXx0

i b

[ Rl
\ ia Hn"df - :
. —a . OBI0,A=0/9
\\pP' tﬂ_'_ﬁ(—ﬁ] . Also AP =IP'x¢,and BP =IP" x9
. AP IBP=016
o::x— > B ¥ From equations (i) and (i),
05 _4P_ap 04 _rp
0A BP  BP 0B PA

e e 4
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MODIFIED SCOTT-RUSSEL MECHANISM

 This mechanism is similar to Scott-Russel mechanism but in this
case AP is not equal to AQ and the points P and Q are constrained
to move in the horizontal and vertical directions.

A little consideration will show that it forms an elliptical trammel, so
that any point Aon PQ traces an ellipse with semi-major axis AQ
and semi-minor axis AP.

If the point A moves in a circle,
then for point Q to move along

an approximate straight line, the length =%

OA must be equal (AP)2/AQ. This is
limited to only small displacement of P.

Modified Scott-Russel mechanism




GRASSHOPPER MECHANISM

« This mechanism is a modification of modified Scott-Russel’s
mechanism with the difference that the point P does not slide
along a straight line, but moves in a circular arc with centre O.

It is a four bar mechanism and all the pairs are turning pairs as
shown in Fig. In this mechanism, the centres O and O1 are fixed.
The link OA oscillates about O through an angle AOA1l which
causes the pin P to move along a circular arc with O1 as centre

and O1P as radius. OA= (AP)2/ AO.
OI




TCHEBICHEFF’'S MECHANISM

It is a four bar mechanism in which the crossed links OA and
O1B are of equal length, as shown in Fig. The point P, which is
the mid-point of AB traces out an approximately straight line
parallel to OO1.

 The proportions of the links are, usually, such that point P is
exactly above O or Ol in the extreme positions of the
mechanism i.e. when BA lies along OA or when BA lies along
BO1.

It may be noted that the point P will lie on a straight
line parallel to OO1, in the two extreme positions
and in the mid position, if the lengths of the links
are in proportions AB: OO1: OA=1:2:25.

.‘gﬁ% f”f”f”ff”f”f”””f””
s P3| e O,




ROBERTS MECHANISM

e |t iIs also a four bar chain mechanism, which, in its mean

position, has the form of a trapezium.

« The links OA and O1 Bare of equal length and OO1 is fixed. A bar
PQ is rigidly attached to the link AB at its middle point P.

d Q { Locus of Q




LECTURE 3

PANTOGRAPH

| LIVE TO LEARN & LEARN T0 SHARE >

MRCET CAMPUS

UGC Autonomous

DEPARTMENT OF MECHANICAL ENGINEERING




PANTOGRAPH

« A pantograph is an instrument used to reproduce to
an enlarged or a reduced scale and as exactly as
possible the path described by a given point.

* |t consists of a jointed parallelogram ABCD as shown in
Fig. It is made up of bars connected by turning pairs.
The bars BA and BC are extended to O and E

respectively, such that 0A/OB = AD/BE

« Thus, for all relative positions of the

bars, the triangles OAD and OBE are
similar and the points O, D and E are in

one straight line.

* It may be proved that point E traces out & \“‘“-Jh

the same path as described by point D.




PANTOGRAPH

« From similar triangles OAD and OBE, we find that, OD/OE = AD/BE

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

« A pantograph is mostly used for the
reproduction of plane areas and figures
such as maps, plans etc., on enlarged
or reduced scales.

 Itis, sometimes, used as an indicator rig 4 , ~
in order to reproduce to a small scale e

<6y
L

the displacement of the crosshead
and therefore of the piston of a -
reciprocating steam engine. It is also /
used to guide cutting tools.

* A modified form of pantograph is used to
collect power at the top of an electric
locomotive.

ftm“’

)
I@;....j,.—?}'—,
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TRANSMISSION ANGLE

For a 4 R linkage, the transmission
angle ( y ) Is defined as the acute
angle between the coupler (AB) and
the follower

For a given force in the coupler link,
the torque transmitted to the output
bar (about point O4) is maximum
when the angle u between coupler
bar AB and output bar BO4 is /2.
Therefore, angle ABO4 is called
transmission angle.
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STEERING GEAR MECHANISM

« The steering gear mechanism is used for changing the direction of
two or more of the wheel axles with reference to the chassis, so
as to move the automobile in any desired path.

« Usually the two back wheels have a common axis, which iIs
fixed in direction with reference to the chassis and the steering
IS done by means of the front wheels.

| a
Inner front i Outer front
wheel eft turn -~ wheel
B A v [y

P!r ______________________ {?I/’ A ¢’ g}r =&
I 9 \ - -
I - “/ ”’

I g e

| // ey

I 2 _-

] /’ ’/I

| // ,/

| o gl b

I -~ -

I 7 G o

] 1/ ’r’

I ~ /’

I 2

] ,’ =5

| e

H g Y

| Back axle

c
Back or rear wheels

Y
s
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STEERING GEAR MECHANISM

Thus, the condition for correct steering is that all the four wheels must turn
about the same instantaneous centre. The axis of the inner wheel makes a
larger turning angle 8 than the angle ¢ subtended by the axis of outer wheel.

Let a = Wheel track,
b = Wheel base, and

¢ = Distance between the pivots A and B of the front axle.

Now from triangle /BP,
BP
cot = —
IP
and from triangle /AP,

AP _AB+BP _AB BP _c
P P IP b (P =)

cotd =

scotd—cotO=c/b

This is the fundamental equation for correct steering. If this condition is




DAVIS STEERING GEAR

 Itis an exact steering gear mechanism. The slotted links AM and
BH are attached to the front wheel axle, which turn on pivots A and
B respectively.

« The rod CD is constrained to move in the direction of its length, by
the sliding members at P and Q. These constraints are
connected to the slotted link AM and BH by a sliding and a
turning pair at each end.

a = Vertical distance between A B and CD,

b = Wheel base,

d = Horizontal distance between A C and BD,

¢ = Distance between the pivots A and B of the front axle.

x = Distance moved by ACtoAC "= CC "= DD’, and

o = Angle of inclination of the links A C and B D, to the vertical.




DAVIS STEERING GEAR

From triangle A A" C, d d
AC d+x T M""‘:
tan (ot + ¢) = ;= H 6
AA a ' r QP
BILL s sy A’
4 oL /7K 77 T7C s ]
. ’ " a 4
From triangle A A’C, i N i ! D\ ¢} %
A\ | B N\ -
C rurrmrene o e s el A | )
ma=——=— | et‘ K1 tettom 07 AL
: // \mj ,”’
From triangle BB'D’, : o ’,,"
| /, b f”
B’D, d_ I /, /,’
tan(a — 0) = ~ = aly ¥ . conl® < c >
BB a : i i
| ,’/ ’,”
: //:,’{’
o mmsrsm o v____
i Back axle
tana + tan ¢

We know that tan (ot + ¢) =
1 - tano.tan ¢

d+x dlat+tan¢  d+atand
M a l-d/axtan¢ a—dtand

...[From equations (i) and (ii)]

- |
T
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DAVIS STEERING GEAR

(d+x)(a—dtan ¢) = a(d+ atan )
a.d—d?tan ¢ +a. x —d.x tan ¢ = a.d + a* tan ¢

tan ¢ (> +d* +d.x)=ax or tan¢=— a.zx ..(iv)
a+d +dx
Similarly, from tan (o — 0) = £ we get
a
ax
tanQ = :
a’+d*—dx ()
We know that for correct steering,
c 1 | O
- = or = =
cotp — cotB 5 tand tan® b
ac+d*+d.x a+d*—-d.x c
- = = ...[From equations (iv) and (v)]
a.x a.x
2d.x ¢ 2d ¢
= — or ——i=—
a.x b a b
C C
ﬁ;t—«.,thzanL:- or tano = — ..("md/a=tan o)
'lﬁﬁf\:, b 2b

£

I;g;n..m'.:,.—h—,
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ACKERMAN’S STEERING GEAR MECHANISM

« The Ackerman steering gear mechanism is much simpler than
Davis gear. The difference between the Ackerman and Davis steering
gears are:

* The whole mechanism of the Ackerman steering gear is on back of
the front wheels; whereas in Davis steering gear, it is in front of
the wheels.

« The Ackerman steering gear consists of turning pairs, whereas

Davis steering gear consists of sliding members.

 The shorter links BC and AD are of equal length and are connected
by hinge joints with front wheel axles.

 The longer links AB and CD are of unequal length.




ACKERMAN'’S STEERING GEAR MECHANISM

1. When the vehicle moves along a
straight path, the longer links AB and

CD are parallel and the shorter links Left tumn R

BC and AD are equally inclined to the P 8 \ g,ﬁ

longitudinal axis of the vehicle, as G ; U{} N ;3

shown by firm lines in Fig. p g C“’ il
0

2. When the vehicle is steering to the left,
the position of the gear is shown by
dotted lines in Fig. In this position, the
lines of the front wheel axle intersect
on the back wheel axle at I, for
correct steering.

U Backae

3. When the vehicle is steering to the
right, the similar position may be
obtained.

.
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UNIVERSAL OR HOOKE’S JOINT

A Hooke’s joint is used to connect two shafts, which are intersecting
at a small angle, as shown in Fig.

 The end of each shaft is forked to U-type and each fork provides
two bearings for the arms of a cross. The arms of the cross are
perpendicular to each other.

« The motion is transmitted from the driving shatft to driven shaft through
a cross. The inclination of the two shafts may be constant, but in
actual practice it varies, when the motion is transmitted.

 The main application of the Universal or Hooke’s joint is found in
the transmission from the gear box to the differential or back axle
of the automobiles.

« It is also used for transmission of power to different spindles of
multiple drilling machine. It is also used as a knee joint in milling
machines.




UNIVERSAL OR HOOKE'’S JOINT

Driven

C Forked end X shaft ‘),

Ay,

r'd O?,g
v
o . S
B
|
Forked end

D B

Cross




UNIVERSAL OR HOOKE'’S JOINT

« The arms of the cross are perpendicular to each other. The motion
IS transmitted from the driving shaft to driven shaft through a
cross. The inclination of the two shafts may be constant, but in
actual practice it varies, when the motion is transmitted.

 The main application of the Universal or Hooke’s joint is found in
the transmission from the gear box to the differential or back
axle of the automobiles.

* Itis also used for transmission of power to different spindles of
multiple drilling machine. It is also used as a knee joint in milling
machines.
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RATIO OF SHAFT VELOCITIES

The top and front views connecting the
two shafts by a universal joint are shown
in Fig. Let the initial position of the cross
be such that both arms lie in the plane
of the paper in front view, while the arm
AB attached to the driving shatft lies in
the plane containing the axes of the two
shafts.

Let the driving shaft rotates through an
angle 0, so that the arm AB moves in a
circle to a new position A1B1 as shown
in front view.

A little consideration will show that the
arm CD will also move in a circle of the
same size. This circle when projected in
the plane of paper appears to be an
ellipse.

Top }/iew y C

\ N1 4/

Drri]v?n/\ k. P L AN
-]

A ks L(‘f‘

el
b

Driving _+"|
shaft |

\\ I\\ f/(
L% | J
\~~th1 | A

s Tl R

D

Front view




RATIO OF SHAFT VELOCITIES

« Therefore the arm CD takes new position C1D1 on the ellipse, at
an angle 8. But the true angle must be on the circular path.

 To find the true angle, project the point C1 horizontally to intersect
the circle at C2.

« Thus when the driving shaft turns through an angle ©, the driven

shaft turns through an angle .
In triangle OC M, £ OC /M =6

tan@ = il ;
G ..(1)
and in triangle OC,N, L OC,N=¢
ON ON
tan O = =
NC, MG

Dividing equation (i) by (ii),
tan® _ OM MC, _ OM

tang MC, ON ON
But OM = ON, cos o. = ON cos o




RATIO OF SHAFT VELOCITIES

tan® ON cosq,

tan ¢ ~ ON
tan O = tan ¢ . cos

= COS (X

Let o = Angular velocity of the driving shaft =d0 / dt

®, = Angular velocity of the driven shaft = d¢ / dt
Differentiating both sides of equation (iii),

sec’@ x dO/dt =cos o.sec> O x do / dt
sec? O X @ =cos . sec> ¢ X ©,

, sec” 0 1

® cosa.sec”d cos” O.coso.sec” O




RATIO OF SHAFT VELOCITIES

tan“ 0

2 2 o
We know that sec"g=1+tan" Q=1+ 5 ...[From equation (#ii)]
cos” o
1 sin” @ B cos>0.cos’ o + sin’ O
=1+ 2 2 2 2
cos” 0.cos” o cos” 0.cos” o

B cos? (1 — sin® @) + sin® O B cos” 0 — cos’ 0.sin’ o, + sin’ 0

cos’ 0.cos> o cos’ 0.cos’ o

1= cos” 0.sin” o

i 2 220D —
(e costO+sinc 0 =1
cos’ 0.cos’ o ( )

Substituting this value of sec? ¢ in equation (iv), we have veloity ratio,

@ 1 y cos” 0.cos” @ cos oL

® cos’@.cosor 1 —cos’B.sina 1 —cos”0.sin” o
e: If N = Speed of the driving shaft in r.p.m., and
N, = Speed of the driven shaft in r.p.m.

Then the equation (v) may also be written as

Nl cos Ol

T P
N 1-cos“0O.sin“o

e e 4
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Industry applications

1. An Evans’ linkage has an oscillating drive arm that should have a
maximum operating angle of about 40. For a relatively short guideway,
the reciprocating output stroke is large. Output motion is on a true
straight line in true harmonic motion. If an exact straight-line motion is
not required, a link can replace the slide. The longer this link, the closer
the output motion approaches that of a true straight line. If the link-length
equals the output stroke, deviation from straight-line motion is only
0.03% of the output stroke.

2. A simplified Watt’s linkage generates an approximate straight-line
motion. If the two arms are of equal length, the tracing point describes a
symmetrical figure 8 with an almost straight line throughout the stroke
length. The straightest and longest stroke occurs when the connecting-
link length is about two thirds of the stroke, and arm length is 1.5 times
the stroke length.

3. Four-bar linkage produces an approximately straight-line motion. This
arrangement provides motion for the stylus on self-registering measuring
instruments. A comparatively small drive displacement results in a long,
almost-straight line.

4. A D-drive is the result when linkage arms are arranged as shown here.
The output link point describes a path that resembles the letter D, so there
Is a straight part of its cycle. This motion is ideal for quick engagement

and disengagement before and after a straight driving stroke.
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Question Bank for Assighments

. Draw a neat sketch and explain Peaucellier’s exact straight line
mechanism.

. Explain Hart’s straight line mechanism in detail.

. Draw a neat sketch and explain any three approximate straight line
generating mechanisms.

. With a neat sketch, explain the Ackermann steering gear of an
automobile.

. With a neat sketch, explain the Davis steering gear mechanism in detail.

. Two shafts are connected by universal Hooke’s joint. The driving shaft
rotates at uniform speed of 1200 rpm. Determine the greatest permissible
angle between the shaft axis so that the total fluctuation of speed does not
exceed 100 rpm also calculate the maximum and minimum speeds of
driven shaft.

. Derive an expression for the ratio of shafts velocities for Hooke’s joint

and draw the polar diagram.
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Tutorial Questions

1. Sketch a pantograph, explain its working and show that it can be used to
reproduce to an enlarged scale a given figure.

2. A circle has OR as its diameter and a point Q lies on its circumference.
Another point P lies on the line OQ produced. If OQ turns about O as centre and
the product OQx OP remains constant, show that the point P moves along a
straight line perpendicular to the diameter OR.

3. What are straight line mechanisms? Describe one type of exact straight line
motion mechanism with the help of a sketch.

4. Describe the Watt’s parallel mechanism for straight line motion and derive
the condition under which the straight line is traced.

5. Sketch an intermittent motion mechanism and explain its practical
applications.

6. Give a neat sketch of the straight line motion ‘Hart mechanism’ Prove that it
produces an exact straight line motion.

10. What is the condition for correct steering? Sketch and show the two main
types of steering gears and discuss their relative advantages.

11. Explain why two Hooke’s joints are used to transmit motion from the engine
to the differential of an automobile.
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UNIT 3

VELOCITY AND
ACCELERATION
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COURSE OBJECTIVE

To impart skills to analyze the position, velocity and acceleration of

mechanisms and synthesis of mechanism by analytical and graphical method.

LECTURE LECTURE
TOPIC

1 Motion of
link in
machine

2 Velocity and
acceleration
diagrams

3 Graphical
method

4 Relative
velocity
method four
bar chain

5 Instantaneous
centre of
rotation

6 Three centers
in line
theorem

7 Graphical
determination
of
instantaneous
center

COURSE OUTCOME

KEY ELEMENTS

Introduction to motion of
link

Methods to determine the
motion of the link

Relative velocity method
Instantaneous Center
Method

Velocity and acceleration
on a Link by Relative
Velocity Method
Rubbing Velocity at a Pin
Joint

Numerical examples to
estimate the velocity and
acceleration using relative
velocity method
Definition of
instantaneous centre of
rotation

Types of instantaneous
centre of rotation
Aronhold Kennedy
Theorem

Number of Instantaneous
Centres in a Mechanism

Numerical Examples using
instantaneous centre of
rotation
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LEARNING OBJECTIVES

Analyse the motion of the link (B4)
Remember the types of motion
(B1)

Remember the expressions for
velocity and accelerations (B1)
Calculate the Instantaneous
centres (B4)

Understanding different types of
graphical method for velocity and
acceleration calculation (B2)
Apply graphical method for various
methods (B3)

Apply relative velocity method to
estimate the velocity and
acceleration for four bar
mechanisms (B3)

Understanding the Instantaneous
axis (B2)

Compare the two components of
acceleration (B1)

Understanding the Three centers in
line theorem (B2)

Locate the instantaneous centres
by Aronhold Kennedy’s theorem
(B5)

Evaluate instantaneous centers of
the slider crank mechanism (B5)

Apply graphical method for
Instantaneous Centres (B3)



Velocity and Acceleration Analysis
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3.1

3.2

Introduction

There are many methods for determining the velocity of any point on a link in a
mechanism whose direction of motion (i.e. path) and velocity of some other point on the
same link is known in magnitude and direction, yet the following two methods :

1 Instantaneous centre method

2 Relative velocity method

The instantaneous centre method is convenient and easy to apply in simple mechanisms,
whereas the relative velocity method may be used to any configuration diagram.

Velocity of Two Bodies Moving In Straight Lines

Here we shall discuss the application of wvectors for the relative velocity of two
bodies moving along parallel lines and inclined lines, as shown in Fig. 3.1 (a) and 3.2
(a) respectively.

Consider two bodies A and B moving along parallel lines in the same direction with
absolute velocities va and vs such that va > vs, as shown in Fig. 3.1 (a). The relative

velocity of A with respect to B,

v, = vector differenceof vyand vg =- —
V4 VB

From Fig. 3.1 (b), the relative velocity of A with respect to B (i.e. vas) may be written
in the vector form as follows :

Va
W i -
A A
> 4VB—,{
W,
5
a] . > a
b
-« AB >
- By
(a) (b)

Fig. 3.1 relative velocity of two bodies moving along parallel line

Similarly, the relative velocity of B with respect to A,
vag=vector dif ference of vyand vg

Now consider the body B moving in an inclined direction as shown in Fig. 3.2 (a). The
relative velocity of A with respect to B may be obtained by the law of parallelogram of
velocities or triangle law of velocities. Take any fixed point o and draw vector oa to
represent va in magnitude and direction to some suitable scale. Similarly, draw vector
ob to represent vs in magnitude and direction to the same scale. Then vector ba
represents the relative velocity of A with respect to B as shown in Fig. 3.2 (b). In the
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similar way as discussed above, the relative velocity
of A with respect to B,

- 0w -
B \
T 5 A
1 .
\ \ BA
“ E N
. " M Vag
5 v&] o
; 5
Vg '.1' e X
A %
ittt
a' Va b
(a) (b)

Fig. 3.2 relative velocity of two bodies moving along inclined line

v4p=vector dif ferece of v,and vy

— Similarly, the relative velocity of B with respect to A
vga=vector differece of vgand v,

— From above, we conclude that the relative velocity of a point A with respect to B
(v4p) and the relative velocity of point B with respect to A (vg,) are equal in
magnitude but opposite in direction

Vap = —Vpg

3.3 Motion Of A Link

— Consider two points A and B on a rigid link A B, as shown in Fig. 3.3 (a). Let one of
the extremities (B) of the link move relative to A, in a clockwise direction. Since the
distance from A to B remains the same, therefore there can be no relative motion
between A and B, along the line AB. It is thus obvious, that the relative motion of B
with respect to A must be perpendicular to AB.

— Hence velocity of any point on a link with respect to another point on the same link is
always perpendicular to the line joining these points on the configuration (or space)
diagram.

— The relative velocity of B with respect to A (i.e. vea) is represented by the vector ab
and is perpendicular to the line A B as shown in Fig. 3.3 (b).

— We know that the velocity of the point B with respect to A
UBAZ w X AB T TR I (i)

— Similarly the velocity of the point C on AB with respect to A
Vea=w X AC ... ... oo (D)
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Fig. 3.3 Motion of a Link

— Form equation (i) and (ii),
= = .. (LiQ)

Vga w X B E

— Thus, we see from equation (iii), that the point ¢ on the vector ab divides it in the same
ratio as C divides the link AB.

3.4 Velocity of A Point On A Link By Relative Velocity Method

— Consider two points A and B on a link as shown in Fig. 3.4 (a). Let the absolute
velocity of the point A i.e. va is known in magnitude and direction and the absolute
velocity of the point B i.e. vs is known in direction only. Then the velocity of B may be
determined by drawing the velocity diagram as shown in Fig. 3.4 (b). The velocity
diagram is drawn as follows :

1 Take some convenient point 0, known as the pole.

2 Through o, draw oa parallel and equal to va, to some suitable scale.

3 Through a, draw a line perpendicular to AB of Fig. 3.4 (a). This line will
represent the velocity of B with respect to A, i.e. vea.

4 Through o, draw a line parallel to vg intersecting the line of vga at b

5 Measure ob, which gives the required velocity of point B ( vg), to the scale

b _ V
‘g’t/ e _d
w, ,C VBA o
#‘c ‘(;D wDA
~8a
ol m
(o] Vo a

() Motion of points on a link. (B Welocity diagram.

Fig. 3.4
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3.5 Velocities In Slider Crank Mechanism

— In the previous article, we have discussed the relative velocity method for the velocity
of any point on a link, whose direction of motion and velocity of some other point on
the same link is known. The same method may also be applied for the velocities in a
slider crank mechanism.

— A slider crank mechanism is shown in Fig. 3.5 (a). The slider A is attached to the
connecting rod AB. Let the radius of crank OB be r and let it rotates in a clockwise
direction, about the point O with uniform angular velocity o rad/s. Therefore, the
velocity of B i.e. vs is known in magnitude and direction. The slider reciprocates along
the line of stroke AO.

b
vg =.r A\
s o NS
Ei 0 _ w AB‘;
o //Y (e} > A
v a
Lty r\ A =N
—t & - - — ke
LATITTTTIT 777 Va O N \
A v
A
(4] Slider crank mechanism. (B) Velocity diagram.
Fig. 3.5

— The velocity of the slider A (i.e. va) may be determined by relative velocity method as
discussed below :

1 From any point o, draw vector ob parallel to the direction of vs or perpendicular
to OB) such that ob = vs = .1, to some suitable scale, as shown in Fig. 3.5 (b).

2 Since AB is a rigid link, therefore the velocity of A relative to B is
perpendicular to AB. Now draw vector ba perpendicular to AB to represent the
velocity of A with respect to B i.e. vag.

3 From point o, draw vector oa parallel to the path of motion of the slider A
(which is along AO only). The vectors ba and oa intersect at a. Now oa
represents the velocity of the slider 1.e. va, to the scale.

— The angular velocity of the connecting rod A B (was) may be determined as follows:

_ Vs _ ab
©@as = 2 T 4B
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3.6 Rubbing Velocity at A Pin Joint

— The links in a mechanism are mostly connected by means of pin joints. The rubbing
velocity is defined as the algebraic sum between the angular velocities of the two links
which are connected by pin joints, multiplied by the radius of the pin.

— Consider two links OA and OB connected by a pin joint at O as shown in fig.

Fig. 3.6 Links connected by pin joints

— Let,
ol = angular velocity of link OA
2 = angular velocity of link OB

— According to the definition,

— Rubbing velocity at the pin joint O
= (w; — w,) X r if the links move in the same direction
= (w; + w,) X rif the links move in the same direction

3.7 Examples Based On Velocity

In a four bar chain ABCD, AD is fixed and is 150 mm long. The crank AB is 40 mm long
and rotates at 120 r.p.m. clockwise, while the link CD = 80 mm oscillates about D. BC and
AD are of equal length. Find the angular velocity of link CD when angle BAD = 60°.

— Given : Nsa= 120 r.p.m. or msa=2 @ X 120/60 = 12.568 rad/s

— Since the length of crank A B = 40 mm = 0.04 m, therefore velocity of B with
respect to A or velocity of B, (because A is a fixed point),

— Since the length of crank A B = 40 mm = 0.04 m, therefore velocity of B with

respect to A or velocity of B, (because A is a fixed point),
VBA= VB = mea X AB = 12.568 x 0.04 = 0.503 m/s

— Since the link AD is fixed, therefore points a and d are taken as one point in the
velocity diagram. Draw vector ab perpendicular to B A, to some suitable scale, to
represent the velocity of B with respect to A or simply velocity of B (i.e. vea or vs)
such that

Vector ab = vea = vg = 0.503 m/s
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A 150
(a) Space diagram (All dimensions in mim). (B) Velocity diagram.
Fig. 3.7

— Now from point b, draw vector bc perpendicular to CB to represent the velocity of C
with respect to B (i.e. vcg) and from point d, draw vector dc perpendicular to CD to
represent the velocity of C with respect to D or simply velocity of C (i.e. vcp or vc).
The vectors bc and dc intersect at c.

By measurement, we find that
Vep = ve = vector dc = 0.385 m/s
— Angular velocity of link CD,

w =
¢ ¢p 0.08

v 0.385
0 _ =4.8 rad/s

The crank and connecting rod of a theoretical steam engine are 0.5 m and 2 m long

respectively. The crank makes 180 r.p.m. in the clockwise direction. When it has

turned 45° from the inner dead centre position, determine:
1. Velocity of piston, 2. Angular velocity of connecting rod, 3. Velocity of point E
on the connecting rod 1.5 m from the gudgeon pin, 4. velocities of rubbing at the
pins of the crank shaft, crank and crosshead when the diameters of their pins
are 50 mm, 60 mm and 30 mm respectively, 5. Position and linear velocity of any
point G on the connecting rod which has the least velocity relative to crank
shaft.

— Given:
— NBo= 180 r.p.m. or ®so=2 m x 180/60 = 18.852 rad/s

— Since the crank length OB = 0.5 m, therefore linear velocity of B with respect to O
or velocity of B (because O is a fixed point),
VBo = VB = mBo X OB =18.852 x 0.5 = 9.426 m/s

— First of all draw the space diagram and then draw the velocity diagram as shown in fig.
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{4 Space diagram. (B) Velocity diagram.
Fig. 3.8

— By measurement, we find that velocity of piston P,
vp =vector op=8.15m/s

— Fromthe velocity diagram, we find that the velocity of P with respect to B
Ves = vector bp = 6.8 m/s

— Since the length of connecting rod PB is 2 m, therefore angular velocity of the

connecting rod, vy 6.8

w = "= =3.4rad/s
P pB 2

Vg = vector oe=8.5m/s

— We know that velocity of rubbing at the pin of crank-shaft

0
—7>< W, =0.47m/s

— Velocity of rubbing at the p‘iin of crank

B
= @, +wps) =0.6675m/s
— Velocity of rubbing at the pin ocficrank
=_‘X® =0.051m/s

2 PB
— By measurement we find that
vector bg =5m/s

— By measurement we find linear velocity of point G
v; = vectorog=8m/s

In Fig. , 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
canters 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.

.
JF=2 5t

i
§™g
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— @Given

— Nao= 180 r.p.m. or ®so=2 n x 180/60 = 18.852 rad/s

— OA=28 mm
Voa=Va=wWyuoxXA0=1.76 m/s

— Since the points O and C are fixed, therefore these points are marked as one point,
in the velocity diagram. Now from point o, draw vector oa perpendicular to O A, to
some suitable scale, to represent the velocity of A with respect to O or simply
velocity of A such that

vectoroa=vy,=v,=1.76 m/s

— From point a, draw vector ab perpendicular to A B to represent the velocity of B
with respect A (i.e. vea) and from point c, draw vector cb perpendicular to CB to
represent the velocity of B with respect to C or simply velocity of B (i.e. vsc or vs).
The vectors ab and cb intersect at b.

— From point b, draw vector bd perpendicular to BD to represent the velocity of D with
respect to B (i.e. vbs) and from point o, draw vector od parallel to the path of motion
of the slider D which is horizontal, to represent the velocity of D (i.e. vp). The
vectors bd and od intersect at d.

LLpps
&' 0
A g Vo
/ d < ,0,C
Va \ / \
( | \ Vs f \
Vpg \
B .‘/ e | // *-‘ Va
A ) R \ // ‘\
D ."/ \-.T,, C b \‘\, l‘\
Lyttt | Vaa o)

/ B ~J
—_—— = & 523 e —— a
[Ty

(a) Space diagram. (B) Velocity diagram.

Fig.3.10
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— By measurement, we find that velocity of slider D,
vp = vectorod=1.6 m/s

— By measurement from velocity diagram, we find that velocity of D with respect to
B,
vpp = vectorbd=1.7m/s
— Therefore angular velocity of link BD

w. = oe_ 17 —3696rad/s
BD — BD  0.046

The mechanism, as shown in Fig. 3.11, has the dimensions of various links as follows: AB
= DE =150 mm; BC = CD =450 mm; EF = 375 mm. The crank AB makes an angle of 45°
with the horizontal and rotates about A in the clockwise direction at a uniform speed of
120 r.p.m. The lever DC oscillates about the fixed point D, which is connected to AB by
the coupler BC. The block F moves in the horizontal guides, being driven by the link EF.
Determine: 1. velocity of the block F, 2. angular velocity of DC, and 3. rubbing speed at
the pin C which is 50 mm in diameter.

— Given:
— NBa= 120 r.p.m. or @z, =2 1 x 120/60 = 4 m rad/s

— Since the crank length A B = 150 mm = 0.15 m, therefore velocity of B with
respect to A or simply velocity of B (because A is a fixed point),
Ver= Vo= @BAX AB =471 x0.15=1.885 m/s

+— 375 mm ——»
[ ——_ D_ -
[ S L
100 mm
N AT
375 mm I", "'___---;Hrrj
EY F
|
B
N
N A
A e
Fig.3.11

— Since the points A and D are fixed, therefore these points are marked as one point
as shown in Fig. (b). Now from point a, draw vector ab perpendicular to A B,
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to some suitable scale, to represent the velocity of B with respect to A or simply
velocity of B, such that
Vector ab = v, = v, = 1.885 m/s

— The point C moves relative to B and D, therefore draw vector bc perpendicular
to BC to represent the velocity of C with respect to B (i.e. vcg), and from point
d, draw vector dc perpendicular to DC to represent the velocity of C with respect
to D or simply velocity of C (i.e. vcp or v¢). The vectors bc and dc intersect at c.

c
D
— — /
\ F :II__.'
E . }3 . _.e"*’cn
I'-_I \\ !
1 Vi
__.(_/ﬂ H’ I'-I e ™,
A VB T
- \\.-"I
C b
(a) Space diagram. (B Velocity diagram.
Fig. 3.12

— Since the point E lies on DC, therefore divide vector dc in e in the same ratio as

E divides CD in Fig. (a). In other words
ce/cd = CE/CD

— From point e, draw vector ef perpendicular to EF to represent the velocity of F with
respect to E (i.e. vre) and from point d draw vector df parallel to the path of
motion of F, which is horizontal, to represent the velocity of F i.e. vr. The vectors
ef and df intersect at f.

VE = vector df = 0.7 m/s

— By measurement from velocity diagram, we find that velocity of C with respect to

D,
veop = vector dc = 2.25 m/s
Yen _ 5 rﬂ
DC s
— From velocity diagram, we find that velocity of C with respect to B,
vce = vector bc =2.25 m/s

Wpc =

— Angular velocity of BC,
Vep 2.25
w = = =5rad/s

¢  BC 0.45
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3.8 Velocity Of A Point On A Link By Instantaneous
Centre Method

— The instantaneous centre method of analyzing the motion in a mechanism is based upon
the concept that any displacement of a body (or a rigid link) having motion in one
plane, can be considered as a pure rotational motion of a rigid link as a whole about
some centre, known as instantaneous centre or virtual centre of rotation.

Va

Fig. 3.13 velocity of a point on a link

— The velocities of points A and B, whose directions are given a link.by angles « and
S as shown in Fig. If va is known in magnitude and direction and vg in direction

only, then the magnitude of vg may be determined by the instantaneous centre method as
discussed below :

— Draw Al and BI perpendiculars to the directions va and vg respectively. Let these lines
intersect at I, which is known as instantaneous centre or virtual centre of the link. The
complete rigid link is to rotate or turn about the centre |I.

— Since A and B are the points on a rigid link, therefore there cannot be any relative
motion between them along line AB.
— Now resolving the velocities along AB,

Vy X cosa= vg XCcosf
v, _cosfB sin(90 — B)

vg cosa sin(90 —a)
— Applying Lami’s theorem to triangle ABI,
Al _ BI
sin(90 — B) sin(90 — @)
Al _ sin(90 — p) )
BI sin(90 — a)
— Hence,
v, Al
vy BI
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3.9

3.10

3.11

VUp

L N RO ¢ 11
Al BI
If C is any other point on link, then
a_Ve_Vc (iv)
Al BI cI

Properties of Instantaneous Method

The following properties of instantaneous centre are important :

1 Arrigid link rotates instantaneously relative to another link at the instantaneous
centre for the configuration of the mechanism considered.

2 The two rigid links have no linear velocity relative to each other at the
instantaneous centre. At this point (i.e. instantaneous centre), the two rigid
links have the same linear velocity relative to the third rigid link. In other
words, the velocity of the instantaneous centre relative to any third rigid link
will be same whether the instantaneous centre is regarded as a point on the
first rigid link or on the second rigid link

Number of Instantaneous Centre in A Mechanism:

The number of instantaneous centres in a constrained kinematic chain is equal to the
number of possible combinations of two links. The number of pairs of links or the
number 3 of instantaneous centres is the number of combinations of n links taken two

at a time. Mathematically, number of instantaneous centres

nn-1) ,
N = ———,wheren = Number of Link

Location of Instantaneous centres:

The following rules may be used in locating the instantaneous centres in a mechanism

1 When the two links are connected by a pin joint (or pivot joint), the
instantaneous centre lies on the centre of the pin as shown in Fig. (a). such an
instantaneous centre is of permanent nature, but if one of the links is fixed, the
instantaneous centre will be of fixed type.

2 When the two links have a pure rolling contact (i.e. link 2 rolls without
slipping upon the fixed link 1 which may be straight or curved), the
instantaneous centre lies on their point of contact, as shown in Fig.(b). The
velocity of any point A on the link 2 relative to fixed link 1 will be
perpendicular to 112 A and is proportional to 112 A.

3 When the two links have a sliding contact, the instantaneous centre lies on the
common normal at the point of contact. We shall consider the following three
cases :

a. When the link 2 (slider) moves on fixed link 1 having straight surface as
shown in Fig.(c), the instantaneous centre lies at infinity and each point on the
slider have the same velocity.
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b.  When the link 2 (slider) moves on fixed link 1 having curved surface as shown
in Fig.(d),the instantaneous centre lies on the centre of curvature of the
curvilinear path in the configuration at that instant.

¢ When the link 2 (slider) moves on fixed link 1 having constant radius of
curvature as shown in Fig. 3.14 (e), the instantaneous centre lies at the centre of
curvature i.e. the centre of the circle, for all configuration of the links.

Link 2 Link 2
'/ (disc) lyp at o liz Va V/ (slider)
o ve, Lpo|?
, L I\ Linkz &g
o/ " Link 2 L !\ (slidery /S ot
/ | I \ f )
\7,13 | (slldfr) N\ | ! i &8 %, ¥ “ ,“ _
B¢::1§| i L P A .-
: v o |7\ he /
‘ : B e P\
liz Link 1 bz Link 1 Link 1 Link 1 Linkd, P
(fixed) (fixed) (fixed) (fixed)
(a) (b) (c) (@) (e)

Fig. 3.14 Location of Instantaneous centres

3.12 Kennedy's Theorem

— The Aronhold Kennedy’s theorem states that “if three bodies move relatively to each
other, they have three instantaneous centres and lie on a straight line.”

— Consider three kinematic links A, B and C having relative plane motion. The number
of instantaneous centres (N) is given by

nn-1) _3(3—1)_3
2 2

— The two instantaneous centres at the pin joints of B with A , and C with A (i.e. lab and
lac) are the permanent instantaneous centre According to Aronhold Kennedy’s theorem,
the third instantaneous centre Ioc must lie on the line joining lab and lac. In order to prove
this let us consider that the instantaneous centre Inc lies outside the line joining la» and
lac as shown in Fig. The point Inc belongs to both the links B and C. Let us consider the
point Inc on the link B. Its velocity v, must be perpendicular to the line joining lab and
Ioc. Now consider the point Isc on the link C. Its velocity v.. must be perpendicular to
the line joining lac and Inc.

N =
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o »
Iab A Iﬂc
Fig. 3.15 Aronhold Kennedy'’s theorem

— We have already discussed that the velocity of the instantaneous centre is same
whether it is regarded as a point on the first link or as a point on the second link.
Therefore, the velocity of the point I, cannot be perpendicular to both lines gy, Ipc and 15
l,c unless the point Ibc lies on the line joining the points I, and la.. Thus the three
instantaneous centres (lap, lac and l,c) must lie on the same straight line. The exact
location of Ibc on line I, 15 depends upon the directions and magnitudes of the angular
velocities of B and C relative to A.

3.13 Acceleration Diagram for aLink

— Consider two points A and B on a rigid link as shown in Fig. (a). Let the point B moves

with respect to A, with an angular velocity of w rad/s and let a rad/s* be the angular
acceleration of the link AB.

:
dpaw_ Vaa

-
:}v:_'h_..- E“.I b
z";z :- | - J
/o — /
I,"I ']"1_:""\-\_ | HB}-' :l_-"
I f - !
O D - [ ¥
/ Fag

(a) Link. (B) Acceleration diagram,
Fig. 3.16 Acceleration of a link

— We have already discussed that acceleration of a particle whose velocity changes both
in magnitude and direction at any instant has the following two components.

1 The centripetal or radial component, which is perpendicular to the velocity of the
particle at the given instant.

2 The tangential component, which is parallel to the velocity of the particle at the given
instant.
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3.14

Thus for a link A B, the velocity of point B with respect to A (i.e. VBA) is
perpendicular to the link A B as shown in Fig.(a). Since the point B moves with respect

to A with an angular velocity of w rad/s, therefore centripetal or radial component of

the
acceleration of B with respect to A

2
a;, = w? X Length of link AB = > x AB = VBA/AB

This radial component of acceleration acts perpendicular to the velocity vBA, In other
words, it acts parallel to the link AB.
We know that tangential component of the acceleration of B with respect to A,
at, =a X Lengthof link AB=a xAB
This tangential component of acceleration acts parallel to the velocity vBA. In other
words, it acts perpendicular to the link AB.

In order to draw the acceleration diagram for a link A B, as shown in Fig. 3.16 (b),
from any point b', draw vector b'x parallel to BA to represent the radial component of
acceleration of B with respect to A.

Acceleration of a Point on aLink

Consider two points A and B on the rigid link, as shown in Fig. 3.17 (a). Let the
acceleration of the point A i.e. aa is known in magnitude and direction and the
direction of path of B is given. The acceleration of the point B is determined in
magnitude and direction by drawing the acceleration diagram as discussed below.

Vga. . Tangential z
path of B f‘c’ T L c'
. » =
2 _.KB b’ 20 acs N
I, ! . A
//$"ll A "'-.";"\ i - “" aCA
,.f/ |II aB "' ‘\ i aBAH h‘l E\\
4 i b N, '-..,_L “,

9 _--°C R \ *’:...;\
A - e,
# 0 ‘- -

£ N Oy
A a Ay
A O
X
s) oInrs on a LIng, CCeleranol A1aTr AT,
Point Link B) Acceleration disg

Fig. 3.17 acceleration of a point on a link

From any point o', draw vector o'a’ parallel to the direction of absolute acceleration at
point A i.e. aa, to some suitable scale, as shown in Fig. 3.17 (b).

We know that the acceleration of B with respect to A i.e. aga has the following two
components:

1 Radial component of the acceleration of B with respect to Ai.e. a™ ,

2 Tangential component of the acceleration B with respect to Ai.e. at ,,
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— Draw vector a’x parallel to the link AB such that,

vectorax=a =1V /AB
BA BA

— From point X, draw vector xb’ perpendicular to AB or vector a’x and through o’ draw
a line parallel to the path of B to represent the absolute acceleration of B i.e. as

— By joining the points a' and b’ we may determine the total acceleration of B with respect
to Ai.e. asa. The vector a' b' is known as acceleration image of the link AB.

— For any other point C on the link, draw triangle a' b' ¢' similar to triangle ABC. Now
vector b' ¢' represents the acceleration of C with respect to B i.e. a cs, and vector a' c'
represents the acceleration of C with respect to A i.e. aca. As discussed above, acs

and aca will each have two components as follows : . o
a. acs has two components; a© and at as shown by triangle b’zc’ in fig.b

CB CB .
b. aca has two components; a” and at as shown by trianglea’yc’
CA CA

— The angular acceleration of the link AB is obtained by dividing the tangential
component of acceleration of B with respect to A to the length of the link.

a,p=aka /AB
3.15 Acceleration in Slider Crank Mechanism
— A sslider crank mechanism is shown in Fig. 3.18 (a). Let the crank OB makes an angle
0 with the inner dead centre (1.D.C) and rotates in a clockwise direction about the fixed

point O with uniform angular velocity wso rad/s

— Velocity of B with respect to O or velocity of B (because O is a fixed point),
Vpo = Vg = Wpo X OB acting tangentially at B

— We know that centripetal or radial acceleration of B with respect to O or acceleration
of B (Because O is a fixed point)

2
r = = 2 = B0
a, =ag= w: XO0B BO
a !
ol __p——n
o FA) 5
PR A | hayg
Bé/\vs : < < i ang
b S X'
A BN N i
wugy ! 6] \ \ ¢ ) / r
¥ - ~+2%— - oDC. . ' e, o) X
T I.D.C. |,\() T B b' a s
. O =
(g) Slider crank mechanism. (B) Acceleration diagram.

Fig. 3.18 acceleration in the slider crank mechanism

— The acceleration diagram, as shown in Fig. 3.18 (b), may now be drawn as discussed
below:
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1 Draw vector o' b' parallel to BO and set off equal in magnitude of a=a, to some
BO suitable scale.

2 From point b', draw vector b'x parallel to BA. The vector b'x represents the radial
component of the acceleration of A with respect to B whose magnitude is given

by :
a =v?2 /BA
AB AB

3 From point x, draw vector xa’ perpendicular to b’x. The vector xa’ represents the
tangential components of the acceleration of A with respect to B.

4  Since the point A reciprocates along AO, therefore the acceleration must be
parallel to velocity. Therefore from o', draw 0" a' parallel to A O, intersecting the
vector xa' at a'.

5 The vector b' @', which is the sum of the vectors b' x and x a', represents the total
acceleration of A with respect to B i.e. aas. The vector b'a' represents the
acceleration of the connecting rod AB.

6 The acceleration of any other point on A B such as E may be obtained by dividing
the vector b' a' at €' in the same ratio as E divides A B in Fig. 8.3 (a). In other
words

a'e’/a’'b'= AE/AB

7 The angular acceleration of the connecting rod A B may be obtained by dividing the
tangential component of the acceleration of A with respect to B to the length of AB.
In other words, angular acceleration of AB,

®4p= Ajp /AB
3.16 Examples Based on Acceleration

The crank of the slider crank mechanism rotates clockwise at a constant speed of 300
r.p.m. The crank is 150 mm and the connecting rod is 600 mm long. Determine:
1. Linear velocity and acceleration of the midpoint of the connecting rod, and
2. Angular velocity and angular acceleration of the connecting rod, at a crank
angle of 45° from inner dead centre position

— Given:
— NBo=300 r.p.m.or meo=2 n x 300/60 = 31.42 rad/s; OB =150 mm=0.15m; B A
=600 mm =0.6 m

— We know that linear velocity of B with respect to O or velocity of B,
Vpo=Vg= wpoX OB =31.42 % 0.15=4.713m/s
— Draw vector ob perpendicular to BO, to some suitable scale, to represent the
velocity of B with respect to O or simply velocity of B i.e. vso or vB, such that
vector ob = veo = v = 4.713 m/s
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LY
(8) Space diagram, () Velocity diagram. (¢) Acceleration diagram,
Fig. 3.19

— From point b, draw vector ba perpendicular to BA to represent the velocity of A with
respect to B i.e. vas, and from point o draw vector oa parallel to the motion of A
(which is along AO) to represent the velocity of A i.e. va. The vectors ba and oa
intersect at a.

— By measurement we find the velocity A with respect to B,

v = vector ba=3.4m/s
v, =vectoroa=4m/s

— In order to find the velocity of the midpoint D of the connecting rod A B, divide
the vector ba at d in the same ratio as D divides A B, in the space diagram. In other
words,

bd/ba=BD/BA
— By measurement, we find that
vp =vectorod =4.1 m/s
— We know that the radial component of the acceleration of B with respect to O or the
acceleration of B,
2 2
G5 =ag= Z%= % = 148.1 m/s?
— And the radial component of the acceleration of A with respect to B,

. Ui (34)?
“ = BA 06
vector o'b'= apy =g =148.1m/s?
— By measurement, we find that
a = vector o'd =117 m/s?
— We know that angular velocity of the connecting rod AB,
W, = Yap = 51: 5.67 rad/s?
BA 0.6
— Fromthe acceleration diagram, we find that
aty = 103 m/s?

— We know that angular acceleration of the connecting rod AB,

=19.3m/s?
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t
ai, 103
= == —=171.67 2
QAyp BA 06 67 rad/s

An engine mechanism is shown in Fig. 3.20. The crank CB = 100 mm and the
connecting rod BA = 300 mm with centre of gravity G, 100 mm from B. In the position
shown, the crankshaft has a speed of 75 rad/s and an angular acceleration of 1200
rad/s2. Find:

1. Velocity of G and angular velocity of AB, and

2. Acceleration of G and angular acceleration of AB.

—#B
120° / 100 mm
__A‘-;""-'.-- _ _ _ _G.___
KRR AT C
Fig.

— Given 3.20

— osc= 75 rad/s ; osc = 1200 rad/s?, CB =100 mm= 0.1 m; B A=300 mm=0.3 m
— We know that velocity of B with respect to C or velocity of B
Vec =Vg = wpc X CB=75%x0.1=75m/s

—  Since the angular acceleration of the crankshaft, asc = 1200 rad/s?, therefore

tangential component of the acceleration of B with respect to C,
ai, = az X CB=1200x 0.1 =120 m/s?
I m
vector cb =vg,=v=17.5 s
— By measurement, we find that velocity of G,
v, = ector cg =6.8m/s
— From velocity diagram, we find that the velocity of A with respect to B,
v, =vector ba=4m/s

B
G i v
= il / S P e
1200 / 100mm Vg Beg
4 7 s e \v
= B s - - = [ 2~ S AB
An%E C = T
B g
(8) Space diagram. (B) Velocity diagram.
Fig. 3.21
— We know that angular velocity of AB,
Vap _

4
= U~ _ _1331qd
“ar = BaA 03 rad/s
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() Acceleration diagram.
Fig. 3.22
— We know that radial component of the acceleration of B with respect to C
2 2
a% = IZ,B—g= (70'.51) =562.5m/s?
— And radial component of the acceleration of A with respect to B,
T UAZ — (4)2
a, = = —
4 CB 03
vector c'b" = " 5. =562.5 m/s?
vecto "b'= at 5 =120m/s?

=53.3m/s?

vecto 'x= a" ,, =53.3 m/s?

— By measurement we find that acceleration of G,

a; = vector xa = 414 m/s?
— From acceleration diagram, we find that tangential component of the

acceleration of A with respect to B,

g, = ector xa =546m/s?

— Angular acceleration of AB
ajp 546

= ME_ 20 1890 rad/s?
= paT 03 rad/s

In the mechanism shown in Fig. 8.7, the slider C is moving to the right with a velocity
of 1 m/s and an acceleration of 2.5 m/s2.The dimensions of various links are AB =3 m
inclined at 45° with the vertical and BC = 1.5 m inclined at 45° with the horizontal.
Determine: 1. the magnitude of vertical and horizontal component of the acceleration of
the point B, and 2. the angular acceleration of the links AB and BC.
— Given:
— ve=1lmls;ac=25m/s2; AB=3m;BC=15m
— Here,
vectord = vep = v, =1m/s
— By measurement, we find that velocity of B with respect to A
vgs =vector ab=0.72m/s
— Velocity of B with respect to C
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vpe = vector cb = 0.72m/s
— We know that radial component of acceleration of B with respect to C,
. vae_ (0.72)2
% = ¢p~ 15
— And radial component of acceleration of B with respect to A,
ves  (0.72)2

= 0.346 m/s?

r = —_ frd 2
aﬁ AB 3 0.173m/s
vectrod'c = a.,=a.= 2.51n/s?

vecto 'x= a =0.346

BC 2

vecto 'y=a’ 5, = 0.173Sm/s2
— By measurement,
vector b'b" = 1.13 m/s?
— By measurement from acceleration diagram, we find that tangential component of
acceleration of the point B with respect to A

g, = ectoryb = 1.41m/s?
— And tangential component of acceleration of the point B with respect to C,

as. =vector xb' =194 m/s?
— we know that angular velocity of AB,

Vha
——=0.47 rad/s?

Uyp = AB

— And aglular acceleration of BC,

ap. 194 )
Apc= CEz Erad/s
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LECTURE 1

MOTION OF LINK IN MACHINE

MRCET CAMPUS

UGC Autonomous
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INTRODUCTION

¥ / Source : R. S. Khurmi

— —

(a) (b)

Motion of a link.

Motion of link AB to A1B1 is an example of combined motion
of rotation and translation, it being immaterial whether the
motion of rotation takes first, or the motion of translation.

] (i) delad
m (e %
ey
] En e

o]
)

5

1 0 1

H = [H S,
E A




METHODS FOR DETERMINING THE VELOCITY
OF A POINT ON A LINK

1. Relative velocity method
Can be used in any configuration

2. Instantaneous centre method

convenient and easy to apply in simple
mechanisms




RELATIVE VELOCITY METHOD

From Fig.. the relative velocity of A with respect to B (i.e. v, ;) may be written in the
vector form as follows :

o o B Source : R. S. Khurmi

Va
Va >
A < Ve
B VB = "
.
0 ' ' a
b vV
- L >
v
BA -
(a) (b)

Relative velocity of two bodies moving along parallel lines.

Similarly, the relative velocity of B with respectto A,

vga = Vector difference of vy and v, = vy — v,

:gﬁ'éfg. % = O—b — od
e &

&

i i

MRCET CAMPUS
UGC Autonomous




RELATIVE VELOCITY )

A = Yector difference of v, and vy = vy — vy

v B op b Source : R. S. Khurmi
i

Gy, i ) \"
\\\\ "\\ Vi S \:"'?AE

~—"m

"h Vg \ IL1.1 \\‘\\\\\
"‘\_ Ilrl-...-..._."..--....-\-:"":'{b
a Va
"h (a) (h)

Relative velocity of two bodies moving along inclined lines.

Similarly, the relative velocity of B with respect to A,

vy, = Vector difference of vy and vy = vy — vy
ab = ob — oa
From above, we conclude that the relative velocity of point A with respect to B (v, ;) and the
relative velocity of point B with respect A (v, ) are equal in magnitude but opposite in direction, i.e.
Vap = —Vgp OF ba=-—ab

Note: It may be noted that to find v, ., start from point b towards a and for v, . start from point a towards b.

BA?

o =
s
MRCET CAMPUS
UGC Autonomous



MOTION OF A LINK

Source : R. S. Khurmi

e >Let one of the extremities (B) of the link move
\ ;4.1] relative to A, in a clockwise direction.
ll\" III'" b . .
\ "'-ﬁc \ 2 %* »No relative motion between A and B, along
Mal Y .— theline AB
W i | | &
\x ;,-“' T“.,,---’

— »relative motion of B with respect to A must be

) ©) perpendicular to AB.
Motion of a Link.

Hence velocity of any point on a link with respect to another point on the
same link is always perpendicular to the line joining these points on the
configuration (or space) diagram.

7
o 1 r 1

MRCET C

u

o]
)

5

1 0 1

H = [H S,
E A




MOTION OF A LINK

Source : R. S. Khurmi

/E*>,JVBA Let ® = Angular velocity of the link A B about A.
IL fTE'\H" We know that the velocity of the point B with respectto A,
\ \ \ ,,Er vpa, = ab = w.AB A0)

:' \C \ af,,ﬁ”’ ’:) Similarly, the velocity of any point C on A B with respectto A,

\ A ) | vea = ac = 0. AC (i)

From equations (/) and (i),

(a) (b) —
Miction of-a Lk, Vea _ac _ 0.AC _AC

van ab ©.AB AB

A

Thus, we see from equation (iii), that the point ¢ on the vector ab divides it in the same ratio
as C divides the link A B.

GE )
i i
MRCET CAMPUS
UGC Autonomous



LECTURE 2

VELOCITY AND ACCELERATION DIAGRAMS

MRCET CAMPUS
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VELOCITY OF A POINT ON A LINK BY
RELATIVE VELOCITY METHOD

'8 Source : R. S. Khurmi

»Va is known in magnitude and direction

| >absolute velocity of the point B i.e. VB is
| known in direction only

»VB be determined by drawing the velocity

\ae——/— .
isagmmmiliia diagram

Motion of points on a link. tL
»With suitable scale, Draw oa = VA i g

ol e,
»Through a, draw a line perpendicular to AB » # o

V :

»Through o, draw a line parallel to VB intersecting ? |
the line of VBA at b 0 a L

»Measure ob, which gives the required velocity of  Velocity diagram.
point B (VB), to the scale

2z ab = velocity of the link AB
‘:{ﬁ-‘éﬁ‘

b -
MRCET CAMPUS
UGC Autonomous



VELOCITY OF A POINT ON A LINK BY
RELATIVE VELOCITY METHOD

Vg Source : R. S. Khurmi

>»How to find V¢ ?

Fix ‘c’ on the velocity diagram, using

| ac AC
— s
- Va ab AB
Motion of points on a link.
b, »oc = V¢ = Absolute velocity of C
- B
Y S »the vector ac represents the velocity

of C with respectto Al.e. Vca.




VELOCITY OF A POINT ON A LINK BY RELATIVE
VELOCITY METHOD

How to find the absolute velocitv of anv other point D outside
AB? .

Source : R. S. Khurmi

(a) Motion of points on a link. (b) Velocity diagram.
Construct triangle ABD in the space diagram
Completing the velocity triangle abd:
»Draw VDA perpendicular to AD;
»Draw VDB perpendicular to BD, intersection is ‘d’.
»0d = absolute velocity of D.

2 £ VRA t?f}
The ancular velocity of the link A B = @yp = =
e angular velocity o AR 5 i




VELOCITIES IN SLIDER CRANK MECHANISM

Source : R. S. Khurmi b
Vg = (i
¥4 1 OB
B ~ A
E
T B
ELELAAIAEE ._f_{.q.-'_..---'""--- rxx_\ O a
=g - — e il
SEFTTF IS GTTGLEEN ‘UA D
A b
Slider crank mechanism. ""1‘-..
~ Oy
.-'-- I|
o . e
Fix ‘e’, based on the ratio K b Vasy
- D : .h._ II'|
belba= BE/BA Va &

VE = length ‘oe’ = absolute vel. Of E  Velocity diagram.

The angular velocity of the connecting rod A B (0, ;) may be determined as follows:

_VeA _ G0 (A relackvis A )
AB AB AB nucloc 15 dDOU

1

bt
MRCET CAMPUS
UGl

C Autonomous




RUBBING VELOCITY AT A PIN JOINT

The rubbing velocity i1s defined as the algebraic sum
between the angular velocities of the two links which are
connected by pin joints, multiplied by the radius of the pin.

Source : R. S. Khurmi

Let ®, = Angular velocity of the link OA or
the angular velocity of the point A
with respect to O.
B ®, = Angular velocity of the link OB or
~ the angular velocity of the point B

Links connected by pin joints. with respect to O, and
r = Radius of the pin.

"-—___...JF‘JE

According to the definition,

Rubbing velocity at the pin joint O

(0, — @,) r, if the links move in the same direction
(0, + 0,) r, if the links move in the opposite direction




LECTURE 3

GRAPHICAL METHOD
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NUMERICAL EXAMPLE-1

In a four bar chain ABCD, AD is fixed and is 150 mm long,.
The crank AB is 40 mm long and rotates at 120 r.p.m.
clockwise, while the link CD = 80 mm oscillates about D.
BC and AD are of equal length. Find the angular velocity

of link CD when angle BAD = 60°.

Step-2 : Identify Given data
Step-1 : Draw Space diagram & convert it into Sl units

with suitable Scalﬂeﬁ_?c NBA =120 r.p.m. or mHA =271 x 120/60 = 12.568 rad/s

5 AB =0.04 m ; BC = 0.15 m; CD = 0.08 m; AD =
/80 0.15m
49-?‘\ Ve Step-3 : Calculate VB
';hﬁfﬂ,rff;fx,-f; fffffjf;’ff,—'f;‘jé LrHa‘-"L: FH = mﬂﬁ X .'q. B: IZﬁﬁg X ﬂﬂ"i = Dﬁ[}.} .'IH.I'IIS
A 150

Space diagram (All dimensions in mm).

ﬁé'} Source : R. S. Khurmi




NUMERICAL EXAMPLE-1

Scale 1:100: 1.e. VB =0.503 m/s =50.3

1 mm |
,ﬁ,c:a Source : R. S. Khurmi
1 CD
/80
4&\\‘ a,d
*".‘fﬁfﬂ;‘nﬁ"r’fff'f.-‘f.-‘.-".z":".-"f;".»";’f."!" LAB
A 150 1 BC
Space diagram (All dimensions in mm). ab =50.3
mm
Question: Find the angular velocity of link CD b

Vep = cd = 38.5 mm (by measurement) = 0.385 m/s, CD =0.08 m
-. Angular velocity of link CD,

. FCD D’ 385

Wiy, = = - ; CWISE £ Ans.
cD cD 0.08 4.8 rad/s (clockwise about D) An

s
[l |
AL

53’;1
5 E 2l
;’gf!}
SRl
325.1
H = [Hs e,
=zl e
5k



NUMERICAL EXAMPLE -2

In the given Fig., 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 m
path and OC is vertical.

Source : R. S. Khurmi A \\L ©
,f"" 75°
Find: VD, @gp / |
/
/
/
Solution. Given: N, , =600 rp.m. or Ef‘
®, o =2 T X 600/60 = 62.84 rad/s yd A
: N . . i D ot Y
Since OA =28 mm = (.028 m, therefore velocity of &
A with respect to O or velocity of A (because O is a fixed point), - - - B B
ST

'I_!

=V, =0, 4% 0A=62.84x0.028=1.76 m/s
... (Perpendicular to OA)

AQ




NUI\/IERICAL EXAMPLE -2

AI

Find: VD, ®gp

Source : R. S. Khurmir___,.--"": o

Bd__

o A Jﬂuc

LELL LR E AT

e (a) Space diagram.
de =2 10,C
\ /.
'U'B . .

. v ) | Velocity diagram
Velocity N; *-{"'ﬂ y diag
diagram \

J B O By measurement, cd = od = Vb=1.6 m/s

Angular velocity of the link BD
By measurement from velocity diagram, we find that velocity of D with respect to B,
Vpp = vector bd = 1.7 m/s
Since the length of link BD = 46 mm = 0.046 m, therefore angular velocity of the link BD,

_ VpB _ 17

- = = ¢ (wise Ans.
BD T hn T 0.046 36.96 rad/s (Clockwise about B) An

‘zf“"t

Ty
MRCET CAMPUS

GC Autonomous




NUMERICAL EXAMPLE -3
Source: R. S. Khurmi 2

A quick return mechanism of the crank 5
and slotted lever type shaping machine ||~
is shown in the Fig. The dimensions of T
the various links are as follows :

0102 =800 mMm ; O1B =300 mm : O2D

= 1300 mm ; DR = 400 mm. o e
The crank O1B makes an angle of 45° 800

with the vertical and rotates at 40 r.p.m.

In the counter clockwise direction. 1___@_%_
Find : 1. velocity of the ram R, or the i

All dimensions in mn.

velocity of the cutting tool, and 2.
angular velocity of link O2D.




NUMERICAL EXAMPLE -3

R
AL
- il (505 g

3 \‘|\\ THURE
ar VD02 ¢
o] g

I ¥ VBo1

Tool coz

p { Boncrank O, B
» { Con0,.D
Vcoz,-% 2

—+ - Sy I 7 Source : R. S. Khurmi
T % | ke Oy
“so LY 1300

"
|
|
|
|
|
|
|
|
|

il
iy
.'II | ,l'l I
DE ||l .'I /
—_——— ..'_ 2 |
.lll._l \‘H—q_‘m-‘ i II.
T J- E \
All dimensions in mm. FIFITF

O,

Space diagram
Solution. Given: Ng,, =40 Lp.m. or @y, = 2 7 x 40/60 = 4.2 rad/s

po1 X 0B =42x0.3=1.26 m/s
. .. (Perpendicular to OIBJ

Veo1 = V=@

e e 4
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R

PP RLES
_4TE_
\‘lx\. TSR,
Vi

DO2 ¢ ™

Vaos

Veoe

/"T7~B on crank 0,B

sz‘_ﬁ;\ /" cono;D

AL EXAMPLE -3

¢
. |F | Source: R. S. Khurmi
T =1.
| d o 1.26
|/ | RD -
i <
Tk_ /r VR 01,02
O . '
S i Draw bc parallel to O2D, to intersect at 'c
2 e : cd CD
A Fix ‘d’ using the ratiocd/ 0,d = CDIO,D) sy -
v ; . B - Cd + OZD
CBI}" \\;E' Find VR & Opg, CO2
d "II: | N -
L i o - By measurement, velocity of the ram R, v, = vectoro,r=144m/s Ans.
A G oo ~ Angular velocity of link 0,D
Velocity diagram. - By measurement 1[)OE B l‘D = vector Ofd= .32 ms
ooy 132
Wpoy = OQ—D =3 = 1015 rads (Anticlockwise about 0) ~ Ans.

Y

r‘:s.::’..

MRCET CAMPUS
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TUTORIAL PROBLEM

) Fig. 7.22 shows the
structure of Whitworth quick return mecha-
nism used in reciprocating machine tools. The
various dimensions of the tool are as follows :

00 = 100 mm ; OP = 200 mm, RO =
150 mm and RS = 500 mm.

The crank OP makes an angle of 60°
with the vertical. Determine the velocity of the
slider S (cutting tool) when the crank rotares
at 120 r.p.m. clockwise.

Find also the angular velocity of the
link RS and the velocity of the sliding block T
on the slorted lever OT.

ek *.  Source: R. S. Khurmi
i al] W
Rl
N @ % __""'—---_______ LLELLLyY
P \ =1
A W
—x y J
. Errrrai
" [ I| 5
= -_LU' x\}‘; i
R I ) [
T80 g~ LT
I SO y -
ot -
a"-:.\‘. '\\:'
.-;\“E'f
I &
s | e
Fig, 7.22



TUTORIAL PROBLEM (SOLUTION)

Source : R. S. Khurmi

Re_
W, = = r
X 0 --____""---.._____ Litiiigd *'I
Tl Veq
il—i?'\x r .l_:a_ 7 D'CI/A
| .‘."‘\ S _l_/l,l'II 1'-" S
§ I"lD \\ "l.-r-l— / _.-'Ill .
I o ¥
\'\.
é\}w;\ﬁ (on QT) / Vp
{'_‘ \_-' 1: rlllll."
P (on OP) "
TP .-"J
p
(@) Space diagram. (b) Velocity diagram.

vg = vector os = 0.8 m/s Ans. . ‘ . - 52 :
: Velocity of the sliding block T on the slotted lever OT
Angular velocity of link RS

RS 05 1.92 rad/s Ans.

Vop = vector pr=0.85 m/s  Ans.

g =

- L
MRCET CAMPUS

UGC Autonomous
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INSTANTANEOUS CENTRE OF ROTATION
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INSTANTANEOUS CENTRE METHOD

Translation of the link AB may be assumed to be a
motion of about some centre I, known as
the instantaneous centre of rotation (also called centro or
virtual centre).

The position of the centre of rotation must lie on the
intersection of the right bisectors of chords AA1 and BB1. # \
these bisectors intersect at | as shown in Fig., which is
the instantaneous centre of rotation or virtual centre of
the link AB.

(also called centro or virtual centre). |

Instantaneous
centre of rotation.

Source : R. S. Khurmi




VELOCITY OF A POINT ON A LINK BY
INSTANTANEOUS CENTRE METHOD

Va Is known in Magnitude and
direction Vs direction alone known

How to calculate Magnitude of Vs
using instantaneous centre method ? A> Vgcos

Source : R. S. Khurmi

Draw Al and BI perpendiculars to the A

directions Va and VB respectively to 90 “*‘w
intersect at |, which is known as \ A" 7 ]
instantaneous centre of the link. vl

Velocity of a point on a link.




VELOCITY OF A POINT ON A LINK BY
INSTANTANEOUS CENTRE METHOD

Since A and B are the points on a rigid link, there cannot be
any relative motion between them along the line AB.

Now resolving the velocities along A B,
v, €OS O = vy cos B

Va cosB  sin(90°— B)
of Vg - coso,  sin (90°— )
Applying Lami’s theorem to triangle A BI,
Al s Bl
sin(90°— B)  sin (90°— )
Al sin(90°—B)
o BI  sin (90°— a)
From equation (/) and (ii),
va Al A _ B _
Vg Bl or Al BI
where ® = Angular velocity of the rigid link.
£

1)

Source : R. S. Khurmi Vg

Vg COS [

i) ~—

Velocity of a point on a link.

... AHi)
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VELOCITY OF A POINT ON A LINK BY
INSTANTANEOUS CENTRE METHOD

Source : R. S. Khurmi

If C is any other point on the link, then

Vo _¥Ym Y :
. = - IV)

Al  BI (I

Velocity of a point on a link.

If VA Is known in magnitude and direction and Vs in direction
only, then velocity of point B or any other point C lying on the
same link may be determined (Using iv) in magnitude and
direction.




TYPES OF INSTANTANEOUS CENTRES

Source : R. S. Khurmi

ly5 Number of Instantaneous Centres = N
ff! \\ — 6

The instantaneous centres /,, and [,

fixed instantaneous centres

The instantaneous centres [, and [,

permanent instantaneous centres
as they move when the mechanism moves,

4 Link 1 Iy, I,

Types of instantaneous centres.

but the joints are of permanent nature.

I, and I,, are neither fixed nor permanent instantaneous centres

as they vary with the configuration of the mechanism.

e e 4
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LOCATION OF INSTANTANEOUS CENTRES

Source : R. S. Khurmi

ny When the two links are connected by a pin joint

"7 (or pivot joint), the instantaneous centre lies on

. I Lir'l|k2

T the centre of the pin e
7 A Vg \

Pure rolling contact (i.e. link 2 rolls without slipping), ‘4 /
the instantaneous centre lies on their point of
contact. V. g

at oc vg I B

|1:= Link 1

i+ When the two links have a sliding contact, s

the instantaneous centre lies on the common
normal at the point of contact.

Vo —— A

T FFFIFF T TTTTIT

Lnk1 T he instantaneous centre lies at infinity and each point on the
fixed) — slider have the same velocity.




LOCATION OF INSTANTANEOUS CENTRES

When the two Ilinks have a sliding contact, the
Instantaneous centre lies on the common normal at the
point of Icontact.

y 12
L]

The Instantaneous centre lies on the centre

Lk of curvature of the curvilinear path in the
' (slider)

v B ¥ configuration at that instant.
ia-,,-],f,ﬁﬂ " Source : R. S. Khurmi
Link 1
(fheed) > When the link 2 (slider) moves on fixed
R 4 <% link 1 having constant radius of curvature,
,ﬂ%’.:L the instantaneous centre lies at the centre

T,

[y ofcurvature i.e. the centre of the circle, for
~~_ "/ all configuration of the links.




ARONHOLD KENNEDY (OR THREE

CENTRES IN LINE) THEOREM
It states that If three bodies move relatively to each other,

they have three instantaneous centres and lie on a straight
line. Vec

i, Vac
V EJ? i
Source : R. S. Khurmi
% S
Iﬂ'tl' A IEIE

Aronhold Kennedy's theorem.
the velocity of the point /, cannot be perpendicular to bothlines / , I, and/ [, unless
the point /, Ties on the line joining the points / , and /.

Thus the three instantaneous centres (/ ,, I and [, ) must lie on the same straight line.

The exact location of /, online/ , I depends upon the directions and magnitudes of the
angular velocities of B and C relative toA .

eh. Hi
B T

MRCET CAMPUS
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NUMERICAL EXAMPLE-1

In a pin jointed four bar mechanism, as shown in Fig. AB = 300
mm, BC = CD = 360 mm, and AD = 600 mm. The angle BAD =
60°. The crank AB rotates uniformly at 100 r.p.m. Locate all the
Instantaneous centres and find the angular velocity of the link
BC

. i gC
Source : R. S. Khurmi 460 T “
Solution. Given: N, =100rp.m or E;r \@
@, =2 1 x 100/60 = 10.47 rad/s S{? %
Since the length of crank A B= 300 mm = 0.3 m, nE? 50° \2

oD

therefore velocity of point B on link A B, AS S
|«——— 600 mm ——»
vy = 0, XA B=10.47 x 0.3 =3.141 m/s
Location of instantaneous centres: o=l A1) o

2 2

1. Find number of Instantaneous centres




NUMERICAL EXAMPLE-1

Links 1 2 3 4
Ins. Centres 12 13 14
23 24
34

3. Draw confiquration (space) diagram with suitable scale.
And, Locate the fixed and permanent mstantaneous

A gy
centres by inspection ks, 5 C\
/B 4\
l12, 114 — Fixed centres: /2 |
123, 132 — Permanent A D\
1 |
centres lie Source : R. S. Kh:frmi
How to locate 113, 124 — Neither fixed nor Permanent centres
Y

MRCET CAMPUS
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NUMERICAL EXAMPLE-1

4. Locate the neither fixed nor permanent instantaneous
centres by Aronhold Kennedy’s theorem.

2

Draw a circle with any arbitrary

. 5 radius
At equal distance locate Links 1, 2, 3 &
4 as points on the circle.

4
Source : R. S. Khurmi




NUMERICAL EXAMPLE-1

Locating lis

2 13 is common side to Triangle 134 & 123
|14 | : : .
/ \ | i Therefore, l13 lies on the intersection of
1 3 13<| b 123 the lines joining the points l14l3s & 112 123
4
Source : R. S. Khurmi
Al
'23#_ — G
/ B 4I'.
A';T\ D"'-h




NUMERICAL EXAMPLE-1

Locating 24

24 i1s common side to Triangle 124 & 234

| 12 |14 _ _ _
I Therefore, 124 lies on the intersection of
24 . L )
34 23 the lines joining the points l12l14 & 134 123
hs
Source : R. S. Khurmi
; g
ol A
e 4\
T a8 e e e e e e ﬁ_t= ﬁ&‘ D=
I24 |12 1 IM

Thus all the six instantaneous centres are located.
Y
Pt o

% &
= !ﬂuﬁm-‘n!“!,
MRCET CAMPUS
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NUMERICAL EXAMPLE-1

Find Angular velocity of the link
BC vp =W, XAB=1047x 0.3 =3.141 m/s

We know that: =
lm/ —3 C\
=t il 4\
____________________________ A _r‘?\ DY
|24 :2 1 |-14

Source : R. S. Khurmi

Let mBCI: Angular velocity of the link BC.
Since B is also a point on link BC, therefore velocity of point B on link BC,
Vg = @gc %13 B

By measurement, we find that [, B = 500 mm=0.5m

vg  3.141
Pec=T7.B 05

= 6.282 rad/s Ans.

MRCET CAMPUS
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NUMERICAL EXAMPLE-2

Locate all the instantaneous centres of the slider crank
mechanism as shown in the Fig. The lengths of crank OB
and connecting rod AB are 100 mm and 400 mm
respectively. If the crank rotates clockwise with an
angular velocity of 10 rad/s find- 1 \/alacitv nf thn <lider

A, and 2. Angular velocity oo —

LLEEL R EEE T e

Al:'______________ 0

SEEEENETTEE T

Source : R. S. Khurmi
Solution. Given: @4;=10rad/s; OB=100 mm= (0.1 m

We know that linear velocity of the crank OB,

= vy =0, X OB=10x0.1=1 m/s

l:‘

OB




NUMERICAL EXAMPLE-2

»Draw configuration diagram with suitable scale.
»Locate Ins. Centres (Here, n = 4; No. of Ins. Centres N = 6)
»Ins. Centers are |12, 113, l14, 123, 124, |34.

_B
’*‘ ligat o« L, 3 } loq 2
A.__,__ .................. =,
i Source:R.S. Khurmi 4 1
| By inspection Locate li2, [23& |34,
i Since the slider (link 4) moves on a
; ., Straight surface (link 1), l14, will be at
i <' infinity.
ly ! 3 by 3
;r:‘.!:{:!n

\ B
=

£ 77/
A *‘—--_'.. ..................... — I_|2




NUMERICAL EXAMPLE-2

»Ins. Centers are |12, 113, l14, l23, l24, |34.
»Fixing lus...... ?

>
s
=3
8

-
PR

Source : R. S. Khurmi

7, e

l12 123

e
s

D
i

;;;;;;;;;;;;;;;




NUMERICAL EXAMPLE-2

»Ins. Centers are li2, 113, l14, 123, l24, |34

»Fixing la...... ? A lat o
: li4at o«
dla
i
l12 |14 i
124 i
132 l23 !
Source : R. S. Khurmi !
|14 can be moved to any convenient i _
joint e S
A R O . -
rrrrrrrrrrrrrrr Vy
4

f’“‘r.

b ’=~*’

mnlmn lll

MRCET CAMPUS
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NUMERICAL EXAMPLE-2

Solution:

By measurement, we find that

Source : R. S. Khurmi I,;A =460 mm=0.46 m; and/,, B = 560 mm = 0.56 m
1. Velocity of the slider A
% g at o Let v, = Velocity of the slider A.
: |14 at « 5 ”
I, ) We know that A - B
Ny . I;A I;B
N :
1 . 1 I A 0.46
i s i or Vy = Vg X 13 =1x =082 m/s Ans
1 \\ 1 Jr!_'_!- B 0.56
: “ :
1 . 1
1 ~ 1
1 . I
i R :
! . ! 2. Angular velocity of the connecting rod AB
1 \
E \\\ E Let ®,, = Angular velocity of the connecting rod A B.
1 . 1
: "\\\ i r;ﬁl . VB _ m
E \.\\\ Va E We know that Td Tk AB
i ~.B o
e 1
! — 1
l,, | 3 _— log 1 V 1
?:}.!’ﬂiuf;'ﬂ.r ___---"'F_-__-_--_ : {’-}AH = _ == = 1‘78 I'&de Ans.
Al P 2 | I;B 0.56
o) 12
FEFET I EETy V
A
4 1
e e 4
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VISIT THE FOLLOWING VIDEOS IN YOUTUBE

» https://www.youtube.com/watch?v=-tgruur80O0Q

»https://www.youtube.com/watch?v=WNh5HpOIg
ms

» https://www.youtube.com/watch?v=ha2PzDt5Shb




EXERCISE-1

The mechanism of a wrapping machine, as shown in Fig. 6.18, has the follow-
ing dimensions :
0OA = 100 mm; AC = 700 mm; BC = 200 mm; O,C = 200 mm; O,E = 400 mm;
0,D = 200 mm and BD = 150 mm.

The crank O A rotates at a uniform speed of 100 rad/s. Find the velocity of the point E of the
bell crank lever by instantaneous centre method.

E .
o Source : R. S. Khurmi
"
|\
;"’--d__:::x‘ I| | III',
II..-"' 01 “-.ll LR B __——G
— o) ]
T_\\ . f
o |
200 mm A

-— 300 mm 400 mm —»

Fig. 6.18

-l
B T
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EXERCISE-1: SOLUTION

:n(ﬂ—l}:ﬁ((ﬁ—l)zls
2 2

N

r Jlg_f 3 5 4 Source : R. S. Khurmi

|
|
gl i — |
Y 16 4 4 P -’ - F
lgg | '
G5 | i
\ | [/ Oq
% | /
\ | f
5 | !
\ | !
% | ! - 2
% | g - -;';‘:“-: ----'-\-._\_
5 | i - = . 5 e
% ! .
\ : P 2.
L% i 7 -~ e T
\ ! ] gt
5 | y e e 7‘\3
L | E Tl ™ Fa L
L] | J 1% vl
Y | 4 %
& | i) | " . 5 4?' |
LY i | % - ' ?
I s /
A ! | % . ¥ |
- 0o A
b \ et
A | |.J ! % 1/
A | ' % g
§ | I' E :? b ’ 4
h Ko B \ i
gl L P .
b 4 . A i’ -
v Ei L
ur e S, . VA
it
i P 5

‘;f"g_
LS

P T 4
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EXERCISE-1: ANSWER

Velocity of point E on the bell crank lever

Let v, = Velocity of point E on the bell crank lever,

vy = Velocity of point B, and
v, = Velocity of point D.

r 10
Vg = A X1y B=——x082=901 m/s Ans.

I, A 0.91
r 01

Vp = '8 X Ilﬁ LY== 9— ¥ 0.05 = 3.46 mv/s Ans.
1< B 0.13

1 q‘
VE= 'D X Jrlﬁ o= % X 04 = 691 nvs Ans.

1, D




LECTURE 5

ACCELERATION IN MECHANISMS
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ACCELERATION IN MECHANISMS

Acceleration analysis plays a very important role in the development of machines
and mechanisms

'}
4BAW_ Vg,

Let the point B moves with respect to A, with an e A

angular velocity of w rad/s and let a rad/s? be the 7 A
angular acceleration of the link AB.

'y f
Source : R. S. Khurmi !; "7\ |

1. The centripetal or radial component of acceleration, / /
which is perpendicular to the velocity (i.e. parallel to link  / ,"ﬁr
J BAf

AB) of the particle at the given instant. |

) b vV I
@iy = @ X Length of link AB = o X AB = va, / AB ( o=284

r
|1 il
- ¥

o -

] |Ad

_ o Acceleration for a link.
2. The tangential component, which is parallel to the velocity

(i.,e. Perpendicular to Link AB) of the particle at the given
| ah, = o x Length of the link AB= o X AB




ACCELERATION DIAGRAM FOR A LINK

!
4BAN_ Vga

o - Y

ol

~ \"“B |
J‘:

.-'II-.

/ aga [
|II .'; d
(Ad

"-L
e

-

Acceleration for a link.

Source : R. 5. Khurmi Total acceleration of B with respect to A
~F

i IS the vector sum of radial component

W, and tangential component of

- acceleration
BA X EB A = da BA + a BA

Acceleration diagram.
i
A:Ltw

=
AL

% &
= !ﬂuﬁm-‘n!“!,
MRCET CAMPUS
UGC Autonomous

/
==



ACCELERATION OF A POINT ON A LINK

Let the acceleration of the point Al.e. aa
Tangential . . . . :
\J/ panotg IS known in magnitude and direction
B and the direction of path of B is given.

How to determine as ?
/( : Draw acceleration diagram.

Points on a Link.
b’ T Source : R. S. Khurmi

,
1 ™ a-%
N v
D (/
s\ ,'
: ~1AB
. r AN /
s
x

X aps =vaa ! AB
et 4 The

){

viles of g, gy 400 g, My be measured, o th scale,

c A

g%i [ |
AN 7
S e
- H &7 2
S EMIED, !
ngz'\}-‘/zf
L Ran




ACCELERATION OF A POINT ON A LINK

For any other point C on the link, draw triangle a'b'c’
similar to triangle ABC.

z _ .
Van Tangential \’\Qn & Source : R. S. Khurmi

Points on a Link.
Acceleration diagram.

Mathematically, angular acceleration of the link A B,

HAE = {'.'f]g‘,-_n,k | AB




ACCELERATION IN SLIDER CRANK
MECHANISM

—

Slider crank mechanism. Source * R. S. Khurmi

Veo = Vg = Mo X OB. acting tangentially at B.

-

VBO
OB

A point at the end of a link which moves with constant
angular velocity has no tangential component of
acceleration.

-
{li &

p AT o
T i
MRCET CAMPUS
uGc NOMOoUs

Auto —

r . . 2 .
(o = dg —mBOXOB—




ACCELERATION IN SLIDER CRANK
MECHANISM

PR

Slider crank mechanism.

Source : R. S. Khurmi

ag = dpo

acceleration of the piston or the sliderA a A and
may be measured to the scale b

' BA

"
(?EA = ‘.’ﬁA !/ AB

Bii
Point €’ can be fixed using a'e¢'/a'b' = AE/ AB

angular acceleration of A B, O,g = dug/AB

yeh. ‘g
e
X gl
I@;....j,.—?}'—,
MRCET CAMPUS
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NUMERICAL EXAMPLE -1

The crank of a slider crank mechanism rotates clockwise at a
constant speed of 300 r.p.m. The crank is 150 mm and the
connecting rod is 600 mm long. Determine : 1. linear velocity and
acceleration of the midpoint of the connecting rod, and 2. angular
velocity and angular acceleration of the connecting rod, at a crank
angle of 45° from inner dead centre position.




NUMERICAL EXAMPLE -1

Source : R. S. Khurmi VB
A
LLEEEE,
ey
TTITTTTITIgi7 IDC O

Space diagram. Solution.
Given : Ny = 300 r.p.m. or @y, = 2 7 X 300/60 = 31.42 rad/s;

OB=150mm=0.15m;: BA=600mm=0.6m

b Veo = Vg = Wy X OB =31.42x0.15=4.713 m/s

By measurement, Vap = vector ba= 3.4 m/s

vy, = vector opa =4 m/s

Since D is the midpoint of A B, d is also midpoint of vector ba.

5 velocity of the midpoint D
A vy = vector od = 4.1 m/s Ans.
; Velocity diagram.

MRCET CAMPUS
UGC Autonomous



NUMERICAL EXAMPLE -1

Source : R. S. Khurmi

A

LRt edd,

.."‘

FFRTFFTEN,

Space diagram.

0
OI'
dg
dp
bf P}‘ }(
r d aAB
b > >
o (47137 a;}‘:!;: Z(:;? D
N r 'BO - 2 :
g - _ . _VBO _ —148.1 m/s
3 dho = as OB 0.15

MRCET CAMPUS
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NUMERICAL EXAMPLE -1

a '
VB o' sl a
\
\
\
A 7\J50 mm \‘
FITEITIITY] ] 450 \ r
o= ol ap k dap
FITTTTTTIvT T IDC O 1
\
Space diagram. \
bf _’rd X
Source : R. S. Khurmi a ag

P P g
By measurement, ap, = vector o'd’' = 117 m/s~ Ans.

Angular veloeity of the connecting rod

Wyp = ‘;‘j = 3"; — 5.67 rad/s> Ans.

Angular acceleration of the connecting rod

From the acceleration diagram, ayp = 103 m/s?

I '}’ i
UAW, ”3; —171.67 rad/s®> Ans.

- )
i i
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TUTORIAL PROBLEM-1

The dimensions and

mmn_—

configuration of the four bar mechanism, shown in A ﬂif 3
Fig. 8.10, are as follows : d 5

P.A = 300 mm; P,B = 360 mm; AB = 360 & / \ 360 mm
mm, and P P, = 600 mm. @S/ H'“-H

The angle AP P,= 60°. The crank P A has n‘} jﬁﬂ" \\
an angular velocity c:rf 10 rad/s and an augu!ar 77 R
acceleration of 30 rad/s?, both clockwise. i 2

Determine the angular velocities and angular
accelerations of P,B, and AB and the velocity and

: L Fig. 8.10
acceleration of the joint B.

Source : R. S. Khurmi

= 29.6 m/s* Ans.
agp,  26.6 )
Voo, =V, = 2.2 mfs An o = = = =73.8 rad/s” Ans.
Bps 8 3 PE PR 036
1"1|-:'|.1:"',| 22 I
s 2. _ " s Ans 3.6 )
UJPZH == = = 6] ['Eldfb .-"a.ll.‘-u a = tpa — ] = 37.8 rad/s* Ans
BB 0.36 AB = e T 036 Ans.
vga _ 2.05

Wap = = 5.7 rad/s Ans.
AB 0.6

o S
s
MRCET CAMPUS
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TUTORIAL PROBLEM-1

Source : R. S. Khurmi

B __'_‘__,__r' VB
A d_f—f'"'__f--_- = '\ p-l'l i p2|
5\ \ /:f \
7<\ Va F,,,Ji-—hme? P4 f,-“lln' J
/T Wapy \ i
\A\ sy ,
..r”j Uap Ogpz H‘L é_
CEA L PP r PP X rrrsy
P'] PE o z
Space diagram.
)
.--"”'--r’ III|
< '\
,P'?- H"*H \ 'ﬁ'B
.pi o III
L
E""H-..\, 1 = "
~J 5 Acceleration diagram

GE )
& e
MRCET CAMPUS
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B __»v

_—
B e I\\.
A -~ |AL PROBLEM-1

Space diagram.

Pyt Par ;
Source : R. S. Khurmi ,f %/

¢
.l'llll /l/
."|I| /
¢
P /

rop |
aapr” ol
‘ f / l
¢ /
¢ f | /
! \ /
/! Paﬁ “ // ap
5'; / ¢ 4
[ 2
X . ~
il agah X a_
d ' 1 B (W
# r ¥ “ ??‘i & 4
vector p; X = dyp, =30 m/s” y n-
# 2 ’
vector xa = ﬂ':ahp1 =9 m/s vector a’y = ap, =11.67 m/s’ ; 5
; r L
P> 2 = agp, = 13.44 m/s
By measurement, apx Magnitude is yet unknown
— . 2
a, =d,, =31.6 m/s

"3l
i i
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EXERCISE-1

Find out the acceleration of the slider D and D

the angular acceleration of link CD for the engine mechanism shown
in Fig. 8.14.

The crank OA rotates uniformly at 180 r.p.m. in clockwise
direction. The various lengths are: OA = 150 mm ; AB = 450 mm;
PB = 240 mm ; BC = 210 mm ; CD = 660 mm.

Source : R. S. Khurmi

All dimensions in mm.

Fig. 8.14

- i
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ANSWER

Source : R. S. Khurmi

'H"‘\‘ '. 0,p , oA
P ] 7 r 3 |

- i /
\l o s —F=p

'f..: / ngff | ; I_:._‘;;A .fjnf

o _..-""'---- - "'Irb. | g I .ff IIIII
E 7 A0 \@gp{ |
o 7" | v
' |
b A [ gt ’ -\j.f
r g Voo ¥ oot
LI."-'H. 0 L :p
(a) Space diagram. (b) Velocity diagram. (c) Acceleration diagram.

ay = vector o'd' = 69.6 m/s* Ans.

dpc 17.4 — 26.3 rad/s” Ans.

fI — — -
0D cD 066
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LECTURE 6

CORIOLIS COMPONENT OF ACCELERATION

MRCET CAMPUS

UGC Autonomous
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CORIOLIS COMPONENT OF ACCELERATION

Where?

When a point on one link is sliding along another rotating link, such as
In quick return motion mechanism

Source: R. S. Khurmi  ,+sv A
A

Let ® = Angular velocity of the link OA at time t seconds.

v = Velocity of the slider B along the link OA at time 7 seconds.

o.r = Velocity of the slider B with respect to O (perpendicular to the link OA)
at time 7 seconds, and 0

(0 + 0m), (v +0v) and (® + 6w) (r+ Or)
= Corresponding values at time (7 + &) seconds.
o

e e 4
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CORIOLIS COMPONENT OF ACCELERATION

v + OV A

The  tangential component  of
acceleration of the slider B with
respect to the coincident point C on ¢
the link is known as coriolis
component of acceleration and is
always perpendicular to the link.  source ' R. S, Khurmi

(0+dw)

.. Coriolis component of the acceleration of B with respect of C,
dpe = Gne = 20w
where ® = Angular velocity of the link OA, and

v = Velocity of slider B with respect to coincident point C.




CORIOLIS COMPONENT OF ACCELERATION

A A A A
@ 5 & 2
AY AY
20V 20V 2V 2mv
<——C Co—F——> Co———>» <«
B B B B
Yv Yv
y 2 T y 2 RN
Q) @ w @
& ® @ @
@) O O O

Direction of coriolis component of acceleration.
Source : R. S. Khurmi




NUMERICAL EXAMPLE -1

Source : R. S. Khurmi

A mechanism of a crank and slotted ©
lever quick return motion is shown in
the Fig. If the crank rotates counter B
clockwise at 120 r.p.m., determine for
the configuration shown, the velocity
and acceleration of the ram D. Also
determine the angular acceleration of
the slotted lever.

Crank, AB = 150 mm ; Slotted arm,
OC = 700 mm and link CD = 200

SLANm.

RS

Al
h 2ot 4
MRCET CAMPUS
UGC Autonomous
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NUMERICAL EXAMPLE -1 (CONSTRUCTION OF
VELOCITY DIAGRAM)

Solution. Given : Ny, = 120 rp.m or @z, = 2 © x 120/60
= 12.37 rad/s : A8 = 150 mm = 01D mp, OC = 700 mm = 0.7 o
CD=200mm=0.2 m

We know that velocity of B with respectto A,

Vaa

Source : R. S. Khurmi vpy = gy X AB
= 12597 ¥0.15=1.9m/s
o s S ...(Perpendicular to A B)
BSlider Coincident
0% point B'
“} .l". ';< A




NUMERICAL

EXAMPLE -1

vy = vector od=2.15 m/s Ans.

From velocity
diagram by
measurement

"3l
i i

From velocity diagram, we also find that
Velocity of B with respect to B',

Vg = Vector b'b=1.05 m/s

Velocity of D with respect to C,

Vpe = vector cd=0.45 m/s

Velocity of B’ with respect to O

Vo = Vector ob'=1.55 m/s

Velocity of C with respect to O,

g = "__..?
Veg = Vector oc 2.15 m/s

-. Angular velocity of the link OC or OB’,

‘.-’C £ 215
Weg = Wy = 2 =

— — = 3.07 rad/s
ocC 0.7
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NUMERICAL EXAMPLE -1 (CONSTRUCTION OF
ACCFEI ERATION DIAGRAM)

SRR
C«-,\:—;m;f“:;[‘;" Link Radial accel. Tangen. accel. | Coriolis Accel.

B Slider Coincident
point B'
ﬂﬁ'g K
A
VBa -
III A
\
IIII

Space diagram.| [

\ [
III_-:

O
&
= _II_III- -y%‘ § e%
Bl | |
Vvee:
Wen L O

Source : R. S. Khurmi

ﬂ]‘;!_‘ = ﬂ%ﬂ :”( AB
= (12.57)*%0.15
—23.7 m/s’

AB Zero Nil

BB HEH’ = 2.y

= 20co-Vpy
=2x%3.07%x1.05=645 m/

;
Direction BB wn. -

DC 2
ﬂa _¥De

DC — ch
_ (0.45)
02

Direction known Nil

= 1.01 m/s?

i
anc

B'O - Direction known.  Nil

a' ’
BO = b9

55)> 5
L) Y
0.52

I
g

£ ®.% Direction of coriolis component.
B ey
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NUMERICAL EXAMPLE -1 (CONSTRUCTION OF
ACCELERATION DIAGRAM)

£ I-I'JCE-!'!H_
f“*\‘—:[’;;[? Source : R. S. Khurmi ;
B Slider Coincident 2’0o’ ap ,: q
o point B' /
Ve |B°O" "' a
i KA y r : e
BA | # 462 m/s™ dpo
1 [
Y -

_—"_'_'-'_'_

p—
E.‘.T‘.\'\\\\\.'ﬁ‘-\

>
" r ? )
apc 1.01 m/s”

\
Space diagram. |
\

o'b'/o'c' = OB'/OC

v aAB :ab:23 7
By measurement, acceleration of the ram D, o
v G a, = vector o'd’ = 8.4 m/s> Ans. dpB’ |
. % a¥ D ,
Ill_--III|X ' LB _Q"”—” b,
g\ T Angular acceleration of the slotted lever 7
| e ; co, 2
b By measurement agqg = 6.4 m/s? dpp’ 6.45 m/s
{ves: _ _
angular acceleration of the slotted lever,
4N dyo 64
w L ! - 2
& "0 = B0 _ =12.3 rad/s® Ans.
Direction of coriolis component. OB 0.52

G
i i

MRCET CAMPUS
UGC Autonom



TUTORIAL PROBLEM

In a Whitworth quick return motion, as shown in the Fig., OA is a crank
rotating at 30 r.p.m. in a clockwise direction. The dimensions of
various links are : OA = 150 mm:; OC = 100 mm:; CD = 125 mm; and
DR = 500 mm. Determine the acceleration of the sliding block R and
the angular acceleration of the slotted lever CA.

Source : R. S. Khurmi

MAANN
— — |—
ANNNNN

All dimensions in mm.




Slider (A)

Coincident pt. (B)

A on OA
Vao B on BD

Space diagram.

Source : R. S. Khurmi d

ap, = vector cr'= 0.18 m/s* Ans. 4

d-. B4 , _z==d
a Oy = Olge = —B = " = (.583 rad/s> Ans. Acceleration diagram.
BC 024

Velocity diagram.

GE )
o U W i
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Industry applications

Four bars used to define the profile for non-circular gear
Railway engine wheels.
Double wishbone suspension.

Pantograph.

1.
2.
3.
4,
5.

Pump jack.
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1.

Question Bank for Assighments

In a four bar chain ABCD, AD is fixed and is 150mm long. The crank
AB is 40mm long and rotates at 120 rpm clockwise while the link
CD=80mm oscillates about D. BC and AD are of equal length. Find the
angular velocity and angular acceleration of link CD when angle
BAD=60".

Locate all the instantaneous centres of the slider crank mechanism. The
length of the crank OB and connecting rod AB are 100 mm and 400 mm
respectively. If the crank rotates with an angular velocity of 10 rad/s,
find: 1) Velocity of the slider A, 2. Angular velocity of the connecting
rod AB.

In a small steam engine running at 600 rad/min clockwise, length of
crank is 80 mm and ratio of connecting rod length to crank radius is 3.
For the position when crank makes 45° to horizontal, Determine:

A) The velocity and acceleration of piston

B) The angular velocity and angular acceleration of the connecting rod.

DEPARTMENT OF MECHANICAL ENGINEERING



Tutorial Questions

1. 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 r.p.m. clockwise.
When the crank has turned 45° from the inner dead centre position, determine:
1. velocity of the slider A, 2. velocity of the point G, and 3. angular velocity of
the connecting rod AB.

2. In a link work, as shown in Fig. the crank AB rotates about A at a uniform
speed of 150 r.p.m. The lever DC oscillates about the fixed point D, being
connected to ABby the connecting link BC. The block F moves, in horizontal
guides being driven by the link EF, when the crank AB is at 30°. The
dimensions of the various links are: AB= 150 mm; BC= 450 mm; CE= 300 mm
; DE= 150 mm ; and EF= 350 mm. Find, for the given configuration, 1. velocity
of slider F, 2. angular velocity of DC, and 3. Rubbing speed at pin C which is
50 mm in diameter.

450 mm E *"’ F
.\\
\.
. — - A
-~ - (. N
L <« B A
o r—_—_ |
’ 1/4'. 0 ‘ e —— —:b
[ 30" L 37.5mm C
! !
\ A /

3. In a four bar chain ABCD, link AD is fixed and the crank AB rotates at 10
radians per second clockwise. Lengths of the links are AB= 60 mm; BC= CD=
70 mm; DA= 120 mm. When angle DAB= 60° and both Band Clie on the same
side of AD, find 1. angular velocities (magnitude and direction) of BC and CD;
and 2. angular acceleration of BC and CD. 4. Describe the Watt’s parallel
mechanism for straight line motion and derive the condition under which the
straight line is traced.
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COURSE OBJECTIVE

e To familiarize higher pairs like cams and principles of cams design

COURSE OUTCOME

LECTURE LECTURE TOPIC KEY ELEMENTS LEARNING OBJECTIVES

1 Cams Terminology * Classifications of CAMs Understanding what is cam (B2)
* Cam nomenclature Analyse cam with examples (B4)
* Types of Followers Evaluate tangent cam (B5)

2 Uniform velocity *  Classification based on Remember different types of
Simple harmonic Motion of the Follower follower (B1)
motion *  Follower Moves with Evaluate motion to a knife

Simple Harmonic edged follower (B5)
Motion
3 Uniform *  Follower Moves with Understand line of stroke of the
acceleration Uniform Acceleration follower passes through the
and Retardation center of the cam shaft (B2)
*  Follower Moves with Create profile of a cam
Cycloidal Motion operating a roller reciprocating
follower (B6)

4 Maximum velocity *  Derive maximum Evaluate the expression for
during outward and velocity of the follower maximum velocity during its
return strokes during its ascent and ascent and descent (B5)

descent

5 Maximum * Derive maximum Evaluate the expression for
acceleration during acceleration of the maximum acceleration during
outward and return follower during its its ascent and descent (B5)
strokes ascent and descent

6 Roller follower *  Numerical Examples Evaluate roller follower cam
circular cam with using Roller follower mechanism (B5)
straight circular cam with Apply roller follower cam

straight mechanism to generate cam
profile (B3)

7 Concave and convex * Specified contour cams Analyse undercutting in cam

flanks

*  Pressure angle and
undercutting & sizing of
cams

(B4)
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Cams
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Course Contents
e

4.1 Introduction

4.2 Classification of follower
4.3 Classification of cams
4.4 Terms used in radial cam

4.5 Motion of follower
4.6 Displacement, velocity and

acceleration diagrams when
the follower moves with
uniform velocity

4.7 Displacement, velocity and
acceleration diagrams when
the follower moves with SHM

4.8 Displacement, velocity and
acceleration diagrams when
the follower moves with
uniform acceleration

4.9 Construction of a cam profile for
a radial cam

4.10 Examples based on cam profile




Kinematics of Machinery

4.1 Introduction
— A cam is a rotating machine element which gives reciprocating or oscillating
motion to another element known asfollower.

— The cam and the follower have a line contact and constitute a higher pair. The
cams are usually rotated at uniform speed by a shaft, but the follower motion is pre-
determined and will be according to the shape of the cam. The cam and follower is

one of the simplest as well as one of the most important mechanisms found in
modern machinery today.

— The cams are widely used for operating the inlet and exhaust valves of internal
combustion engines, automatic attachment of machineries, paper cutting machines,
spinning and weaving textile machineries, feed mechanism of automatic lathes etc.

4.2 Classification of Followers

The followers may be classified as discussed below :
"7 Knife edge 1+ Roller . Flat faced
« follower « follower

HL « follower |
E 7 M\

i | 1
|
X g [:‘:1;2
/{ \\ICam i \cam
(/// \.\. / _]i# 4_ ﬁl
K\Jr{‘/" Za Uy
() Cam with knife (5) Cam with roller (&) Cam with flat
edge follower. follower. faced follower.
Spherical faced
T/ follower Offset follower — i
HINZ Spherical faced % .
r% ! t///// follower § | I ]
Cam % Cam
1_ Cam o we
1
—] Offset
(d) Cam with spherical (e) Cam with spherical (f) Cam with offset
faced follower, faced follower, follower,

Fig. 4.1 classification of follower
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Kinematics of Machinery

According to surface in contact

a Knife edge follower

o

(@]

When the contacting end of the follower has a sharp knife edge, it is called
a knife edge follower, as shown in Fig. 4.1 (a).

The sliding motion takes place between the contacting surfaces (i.e. the
knife edge and the cam surface). It is seldom used in practice because the
small area of contacting surface results in excessive wear. In knife edge
foI_Igwers, a considerable side thrust exists between the follower and the
guide.

Roller follower

When the contacting end of the follower is a roller, it is called a roller
follower, as shown In Fig. 4.1 (b). Since the rolling motion takes place
between the contacting surfaces (i.e. the roller and the cam), therefore the
rate of wear is greatly reduced.

In roller followers also the side thrust exists between the follower and the
guide. The roller followers are extensively used where more space is
available such as in stationary gas and oil engines and aircraft engines.

Flat faced or mushroom follower

When the contacting end of the follower is a perfectly flat face, it is called
a flat-faced follower, as shown in Fig. 4.1 (c). It may be noted that the side
thrust between the follower and the guide is much reduced in case of flat
faced followers.

The only side thrust is due to friction between the contact surfaces of the
follower and the cam. The relative motion between these surfaces is largely
of sliding nature but wear may be reduced by off-setting the axis of the
follower, as shown in Fig. 4.1 81:) so that when the cam rotates, the follower
also rotates about its own axis.

The flat faced followers are generally used where space is limited such as
in cams which operate the valves of automobile engines.

Spherical faced follower

When the contacting end of the follower is of spherical shape, it is called a
spherical faced follower, as shown in Fi%. 4.1 (d). It may be noted that when
a flat-faced follower is used in automobile engines, high surface stresses are
produced. In order to minimize these stresses, the flat end of the follower is
machined to a spherical shape.

According to the motion of follower

Reciprocating or Translating Follower

When the follower reciprocates in guides as the cam rotates uniformly, it is
known as reciprocating or translating follower. The followers as shown in
Fig. 4.1 (a) to (d) are all reciprocating or translating followers.

Oscillating or Rotating Follower

When the uniform rotary motion of the cam is converted into predetermined
oscnlatoq{_ motion of the follower, it is called oscillating or rotating
::o”ower. he follower, as shown in Fig 4.1 (e), is an oscillating or rotating
ollower.

2> DEPARTMENT MECHANICAL ENGINEERING



Kinematics of Machinery

According to the path of motion of the follower

a Radial Follower

o When the motion of the follower is along an axis passing through the centre
of the cam, it is known as radial follower. The followers, as shown in Fig.
4.1 (a) to (e), are all radial followers.

b Off-set Follower

o When the motion of the follower is alon%_ an axis away from the axis ofthe
cam centre, it is called off-set follower. The follower, as shown in Fig.
4.1 (), is an off-set follower.

Classification of cams

a Radial or Disc cam

o In radial cams, the follower reciprocates or oscillates in a direction
perpendicular to the cam axis. The cams as shown in Fig. 7.1 are all radial
cams.

b Cylindrical cam

o In cylindrical cams, the follower reciprocates or oscillates in a direction
parallel to the cam axis. The follower rides in a groove at its cylindrical
surface. A cylindrical grooved cam with a reciprocating and an oscillating
follower is shown in Fig. 7.2 (a) and (b) respectively.

( HI Z @ ( - i Z
N\ \ W SN\
2 I ) [ “‘E‘j’ )

(a) Cylindrical cam with reciprocating (B) Cylindrical cam with oscillating follower,

follower,

Fig. 4.2 cylindrical cam

4.3 Terms used in radial cams

a Base circle
o Itisthe smallest circle that can be drawn to the cam profile.

b Trace point
o Itisa 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 ﬁltch curve corresponds to the cam profile. In a roller follower, the centre
of the roller represents the trace point.

¢ Pressure angle

o 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
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Kinematics of Machinery

will jam in its bearings.

d Pitch point

o Itisa point on the pitch curve having the maximum pressure angle.
e Pitch circle

o Itisa circle drawn from the center of the cam through the pitchpoints.
f Pitch curve

o It is the curve generated by the trace point as the follower moves relative to
the cam. For a knife edge follower, the pitch curve and the cam profile are
sawe whereas for a roller follower, they are separated by the radius of the
roller.

g Prime circle

o It is the smallest circle that can be drawn from the center of the cam and
tangent to the pitch curve. For a knife edge and a flat face follower, the
prime circle and the base circle are identical. For a roller follower, the prime
circle is larger than the base circle by the radius of theroller.

h Lift or Stroke

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

Q B \\\
R | R
Reciprocating of ¥
roller follower T -
Trace point 11| |«—Totalfollower travel
Maximum EN ~
PROSALR © N\ PPt Pitch circle
angle \é/ g /\\9\4\ -
F OIISW\G;\ ) ! : ; ‘
mOﬁOn\
Pitch point 3,/ ' z
I
Base ®. : :
> \/~ / Pitch point
circle ' \
Prime™ 4 =3 z \'(\’8é
circle /\/\) \ ‘ / 2

“ P & pitch curve
Cam profile” ~_ - / B
7 ~

\
7"‘:\ //7\

-

Fig. 4.3 terms used in radial cams
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Kinematics of Machinery

Motion of follower

The follower, during its travel, may have one of the following motions:
a Uniform velocity

b Simple harmonic motion
¢ Uniform acceleration and retardation
d Cycloidal motion

Displacement, Velocity and Acceleration Diagrams when
the Follower Moves with Uniform Velocity

The displacement, velocity and acceleration diagrams when a knife-edged follower
moves with uniform velocity are shown in Fig. 4.4 (a), (b) and (c) respectively.

The abscissa (base) represents the time (i.e. the number of seconds required for the cam
to complete one revolution) or it may represent the angular displacement of the cam in
degrees. The ordinate represents the displacement, or velocity or acceleration of the
follower. Since the follower moves with uniform velocity during its rise and return
stroke, therefore the slope of the displacement curves must be constant. In other words,
AB1 and C1D must be straight lines.

) L)
- c
@ ’ B Ci = (?1 C
E I\ @ /i N\
8 g N 3 SAE 4
T - e ®AT {B cif |b E
Hise =:£weIL' Return, [ Dwel] i1 (a) Displacement diagram
«—One revolution of cam—> i | & ’
—Angular displacement— l i i
(a) Displacement diagram 5 i ‘
= } L i , i ;i ;
§I ’ | 2 N [ — e p—
S ‘ | : E\ if i
; s . & 4 -
c (b) i Velocity diagram % i (b) Velocity diagram;
S | :- 2 | i <
S|4 i : Ih s
E] l i % *‘ it i J
Q
:(C)’ l oC LL‘Y? S(l-’ I U
(c) Acceleration diagram (c) Acceleration diagram
Fig. 4.4 displacement, velocity and Fig. 4.5 modified displacement, velocity
acceleration diagrams acceleration diagrams

A little consideration will show that the follower remains at rest during part of the
cam rotation. The periods during which the follower remains at rest are
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Kinematics of Machinery

known as dwell periods, as shown by lines B1C1 and DE in Fig. 4.4 (a). From Fig.
4.4 (c), we see that the acceleration or retardation of the follower at the beginning
and at the end of each stroke is infinite. This is due to the fact that the follower is
required to start from rest and has to gain a velocity within no time. This is only
possible if the acceleration or retardation at the beginning and at the end of each
stroke is infinite. These conditions are however, impracticable.

In order to have the acceleration and retardation within the finite limits, it is
necessary to modify the conditions which govern the motion of the follower. This
may be done by rounding off the sharp corners of the displacement diagram at the
beginning and at the end of each stroke, as shown in Fig. 4.5 (a). By doing so, the
velocity of the follower increases gradually to its maximum value at the beginning
of each stroke and decreases gradually to zero at the end of each stroke as shown in
Fig. 4.5 (b).

The modified displacement, velocity and acceleration diagrams are shown in
Fig.4.5. The round corners of the displacement diagram are usually parabolic curves
because the parabolic motion results in a very low acceleration of the follower for a
given stroke and cam speed.

Displacement, Velocity and Acceleration Diagrams

when the Follower Moves with Simple Harmonic Motion

The displacement, velocity and acceleration diagrams when the follower moves with simple
harmonic motion are shown in Fig. 4.6 (a), (b) and (c) respectively. The displacement diagram
is drawn as follows:
a Draw a semi-circle on the follower stroke as diameter.
b Divide the semi-circle into any number of even equal parts (say eight).
¢ Divide the angular displacements of the cam during out stroke and return
stroke into the
same number of equal parts.
d The displacement diagram is obtained by projecting the points as shown in Fig.
4.6 (a).
The velocity and acceleration diagrams are shown in Fig. 4.6 (b) and (c)
respectively. Since the follower moves with a simple harmonic motion, therefore
velocity diagram consists of a sine curve and the acceleration diagram is a cosine
curve.

We see from Fig. 4.6 (b) that the velocity of the follower is zero at the beginning
and at the end of its stroke and increases gradually to a maximum at mid-stroke.
On the other hand, the acceleration of the follower is maximum at the beginning
and at the ends of the stroke and diminishes to zero at mid-stroke.
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Kinematics of Machinery

[u1]

R,

tn
[
/|
-1

—Displacement —
m@
—— [y —

N
N
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f

12 34 56 7 8
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1 A |
: |
| * HG‘ ! I
' (a) Displacement diagram |
|
T |I : 1 | I
I | |
‘g : | Mﬂx VD | . |
G I L J I |
1 SR .
: : ! ! ! 1 1
| ' : :Max Va : Sine curve |
| | I

I | -
1 ' I :(b} Velocity diagram ' :
S ' : : | !
g L |
@ 'Max ao : \ |
[sF] | | |
8 vl. | I | I

T

\JMM an Cosine curve

(c) Acceleration diagram
Fig. 4.6 acceleration diagram

S=Stroke of the follower
O, and ©r = Angular displacement of the cam during out stroke and return stroke of the
follower respectively
o = angular velocity of cam
Time required for the outstroke of the follower in second
_0
0
Consider a point P moving at uniform speed op radians per sec round the
circumference of a circle with the stroke S as diameter, as shown in Fig. 7.7 the
point (which is the projection of a point P on the diameter) executes a simple

harmonic motion as the point P rotates. The motion of the follower is similar to

that of point P°.

Peripheral speed of the point P’
XS 1 XS n
’Up - X __ = X —
2 to 2 o
and maximum velocity of the follower on the outstroke,
mTXS y W xXxs

2 5, 26

Vo= =
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Kinematics of Machinery

Fig. 7.7 motion of a point

Displacement, Velocity and Acceleration
Diagrams when the Follower Moves with
Uniform Acceleration and Retardation

The displacement, velocity and acceleration diagrams when the follower
moves with uniform acceleration and retardation are shown in Fig. 4.8 (a), (b)
and (c) respectively. We see that the displacement diagram consists of a
parabolic curve and may be drawn as discussed below:

Divide the angular displacement of the cam during outstroke (6) into any even
number of equal parts and draw vertical lines through these points as shown in
fig.4.8 (a)

Divide the stroke of the follower (S) into the same number of equal even parts.
Join Aa to intersect the vertical line through point 1 at B. Similarly, obtain the
other points C, D etc. as shown in Fig. 4.8 (a). Now join these points to obtain the
parabolic curve for the out stroke of the follower.

In the similar way as discussed above, the displacement diagram for the follower
during return stroke may be drawn.
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Kinematics of Machinery

We know that time required for the follower during outstroke,

=2
tO w
and time required for the follower during return stroke,
Or
tR = —
w
Mean velocity of the follower during outstroke
S
Vo = a
t h J
€ 11— H 17
= e% -F \.x P
O E /4 S 4
el D ZG 3'§
a8 | Géé-"b l AN
| — 1—a 1'%,_,_%
A 1 23 4 567 8 1r2r3a sy .
6 — e O —]

i — Angular displacement——— i

(a) Displacement diagram

g |
= | .
B o |
(b) Velocity di%lgram
I—z
'—% v i ‘;
| ]
< f

(c) Acceleration diagram

Fig. 4.8 Displacement, Velocity and Acceleration Diagrams when the Follower Moves
with Uniform Acceleration and Retardation
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Kinematics of Machinery

Since the maximum velocity of follower is equal to twice the mean velocity,
therefore maximum velocity of the follower during outstroke,
) _2wS

Vo= — —
to 6o

Similarly, maximum velocity of the follower during return stroke,
2wS

Or

Maximum acceleration of the follower during outstroke,
Vo 2X2ws 4wiS

VR =

T4/2 td ()
Similarly, maximum acceleration of the follower during return stroke,
4 w?S
NGO
Displacement, Velocity and Acceleration Diagrams
when the Follower Moves with cycloidal Motion

ao

B

U e

= /

@

2 c

4 B 5 /b

3 a
—II 2I SI 4I 5l C
2 9o -
1 Angular displacement———
(a) Displacement diagram

P —

_E

=

=

1. | E’ . i
s i 2 (b) Velocity diagram
B | ?
@D Max. ae : i
ok} ! H '
8 | | i :
T 00 ' |

{c) Acceleration diagram




Kinematics of Machinery

The displacement, velocity and acceleration diagrams when the
follower moves with cycloidal motion are shown in Fig. (a), (b) and
(c) respectively. We know that cycloid is a curve traced by a point
on a circle when the circle rolls without slipping on a straight line.
We know that displacement of the follower after time t seconds,

1 2mH
x =S5 [—— — sin(—)]
g, 2m 2
Velocity of the follower after time t seconds,
1 dé 2n6_d0
d—x=5’[_><_—2nacos( ) —]
s t 2wl
= — X 4 [1 —cos( p )]
wci‘i' dt 2w @ ¢
= — 1 —cos/{ )]
BD‘ o
The velocity 15 maximum, when
2mw8
cos )=-1
0
2md
=7
o
_ b
2
Simularly, maximum velocity of the follower duning return stroke,
2ws
Vp= gn

T 1 a [
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Kinematics of Machinerv

— The veloctty 15 maximum, when
2wo

cos ( )==-1

]

erﬂ'_

T

—  Similarly, maximum velocity of the follower during return stroke,
2w’
Br
— Now, acceleration of the follower after time t sec,
d?x wS 24 2w 8 df

vp=

= — G, si ) =
ez g, ° sin( g, dt
2mws 2n 3)
= ——— sin
¥y ( o
— The acceleration 15 maximum when
2ml
sin ( )=1
4]
By
4
2mw?s
A= o
? (Eu.}'

Construction of cam profile f or a Radial cam

In order to draw the cam profile for a radial cam, first of all the
displacement diagram for the given motion of the follower is

drawn. Then by constructing the follower in its proper position

at each angular position, the profile of the working surface of

the cam is drawn.

In constructing the cam profile, the principle of kinematic inversion is used,
i.e. the cam is imagined to be stationary and the follower is

allowed to rotate in the opposite direction to the camrotation.
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Kinematics of Machinery

Examples based on cam profile

1. Follower type = Knife edged, in-line; lift = 50mm; base circle radius = 50mm; out stroke
with SHM, for 60° cam rotation; dwell for 45° cam rotation; return stroke with SHM, 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 1000 rpm in
clockwise direction.

Displacement diagram:

5]
5 E F )

4/A\, d [
A
\

2\}; al " ~e ]|

1
o, 1 2 3 4 5 @ 72 & 4 MWoH £

T
=

e OFSFIE — = EL =——— ELRNSRIE

CVIEL }—
Cam profile: Construct base circle. Mark points 1,2,3.....in direction opposite to the direction of

cam rotation. Transfer points a,b,c.....| from displacement diagram to the cam profile and join
them by a smooth free hand curve. This forms the required cam profile.

Calculations:

@z 2 2xrx1000
Angular velocity of cam = 60 60 =104.76 rad/sec
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Kinematics of Machinerv

aE
Max. velocity of follower during outstroke = vo,., = 28, -
104776 50
= 2x % =7857mm/sec =7.857m/sec
Tk
Similarly Max. velocity of follower during return stroke =, vr ., = 26, _
104776 x50
= 2x % =5238mm/sec = 5.238m/sec
Tats
Max. acceleration during outstroke = a0,., = rw?, (from d3) = 25‘"2 =
7 x(104.76) x50
2x (ﬁé:lj 2469297.96 2= 2
.96mm/sec? = 2469.3m/sec
Tats
Similarly, Max. acceleration during return stroke = ar ., = 26" =
7 x(104.76) x50
= 2x %) 1097465.76 2= 2
= .76mm/sec? = 1097.5m/sec

2. Draw the cam profile for the same operating conditions of problem (1), with the follower
off set by 10 mm to the left of cam center.

Displacement diagram: Same as previous case.

Cam profile: Construction is same as previous case, except that the lines drawn from 1,2,3.... are
tangential to the offset circle of 10mm dia. as shown in the fig.
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Kinematics of Machinerv

3. Draw the cam profile for following conditions:

Follower type = roller follower, in-line; lift = 25mm); base circle radius = 20mm; roller radius =
5mm; out stroke with UARM, for 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 clockwise
direction.

Displacement diagram:

N
-
Vi

i -—_——— = — — = — ——

Cam profile: Construct base circle and prime circle (25mm radius). Mark points 1,2,3.....in direction
opposite to the direction of cam rotation, on prime circle. Transfer points a,b,c.....| from
displacement diagram. At each of these points a,b,c... draw circles of 5mm radius, representing
rollers. Starting from the first point of contact between roller and base circle, draw a smooth free
hand curve, tangential to all successive roller positions. This forms the required cam profile.
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Kinematics of Machinerv

Calculations:
@ 2 Zwrx1200
Angular velocity of the cam = &l &0 125.71rad/sec
25 2aw
Vl_':'m = —= 5—
Max. velocity during outstroke = L o=
2x125TT=as
2 xry B
= 3 2999.9mm/sec =2.999m/sec
S 28 2aw  Zx1Z2571xZ5
- ¥ g?’ ﬂ/
Max. velocity during return stroke = 2

=3999.86mm/sec = 3.999m/sec

Acceleration of the follower during outstroke = =

4x(125.71)* x25

[zx;%f -

359975mm/sec? = 359.975m/sec?
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Kinematics of Machinerv

4x(125.71)" x25

= (%)2 639956mm/sec? = 639.956m/sec?

4. Draw the cam profile for conditions same as in (3), with follower off set to right of cam
center by 5mm and cam rotating counter clockwise.

Displacement diagram: Same as previous case.

Cam profile: Construction is same as previous case, except that the lines drawn from 1,2,3.... are
tangential to the offset circle of 10mm dia. as shown in the fig.

S\ X~
sn— 2:E
(g

=] ﬁ\.9\ n._////s\
(7 /Wr// e

|
O
P

5. Draw the cam profile for following conditions:

Follower type = roller follower, off set to the right of cam axis by 18mm; lift = 35mm; base circle
radius = 50mmy; roller radius = 14mm; out stroke with SHM in 0.05sec; dwell for 0.0125sec; return
stroke with UARM, during 0.125sec; dwell for the remaining period. During return stroke,
acceleration is 3/5 times retardation. Determine max. velocity and acceleration during out
stroke and return stroke if the cam rotates at 240 rpm.

Calculations:
E =[.25zec
Cam speed = 240rpm. Therefore, time for one rotation = 240
8, = 005, 360 = 727
Angle of out stroke =
= 00123 250 15"
Angle of first dwell = 0.25
8, = 0125 3602130
Angle of return stroke =
8,, = 90"

Angle of second dwell =
Since acceleration is 3/5 times retardation during return stroke,
3 a3

iZ=—=F L —_— ==
5 (from acceleration diagram) ¥ 5
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Kinematics of Machinerv

=
But

Displacement diagram is constructed by selecting t. and t, accordingly.

8 g

5
. —
4/ d %F"‘H
/ NI
: UFT=%mm
3 I
2\\ e
3
Vo 27 5 4 5 8 ] T I
- u.rﬁrme | oEL [~ FELRN STRCHE - DL —

. 27V 2w 240
Angular velocity of cam = &0 &) =25.14 rad/sec

fTaE

Max. velocity of follower during outstroke = vo,.., = 28, _

25 14 =35

2|2 w :|
A =1099.87mm/sec =1.1m/sec

_law 2w2514x35

Vi =
Similarly Max. velocity during return stroke = v 4
=559.9 mm/sec = 0.56m/sec
s
3
Max. acceleration during outstroke = a0,., = rw?, (from d3) = 26, _

o x(2514) %35

2XPX§QE

acceleration of the follower during return stroke

69127.14mm/sec? = 69.13m/sec?

2as s
Vi /8, lexa’xs 16x(25.14)" %35

&, =

£ _5><FT/I C O Sxaxd, SXAXA
gy =7166.37 mm/sec’ = 7.17m/sec?
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Kinematics of Machinerv
similarly retardation of the follower during return stroke

2 s 2 5
o Ve _ 8  16xa*xs 16x(25.14) x35
"o _Bx%xm_ Ixrxd, 3R

mm/sec? = 11.94m/sec?

=11943.9

6. Draw the cam profile for following conditions:
Follower type = knife edged follower, in line; lift = 30mm); base circle radius = 20mm; out stroke
with uniform velocity in 120° of cam rotation; dwell for 60°; return stroke with uniform velocity,
during 90° of cam rotation; dwell for the remaining period.
Displacement diagram:

/“' . 1
b//) K&
> N
1 2 2 4 5 6 T8 49 01w

e OTSHIE o VHL | FELRNERIE DL

Cam profile:
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OUTLINE

» CAMS

» Classifications of CAMs

» Cam nomenclature

» Motion of the Follower
Uniform velocity

Simple harmonic motion
Uniform acceleration and retardation,

Cycloidal motion




CAMS

Cam - A mechanical device used to transmit motion to a
follower by direct contact.

Cam — driver; Follower - driven

In a cam - follower pair, the cam normally rotates while
the follower may translate or oscillate.




CLASSIFICATION OF CAMS
(BASED ON SHAPE)

* Disk or plate cams

 Cylindrical Cam

 Translating cam




CLASSIFICATION OF CAMS
(BASED ON SURFACE IN CONTACT )

Knife edge follower

Roller follower

Flat faced follower

Spherical follower




CAM NOMENCLATURE

Base circle : smallest circle of the cam profile.

Pressure angle
(Maximum)

Trace point :
. Pressure
Reference point on the follower p L | g s
. . >, o 7 NS
Which generates the pitch curve. i ; o
f Trace point

Pressure angle: _X,

Angle between the direction of \
the follower motion and a normal \\ 4\‘?/

to the pitch curve

o
. ._;

)

4L

|



CAM NOMENCLATURE

Pitch point: Point on the pitch curve having the maximum
pressure angle.

Pitch circle: circle drawn through the pitch points.
Pitch curve: curve generated by the trace point

Prime circle: It is tangent to the pitch curve.

Lift or stroke: maximum travel of the follower from its lowest
position to the Top most position.




MOTION OF THE FOLLOWER

1. Uniform velocity
2. Simple harmonic motion
3. Uniform acceleration and retardation,

4. Cycloidal motion
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UNIFORM VELOCITY

4
c
2 B+ 91
@ P
8
@ S
TATT B ¢l b E -

| (a) Displacement diagram »The sharp corners at the beginning and
1 | I at the end of each stroke are rounded off
2 by the parabolic curves in the displacement
o .
%3 diagram.
\ »The parabolic motion results in a very low
s | acceleration of the follower for a given
o i stroke and cam speed.
3 I
T

(c) Acceleration diagram

Modified displacement, velocity and
acceleration diagrams when the follower

moves with uniform velocity.
[ This Figure is taken from Book authored by R S Khurmi ]
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FOLLOWER MOVES WITH SIMPLE

HA

8

RMON

L™

6%
AN

|

L

251

L
|

—Displacement —»

T"A 12 346586 7 8

|
<
|
|
I
|
1
I

;

6o 2 «—— Op —1-|

1
(a) Displacement diagram

] |
Max :

— Velocity —

M

| T
| i
v .
Al : Sine curve
|

]
!
|
I
:(b) Velobity diagram'
I
I
1
1
|

-5 —

—Acceleration —
= 1-
— &
i)
[=]

NR g

Cosine curve

(c) Acceleration diagram

[ This Figure is taken from Book authored by R S Khurmi ]

C MOTION (SHM)

>Draw a semi-circle
on the follower stroke
as diameter.

»Divide the semi-circle
Into any number of
even equal parts (say
eight).



FOLLOWER MOVES WITH SIMPLE
HARMONIC MOTION (SHM)

Outward stroke in SHM is equivalent to 1T
Meanwhile CAM is making 6
At any instant of time ‘t’, angular disp. = 8 = wt

For Max. outward velocity Vg = nz—“éS
0




FOLLOWER MOVES WITH SIMPLE
HARMONIC MOTION (SHM)

Similar manner, acceleration can be found by
taking time derivative of velocity.

(OR)

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

nTmwS
l'R =
)
maximum acceleration of the follower on the return stroke,
’ ) 2]
nTm-.S

(IR =

2(0g )2




FOLLOWER MOVES WITH UNIFORM
ACCELERATION AND RETARDATION

= o[- H Suks - T ; '

2 P ZAs I §"-~ o maximum velocity of the follower during outstroke,
2| | L s \:

2| [clPZe 3N\ S 2mS

3 a3 N o =— ===

| a4 2345678 FIAEETE . to/2 90

!“ By Jn I"_ Or 'l

— Angular displacement—— maximum velocity of the follower during return stroke,

: ' (a) Displacement diagram
E 4~—‘r : : Do = 2mS
T EMax Vo ' : . - QR
= : : H : ' i
] - | | |
:ﬂf iEMa;«: VR
:_ o Maximum acceleration of the follower during outstroke,
i i i (b) Velocity diagram
5 : ! ‘ 2
; ’: vo 2x2mS 4o°.§
i i a — — —
: : 0 . 2
f - t0/2 t080  (8p)
5 ag | ;
o2 i H
£ : f ' maximum acceleration of the follower during return stroke,
g dr 4(02.8
{ —
1 i
(Bg)

{c) Acceleration diagram

[ This Figure is taken from Book authored by R S Khurmi ]

-
p 21 g
el DEPARTMENT OF MECHANICAL ENGINEERING



FOLLOWER MOVES WITH CYCLOIDAL MOTION

cycloid is a curve traced by a point on a
circle when the circle rolls without slipping
on a straight line

4I 5I
B =
—Angular displacement——-

(a) Displacement diagram

3I

Radius of the circler =S/ 2mr

Where S = stroke

2

f |

= ' Max. v ! ; ]
| 0 - Max. Velocity of the

! ~ - — y. 208
| 0o . follower during outward - = ‘0= =
% % (b) Veluc;ty diagram stroke 0
® - ! : i
@
8
0 -
T Max. Velocity of the
- Jw.s
follower during return L = vy -
(c) Acceleration diagram ? stroke R

[ This Figure is taken from Book authored by R S Khurmi ]
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FOLLOWER MOVES WITH CYCLOIDAL MOTION

maximum acceleration of the follower during outstroke,
2
2nmw-.S
2
(0p)°

maximum acceleration of the follower during return stroke,

(IO —

3
2T®-.S

(IR =

(BR &




SUMMARY

Max Outstroke Max return Max Outstroke Max return

Velocity stroke Velocity | acceleration stroke
acceleration

SHM
2600 “8p 2(8¢)° 2(8g )
Uniform S 2mS 4678 408
Acceleration = 5 .
and 80 Or (0o) (Og)”
Retardation
Cycloidal 2as o8 2n .S 2nw-.S
Motion 0 Or (0)> Ok )2
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NUMERICAL EXAMPLE -1

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

1. Cam lift = 40 mm during 90° of cam rotation with simple harmonic motion.

2. Dwell for the next 30°.

3. During the next 60° of cam rotation, the follower returns to its original
position with simple harmonic motion.

4. Dwell during the remaining 180°.

Draw the profile of the cam when

(a) the line of stroke of the follower passes through the axis of the cam shaft,
and

(b) the line of stroke is offset 20 mm from the axis of the cam shatft.

The radius of the base circle of the cam is 40 mm. Determine the maximum
velocity and acceleration of the follower during its ascent and descent, if the

cam rotates at 240 r.p.m.




NUMERICAL EXAMPLE -1

Given : § =40 mm = 0.04 m; 6 =90° = n/2 rad = 1.571 rad
Ogp = 60° = w/3 rad = 1.047 rad ; N = 240 r.p.m.

Return

<«——Qutstroke —| Dwell I_strc}ke > Dwell——>—
o Y G H
I r'y
< ELF T\ K
d d
c c' D L 40 mm
b blB C M N
a: S R P '
9 A0 1 2 3 4 5 6 0'1'2'3 4' 5'6' X
|<7 90— |« 30%>l«— 60— 180%————>

[ This Figure is taken from Book authored by R S Khurmi ]

Draw horizontal line AX = 360° to any convenient scale

ﬁ -

‘)--rf‘;v

A b
AL A

i




NUMERICAL EXAMPLE -1

(a) line of stroke of the
follower passes through
the axis of the cam shaft

A = Trace

Base circle
Radius 40 mm



NUMERICAL EXAMPLE -1

Line of stroke of the follower passes through the axis of the cam shaft

Knife edge !

follower oyl

- 1C1 40m

Cam profile_a/ 3/
H\.J M

Base circle
['Iigﬁ{lgure is taken from Book authored by R S Khurmi ]
=

]

ﬁ.‘."g’

o

g .

ﬁ

—



NUMERICAL EXAI\/IPLE -1

(b) line of stroke is offset 20 mm

from the axis of the cam shatft Divide outstroke and return

stroke in to same number of
equal parts as In
displacement diagram

< \Z2 v A Through 1, 2, .. & 6,
‘ i Draw tangent to offset
6 W\\ 3 circle.

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

_________________ 3090~/ o}y
0
602
Repeat the same for the : >Base circle Radius 40
return stroke. '. mm
Mark the salient points (i.e. A, <—>
B, C .. G) by referring disp. 20 mm

diagram
280

L
=T
e T (o
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NUMERICAL EXAMPLE -1

line of stroke is offset 20 mm from the axis of the cam shaft

Knife edge follower
|
D |
E C |
B |
F - A
4 I ;
| Base circle
5
5 s/’ .
6 \
2/ \

/ |
|
R 30° AT
Cam profile '
| /N
—/ I
H ! 20 mmL— Offset circle
J
1 NP
K L M

[ This Figure is taken from Book authored by R S Khurmi ]
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NUMERICAL EXAMPLE -1

Maximum velocity of the follower during its ascent and descent
7 V1T D4
We know that 2N _ 27X 240 _

®= =25.14 rad/s
60 60
. _ TS _ 7mx25.14x0.04 L
Vo = 200 = TR 57 = 1 m/s Ans.
TS 7wx25.14x0.04
VR = = = 1.51 m/s Ans.
20g 2x1.047

Maximum acceleration of the follower during its ascent and descent

Po’S  m%(25.14)%0.04

= - = 50.6 m/s* Ans.
2(8p )" 2(1.571)°

ap =

2wl.S w2 (25.14)20.04
ag = =

113.8 m/s? Ans.

2(6g ) 2(1.047)>
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NUMERICAL EXAMPLE-2

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

1. To raise the valve through 50 mm during 120° rotation of the cam ;
2. To keep the valve fully raised through next 30°;

3. To lower the valve during next 60°; and

4. To keep the valve closed during rest of the revolution i.e. 150° ;

The diameter of the roller is 20 mm and the diameter of the cam shaft is 25 mm.
Draw the profile of the cam when (a) the line of stroke of the valve rod passes
through the axis of the cam shatft, and (b) the line of the stroke is offset 15 mm
from the axis of the cam shaft. The displacement of the valve, while being
raised and lowered, is to take place with simple harmonic motion. Determine
the maximum acceleration of the valve rod when the cam shaft rotates at 100
r.p.m.

Draw the displacement, the velocity and the acceleration diagrams for one
complete revolution of the cam.



NUMERICAL EXAMPLE-2

Given: S =50 mm =0.05 m ; 6g

1200= 2 /3 tad=2.1 rad:
O = 60° = /3 rad = 1.047 rad ; N = 100 r.p.m.

«— Valve raised —sDwelll«—"aVe 410 pueg ——
Y G H lowered
e — ry
8’ F J
d d' / K
C\ : D L 50 mm
a'B N
a—_ S T P ¥
A 1 2 3 4 5 6 0'1'2'3'4'5'6' X
|
«——— 120°————30° >«— 60° —>}——150° >

[ This Figure is taken from Book authored by R S Khurmi ]




NUMERICAL EXAMPLE-2

Draw circle by keeping B as
center &

r = roller radius

Similarly from C, D, .. G.

Join the bottoms of the
circles with a smooth
curve to get CAM profile

—s Prime circle R =25 + .5(20) = 35mm

Base circle R =25 mm

> CAM Profile



NUMERICAL EXAMPLE-2
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Roller follower
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[ This Figure is taken from Book authored by R S Khurmi ]




NUMERICAL EXAMPLE-2

When the line of the stroke is offset 15 mm from the axis of the cam shaft

hUL\ Roller follower
|
l
|

o 2 \\
>
D \\ / A & \'| L
L ST =8
D 2 \/\/ \ -/CS( \* /i
¢ E = 1)
—< \ - N /
\ / ‘ ¢
. 5 '\ ;
- : Base circle
//F I___\ A/‘\/
\ "f _ «—— Prime circle
- ,
. VO’ T 1\ S :
P » ‘ : Offset circle
/ \> A\ .
| G w
Yo

Cam profile *

Pitch curve \H. [ _/L/ \ 1) ,/-

[ This Figure is taken from Book authored by R S Khurmi ]
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NUMERICAL EXAMPLE-2

_2rN _2wx100
~ 60 60
maximum velocity of the valve rod to raise valve,

— HEON _ TiX 10.47x0.05

200 2x2.1

maximum velocity of the valve rod to lower the valve,
_ S wx10.47x0.05
S 20 2x1.047

0} =10.47 rad/s

=0.39 m/s

=0.785 m/s

VR

maximum acceleration of the valve rod to raise the valve,
) S | 9 2
.5 =x°(1047)°0.05
il 1 ‘ 7
2(6())- 2(2.1)°
maximum acceleration of the valve rod to lower the valve,

nl0’S  x%(10.47)%0.05

ag =6.13 m/s*> Ans.

= 24.67 m/s> Ans.

(IR =

3 3
2(00g ) 2(1.047)°
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NUMERICAL EXAMPLE -3

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 20 mm with simple harmonic motion. The
follower dwells during next 30° of cam rotation. During next 120° of
cam rotation, the follower moves inwards with simple harmonic
motion. The follower dwells for the next 90° of cam rotation. The
minimum radius of the cam is 25 mm. Draw the profile of the cam.




NUMERICAL EXAMPLE -3

Ii— Qut stroke —bl Dwelll-d— Return stroke—lli— Dwell —ll
Y G H

e [
d E F J K

c[ D L 20 mm
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B A1 2 3 4 5 6 o 12 3 4 5 ¢ X

fe— 1200 ——] s0° f—— 1200 —fe— 90 —]

[ This Figure is taken from Book authored by R S Khurmi ]

»Construction procedure is Similar to knife edge /
roller follower.

»Pitch circle is drawn by transferring distances 1B,
2C, 3D etc., from displacement diagram to the
profile construction.

»Now at points B, C, D ... M, N, P, draw the
position of the flat-faced follower. The axis of the
follower at all these positions passes through the
cam centre.

[ This Figure is taken from Book authored by R S Khurmi ]

»CAM profile is the curve drawn tangentially to the
flat side of the follower .
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NUMERICAL EXAMPLE -4

Draw a cam profile to drive an oscillating roller follower

to the specifications given below : —— .
(a).Follower to move outwards through an angular ”'.J‘r_ g'_:;;.; :'"T e O S5 -]
displacement of 20° during the first 120° rotation of the '

cam ;

(b).Follower to return to its initial position during next
120° rotation of the cam ;

(c) Follower to dwell during the next 120° of cam ] <
rotation. Y
The distance between pivot centre and roller centre = | |
120 mm ; distance between pivot centre and cam axis
= 130 mm; minimum radius of cam = 40 mm ; radius of
roller = 10 mm ; inward and outward strokes take place
with simple harmonic motion.
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NUMERICAL EXAMPLE -4
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[ This Figure is taken from Book authored by R S Khurmi ]
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NUMERICAL EXAMPLE -2

Pivot circle
R =0A1

Pivot point AAl =120

Prime circle R\= 50

mm
OAl1 =130 mm

Base circle R 7 40
mm




1 as center, AA1 =120
mm as radius, make an

arc to intersect Prime 6

circle at 1

Similarly fix 2 & othe

points PN 5
AL \1/ OF




h/_d“
152

LL

NUMERICAL EXAMPLE -4

[ This Figure is taken from Book authored by R S Khurmi ] \\

F 2 Oscillating roller
/’ follower

N/ e
¥ — / . \ ! \1
{ = ll r \ N\ y
} =y \(\” E il _' 7 >, ‘. / \ Y, I
/ \</ \H\f 2 TN "'.
3 : v '
Pivot circle \'\ 7b 7 l'\ \ :
\ / Cam profile / \ \
e ,/ \ X
\\\ / “. ) / 1

e B S_'L,,>»/

Set off the distances 1B, 2C, 3D... 4L, 5M along the arcs drawn equal
to the distances as measured from the displacement diagram




NUMERICAL EXAMPLE -4

The curve passing through the points A, B, C....L, M, N is known as
pitch curve.

Now draw circles with A, B, C, D....L, M, N as centre and radius
equal to the radius of roller.

Join the bottoms of the circles with a smooth curve as shown in
Fig.

This is the required CAM profile.
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CAMS WITH SPECIFIED CONTOURS

In the previous sessions, we have discussed the design of the profile
of a cam when the follower moves with the specified motion - the
shape of the cam profile obtained may be difficult and costly to
manufacture.

In actual practice, the cams with specified contours (cam profiles
consisting of circular_arcs and straight lines are preferred) are

assumed and then motion of the follower is determined.




CAMS WITH SPECIFIED CONTOURS

« When the flanks of the cam are
straight and tangential to the base
circle and nose circle, then the
cam is known as a tangent cam.

« Used for operating the inlet and
exhaust valves of IC engines

Tangent cam with reciprocating roller follower having contact with straight flanks.

[ This Figure is taken from Book authored by R S Khurmi ]
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RADIUS OF CURVATURE

« It Is a mathematical property of a function. No matter how
complicated the a curve’s shape may be, nor how high the degree of
the function, it will have always an instantaneous radius of curvature
at every point of the curve.

 When they are wrapped around their prime or base circle, they may
be concave, convex or flat portions.

» Both, the pressure angle and the radius of curvature will dictate the
minimum size of the cam and they must be checked.
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RADIUS OF CURVATURE

« Undercutting: The roller follower radius Rf is

larger than the smallest positive (convex) local o
radius. No sharp corners for an acceptable cam a—
design. ¢

Puch curve

* The golden rule is to keep the absolute value of
the minimum radius of curvature of the cam
pitch curve at least 2 or 3 times large as the
radius of the follower.

* Radius of curvature can not be negative for a
flat-faced follower.

Cam wurface

]
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MANUFACTURING CONSIDERATIONS

Materials: Hard materials as high carbon steels, cast iron.
Sometimes made of brass, bronze and plastic cams (low load and
low speed applications).

Production process: rotating cutters. Numerical control
machinery. For better finishing, the cam can be ground after milling
away most of the unneeded material. Heat treatments are usually
required to get sufficient hardness to prevent rapid wear.

Geometric generation: actual geometries are far from been
perfect. Cycloidal function can be generated. Very few other curves
can.




o g~ w bhE

10.

Industry applications of cams

Cam and follower are widely used for operating inlet and exhaust valve of I C engine.
These are used in wall clock.

These are used in feed mechanism of automatic lathe Machine.

These are used in paper cutting machine.

Used in weaving textile machineries.

The cam mechanism is a versatile one. It can be designed to produce almost unlimited
types of motioning the follower.

It is used to transform a rotary motion into a translating or oscillating motion.

On certain occasions, it is also used to transform one translating or oscillating motion into
a different translating or oscillating motion.

Cams are used in a wide variety of automatic machines and instruments.

The certain usages of cam and followers that includes textile machineries, computers,
printing presses, food processing machines, internal combustion engines, and countless
other automatic machines, control systems and devices. The cam mechanism is indeed a

very important component in modern mechanization.



Tutorial Questions

1. A cam is to give the following motion to a knife-edged follower : a) Outstroke during 60° of
cam rotation ; b) Dwell for the next 30° of cam rotation ; ¢) Return stroke during next 60° of cam

rotation, and d) Dwell for the remaining 210° of cam rotation.

The stroke of the follower is 40 mm and the minimum radius of the cam is 50 mm. The follower
moves with uniform velocity during both the outstroke and return strokes. Draw the profile of the
cam when (a) the axis of the follower passes through the axis of the cam shaft, and (b) the axis of
the follower is offset by 20 mm from the axis of the cam shaft.

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

1. Cam lift = 40 mm during 90° of cam rotation with simple harmonic motion. 2. Dwell for the
next 30°. 3. During the next 60° of cam rotation, the follower returns to its original position with

simple harmonic motion. 4. Dwell during the remaining 180°.
Draw the profile of the cam when
(@) the line of stroke of the follower passes through the axis of the cam shaft, and

(b) the line of stroke is offset 20 mm from the axis of the cam shaft. The radius of the base circle
of the cam is 40 mm. Determine the maximum velocity and acceleration of the follower during

its ascent and descent, if the cam rotates at 240 r.p.m.

3. Draw the cam profile for the following data: Basic circle radius of cam = 50mm, Lift = 40mm,
Angle of ascent with cycloidal = 60°, angle of dwell = 90°, angle of descent with uniform
velocity = 90°, speed of cam = 300rpm, Follower offset = 10mm, Type of follower = knife —
Edge.

4. Draw the cam profile for the following data: Basic circle radius of cam = 50mm, Lift = 40mm,

Angle of ascent with SHM = 90°, Angle of Dwell = 90°, Angle of descent with uniform




acceleration and deceleration = 90°, speed of cam = 300 rpm, Type of follower = Roller follower
(With roller radius = 10mm).




Question bank for Assignments

1. a) Explain the procedure to layout the cam profile for a reciprocating follower. (b) Derive
relations for velocity and acceleration for a convex cam with a flat faced follower.

2. Draw a cam profile which would impart motion to a flat faced follower in the following
desired way. The stroke of the follower being 5 cm. (i) The follower to move with uniform
acceleration upward for 900 , dwell for next 900, (ii) The follower to return downward with
uniform retardation for 1200 and dwell for next 600. The minimum radius of the cam being 3

cm.

3. Compare the performance of Knife —edge, roller and mushroom followers. (b) A knife edged
follower for the fuel valve of a four stroke diesel engine has its centre line coincident with the
vertical centre line of the cam. It rises 2.5 cm with SHM during 600 rotation of cam, then dwells
for 200 rotation of cam and finally descends with uniform acceleration and deceleration during
450 rotation of cam, the deceleration period being half the acceleration period. The least radius

of the cam is 5 cm. Draw the profile of the cam to full size.

4. A cam profile consists of two circular arcs of radii 24 mm and 12 mm joined by straight lines
giving the follower a lift of 12 mm. The follower is a roller of 24 mm radius and its line of action
is a straight line passing through the cam shaft axis. When the cam shaft has a uniform speed of
500 r.p.m., find the maximum velocity and acceleration of the follower while in contact with the

straight flank of the cam.

5. A cam with 30mm as minimum diameter is rotating clockwise at a uniform speed of 1200rpm
and has to give the following motion to a roller follower 10mm in diameter: (i) Follower to
complete outward stroke of 25mm during 120° of cam rotation with equal uniform acceleration
and retardation. (ii) 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 remaining 90°of cam rotation. Draw the cam profile if the axis of the roller follower

passes through the axis of the cam.
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Kinamatics of Machines

COURSE OBIJECTIVE
To study the relative motion analysis and design of gears, gear trains
COURSE OUTCOME
LECTURE LECTURE KEY ELEMENTS LEARNING OBJECTIVES
TOPIC
Gears » Definition of Gear Understanding an angle of

Condition for
constant velocity
ratio

Velocity of
sliding
phenomena

Expressions for
arc of contact and
path of contact

Gear Trains

Simple and
reverted wheel
train

Epicycle gear
Train

Differential gear
for an automobile

Drives

* Classification of
toothed wheel

+  Definition of Gearing
Law

e Number of Pairs of
Teeth in Contact

» Definition of normal
and axial pitch in
helical gears.

» Definition of
interference

e Minimum Number of
Teeth on the Pinion in
Order to Avoid
Interference

» Definition of gear
trains

*  Types of gear trains

» Definition of gear ratio.

» Definition of train
value

*  Numerical Examples to
evaluate the number of
teeth

» Definition of Epicycle
gear Train

* Methods to evaluate
velocity ratio

* Applications of
cycloidal tooth profile
and involute tooth
profile.

obliquity in gear (B2)
Remember the purpose of
gears (B1)

Evaluate arc of approach (B5)
State law of gearing (B1)
Remember arc of recess (B1)

Evaluate the methods to avoid
interference (B5)

Create normal and axial pitch
in helical gears (B6)

Analyze interference occur in
an involute pinion and gear
(B4)

Analyse arc of recess (B4)
Compare gear and gear train
(B2)

Evaluate co-axial used in the
gear train (B5)
Understanding the uses of
differential gear trains (B2)
Analyse compound gear train
(B4)

Remember the purpose of
epicyclic gear trains (B1)
Find the speed and direction
of gear (B3)

Evaluate the uses of co-axial
gear train (B5)
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Kinamatics of Machines

5.1 Introduction

— If power transmitted between two shafts is small, motion between them may be
obtained by using two plain cylinders or discs 1 and 2 as shown in fig.

— If there is no slip of one surface relative to the other, a definite motion of 1 can be
transmitted to 2 and vice-versa. Such wheels are termed as “friction wheels”.
However, as the power transmitted increases, slip occurs between the discs and the
motion no longer remains definite.

— Assuming no slipping of the two surfaces, the following kinematic relationship exists
for their linear velocity:

— To transmit a definite motion of one disc to the other or to prevent slip between the
surfaces, projection and recesses on the two discs can be made which can mesh with
each other. This leads to formation of teeth on the discs and the motion between the
surfaces changes from rolling to sliding. The discs with the teeth are known as gears
or gear wheels.

— It is to be noted that if the disc | rotates in the clockwise direction, 2 rotates in the
counter clockwise direction and vice-versa.

Fig. 5.1

5.2 Advantages and Disadvantages of Gear Drive
Advantages
1. It transmits exact velocity ratio.
2. It may be used to transmit large power.
3. It has high efficiency.
4. It has reliable service.
5. It has compact layout.
Disadvantages
1. The manufacture of gears required special tools and equipment.
2. The error in cutting teeth may cause vibrations and noise during operation.
3. They are costly.
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Kinamatics of Machines

5.3 Classification of Gears
5.3.1. According to the position of axes of the shafts

A

The axes of the two shafts between which the motion is to be transmitted, may be
Parallel shaft,

Intersecting (Non parallel) shaft

Non-intersecting and non-parallel shaft.

A. Parallel shaft

Spur gear

The two parallel and co-planar shafts connected by the gears are called spur gears.
These gears have teeth parallel to the axis of the wheel.

They have straight teeth parallel to the axes and thus are not subjected to axial
thrust due to tooth load.

At the time of engagement of the two gears, the contact extends across the entire
width on a line parallel to the axis of rotation. This results in sudden application of
the load, high impact stresses and excessive noise at high speeds.

If the gears have external teeth on the outer surface of the cylinders, the shaft
rotate in the opposite direction.

In an internal spur gear, teeth are formed on the inner surface of an annulus ring.
An internal gear can mesh with an external pinion (smaller gear) only and the two
shafts rotate in the same direction.

Line
contact

i@—

Fig.5.3 (a) Spur Gear

Spur rack and pinion

Spur rack is a special case of a spur gear where it is made of infinite diameter so
that the pitch surface is plane.

The spur rack and pinion combination converts rotary motion into translator
motion, or vice-versa.

It is used in a lathe in which the rack transmits motion to the saddle.
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Kinamatics of Machines

( =

Line contact
Fig. 5.3(b) Rack and pinion

e Helical Spur Gears

— In helical gears, the teeth are curved, each being helical in shape. Two mating
gears have the same helix angle, but have teeth of opposite hands.

— At the beginning of engagement, contact occurs only at the point of leading edge
of the curved teeth. As the gears rotate, the contact extends along a diagonal line
across the teeth. Thus, the load application is gradual which results in low impact
stresses and reduction in noise. Therefore, the helical gear can be used at higher
velocities than the spur gears and have greater load-carrying capacity.

— Helical gears have the disadvantage of having end thrust as there is a force
component along the gear axis. The bearing and assemblies mounting the helical
gears must be able to withstand thrust loads.

— Double helical: A double-helical gear is equivalent to a pair of helical gears
secured together, one having a right hand helix and other left hand helix.

e The teeth of two rows are separated by groove used for tool runout.

e Axial thrust which occurs in case of single-helical gears is eliminated in
double-helical gears.

e This is because the axial thrusts of the two rows of teeth cancel each other
out. These can be run at high speeds with less noise and vibrations.

— Herringbone gear: If the left and the right inclinations of a double-helical gear
meet at a common apex and there is no groove in between, the gear is known as
Herringbone gear.

Driver

> Thrust

N7
N

Driver
Helical gear Herringbone gear
(© (d)

Fig. 5.3
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Kinamatics of Machines

B. Intersecting Shafts

The two non-parallel or intersecting, but coplanar shafts connected by gears are
called bevel gears

When teeth formed on the cones are straight, the gears are known as bevel gears
when inclined, they are known as spiral or helical bevel.

Straight Bevel Gears

The teeth are straight, radial to the point of intersection of the shaft axes and vary
in cross section throughout their length.

Usually, they are used to connect shafts at right angles which run at low speeds

Gears of the same size and connecting two shafts at right angles to each other are
known as “Mitre” gears.

Fig. 5.3(e) Straight Bevel Gears

Spiral Bevel Gears

When the teeth of a bevel gear are inclined at an angle to the face of the bevel,
they are known as spiral bevels or helical bevels.

They are smoother in action and quieter than straight tooth bevels as there is
gradual load application and low impact stresses. Of course, there exists an axial
thrust calling for stronger bearings and supporting assemblies.

These are used for the drive to the differential of an automobile.
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Fig. 5.3(f) Spiral Bevel Gear

e Zero Bevel Gears

— Spiral bevel gears with curved teeth but with a zero degree spiral angle are known
as zero bevel gears.

— Their tooth action and the end thrust are the same as that of straight bevel gears
and, therefore, can be used in the same mountings.

— However, they are quieter in action than the straight bevel type as the teeth are
curved.

Fig. 5.3(g) Zero Bevel Gears

C. Non-intersecting and non-parallel shaft(Skew shaft)

— The two non-intersecting and non-parallel i.e. non-coplanar shaft connected by
gears are called skew bevel gears or spiral gears and the arrangement is known as
skew bevel gearing or spiral gearing.

— In these gears teeth have a point contact.

— These gears are suitable for transmitting small power.

— Worm gear is as special case of a spiral gear in which the larger wheel, usually,
has a hollow shape such that a portion of the pitch diameter of the other gear is
enveloped on it.
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Fig.5.3 (h)Non-intersecting and non-parallel shaft

5.3.2. According to the peripheral velocity of the gears

(a) Low velocity V < 3 m/sec
(b) Medium velocity 3 <V <15 m/sec
(c) High velocity V > 15 m/sec

5.3.3. According to position of teeth on the gear surface
(a) Straight,

(b) Inclined, and

(c) Curved.

5.4 Terms Used in Gears

Addendum circle
Top land

< Addendum
.
Pitch surface element

Working depth

[ Pitch circle

~

\ Circular pitch 5‘4 > S

\ \

\\\\ Total depth \— Tooth space —/‘
\\* Clearance Root or dedendum circle

\\_ Clearance or

working depth circle
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Kinamatics of Machines

Fig.5.4 Terms used in gears.

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

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

3. Pitch point. It isa common point of contact between two pitch circles.

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

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

— For more power transmission lesser pressure on the bearing and pressure angle
must be kept small.

— Itisusually denoted by .
— The standard pressure angles are 20° and 25°.Gears with pressure anglehas
become obsolete.

6. Addendum. It is the radial distance ofa tooth from the pitch circle to the top of the tooth.
e Standard value = 1 module

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

e Standard value = 1.157 module

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

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

10. Clearance. It is the radial difference between the addendum and the Dedendum of a
tooth.
Addendum circle diameter =d+ 2m

Dedendum circle diameter = d—-2x1.157m
Clearance = 1.157m-m
=0.157m
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11. Full depth of Teeth It is the total radial depth of the toothspace.
Full depth= Addendum + Dedendum

12. Working Depth of Teeth The maximum depth to which a tooth penetrates into the
tooth space of the mating gear is the working depth of teeth.
e Working depth = Sum of addendums of the two gears.

15. Working depth. It is the radial distance from the addendum circle to the clearancecircle.
It is equal to the sum of the addendum of the two meshing gears.

16. Tooth thickness. It is the width of the tooth measured along the pitch circle.

17. Tooth space. It is the width of space between the two adjacent teeth measured along
the pitch circle.

18. Backlash. It is the difference between the tooth space and the tooth thickness, as
measured along the pitch circle. Theoretically, the backlash should be zero, but in actual
practice some backlash must be allowed to prevent jamming of the teeth due to tooth
errors and thermal expansion.

19. Face of tooth. It is the surface of the gear tooth above the pitch surface.
20. Flank of tooth. It is the surface of the gear tooth below the pitch surface.
21. Top land. It is the surface of the top of the tooth.

22. Face width. It is the width of the gear tooth measured parallel to its axis.

20. Fillet It is the curved portion of the tooth flank at the root circle.

21. Circular pitch. It is the distance measured on the circumference of the pitch circle from
point of one tooth to the corresponding point on the next tooth.
e ltisusually denoted by p..

Mathematically,
nd
Circular pitch, p.= —
T

Where d = Diameter of the pitch circle, and
T = Number of teeth on the wheel.
e The angle subtended by the circular pitch at the center of the pitch circle is knownas
the pitch angle.

22. Module (m). It is the ratio of the pitch diameter in mm to the number of teeth.

d
m=

T

nd
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Also p0:7 =7m

e Pitch of two mating gear must be same.

23. Diametral Pitch (P) It is the number of teeth per unit length of the pitch circle diameter
in inch.
OR
It is the ratio of no. of teeth to pitch circle diameter in inch.
P T
¢ d
e The recommended series of modules in Indian Standard are 1, 1.25, 1.5, 2, 2.5, 3, 4, 5,
6, 8, 10, 12, 16, and 20. The modules 1.125, 1.375, 1.75, 2.25, 2.75, 3.5, 4.5, 5.5, 7, 9,
11, 14 and 18 are of second choice.

24. Gear Ratio (G). It is the ratio of the number of teeth on the gear to that on the pinion.
T
G =_ Where T= No of teeth on gear
t

t = No. of teeth on pinion

il DEPARTMENT OF MECHANICAL ENGINEERING



Kinamatics of Machines

25. Velocity Ratio (VR) The velocity ratio is defined as the ratio of the angular velocity of
the follower to the angular velocity of the driving gear.

o, N, _d1 L
(] Nl @ Tz

26. Length of the path of contact. It is the length of the common normal cut-off by the
Addendum circles of the wheel and pinion.

OR
The locus of the point of contact of two mating teeth from the beginning of engagement to
the end of engagement is known as the contact.

a. Path of Approach Portion of the path of contact from the beginning of the
engagement to the pitch point.

b. Path of Recess Portion of the path of contact from the pitch point to the end
of engagement.

27. Arc of Contact The locus of a point on the pitch circle from the beginning to the end
of engagement of two mating gears is known as the arc of contact.

a. Arc of Approach It is the portion of the arc of contact from the beginning
of engagement to the pitch point.

b. Arc of Recess The portion of the arc of contact from the pitch point to the
end of engagements the arc of recess.

28. Angle of Action () It is the angle turned by a gear from the beginning of engagement to
the end of engagement of a pair of teeth, i.e., the angle turned by arcs of contact ofrespective
gear wheels.

d = a +BWhere oo =Angle of approach

B =Angle of recess

29. Contact ratio .It is the angle of action divided by the pitch angle

o0 a+p
Contact ratio = —= ——
Y Y
OR

. Arc of contact
Contact ratio =

Circular pitch
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5.5 Condition for Constant Velocity Ratio of Toothed Wheels —Law of Gearing

— To understand the theory consider the portions of two gear teeth gear 1 and gear 2 as
shown in figure 1.5.

— The two teeth come in contact at point C and the direction of rotation of gear 1 is
anticlockwise & gear 2 is clockwise.

— Let TT be the common tangent & NN be the common normal to the curve at the point of
contact C. From points O, &0O,, draw O1 A & O B perpendicular to common normal NN.

— When the point D is consider on gear 1, the point C moves in the direction of “CD” &
when it is consider on gear 2. The point C moves in direction of “CE”.

— The relative motion between tooth surfaces along the common normal NN must be equal
to zero in order to avoid separation.

— So, relative velocity

V, cosa = V,c0s6

(oal x O, C) COSOLZ((DZ x O, C) ('.V = F(D)D(l)
cosa

Fig.5.5 Law of gearing
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— But fromA OIAC, coso = O, A

0O, C
and from A O BC, cosb = ©, B
0, C
— Putting above value in equation (1) it become
(0x0C) P A= (wx0c) P
1 1 AN 2 2
O C, OC,
0 X OlA: (DzozB
O OB o ————
il =" 2_ (2)
0‘)2 OlA
— From the similar triangle A O, AP & A O,BP
0; B _ 0P @)
O,A O,P

— Now equating equation (2) & (3)

o, 0,B_O,P PB
o, O,A O,P AP
— From the above we can conclude that the angular velocity ratio is inversely proportional to the
ratio of the distances of the point P from the central O1& O..
— If it is desired that the angular velocities of two gear remain constant, the common normal at the
point of contact of two teeth always pass through a fixed point P. This fundamental condition is
called as law of gearing. Which must be satisfied while designing the profiles of teeth for gears.

Systems of Gear Teeth

The following four systems of gear teeth are commonly used in practice:
1. 14 %:° Composite system

2. 14 ¥:° Full depth involute system

3. 20° Full depth involute system

4. 20° Stub involute system

The 14%° composite system is used for general purpose gears.
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It is stronger but has no interchangeability. The tooth profile of this system has cycloidal
curves at the top and bottom and involute curve at the middle portion.

The teeth are produced by formed milling cutters or hobs.

The tooth profile of the 14%° full depth involute system was developed using gear hobs for
spur and helical gears.

The tooth profile of the 20° full depth involute system may be cut by hobs.

The increase of the pressure angle from 14%° to 20° results in a stronger tooth, because the
tooth acting as a beam is wider at the base.

The 20° stub involute system has a strong tooth to take heavy loads.
Path of contact:

O pusien,

Driver gear

BP AP- pUlch thde sodawe

o repecive

Common tangent

“* DEPARTMENT OF MECHANICAL ENGINEERING



Kinamatics of Machin

Pod o) contaet =

Path
cD _ db O"waad" + “‘%LU’) &DWW

CP + ¢
= (Fr—PF) + (2€-.PE)

> = U—RT—(E’—’ e % (42 =g 5, Sving ]

(/JQZ RMe>9 + [ 42— 2 Faodp - (&+W

Arc of contact:

SR

R
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Retts ofy Approoch + foth o A0 e

L Pl = Ase W-{’M/%"‘%M
Aue oy eonod = € oot (Pe)

Pocth %wV\W=°D';

A ¢y approach (PR) = Tm%% veto oy £ x Tume o, opprones
o Pich vitele
( otaunee = Speed v Vime)

'
PP:’ A'wa_)t'rou

Camgoriial neko on bare e
= (COp (ll,x(;osdz) v T
e
(—,wc&wmlv vew ofy H ® Ta
Ces ¢

-
—
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ces ¢ (ot g
FP- £
PP = il s CP
Catp Cot

Backlash:

The gap between the non-drive face of the pinion tooth and the adjacent wheel tooth is
known as backlash. Backlash is the error in motion that occurs when gears change
direction. The term "backlash” can also be used to refer to the size of the gap, not just the
phenomenon it causes; thus, one could speak of a pair of gears as having, for example, "0.1
mm of backlash."
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Practise problems:

1) Two gears in mesh have a module of 8 mm and a pressure angle of 20°. The larger gear

has 57 teeth while the pinion has 23 teeth. If the addenda on pinion and gear wheel are
equal to one module (1m), find

a. The number of pairs of teeth in contact and
b. The angle of action of the pinion and the gear wheel.

Solution:

Data: t =23; T=57; addendum = 1m= 8mm and f=20°
Pitch circle radiusof the pinion=r = mt - 8x 23 - gomm

Pitch circle radiusof the gear= R= —mT _8x357_ 228mm

Addendumcircle radiusof the pinion= r, = r+ addendum
r,= 92 +8 = 100mm
Addendumcircle radiusof the gear= R, = R+ addendum
R,= 228+8 = 236mm
Lengthof pathof contact= KL = KP+ PL
=(R)*~Rcos@ +,/(r,)—rtosg —(R+r)sing

= /(236) —(228)*cos?20 + ,/(100) — (92)’ cos?20
— (228+92)sin20
( )si

= 39.76mm
Lengthof arcof contact= Lengthof pathof contact
COSg
39.76
= =42.31mm
cos20 Lengthof arcof contact

Numberof pairsof teeth in contact=

circular pitch

_ Lengthof arcof contact_ 42.31 —1684 ~ 2

Pe Tm
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Lengthof arc of contact

Angleof actionof gear wheel = x 360°
2 x R
=4281 x 360 = 10.637°
21 x 228
Angleof actionof pinion= Lengthof arc of contact 360°
2n < r
= 4231 x 360 = 26.36°
21 x 92

2.) Two gear wheels mesh externally and are to give a velocity ratio of 3 to 1. The teeth are of
involute form ; module = 6 mm, addendum = one module, pressure angle = 20°. The pinion
rotates at 90 r.p.m. Determine: 1. The number of teeth on the pinion to avoid interference on it
and the corresponding number of teeth on the wheel, 2. The length of path and arc of contact,
3.The number of pairs of teeth in contact, and 4. The maximum velocity of sliding.

Solution:
Given: G=T/t=3;m =6mm  dp=Ay=1module=6mm; ¢=20°;
N, =90rpm. or ®, =21 x90/60=943rad/s

We know that number of teeth on the pindon to avoid nterference,

= 2.-‘1P _ 2x6
J1+G(G+2)sinl¢ -1 J1+3(3+z)sm320° -1
=18.2say 19.

and corresponding number of teeth on the wheel,
T=Gt=3%x19=57
Length of path and arc of contact:
We know that pitch circle radius of pinion,
r=mt/2 =6 x19/2=57mm
.. Radius of addendum circle of pinion,
ry =7+ Addendum on pinion (4;) =57 + 6 = 63 mm
and pitch circle radius of wheel,
R=m.T/2=6x57/2=171 mm
.. Radius of addendum circle of wheel,

R, = R + Addendum on wheel (4y) =171+ 6 =177 mm
We know that the path of approach (i.e. path of contact when engagement occurs),

KP = J(Ry)’ — R*cos’ & — R sin

=Ja77)? — @71)? cos? 20°— 171 sin 20°=74.2 — 58.5=15.7 mm
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and the path of recess (i.e. path of contact when disengagement occurs),

PL = \j(rA)z — 7% cos? O —rsmo

= \/(63)? —(57)* cos> 20° — 57sin 20° = 33.17 —19.5 = 13.67 mm
.. Length of path of contact,
KL =KP + PL=15.7+13.67=29.37 mm
We know that length of arc of contact

_ Length of path of contact _ 29.37

= — 2
cos® cos20° D mn

Number of pairs of Teeth in contact:
‘We know that circular pitch,

pc:nxm:nfo:lB.SSZnnn

.. Number of pairs of teeth in contact

_ Length of arc of contact 3125
e 18.852

Maximum velocity of sliding:
Let o, = Angular speed of wheel in rad/s.

T it 19 ,
We know that o _ L or oy =@y X —=943x — =314 rad's
o . T 57

- Maximum velocity of sliding,
vy = (my +m,) KP
=(9.43 +3.14)157 =197.35 mm/'s .
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Gear Train
Introduction

Definition

— When two or more gears are made to mesh with each other to transmit power from
one shaft to another. Such a combination is called gear train or train of toothed
wheels.

— The nature of the train used depends upon the velocity ratio required and the relative
position of the axes of shafts. A gear train may consist of spur, bevel or spiral gears.

Types of Gear Trains
1. Simple gear train

2. Compound gear train

3. Reverted gear train

4. Epicyclic gear train

5. Compound epicyclic gear train

Simple gear train.

— When there is only one gear on each shaft, as shown in Fig. , it is known as simple
gear train. The gears are represented by their pitch circles.

— When the distance between the two shafts is small, the two gears 1 and 2 are made to
mesh with each other to transmit motion from one shaft to the other, as shown in Fig.

— Since the gear 1 drives the gear 2, therefore gear 1 is called the driver and the gear 2
is called the driven or follower. It may be noted that the motion of the driven gear is
opposite to the motion of driving gear.

Driven or

Driver Driven or q’ Driver follower
1 follower —

Fig.5.2.1 Simple gear train

Let
N, = Speedof driver rpm
N,= Speedof intermediatewheel rpm




Kinamatics of Machines

N;= Speedof follower rpm

T,= Number of teethon driver

T,= Number of teethonintermediatewheel T,
= Number of teethonfollower
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e speed ratio (or velocity ratio) of gear train is the ratio of the speed of the driver to the
speed of the driven or follower and ratio of speeds of any pair of gears in mesh is the
inverse of their number of teeth.

. N T
Speedratio= _* =_2

N, T,

e Train value of the gear train is the ratio of the speed of the driven or follower to the
speed of the driver.

. N T
Trainvalue=_2 = *

N, T,

Compound Gear Train
When there is more than one gear on a shaft, as shown in Fig., it is called a

compound train of gear.

The idle gears, in a simple train of gears do not affect the speed ratio of the system.
But these gears are useful in bridging over the space between the driver and the
driven.

But whenever the distance between the driver and the driven or follower has to be
bridged over by intermediate gears and at the same time a great (or much less) speed
ratio is required, then the advantage of intermediate gears is intensified by providing
compound gears on intermediate shafts.

In this case, each intermediate shaft has two gears rigidly fixed to it so that they may
have the same speed. One of these two gears meshes with the driver and the other
with the driven or follower attached to the next shaft as shown in Fig.

Driver —\ Compound

o

[ A
! |"||||||||j|||||||||
4l

||I|
!
C

| 4
|
g i

Fig. 5.2.2 compound géar train

D
I«

'r
|
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In a compound train of gears, as shown in Fig., the gear 1 is the driving gear mounted
on shaft A; gears 2 and 3 are compound gears which are mounted on shaft B. The
gears 4 and 5 are also compound gears which are mounted on shaft C and the gear 6 is
the driven gear mounted on shaft D.

Let
N1 = Speed of driving gear 1,

T1 = Number of teeth on driving gear 1,

N2 ,N3 ..., N6 = Speed of respective gears inr.p.m.,
and T2 ,T3..., T6 = Number of teeth on respective
gears.

Since gear 1 is in mesh with gear 2, therefore its speed ratio is

And for gears 5 and 6, speed ratio is

Ns_ T,
Ne Ts

The speed ratio of compound gear train is obtained by multiplying the equations (1),
(2) and (3),

le N3>< NS:EX-ExT_G

N Ny Ng Ty T3 T

The advantage of a compound train over a simple gear train is that a much larger
speed reduction from the first shaft to the last shaft can be obtained with small gears.
If a simple gear train is used to give a large speed reduction, the last gear has to be
very large.

Usually for a speed reduction in excess of 7 to 1, a simple train is not used and a
compound train or worm gearing is employed.
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Reverted Gear Train

— When the axes of the first gear (i.e. first driver) and the last gear (i.e. last driven or
follower) are co-axial, then the gear train is known as reverted gear train.

— Gear 1 (i.e. first driver) drives the gear 2 (i.e. first driven or follower) in the opposite
direction. Since the gears 2 and 3 are mounted on the same shaft, therefore they form
a compound gear and the gear 3 will rotate in the same direction as that of gear 2. The
gear 3 (which is now the second driver) drives the gear 4 (i.e. the last driven or
follower) in the same direction as that of gear 1. Thus we see that in a reverted gear
train, the motion of the first gear and the last gear is like.

Let
T1  Number of teeth on gear 1,
= Pitch circle radius of gear 1, and

r1 = Speed of gear 1 in r.p.m.
N1

Similarly,

T2, T3, = Number of teeth on respective gears,
T4

r2, r3, r4 = Pitch circle radii of respective gears, and
N2, N3, N4 = Speed of respective gears in r.p.m.

Compound
gear
T Ty K -
N L/ ;.
\ . Jl . \:\ e Jrz | /
|.!“ r
I S
[ |
Co-axial o, |
shafts | ,
[N
| |

Fig. 5.2.3 Reverted gear train

— Since the distance between the centers of the shafts of gears 1 and 2 as well as gears 3
and 4 is same, therefore
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— Also, the circular pitch or module of all the gears is assumed to be same; therefore
number of teeth on each gear is directly proportional to its circumference orradius.

T, +T, =T, +T,

Product of number of teeth on drivens
Product of number of teeth on drivers

Speedratio =

Nl sz T4

N_4 T,xT,

Application

— The reverted gear trains are used in automotive transmissions, lathe back gears,
industrial speed reducers, and in clocks (where the minute and hour hand shafts are
co-axial).

Epicyclic Gear Train

— In an epicyclic gear train, the axes of the shafts, over which the gears are mounted,
may move relative to a fixed axis. A simple epicyclic gear train is shown in Fig.
where a gear A and the arm C have a common axis at O1 about which they can rotate.
The gear B meshes with gear A and has its axis on the arm at O2, about which the
gear B can rotate.

— If the arm is fixed, the gear train is simple and gear A can drive gear B or vice- versa,
but if gear A is fixed and the arm is rotated about the axis of gear A (i.e. O1), then the
gear B is forced to rotate upon and around gear A. Such a motion is called epicyclic
and the gear trains arranged in such a manner that one or more of their members move
upon and around another member is known as epicyclic gear trains (epi. means upon
and cyclic means around). The epicyclic gear trains may be simple or compound.

Arm C
B
1 -~ -
A_ — yd ~,
g I !
/ L ™ \Y 1
S, ra " Y i
) i # |
4o —:I:—O - |
Iu 1 N | 1 2 L+ I
l."-. : 1 1 ,’ll Y f
\\'L___ # .

Fig. 5.2.4 Epicyclic gear train
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.. . Revolution of element
Sr. No. Condition of motion
Arm Gear A Gear B
C
i [ x
1 Arm fixe, gear A rotates 0 +1 L3
+1 B
revolution(anticlockwise)
- |
Arm fixed gear A -x A
2 rotates through + x 0 - Fs
revolutions
3 Add +y revolutions to all |, Y " y " y
elements
I A
4 Total motion + y X+y y-X—
Ts
Application

The epicyclic gear trains are useful for transmitting high velocity ratios with gears of
moderate size in a comparatively lesser space. The epicyclic gear trains are used in the
back gear of lathe, differential gears of the automobiles, hoists, pulley blocks, wrist
watches etc.

Compound Epicyclic Gear Train—Sun and Planet Gear
A compound epicyclic gear train is shown in Fig. It consists of two co-axial shafts S1
and S2, an annulus gear A which is fixed, the compound gear (or planet gear) B-C,
the sun gear D and the arm H. The annulus gear has internal teeth and the compound
gear is carried by the arm and revolves freely on a pin of the arm H. The sun gear is
co-axial with the annulus gear and the arm but independent of them.
The annulus gear A meshes with the gear B and the sun gear D meshes with the gear
C. It may be noted that when the annulus gear is fixed, the sun gear provides the drive
and when the sun gear is fixed, the annulus gear provides the drive. In both cases, the
arm acts as a follower.

Annulus

Compound gear (A)

Z

Y,

@

i

|

AN
NN
07

F

Sun gear (D)

vz

NN\
Fig. 5.2.5 Compound epicyclic gear train.
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Note: The gear at the center is called the sun gear and the gears whose axes move are
called planet gears.

Let Ta, Ts, Tc, and Tp be the teeth and Na, Ns, Nc and Np be the speeds for the gears A,
B, C and D respectively. A little consideration will show that when the arm is fixed and
the sun gear D is turned anticlockwise, then the compound gear B-C and the annulus gear
A will rotate in the clockwise direction.

The motion of rotations of the various elements is shown in the table below.

Table of motions

Revolution of motion

Sr. i .
Condition of motion
No. Ar Gear Compoun Gear
m D d Gear A
(B-C)
Arm fixe, gear D rotates T T,
1 +1 0 +1 T T _T_
revolution(anticlockwise) ¢ B
5 Arm fixed gear D rotates 0 x 'IX_ XD e
1 D
through + x revolutions T, T. Ta
Add + y revolutions to all
+ + + +
3 elements y y y y
_|_D _|_D +B
4 Total motion +y X+Yy y—-Xx X X
Tc TcTa
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EXAMPLES

Example 5.1. The gearing of a machine tool is shown in Fig.2.1. The motor shaft is connected
to gear A and rotates at 975 rpm. The gear wheels B, C, D and E are fixed to parallel shafts
rotating together. The final gear F is fixed on the output shaft. What is the speed of gear
F? The number of teeth on each gear is as given below:

Gear A B C D E F
No. of teeth 20 50 25 75 26 65
Solution: /-’"_‘_‘i “{:2/ . “:-’1 h \\\"-.I
Al ) B L)
AN U,
A B - \H________,)‘*w..__ ) P
D F
Fig. 6.1
Given data
Tpo=20 Ne="?
Tg =50
Tc =25
To=75
Te =26
Te=65
Na= 975 rpm

Ne_ Ta, Ty Te

Na TeToTe

. Ne _20 20 26
_ = X

X

975 50 75 65

S.Ne=52 rpm
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Example 5.2 In an epicyclic gear train, an arm carries two gears A and B having 36 and 45
teeth respectively. If the arm rotates at 150 rpm in the anticlockwise direction about the
center of the gear A which is fixed, determine the speed of gear B. If the gear A instead of
being fixed makes 300 rpm in the clockwise direction, what will be thespeed of gear B?

____d_,.--'*
Fig.6.2
Solution :
Given data Find
T,=36 Gear Afixed=Ng =?
Tg=45 N = —300(Clockwise) =Ng=
? Nc= 150(Anticlockwise)
... . Revolution of element
Sr. No. Condition of motion A Gear A Goar B
C
i I
1 A;rlm fixe, gear A rotates 0 +1 ;I'
revolution(anticlockwise) _
X |
Arm fixed gear A —x A
2 rotates through + x 0 X Te
revolutions
3 Add +y revolutionsto all |, v " y N y
elements
I A
4 Total motion + y X+y y- XT_
B

1. Speed of gear B (Ng) when gear A is fixed
Here, gear A fixed
=X+y=0

=X+150=0
= X=-150
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TA

Speed of gear B =y-X_"1

(Ns) Ts
—y~(-150)

45
|=+270rpm (Anticlockwise)

2. Speed of gear B (Ng) when gear Na=-300 (Clockwise)

Here given
X +y=-300
-.X+150 =-300
S X=-450 rpm
Speed of gear B (Ng)
=y _)(IA
Ts
=150 —(—450) 3
45

|=+510 rpm(Anti clockwise) |

Example 5.3 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.
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Solution Given data

find

Tg=75 GearBfixed =N¢=?
Tc=30 Na=-100 =N, ="?
TD: 90

Na=—100(Clockwise)

Let dc + dD = dB+dE

"'TC + TD = TB +TE

(re+rp=rg+re)

~30+90=75+
Te
"'TE: 45
Sr. Condition of motion Revolution of element
No. Arm Gear A Gear B Gear C
C
Arm fixe, gear A rotates ¥ .
1 +1 0 +1 —Ts —Tc
revolution(anticlockwise)
5 Arm fixed gear A 0 —X e —X o
rotates through + x X T T
. B C
revolutions
Add + y revolutions to all
+ + +
3 elements y Y y Y
I E I D
4 Total motion + y X+Yy y—X— y—X—
Ts Tc

GearBis fixed = y — x_TEz 0

Te
= -100 - x 4 _ 0
75
= x=-166.67
TD
Speedof gear C (NC) =y-X__
Te
=-100 —(-166.67)x e

30
= +400 rpm(Anti clockwise)
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Sr. Condition of motion Revolution of element
No. Arm Gear A Gear B Gear C
C
Arm fixe, gear A rotates F
1 +1 0 +1 e Dan
revolution(anticlockwise) Te Te
) Arm fixed gear A 0 o « T8 Ly ey To
rotates _through + X T Fr T
revolutions
Add + y revolutions to
H H H +
3 all elements y Y 4 y
I B I B I D
4 Total motion + y X+Yy y=X_— | YHX X
Te Te Tc

Fromfig  (rc+rp="rg+re)
ST+ To=Te+Te
S Te=90+30-75
- Te=45

When gear B is fixed
~X+y=0
~.X+(-100) =0
~.x=100

TB TD
Now Ne =Y +HX_"x_

TeTe
1004100 x L2, 20
45 30

N¢= 400 rpm (Anticlockwise

Example 5.4 An epicyclic gear consists of three gears A, B and C as shown in Fig. The gear A
has 72 internal teeth and gear C has 32 external teeth. The gear B meshes with both A and
C and is carried on an arm EF which rotates about the centre of A at 18 rpm. If the gear A
is fixed, determine the speed of gears B and C.
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Solution:

Tg =72 (Internal)
Tc=32
(External) Arm
EF = 18rpm

From the geometry of fig.

Gear Afixed =>Ng=?
:NC: f)

rA: rc+ 2I’B
'.'TA: Tc+ 2TB
"'TB: 20
Sr. Condition of motion Revolution of element
No. Arm Gear A Gear B Gear C
C
Arm fixe, gear A rotates I = = T
1 +1 O +1 - TB —_ c X B = C
revolution(anticlockwise) Te Ta Ta
, | Arm fixed gear A 0 " e e
rotates _through + X s T
revolutions
Add + y revolutions to
3 + + + +
all elements y y y y
e e
4 Total motion y X+y y-x_—- y-x_—-
Ts Ta

1. Speed of gear C (N¢)

Gear Ais fixed = y — x TC: 0

T

A

:>—l8—XQ=O
72

= Xx=-40.5

Speed of gear C (N¢) =x+Yy

2. Speed of gear B (Ng)

=40.5+18

= 58.5 rpm(inthedirectionof arm)

SpeedofgearB =y — XIC

Ts
=-18 —40.5x ez

20
=-46.8 rpm

= 46.8 rpm (intheopposite direction of arm) |
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Example 5.5 Two shafts A and B are co-axial. A gear C (50 teeth) is rigidly mounted on shaft A.
A compound gear D-E gears with C and an internal gear G. D has 20 teeth and gears with C
and E has 35 teeth and gears with an internal gear G. The gear G is fixed and is concentric
with the shaft axis. The compound gear D-E is mounted on a pin which projects from an
arm keyed to the shaft B. Sketch the arrangement and find the number of teeth on
internal gear G assuming that all gears have the same module. If the shaft A rotates at 110
rpm, find the speed of shaft B.

~Internal gear
Compound —

PTIN
e [ lelp
c
N, . /
Fig 6.5
Solution:
Tc=50 No.of teethon internal gear =?
Tp=20 Speed ofshaft B = ?
Te=35
N¢= 110 (Rotationofshaft)
From the geometry of fig.
de_de do de
2 2 2

dG = dc + dD +dE
TG = TC + TD +TE
S Te=50+20+35

~.Te=105
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St Revolution of element
' Condition of motion Gear C Compound
No.
A | (shaftA) | Gear(DB) | OFC
Arm fixe, gear A rotates T
1 +1 0 +1 -T5 —Iex e
revolution(anticlockwise) To To
5 Arm fixed gear A 0 Ty —X e x leyle
rotates through + x b I, T
revolutions
Add + y revolutions to
+ + + +
3 all elements y y y y
e [
4 Total motion y X+ y=Xx__ | ¥=Xx_x
y To T Te
Speed of shaft B
Here given gear G is fixed
-~y —%C X Ti: 0
ToTs
50 35
-Xx— x =0
20 105
Y — XX S
LY - =V 1
6 1)

Also given gear C is rigidly mounted on shaft A

S X+y=110 coeeene(2)
Solving eq. (1) & (2)

x =60

y =50

|Speed of shaft B = Speed of arm =+ y = 50 rpm

Example 6.6: In an epicyclic gear train, as shown in Fig.13.33, the number of teeth on wheels
A, B and C are 48, 24 and 50 respectively. If the arm rotates at 400 rpm, clockwise,
Find: 1. Speed of wheel C when A is fixed, and
2. Speed of wheel A when C is fixed

cC__
"
& g , B f/ \
A, = r

I \.II /".- .'II.. "I
II I|r-'ri \ I'I
'. e ———- |
'II I..'-u '_-' II II

\ A : Arm

\ y - /

S J_, 4 %, F,

Fig. 6.6
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Solution:
Tpo=48 Gear Afixed=N; =?
Tg=24 GearC fixed =>N,="?
T.=50 y = —400 rpm (Armrotationclockwise)
Sr. Condition of motion Revolution of element
No. Arm Gear A Gear B Gear C
C
Arm fixe, gear A rotates T
1 +1 0 +1 N i P N )
revolution(anticlockwise) L T J L Te J Te
Arm fixed gear A x ' x A
2 0 +X
rotates through + x s F=
revolutions
3 Add +y revolutions to all |, y oy kK y N y
elements
IA IA
4 Total motion y X+y y=X— y+x—
Ts Tc

1. Speed of wheel C when A is fixed

When A is fixed

=>X+y=0
=Xx-400=0
=>x=0
NC:y+x1A
Tc
:—400+400x@
50
=-16 rpm

Nc= 16 rpm (Clockwise direction)|

2. Speed wheel A when C is fixed
When C is fixed

50
X =416.67
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Na=X+Yy
=416.67 — 400

N,= 16.67

Example 5.7: An epicyclic gear train, as shown in Fig. 13.37, has a sun wheel S of 30 teeth and
two planet wheels P-P of 50 teeth. The planet wheels mesh with the internal teeth of a
fixed annulus A. The driving shaft carrying the sunwheel transmits 4 kW at 300 rpm. The
driven shaft is connected to an arm which carries the planet wheels. Determine the speed
of the driven shaft and the torque transmitted, if the overall efficiency is 95%.

Fig.6.7
Solution
Ts=30Tp=50T,=130
Ns=300 rpm P =4 KW
From the geometry of fig.
ra=2rp+ s
'.'TA: 2Tp+ TS
=2x50+30
=130
Sr. Condition of motion Revolution of element
No. Arm Gear A Gear B Gear C
C
Arm fixe, gear A rotates F-
1 +1 0 +1 —Tg (—Tg Dﬁﬁ-ﬂ:+
revolution(anticlockwise) L )T, J T,
5 Arm fixed gear A 0 « - Xi? L x"?
rotates through + x * T T
. P A
revolutions
3 Add +y revolutions to all |, y b y W y N y
elements
IS IS
4 Total motion y X+y y—X— y—Xx—
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Here,
Ns =300rpm
S X+y=300 (1)

Also, Annular gear A is fixed

130
-y =0.23x een(2)

Solving equation eq. (1) & (2)

X =243.75

y =56.25
Speed of Arm = Speed of driven shaft = y = 56.25 rpm

Here, P = 4 KW n= 95%

& P

Also,

out = T
60
. 3.gx10° 21x56.30T

60
= T=6445N-m
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Example 6.8 An epicyclic gear train is shown In fig. Find out the rpm of pinion D if arm A
rotate at 60 rpm in anticlockwise direction. No of teeth on wheels are given below.

(e
R
1M

)
| B(120)

\J

Y N\

1T
Fig.6.8
Solution:
TD :40 ND:‘7
TC: 60
TB: 120
Na=+60 rpm(Anticlockwise)
Sr. .. ) Revolution of elemen
Condition of motion evolution o efement
No. Arm Gear B Gear C Gear D
C
Arm fixe, gear A rotates T, T, T. T,
1 +1 0 +1 T. T ><_T + _T,
revolution(anticlockwise) c P P
Arm fixed gear A rotates e i e
2 . 0 +X — —
through + x revolutions Te T
Add + y revolutions to all
3 + y y y y
elements
I B I B
4 Total motion y X+Yy y=X_ y+X_
Tc To

From fig. Gear B is fixed

~X+y=0

- X+60 =0

X =-60
Now motion of gear D
=y+x_"8

(.rpmof armA =60 =)

To
120

=60-60x"

40

=-120 rpm

D rotates 120 rpm in clockwise direction.
Note: By fixing any gear C OR B this problem can be solved
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Example 6.9 An epicyclic gear train for an electric motor is shown in Fig. The wheel S has
15 teeth and is fixed to the motor shaft rotating at 1450 rpm. The planet P has 45 teeth, gears
with fixed annulus A and rotates on a spindle carried by an arm which is fixed to the output
shaft. The planet P also gears with the sun wheel S. Find the speed of the output shaft. If the
motor is transmitting 1.5 kW, find the torque required to fix the annulus A.

Solution:
Ts=15 Speedofoutputshaft =?
T, =45 Torque =?
From
fig.
ra=rs+2rp
'.'TA: Ts+ 2Tp
- Ta=105
Sr. .. . [
r condition of motion . Revolution of element
No. Spindle Gear S Gear P Gear A
Sector/Spindle fixed,
1 gear S rota.tes +1 0 " _ﬁ T Tl s
revolution Te Ta  Ta
(anticlockwise)
Spindle fixed gear S T T
S S
2 rotates through + x 0 +X —X - X >
revolutions Te Ta
3 Add + y revolutions to N y N y N y N y
all elements
IS IS
4 Total motion y X+Yy y=x_" y=-x_"
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Motor shaft is fixed with gear S

_'_x+y=1450 (1)
And Annular A is fixed

105
15

-'-y:XE ceeneeee(2)

By solving equation (1) & (2)

X =1268.76

y =181.25
Speed of output shaft y = 181.25 rpm

e Torque on sun wheel (S) (input torque)

o _ 2nNT,
60
. _Px80
S T="5-N ;
_(2x10° Y1160 (
= X
135 2mx1450 .- 1.35
L) \
=9.75N:m

e Torque on output shaft (with 100% mechanical efficiency)

T _Px60

ST N
_(2x10° | 160
T 135 21x181.25

\
=78.05 N-m

e Fixing torque

=To_ Ti
=78.05-9.75
=68.3N-m

= =
HRW 2

2,

1.35
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Example 6.10: If wheel D of gear train as shown in fig. is fixed and the arm A makes 140
revolutions in a clockwise direction. Find the speed and direction of rotation of B & E. Cis
a compound wheel.

¢(39)
E(30)

RV
\_ \< w\ ~ )

Fig.6.10
Solution:
TB: 30 TC: 35 TD: 19 TE: 30
Sr. Condition of motion _ Revolution of element
No. Spindle | Gear S Gear P Gear A
Arm fixe, gear A rotates
1 i o || B[RS
revolution(anticlockwise) 15 Y
5 Arm fixed gear A rqtates 0 iy 1 33 _1565x
through + x revolutions
3 Add + y revolutions to all A y N y
elements
4 Total motion y X+Yy y —1.33x y —1.555x
e When gear D is fixed
y +2.456x =0
=140 + 2.456x=0 (y =-140rpm given)
S X=57
e Speed of gear B
Ng=X+Yy
=+57 - 140
= —83rpm(Clockwise)

e Speed of gear E

Ne=y — 1.555x
=-140 — 1.555(57)
=—228.63rpm (Clockwise)
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Example 6.11: The epicyclic train as shown in fig. is composed of a fixed annular wheel A
having 150 teeth. Meshing with A is a wheel b which drives wheel D through an idle wheel
C,D being concentric with A. Wheel B and C are carried on an arm which revolve clockwise
at 100 rpm about the axis of A or D. If the wheels B and D are having 25 teeth and 40
teeth respectively, Find the no. of teeth on C and speed and sense of rotation of C.

Solution:
From the geometry of fig.

I’A= 2I’B+ 2I’c+ rD
TA: 2TB+ 2Tc+ TD
150 =50 + 2T+ 40

~Te=30
Sr. . . Revolution of element
Condition of motion
No. Arm Gear D Gear C Gear B Gear A
Arm fixe, gear D T T
1 | rotates +1 revolution 0 +1 _T—D + T_D A T,
(anticlockwise) ¢ ° Ta
Arm fixed gear D
TD TD TD
2 rotates through + x 0 +X —X—= o X"
revolutions Te Ts Ta
" -
3 Add + y revolutions N vy y b y N y R y
to all elements
I D I D I D
4 Total motion oy X+Yy y—X y+X y+X
I Is I
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Now

Let

=-100 —375x 40

30
=—600rpm

Example 6.12: Fig. 13.24 shows a 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. If the propeller
shaft rotates at 1000 rpm and the road wheel attached to axle Q has a speed of 210 rpm.
while taking a turn, find the speed of road wheel attached to axle P.

Propeller
Shaft —»" A
i
B =
Arm
Rear axle ' D

=-—r ot 5]

A Wheel -~
Wheel \Spindm
F
Arm
Fig. 6.12
Solution:

T, =12
Tg =60

No= Np=210rpm
NA.= 1000rpm
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Let
NAX TA: NB TB
AN=Nx A
B A ]B
_1000x 12
60
= 200rpm
Sr. Condition of motion Revolution of element
No. Gear B Gear C Gear E Gear D
Gear B is fixed, gear C Te
_l’_
1 rotates +1 0 +1 Te 1
revolution(anticlockwise)
Gear B is fixed gear C T,
2 rotates through + x 0 +X X —X
revolutions Te
3 Add +y revolutions to all |, y N y N y " y
elements
IC
4 Total motion + y X+y y+xT_ y—X
E

Let here speed of gear B is 200 rpm

Ng=200 =y
From table
Np=y—-x=210
S X=y-210
X =200-210
S X =-10rpm
Let speed of road wheel attached to the axle P = Speed of gear C
=X+Yy
=-10+ 200
=180rpm

Example 6.13: Two bevel gears A and B (having 40 teeth and 30 teeth) are rigidly mounted on
two co-axial shafts X and Y. A bevel gear C (having 50 teeth) meshes with A and B and
rotates freely on one end of an arm. At the other end of the arm is welded a sleeve and
the sleeve is riding freely loose on the axes of the shafts X and Y. Sketch the arrangement.
If the shaft X rotates at 100 rpm. clockwise and arm rotates at 100 rpm. anticlockwise, find
the speed of shaft Y.
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)

S\

Fig.
Solution 6.13

TA = 40 TC = 50 TB: 30
Ny = Na=—100rpm(Clockwise)
Speedof arm = 100rpm

Sr. .. . Revolution of element
Condition of motion
No. Arm Gear A Gear C Gear B
Arm fixe, gear A rotates
TA TA
1 +1 0 +1 i__'l_ -IT
revolution(anticlockwise) ¢ °
Arm fixed gear A rotates tx N
2 . 0 +X -
through + x revolutions Te Ts
Add + y revolutions to all
3 + y + y y y
elements
+ I A I A
4 Total motion + y X+y yEX— y=X—
Tc Tg

Here speed of arm =y =+100 rpm (given)
Also given  Np= Ny=-100rpm

S Na=X+Yy
=100 =x+ 100
X =-200
Speed of shaft Y =
Ng
=y- XIA
Ts
=100 +200 x 40
30

=+366.7rpm (Anticlockwise)
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Example 6.14. An epicyclic train of gears is arranged as shown in Fig. How many revolutions
does the arm, to which the pinions B and C are attached, make: 1. when A makes one
revolution clockwise and D makes half a revolution anticlockwise, and 2. when A makes
one revolution clockwise and D is stationary? The number of teeth on the gears A and D
are 40 and 90 respectively.

Solution:
Ta=40
Tp =90
First of all, let us find the number of teeth on gear B and C (i.e. Tgand T¢). Let da, dg,dc, dp
be the pitch circle diameter of gears A, B, C, and D respectively. Therefore from the
geometry of fig, da+ dg+dc= or d,+2dg=dp L(dg=dg)
do

Since the number of teeth are proportional to their pitch circle diameters, therefore,
Ta+2Te=Tp or 40+ 2 Tz=90

Tg =25 and T.=25 ~(Te=Ty)
s Revolutions of elements
' Conditi f moti
No. onditions of motion Arm Gear A Compound Gear D
Gear B-C
' T (TN T) T
L | Aans | 0| | R R
TB D) D
Arm fixed gear A X A +x A
2 0 —X
rotates through - x T 5
revolutions
Add - y revolutions to . . B .
3 all elements y y y y
. Ty A
4 Total motion -y —X=Y X—-Yy X—=Y
Tg Te

1. Speed of arm when A makes 1 revolution clockwise and D makes half revolution

anticlockwise
Since the gear A makes 1 revolution clockwise, therefore from the fourth row ofthe

table, —X-y=-1 or x+y=1 ..(1)
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Also, the gear D makes half revolution anticlockwise, therefore

X xIA— y A
To 2
40 1
SXX T =y =
90 2
-.40x — 90y = 45
SX =225y =1.125 2

From equations (1) and (2),
x=1.04 and y=-0.04

Speedofarm = -y = —(-0.04) = +0.04

|=0.04 revolution(Anticlockwise)|

2. Speed of arm when A makes 1 revolution clockwise and D is stationary
Since the gear A makes 1 revolution clockwise, therefore from the fourth row of the

table,
X-y=-1
~Xx+y=1 ..(3)
Also the gear D is stationary, therefore
X «Ta_ y=0
Tp
XX 40 y=0
90
- 40x—-90y =0
"X —-2.25y=0 ..(4)

From equations (3) and (4),
..Speedof arm = -y = -0.308

|- Speedof arm= 0.308revolution (Clockwise)|

Example 6.15. In an epicyclic gear train, the internal wheels A and B and compound wheels C
and D rotate independently about axis O. The wheels E and F rotate on pins fixed to the
arm G. E gears with A and C and F gears with B and D. All the wheels have the same
module and the number of teeth is: TC = 28; TD = 26; TE = TF = 18. 1. Sketch the
arrangement; 2. Find the number of teeth on A and B; 3. If the arm G makes 100 r.p.m.
clockwise and A is fixed, find the speed of B; and 4. If the arm G makes 100 r.p.m.
clockwise and wheel A makes 10 r.p.m. counter clockwise; find the speed of Wheel B.
Solution:

Given: T.=28;Tp,=26;T=T=18
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1. Sketch the arrangement
The arrangement is shown in Fig.

Fig. 6.15
2. Number of teeth on wheels A and B
TA = Number of teeth on wheel A, and

TB = Number of teeth on wheel B.
Ifda, dg, dc, dp, deand drare the pitch circle diameters of wheels A, B, C, D, E and F

respectively, then from the geometry of Fig.
da=dc+ 2 de
And dg=dp+2d:
Since the number of teeth are proportional to their pitch circle diameters, for the
same module, therefore
Tao =Tc +2T; =28+2=64
And Tg=Tp,+2T=26+2=62
3. Speed of wheel B when arm G makes 100 r.p.m. clockwise and wheel A is fixed
First of all, the table of motions is drawn as given below:

Revolutions of elements
Sr. Conditions of motion
No Arm Wheel Wheel Compound Wheel E Wheel B
G A E wheel C-D
Ta Te Ta To. Te
Arm fixe, A rotates T _T_X T T +T_X T_X T
1 +1 revolution 0 +1 +Te ET ¢ +_Ax P c 'F 1B
i __'a T Te T, T
(Anti —4 Ay 'D
clockwise) Tc _Tc ?B
Arm fixed A rotates x A _x ' Lxx Ay D Lxx Ay D
2 h h+ luti 0 +X
through + x revolutions T. T. T. T. T. T
Add +y revolutions to
3 all elements A y + y + y + y + y
i | | | I I
4 Total motion H Y X+Yy XTA+y y—x A y+Xx_ Ax_P FY+Xx Ax P
TE TC TC TF TC TB
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Since the arm G makes 100 r.p.m. clockwise, therefore from the fourth row of the table
y =-100
Also, the wheel A is fixed, therefore from the fourth row of the table,

x+y=0 or x=-y=100

Speedof wheel B =y + x x_TAx_TD

Te Tg
:_100_'_100)(@)(&

28 62
=-100 + 95.8 r.p.m.=- 4.2r.p.m

Speedof wheel B =4.2 r.p.m

4. Speed of wheel B when arm G makes 100 r.p.m. clockwise and wheel A makes 10r.p.m.
counter clockwise

Since the arm G makes 100 r.p.m. clockwise, therefore from the fourth row of the table

y=-100 ..(3)
Also the wheel A makes 10 r.p.m. counter clockwise, therefore from the fourth row of the
table,

Xx+y=10

~X=10-y

~.x=10+ 100

~x=110 .(4)

-.Speed of wheel B=+y + x><_TA ><_TD
Te Tg
_100+110x 222
28 62

=—100 + 105.4 r.p.m
=+5.4r.p.m

..Speed of wheel B =5.4r.p.m

Example 6.16. Fig. shows diagrammatically a compound epicyclic gear train. Wheels A, D and
E are free to rotate independently on spindle O, while B and C are compound and rotate
together on spindle P, on the end of arm OP. All the teeth on different wheels have the
same module. A has 12 teeth, B has 30 teeth and C has 14 teeth cut externally. Find the
number of teeth on wheels D and E which are cut internally. If the wheel A is driven
clockwise at 1 r.p.s. while D is driven counter clockwise at 5 r.p.s., determine the
magnitude and direction of the angular velocities of arm OP and wheel E.
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Solution:
Given:

Number of teeth on wheels D and E

Fig. 6.16

Ta=12; Tg=30; Tc=14; Npo=1 r.p.s.; Np=5r.p.s

Let Tpand Te be the number of teeth on wheels D and E respectively. Let da, dg, dc, dp
and de be the pitch circle diameters of wheels A, B, C, D and E respectively. From the
geometry of the figure,

dE: dA + 2dB

and

dp=de _(dB —dc)

Since the number of teeth are proportional to their pitch circle diameters for the same
module, therefore

TE: TA+ 2T
B
S Te =12+2x 30

TD: TE _(TB_ Tc)

- Ty =72 —(30 — 14)

Magnitude and direction of angular velocities of arm OP and wheel

The table of motions is drawn as follows:

s Revolutions of elements
" | Condition of motion
No. Arm Wheel | Compound Wheel D Wheel E
A wheel B-C
Arm fixe, gear A T
1 rotates 0| -1 +To SLEAIT LV Y
-1 TB TD TB TE TE
revolution(clockwise)
Arm fixed gear A T, T, T. T,
2 rotates through - x 0 —X +X X X +X
revolutions +s = +
3 Add - y revolutions to -y -y -y y -y
all elements
4 Total moti y | %y | x ey [Ty KAy
otal motion - —X— - - -
Is L Is Ie
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Since the wheel A makes 1 r.p.s. clockwise, therefore from the fourth row of the table,
X-y=-1
SX+y=1 (@)

Also, the wheel D makes 5 r.p.s. counter clockwise, therefore
TC

T
X_Ax

__—Yy=5
Tg Tp
.'.xTA_x Tj— y=5
T Tp
12 14
SXTOX T —

30 56
~0.1x—-y=5 2

y=5

From equations (1) and (2),
X =545 and y=-445

Angular velocity of arm OP
=-y=—(-4.45)=4.45rp.s

|:4.45x2n =27.964rad/ sec (Anti clockwise)|
And angular velocity of wheel E

= X_A—
yTe
=5.45x% 12 —(—4.45)
72
=5.36r.p.s
=5.36x2n

= 33.68 rad / sec (Anti

Example 6.17. Fig shows an epicyclic gear train known as Ferguson’s paradox. 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 of 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.
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Solution:

Given: To,=100; Tc=101; T,=99;T,=20
The table of motions is given below:

Sr. . ) Revolutions of elements
Condition of motion
No. Arm Gear A Gear C Gear D
B
Arm B fixe, gear A rotates
1 T
1 +1 0 +1 + Tg + Ta x TQ: Ta
revolution(anticlockwise) Te To T
) Arm B fixed gear A o » x 1A y I
rotates T T
through + x revolutions
Add + y revolutions to all
3 y y by ok y  h y
elements
IA IA
4 Total motion + y X+Yy y+Xx__ y+x_—
Tc To
The arm B makes one revolution, therefore
y=1
Since the gear A is fixed, therefore from the fourth row of the table,
X+y=0
SX=-y=-1

Let Nc and Np = Revolutions of gears C and D respectively.
From the fourth row of the table, the revolutions of gear C,

NC: y+ xl*
Tc
=1-1x 100

101

s N =+—1

101

And the revolutions of gear D,

N =y+x Ao 100
T, 99

99

From above we see that for one revolution of the arm B, the gear C rotates through 1/101
Revolution in the same direction and the gear D rotates through 1/99 revolutions in the
opposite direction.

Example 6.18. Fig. shows an epicyclic gear train. Pinion A has 15 teeth and is rigidly fixed to
the motor shaft. The wheel B has 20 teeth and gears with A and also with the annular
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fixed wheel E. Pinion C has 15 teeth and is integral with B (B, C being a compound gear
wheel). Gear C meshes with annular wheel D, which is keyed to the machine shaft. The
arm rotates about the same shaft on which A is fixed and carries the compound wheel
B,

B. If the motor runs at 1000 r.p.m., find the speed of the machine shaft. Find the torque
exerted on the machine shaft, if the motor develops a torque of 100 N-m.

Solution:

Given: T,=15;Tg=20; Tc=15; N,=1000 r.p.m.;
Torque developed by motor (or pinion A) = 100 N-m

1. Speed of the machine shaft

The table of motions is given below:

Revolution of element
Sr. . . - Compoun
No. Condition of motion Arm Plrl‘l\on 4 wheel Wheel D Wheel E
D-C
Arm fixe, gear A rotates T, T, T,
+1 _Ta T, T | ——=x—=2=- =
1 . . . 0 +1 Tg —-_ X Te Te Te
revolution(anticlockwis Te Tp
€)
Arm fixed gear A T, T, T T,
2 rotates through + x 0 +X X — X=X — X—
revolutions Ts Ts To Te
3 | Add+yrevolutionsto | y b oy b y +y n y
all elements T T
A C
. TA y—X X Ly TA
4 Total motion +y | X4y | YoX— Ts Tp y=x
TB TE

First of all, let us find the number of teeth on wheels D and E. Let Tp and Te be the number
of teeth on wheels D and E respectively. Let da, ds, dc, do and de be the pitch circle
diameters of wheels A, B, C, D and E respectively. From the geometry of the figure,

de =ds +2ds  and  dp=de-(dg-dc)
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Since the number of teeth are proportional to their pitch circle diameters, therefore,
Te=Ta+2Tg=15+ 2x20 =55
To=Te—(Tg—Tc) =55—(20 — 15) =50

We know that the speed of the motor or the speed of the pinion A is 1000 r.p.m.

Therefore
X +y=1000 ..(1)
Also, the annular wheel E is fixed, therefore
y— xl*: 0
Te
y=x
Te
15
= X_
55
.y =0.273x ..(2)

From equations (1) and (2),

X =786 and y =214
.".Speedofmachineshaft =Speedof wheel D

N =y- xax e
Tg Tp
214 786x 12 12
20 50
=+ 37.15r.p.m.
~Ng=37.15

Torque exerted on the machine shaft
We know that

Torque developed by motor x Angular speed of motor
=Torque exerted on machine shaft xAngular speed of machine shaft
..100 xma=Torque exerted on machine shaft xmy

.. Torque exerted on machine shaft =100 x (Di

Wp
=1OO><%=1OO><M
Np 375

.. Torque exerted on machine shaft =2692 N-m

Example 6.19. An epicyclic gear train consists of a sun wheel S, a stationary internal gear E
and three identical planet wheels P carried on a star- shaped planet carrier C. The sizes of
different toothed wheels are such that the planet carrier C rotates at 1/5th of the speed of
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Kinamatics of Machines

the sun wheel S. The minimum number of teeth on any wheel is 16. The driving torque on

the sun wheel is 100 N-m. Determine: 1. Number of teeth on different wheels of the
train, and 2. torque necessary to keep the internal gear stationary.

Solution:
Given :ﬂs
N 5
C
PE
c ¢l
_ c
'.\ — T ' /
P P
Fig. 6.19

1. Number of teeth on different wheels

The arrangement of the epicyclic gear train is shown in Fig.. Let Tsand Te be the
number of teeth on the sun wheel S and the internal gear E respectively. The table of
motions is given below:

Sy Revolutions of elements
Nol Conditions of motion | Plant carrier | Sun wheel Planet Internal Gear E
' C S Wheel P
Planet carrier C fixed, T
1 | sun wheel S rotates 0 +1 -To CTs Te_ T
through + 1 revolution P Te Te
(anticlockwise)
Planet carrier C Ts T
2 | fixed, sun wheel S 0 +X —X —X
rotates i e
through + x revolutions
. -
3 Add + y revolutions to N y N y N y N y
all elements
I S I S
4 Total motion + y X+y y-—Xx— y-Xx_—~
Te Te

We know that when the sun wheel S makes 5 revolutions, the planet carrier C makes 1
revolution. Therefore from the fourth row of the table,

y =1 and x+y=5..x=4
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Kinamatics of Machines

Since the gear E is stationary, therefore from the fourth row of the table,

Since the minimum number of teeth on any wheel is 16, therefore let us take the number of
teeth on sun wheel,

TS: 16
Te=4 x16 = 64

Let ds, drand de be the pitch circle diameters of wheels S, P and E respectively. Now
from the geometry of Fig
ds+ 2 dp=de

Assuming the module of all the gears to be same, the number of teeth are proportional to
their pitch circle diameters.
Ts +2 Tp: TE
16+ 2T,=64

2. Torque necessary to keep the internal gear stationary
We know that
Torque on Sx Angular speed of S = Torque on Cx Angular speed of C

100 xws=Torque on Cxwc

.. Torque on C =100 x @

Oc
100 xNs
Nc
=100 x 5
.. Torque on C=500 N-m
. Torque necessary to keep the internal gear stationary

=500 - 100

EAEDe DEPARTMENT OF MECHANICAL ENGINEERING
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POWER TRANSMISSION SYSTEMS

Belt/Rope Drives - Large center distance of the
shafts

Chain Drives . Medium center distance of
the shafts

Gear Drives - Small center distance of the

shafts




Pitch circles]

]

Friction wheels

Copryright 1995 by Mrshall Erain

when the tangential force (P) exceeds the frictional

resistance (F), slippi

Source: R. S. Khurmi

Line of contact

ng will take place between the two

wheels. Thus the friction drive is not a positive drive.

)
b -t o
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ADVANTAGES AND DISADVANTAGES OF GEAR
DRIVE

The following are the advantages and disadvantages of the gear drive as compared to belt,
rope and chain drives :
Advantages

I. It transmits exact velocity ratio.

2. It may be used to transmit large power.

3. It has high efficiency.

4. It has reliable service.

5. It has compact layout.

Disadvantages
1. The manufacture of gears require special tools and equipment.
2. The error in cutting teeth may cause vibrations and noise during operation.




CLASSIFICATION OF TOOTHED WHEELS

1. According to the position of axes of the shafts

(a) Parallel

Heringbone gears
(Double Helical gears)

fﬁ.\ External contact  Internal contact  Parallel Helical gears

ULC Autaiarniee




CLASSIFICATION OF TOOTHED WHEELS

1. According to the position of axes of the shafts (b) Intersecting
(Bevel Gears)

Straight bevel gears




CLASSIFICATION OF TOOTHED WHEELS

1. According to the position of axes of the shafts (c) Non-intersecting
and non-parallel

Worm & Worm Wheel
Crossed-helical gears




CLASSIFICATION OF TOOTHED WHEELS

2. According to the peripheral velocity
of the gears

(a) Low velocity (velocity less than 3 m/s)
(b) Medium velocity (between 3 to 15 m/s)
(c) High velocity (More than 15 m/s)




CLASSIFICATION OF TOOTHED WHEELS

3. According to the type of gearing
(a) External gearing
(b) Internal gearing
(c) Rack and pinion

External gearing Internal gearing Rack and pinion



http://en.wikipedia.org/wiki/Image:Rack_and_pinion_animation.gif
http://en.wikipedia.org/wiki/Image:Rack_and_pinion_animation.gif

TERMINOLOGY : SPUR GEAR

) Addendum circle
—— Addendum y" .
Dedendum ‘ / I Pitch surface element
eu —Working depth

[ Pitch circle

_,_I-'_F
__,_I—'-
__,_I—'-
]

NN
\

)

T

-
-
- | :

Tooth thickness

Circular pitch \ .
Total depth Tooth space J“
_ Clearance Root or dedendum circle

_ Clearance or
working depth circle

Source: R. S. Khurmi




TERMINOLOGY : SPUR GEAR

Pressure anqgle or angle of obliquity:

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

usually denoted by @. The standard pressure angles are 14.5° and
20° .

Source: R. S. Khurmi Common normal to the tooth

surface

Pressure
angle

Tangent at pitch point \



TERMINOLOGY : SPUR GEAR

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

IS usually denoted by Pe .

p. = ©D/T
D = Diameter of the pitch circle, and

T = Number of teeth on the wheel.

Note: Two gears will mesh together correctly, if the two
wheels have the same circular pitch.

B Tt D, B nD,

Pe

5 L b, 10

- = -




TERMINOLOGY : SPUR GEAR

Diametral pitch.

[t is the ratio of number of teeth to the pitch circle diameter in millimetres.
It is denoted by p, . Mathematically,
I = ( nD )
[)d — =
D p,

T = Number of teeth. and

D = Pitch circle diameter.
Module.

[t is the ratio of the pitch circle diameter in millimeters to the number of teeth.
Module, m = DI/T

Note : The recommended series of modules in Indian Standard are 1. 1.25.
1.5,2,25,.3.4,5,6, 8, 10, 12, 16, and 20.




TERMINOLOGY : SPUR GEAR

Backlash: It is the difference between the tooth space and the tooth
thickness, as measured along the pitch circle.

Theoretically, the backlash should be zero, but in actual practice
some backlash must be allowed to prevent jamming of the teeth
due to tooth errors and thermal expansion




FORMULAE

Teeth on pinion )
Centerdistance = +

Circular pitch

\Teeth on Gear )

2X T

_ (Teeth on pinion +Teeth on Gear)

2 x Diametral pitch

Base Circle Diameter = Pitch Diameter x Cos ¢




FORMULAE SPECIFIC TO GEARS
WITH STANDARD TEETH

Addendum = 1 + Diametral Pitch
0.3183 x Circular Pitch

Dedendum = 1.157 = Diametral Pitch
0.3683 x Circular Pitch

Working Depth = 2 + Diametral Pitch
= 0.6366 x Circular Pitch

Whole Depth = 2.157 + Diametral Pitch

= 0.6866 x Circular Pitch
[ DEPARTMENT OF MECHANICAL ENGINEERING

)

SO,
. ._‘

I



FORMULAE SPECIFIC TO GEARS
WITH STANDARD TEETH

 Clearance = 0.157 = Diametral Pitch
= 0.05 x Circular Pitch

* Outside Diameter = (Teeth + 2) + Diametral Pitch
= (Teeth + 2) x Circular Pitch +

« Diametral Pitch = (Teeth + 2) + Outside Diameter

)

SO,
. ._‘

I




GEAR MATERIALS

Selection of materials depends upon strength and service conditions
like wear, noise etc.,

> Metallic materials (cast iron, steel (plain carbon steel or alloy
steel) and bronze)

» Non- Metallic materials — reduces noise (wood, compressed paper
and synthetic resins like nylon)

Note: phosphor bronze is widely used for worm gears in order to
reduce wear of the worms
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LAW OF GEARING

Involute Gear

The moving point ‘P’ is Pitch
point.

The profiles which give constant
Velocity ratio & Positive drive is
known as Conjugate profiles

KL — Length of path of
contact

KP — Path of approach
PL — Path of recess

Driven

Driver




LAW O F G EA R I N G O, Source: R. S. Khurmi

'\L’j'v/theel
R‘ / ’ Itb ‘
] .. 7 Ra |4 Base circle
Angular velocity Ratio is constant "/ | |\ | gPiencrde
N / [ |
), ) S BN ORGSR
o, OM OP ' | S circles
o _ 0P Dy T o Rl . Y
®, OIP Dl T] — pItcn Circie diameter ¢! /r,' \\ W\

T — Number of Teeth

LU S Wl g S
(Driver) l}é B %?rSC?e Pitch circle
»In order to have a constant angular velocity ratio for all positions of the
wheels, the point P must be the fixed point (called pitch point) for the two
wheels. i.e. the common normal at the point of contact between a pair of

teeth must always pass through the pitch point.

»This is the fundamental condition which must be satisfied while
designing the profiles for the teeth of gear wheels. It is also known as law
of gearing




INVOLUTE TOOTH PROFILE

Gear meshing and involute profiles

[https://www.youtube.com/watch?v=4QMOjuVXW54]




COMPARISON BETWEEN INVOLUTE AND CYCLOIDAL
GEARS

S.
N
0

1.

Involute Gears

Advantage of the involute gears is that
the centre distance for a pair of involute
gears can be varied within limits without
affecting velocity ratio

Pressure angle, from the start of the
engagement of teeth to the end of the
engagement, remains constant

(smooth running and less wear of gears)

The face and flank of Involute teeth are
generated by a single curve. Hence, easy
to manufacture.

Cycloidal Gears

Not true

pressure angle is maximum at the
beginning of engagement, reduces
to zero at pitch point, starts
decreasing and again becomes
maximum at the end of engagement
(less smooth running of gears)

double curves (i.e. epi-cycloid and
hypo-cycloid) . Hence, difficult to
manufacture.




COMPARISON BETWEEN INVOLUTE AND
CYCLOIDAL GEARS

Involute Gears Cycloidal Gears

4. Less strong Cycloidal teeth have wider flanks,
therefore the cycloidal gears are stronger
than the involute gears, for the same
pitch

5. Occurs Interference does not occur
6. Less weighted outweighed




STANDARD PROPORTIONS OF GEAR SYSTEMS

S. No. Particulars l—l% composite or full 20° full depth 20° stub involute
depth involute system involute system sysiem
k: Addenddm I m Il m 0.8m
2. Dedendum 1.25 m 1.25m I m
3. Working depth 2m 2m 1.60 m
4. Minimum total depth 225 m 2.25m 1.80 m
S. Tooth thickness 1.5708 m 1.5708 m 1.5708 m
6. Minimum clearance 0.25 m 0.25 m 02m
B Fillet radius at root 0.4m 0.4 m 04m

. 3 : , (o} :
The increase of the pressure angle from l4l2 to 207 results in a

stronger tooth, because the tooth acting as a beam 1s wider at the base.

=

~

i

‘.;.J'g
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LENGTH OF PATH OF CONTACT

Driven Driver
KL — Length of path of
contact

KP — Path of approach

PL — Path of recess




LENGTH OF PATH OF CONTACT

Source: R. S. Khurmi

»contact between a pair of ?2
involute teeth begins at K /\ijr]eel
P ( Driven )
ends at L B/ | A
/ Ry | "-\ Base circle
e, \ & ;Pltch circle

»MN Is the common normal . -
at the point of contact e e

Addendum
circles
»MN Is also the common
tangent to the base circles .
KP — Path of approach (Drkver )’jﬁr; / iﬁe Pichiciioe
PL — Path of recess O
féL — Length of path of contact

ULC Autaiarniee




LENGTH OF PATH OF CONTACT

Let r, = O,L = Radius of addendum 0,

circle of pinion, '
/

Source: R. S. Khurmi

Wheel
( Driven)

Radius of addendum
circle of wheel.

R, = 0K

Base circle

r = O,P = Radius of pitch circle of : .
;Pltch circle

pinion, and
R = O,P = Radius of pitch circle of

wheel. Addendum

circles
From Triangle O MP~ O/M = rcos ¢

Triangle 02N P. O,N = R cos ¢

[ Base " Pitch circle
circle

Now from right angled triangle O,K'N,

KN =\/(021<)2 — (O,N)? =\/(RA ) — R cos? ¢

PN = O,Psin¢ = R sin¢

@

Ea=ST

AL A




LENGTH OF PATH OF CONTACT

. Length of the path of approach, o Source: R. S. Khurmi

=2
m Wheel

( Driven )

KP = KN — PN = (R, )’ - R* cos> ¢ — R sin¢

Base circle

Similarly from right angled triangle O ML, ; TSR

ML= [(OL) - (OM)? =J(r,)? - Pcos?o  and

Addendum

, , circles
MP = OPsmn = rsin@

Length of path of recess, PL

PL =ML - MP = »\/(_rA)2 —r? cos® ¢ — rsin¢

. Length of the path of contact,

KL= KP + PL = \/('RA > — R? cos’ ¢ + \/(rA e c052¢ — (R + r)sind

@
R
AL A

‘”



LENGTH OF ARC OF CONTACT

Source: R. S. Khurmi
»arc of contact is the path traced O,
by a point on the pitch circle Wheel
from the beginning to the end of ! e aircle
engagement of a given pair of P g Pten cirle
teeth ‘ 1

Addendum
circles

» Arc of contact is EPF or GPH.

f =~ <
\
N\
\
\

2 ghe \
f Base " Pitch circle
circle

»The arc GP is known as arc of
approach

>»The arc PH is called arc of

recess

Yt 4

AL A
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LENGTH OF ARC OF CONTACT

We know that the length of the arc of approach (arc GP)

_ Length of path of approach  KP

Ccos O COSO

the length of the arc of recess (arc PH)
_ Length of path of recess  PL

Cos Ccos

Length of the arc of contact = arc GP + arc PH = kP + PL _ KL

COSO CcOoSO  CosO

_ Length of path of contact

COSO




CONTACT RATIO

(NUMBER OF PAIRS OF TEETH IN
CONTACT)

>t Is defined as the ratio of the length of the arc of contact
to the circular pitch.
Length of the arc of contact

Pe
p. = Circular pitch = tm, and

Contact ratio =

m = Module.

The contact ratio, usually, is not a whole number. For example, if the
contact ratio is 1.6, it does not mean that there are 1.6 pairs of teeth in
contact. It means that there are alternately one pair and two pairs of
teeth in contact and on a time basis the average is 1.6

Larger the contact ratio, more quietly the gears will operate

T
3 d'-' ~
s
-
—
DLl Assanees



LECTURE 4

EXPRESSIONS FOR A

RC OF C
CONTAC

ONTACT AND PATH OF
T

A

MRCET CAMPUS

UGC Autonomous
DEPARTMENT OF MECHANICAL ENGINEERING




NUMERICAL EXAMPLE -1

The number of teeth on each of the two equal spur gears in mesh are
40. The teeth have 20° involute profile and the module is 6 mm. If the
arc of contact is 1.75 times the circular pitch, find the addendum.

Given:T=t=40;¢=20°; m =6 mm
Length of arc of contact = 1.75 p,
We know that the circular pitch,

p,=Ttm=mx6=18.85mm
Length of arc of contact = 1.75 p_=1.75 x 18.85 =33 mm

Length of path of contact = Length of arc of contact x cos ¢ = 33 cos 20° =31 mm

SO,
. ._;

)

1]

|



NUMERICAL EXAMPLE -1

We know that pitch circle radii of each wheel,
R=r=m.T/2=6x40/2=120 mm

length of path of contact =31 = \/( R, )2~ R? cos? o + \/(rA )2 — r¥cos®® — (R +r) sin ()

2 [\/(RA )2 — R* cos? O — R sin (p} (" R=r,andR, =r,)

R, =126.12 mm

addendum of the wheel.
=Ry, —R=126.12 - 120 = 6.12 mm Ans.

o
:
. ._‘

)

4L

Ik



NUMERICAL EXAMPLE -2

A pair of gears, having 40 and 20 teeth respectively, are rotating in
mesh, the speed of the smaller being 2000 r.p.m.

Determine the velocity of sliding between the gear teeth faces at the
point of engagement, at the pitch point, and at the point of
disengagement if the smaller gear is the driver. Assume that the gear

teeth are 20° involute form, addendum length is 5 mm and the
module is 5 mm.

Also find the angle through which the pinion turns while any pairs of
teeth are in contact.




NUMERICAL EXAMPLE -2

Solution. Given: 7 =40:7 =20: N, =2000r.p.m. ;: ¢=20° ; addendum=5 mm ; m =5 mm

We know that angular velocity of the smaller gear,

2N, 2mx2
s PO L LT

60 60

angular velocity of the larger gear, ®, = 104.75 rad/s [ £ :%]
o,

Pitch circle radius of the smaller gear, r=m.t/2 =35 x 20/2 =50 mm
R=m.T/2=5x%x40/2= 100 mm

Radius of addendum circle of smaller gear, r, =r+ Addendum =50 + 5 =55 mm

larger gear, R, = R + Addendum= 100 +5= 105 mm

length of the path of recess,

KP = \[(Ra)* — R®cos® ¢ — R sin¢ PL = (5> = ¥ cos® ¢ — rsing
=af(Ry) — COS — R sIn
—\/(35 WO) cos? 20° — 50 sin 20°

length of path of approach,

= (105)% = (100)? cos® 20° — 100 sin 20°  _ |15 mm

=12.65 mm

]

‘}‘f...;

-

| DEPARTMENT OF MECHANICAL ENGINEERING
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NUMERICAL EXAMPLE -2

Velocity of sliding at the point of engagement
We know that velocity of sliding at the point of engagement K,
veg = (0 + ®,) KP = (209.5 +104.75) 12.65 = 3975 mm/s Ans.

Velocity of sliding at the pitch point
Since the velocity of sliding is proportional to the distance of the contact point from the pitch
point, therefore the velocity of sliding at the pitch point is zero. Ans.
Velocity of sliding at the point of disengagement
We know that velocity of sliding at the point of disengagement L,
vgr, = (0 + ®,) PL =(209.5 +104.75) 11.5 =3614 mm/s Ans.

Angle through which the pinion turns

360°

= Length of arc of contact X

Circumference of pinion




INTERFERENCE AND UNDERCUTTING

gull fit involute ( Conjugate Profile)

L Ansianes

Source: R. S. Khurmi

Working profile

{involute of circle)

Lowest point of working

profile on which contact

may occur
Undercut
cre
Fillet curve
Tangent at
lowest point
of working Radial line of base circle
profile




INTERFERENCE AND UNDERCUTTING

»if the radius of the addendum circle of pinion is increased to O1N, the
point of contact L will move from L to N.

»When this radius is further increased, the point of contact L will be on
the inside of base circle of wheel and not on the involute profile of tooth

on wheel O,
f Base circle
—a &Pitch circle
The tip of tooth on the pinion will - o /«AC‘“a' add.cicle
then undercut the tooth on the B & : Max. addendum circle
wheel at the root and remove part . REAFRKS '
of the involute profile of tooth on p — T <0
the wheel. This effect is known as /& 3 Actual ackl. circle
. ; \
interference Base circle\?| / L Pitch circle
- / /" pinion

The phenomenon when the tip s Source: R. S. Khurmi
of tooth undercuts the root on 1

Interference in involute gears.

Its mating gear is known as
Interference.




INTERFERENCE AND UNDERCUTTING

Similarly, if the radius of the addendum circle of the wheel
Increases beyond O2M, the tip of tooth on wheel will cause
Interference with the tooth on pinion.

The points M and N are called interference points.

0O,

,’\\,\ Base circle
wheel R I,’ ¢ \ & ; Pitch circle
: ) \

/ / 4__Actual add. circle

f \ / /\7Max addendum circle

Actual add. circle

Obviously, interference_may be
avoided if the path of contact °
does not extend beyond °
interference points. 1M\

. : Base circle\d) /I r
The limiting value of the radius ./ pinion

/

of the addendum circle of the 0, Source: R. S. Khurmi
piniOn iIs O1N and of the wheel Interference in involute gears.
Is OZ2M.

" -
M
MY Y L

ULC Autaiarniee
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Pitch circle




INTERFERENCE AND UNDERCUTTING

To avold interference: Maximum length of path of approach, MP = rsin ¢

maximum length of path of recess, PN = R sin ¢
. Maximum length of path of contact,

MN=MP+PN=rsimd+Rsind=(r+R)sinod

Base circle
Pitch circle

Actual add. circle
Max. addendum circle

maximum length of arc of contact =

(r+R)sino = (r + R)[an(l)

Actual add. circle

Cos O Pitch circle
pinion

0, Source: R. S. Khurmi

Interference in involute gears.




NUMERICAL EXAMPLE -3

Two mating gears have 20 and 40 involute teeth of module 10 mm and
20° pressure angle. The addendum on each wheel is to be made of
such a length that the line of contact on each side of the pitch point has
half the maximum possible length. Determine the addendum height for
each gear wheel, length of the path of contact, arc of contact and
contact ratio.

Solution. Given: t =20;7 =40:m =10mm ; ¢ = 20° r =100 mm
R = 200 mm

Find pitch circle radius using r=m.t/ 2
the line of contact on each side of the pitch point
(i.e. the path of approach and the path of recess)
has half the maximum possible length, therefore

Path of approach, KP =3 MP

\/( Ry)? — R* cos®® — R sin¢ = "'Sf)“q’ —> R, =206.5 mm

-




NUMERICAL EXAMPLE -3
. Addendum height for larger gear wheel
=R, — R =206.5 - 200 = 6.5 mm Ans.

Now path of recess, ~ PL =3 PN

. R.si : _
\/(rA )2 —r* cos®¢ — r sing = Squ) ——> 1y =116.2 mm

Addendum height for smaller gear wheel = r, —r =0.2 mm Ans.

Length of the path of contact = KP + PL = %MP 4 _l_PN i R)sing _

_ — —_

51.3 mm Ans.

Lenoth of the path of contact 51.3
= I = = 54.6 mm Ans.

Length of the arc of contact =
Cos O cos 20°
Contact ratio

circular pitch, P.=ntm = © x 10=31.42 mm

Length of the path of contact

Contact ratio = =1.74 Ans.

Pe

Ny
(AN,

AL A
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MINIMUM NUMBER OF TEETH ON THE PINION IN
ORDER TO AVOID INTERFERENCE

t = Number of teeth on the pinion,, :
Base circle

Pitch circle

T = Number of teeth on the wheel.
m = Module of the teeth. Actual add. circle

r = Pitch circle radius of pinion =m.r/ 2
G = Gearratio=T/t=R/r

¢ = Pressure angle or angle of obliquity.

Max. addendum circle

Actual add. circle

From triangle O NP,

(O,N)* = (O,P)* + (PN)* —2x O,P % PN cos O,PN
=r’+ R sinzq) — 2r.R sin¢ cos (90° + ¢)
=r® + R*sin”> ¢ + 2r.R sin’ ¢

Pitch circle

Interference in involute gears.

e 28 [1 ,Rsin"¢ 2R5i“'¢} Source: R. S. Khurmi

ol r

=r’ [1 + & (ﬁ ¥ 2 )sin2 ¢:i
r\r




MINIMUM NUMBER OF TEETH ON THE PINION IN ORDER
TO AVOID INTERFERENCE

R( . . Limiting radius of the pinion addendum circle,
(— +2 )Sin‘ Q):‘

v 2 5 R
(O4N)™ =r|1+— R(R i
01N=rJ]+—[—+2]sin3¢=ﬂ\/1+—[—+2]sin2¢
r\r 2 Lt

r _ r
Let Apm = Addendum of the pinion, where A, is a fraction by which the standard
addendum of one module for the pinion should be multiplied in order
to avoid interference.
addendum of the pinion = O N -0O,P

m.t 7 : m.t
Ap.m = — l+—(—+2) smz(b——
2 t \ t 2

e

DT OP=r=mi1/2)

1 X
=i[\jl + Ll (Z + 2)sin" o — 1}
2 t\t




MINIMUM NUMBER OF TEETH ON THE PINION
IN ORDER TO AVOID INTERFERENCE

S. No. Svstem of gear teeth Minimum number of teeth on the pinion
§o :
1. 145 Composite 12
; o .
2. 145 Full depth involute 32
3 207 Full depth involute 18
4. 20 Stub involute 14

v
)

I
3

1]

|




NUMERICAL EXAMPLE -4

A pair of spur gears with involute teeth is to give a gear ratio of 4 : 1. The
arc of approach is not to be less than the circular pitch and smaller wheel
IS the driver. The angle of pressure is 14.5°. Find : 1. the least number of

teeth that can be used on each wheel, and 2. the addendum of the wheel
In terms of the circular pitch ?

Solution. Given : G =T/lt=RIr = 4; ¢= 14.5°
1. Least number of teeth on each wheel
Let t = Least number of teeth on the smaller wheel i.e. pinion,
T’ = Least number of teeth on the larger wheel i.e. gear. and
r = Pitch circle radius of the smaller wheel i.e. pinion.
the maximum length of the arc of approach
_ Maximum length of the path of approach  r sin¢

= = =r tan
cos® cosQ

- - 21r 3 2r
circular pitch, p. = tm = =




NUMERICAL EXAMPLE -4

Since the arc of approach is not to be less than the circular pitch, therefore

27r 2K 2T
or t= = = 24.3 say 25 Ans.

rtan @ = = o
t tan tan 14.5°

T=Gt=4x25=100Ans. (oG =T/1)

2. Addendum of the wheel
addendum of the wheel

A 1+t(t+7)sinz¢ 1
2 TVE

x 100 2 2 5
Y 1+ 2 ."5 + 2 |sin“14.5° — 1
2 100 | 100

= 085m=0853x%x p./n=0.27 p. Ans.
w(Com= p.IT)




GEAR TRAINS

Two or more gears are made to mesh with each other to transmit power
from one shaft to another. Such a combination is called gear train or

train of toothed wheels.

Types of Gear Trains

1.Simple gear train
2.Compound gear train
3.Reverted gear train

4.Epicyclic gear train
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SIMPLE GEAR TRAIN
One gear on each shatft

Driver Driven or Driven or

Driver Driven or ( Driver follower

follower
j’ —— 1 ) fo!l_c?ﬂ.'er 4
\ / & NP i \____/ \____/

H\HHH{ HHH”HH\HHI I AT,

(a) (b} )  Source: R. S. Khurmi

— T T -

If the distance between the two gears is large, intermediate gears employed. If the
number of intermediate gears are odd, the motion of both the Gears is like. If Even -

unlike direction _ .
N,= Speed of gear I(or driver) inr.p.m., N, = Speed of gear 2 (or driven or follower) in r.p.m.,
I',= Number of teeth on gear 1, and T,= Number of teeth on gear 2.

The speed ratio (or velocity ratio) of gear train is the
ratio of the speed of the driver to the speed of the

- N, T
driven or follower. Speed ratio = L = -2
E6S N, T,
s



SIMPLE GEAR TRAIN

The ratio of the speed of the driven to the speed of the driver is known
as train value of the gear train

: N T,
" Train value = —2 = "L
A1 90T Ny T,
speed ratio for cear |1 & 2 =
g . - b T%
speed ratio for gear 2 & 3 —— = —
N4 T,

90 REVS/MIN

The speed ratio of the gear train is obtained by multiplying the
above two equations
Ny N> _ B T

No N3 I K Ns T,




SIMPLE GEAR TRAIN

: Speed of driver  No. of teeth on driven
Speed ratio =

Speed of driven  No. of teeth on driver

: Speed of driven  No. of teeth on driver
Train value = =

Speed of driver  No. of teeth on driven
The intermediate gears are called idle gears, as they do not
effect the speed ratio or train value of the system.

The idle gears are used
»To connect gears where a large centre distance is
required, and

» To obtain the desired direction of motion of the driven gear
(.e. clockwise or anticlockwise).




COMPOUND GEAR TRAIN

GEAR A

More than one gear on a shatft

Driver Compound
gears

Driven

N,.N;..., N = Speed of respective gears in r.p.m., and L L
T, .T,.. T ,=Number of teeth on respective gears. A 5 !
223 | , I 5
speedratio ] and 2 L "2 | .
Ny T G
! STk I
. T, ' -
speed ratio 3 and 4, — =-—* £l D
N4 7—:; 5 I |||| I I]]B
S|

.. Ns T; Source: R. S. Khurmi
gears 5 and 6, speed ratio — = —

Ne Ts




COMPOUND GEAR TRAIN

The speed ratio of compound gear train is obtained by
N N/ ¥ f T Driver Compound
L B Ns. T N

gears

Ny N Ne T, T, T

N, T, xT,xTg

or =
Ne T, xTyxT

] . i A B
Speed of the first driver |[| | I '
2
Speed of the last driven or follower ' N
B Product of the number of teeth on the drivens

= " " : 3 m ' I II 4
Product of the number of teeth on the drivers m : o

: Speed of the last driven or follower -
Train value =~ (‘. _ 5 ' ml ! |]] 6
Speed of the first driver J ]
_ Product of the number of teeth on the drivers Source: R. S. Khurmi
Product of the number of teeth on the drivens

Speed ratio =

5y
=

o

“.

we

_



COMPOUND GEAR TRAIN

Advantage of Compound Gear Train over simple gear train:

»a much larger speed reduction from the first shaft to the last
shaft can be obtained with small gears.

»|f a simple gear train is used to give a large speed reduction,
the last gear has to be very large.

Design of Spur Gears

x = Distance between the centres of two shalfts, X = d, +d,
N, = Speed of the driver, 2

I', = Number of teeth on the driver, speed ratio
d,= Pitch circle diameter of the driver, N L d; _ I
N, . T,and d,= Corresponding values for the driven Ny 4 4

p.= Circular pitch.

oy

p i
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NUMERICAL EXAMPLE -1

Two parallel shafts, about 600 mm apart are to be connected by
spur gears. One shatft is to run at 360 r.p.m. and the other at

120 r.p.m. Desian the gears, if the circular pitch is to be 25 mm.
Given: x =600 mm ; N, =360 rp.m.; N,= 120 tp.m. ; p_= 25 mm
d, = Pitch circle diameter of the first gear, and
d,= Pitch circle diameter of the second gear. 7, = 37, =114 ( *,* Speed ratio =3)

speed ratio, N _ dy _ 360 =3 or d,=3d, ) Now the exact pitch circle diameter of the first gear,
N 1 120 - Ty % 38 x 25
2 4 dy =- e, SONE,  505%6 s
I > T T

2 the exact pitch circle diameter of the second gear,

. » 4 TQXPC 114:% 25 i
From (i) and (i), dl = 300 mm, and dzz 900 mm dy = - = - =907.1 mm
Exact distance between the two shafts.
Number of teeth on the first gear, Il P -
9
ntd Tt x 300 -
I, ="2%= =377 =38

25
P 2

ﬁ -

)--rf‘;v

»
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REVERTED GEAR TRAIN

Used in automotive transmissions, lathe back gears, industrial speed reducers, and
in clocks (where the minute and hour hand shafts are co-axial). Compound

/’“‘\ § gear
The axes of the first gear (i.e. first driver) and the A \< \
. . . - /p\

last gear (i.e.Last driven are co-axial)
Let 7,=Numberof teeth on gear I, ,

: : . : N l /
r, = Pitch circle radius of gear I, and \u_ /K /

N, = Speed of gear 1 in r.p.m.

--"l | \ I\._ L‘) .I

Similarly,
T,, T, T,=Number of teeth on respective gears, | 5
S 1
ry, I3, 1y = Pitch circle radii of respective gears, and | |
N,, N, N, = Speed of respective gears in r.p.m. Cﬁ'ﬁ’(ial T
2 3 snaris 1 I

The distance between the centres of the shafts of |

gears 1 and 2 and the gears 3 and 4 are same JHHHHHHHHH
Source R. S. Khurmi

rytr,=ry+r,




REVERTED GEAR TRAIN

Compound
I'+T,=T;+T, ...(iM) gear
1 2 3 4
We know that circular pitch, A o \( \
T 2 | \ I| '\_l_,) I|

mT, m.T, mT; mT, oo l /
n= s Ih = — - = — I3 = ha
2 2 7 2 7 2

from equation ¥y + 1y = 13+ 1y

mly, ml, mT3; mT; 0
+ = +
2 2 2 2 !
1 2
Ty o P
‘ . Product of number of teeth on drivens | . '
Speed ratio = . . . Cu-amal -m
Product of number of teeth on drivers shafts i i
Lol 27 4 ... (iff) : '
Ni. TXT ] o

Source: R. S. Khurmi

From equations (i), (ii) and (iii), we can determine the number of teeth on each gear
for the given centre distance, speed ratio and module only when the number of teeth
on one gear is chosen arbitrarily

¥

p i
CErEn
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NUMERICAL EXAMPLE-2

The speed ratio of the reverted gear train, as shown in the figure is to
be 12. The module of gears A and B is 3.125 mm and of gears C and
D is 2.5 mm. Calculate the suitable numbers of teeth for the gears.
No gear is to have less than 24 teeth.

g Source: R. S. Khurmi
C
- - L . o L _ Y .
Solution. Given : Speed ratio, N,/Ny= 12 ; 3%
- s o) - - T, v
my=mpg=3.125mm:m=mpy=2.5 mm
Let N , = Speed of gear A, 200 mm
I', =Number of teeth on gear A, !
r, = Pitch circle radius of gear A, ‘&“ | Q B
S e B Driver Driven
Ng. No. N =Speed of respective gears, A
T'y. T, T, = Number of teeth on respective gears, and D

Iys I'e» Iy = Pitch circle radii of respective gears.

~,
=3

setay
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NUMERICAL EXAMPLE-2

Speed of first driver N

We know that speed ratio = - =—2A=12 B
® E Speed of last driven N —|C
Also N N, Ne ...(Ng = N.. being on the same shaft) | f
ND NB N[) 200 mm
Na Nc :
For Ny and N, © be same, each speed ratio should be /12 so that & {
N N N Driver Driven
A—AwTCc - f12xf12=12
ND NB ND A D
therefore Na _Ne _ 53460 = T _To _; 404 (i)
N N B - :
b re T Source: R. S. Khurmi

We know that the distance between the shafts

. Ll N R . =N
X=ry+Ig=re+mp= 200 mm

mpy Ty L Ing Tp _ me . T . mp-Tp _ 200 ( .o mj.T]
2 2 2 2 “
3A25 (T, + Ty = 2.5 (T o+ Ti5) =400 (" my=mg, and me=mp)
T,+Tg=400/3.125=128 ..(1r)
T, +T,=400/25=160 ... (1)

=

oy
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REVERTED GEAR TRAIN

From equation (i), Ty = 3.464 T ,. Substituting this value of T’y in equation (if),
r,+3464T,=128 or A= 128/4.464 = 28.67 say 28 Ans.
and T'p=128 —28 = 100 Ans.
Again from equation (i), Ty = 3.464 T .. Substituting this value of 7, in equation (iii),
To+3464T.=160 or T.=160/4.464=3584say 36 Ans.
and I'p=160-36= 124 Ans.

Note : The speed ratio of the reverted gear train with the calculated values of number of teeth on each gear is

Ny TyxT, 100x124

=123

Np TyxTe 28x36
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EPICYCLIC GEAR TRAIN

Source: R. S. Khurmi

Arm C

In an epicyclic gear train, the axes of the
shafts, over which the gears are mounted,
may move relative to a fixed axis.

Gear A and the arm C have a common
axis at O1 about which they can rotate

Epicyclic gear train.

The gear B meshes with gear A and has
its axis on the arm at O2, about which the

ear B can rotate.
,é,

AL A




Source: R. S. Khurmi

EPICYCLIC GEAR TRAIN

Arm C

If the arm Is fixed, the gear train is
simple and gear A can drive gear B or
vice- versa,.

If gear A is fixed and the arm is rotated
about the axis of gear A (i.e. O1), the
gear B is forced to rotate upon and
around gear A. Such a motion is called
epiCyCIiC- Epicyclic gear train.

»The epicyclic gear trains are useful for transmitting high velocity
ratios with gears of moderate size in comparatively lesser space.

»The epicyclic gear trains are used Iin the back gear of lathe,
differential gears of the automobiles,
iﬁ%hoists, pulley blocks, wrist watches etc.,

.
R R
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VELOCITY RATIOS IN EPICYCLIC GEAR TRAIN

The following two methods used for
finding out the velocity ratio of an
epicyclic gear train.

1. Tabular method
2. Algebraic method.




VELOCITY RATIOS IN EPICYCLIC GEAR

We know that NB /NA = TA/ TB. Since NA = | revolution, therefore NB = TA/ TB. Arm C
When the gear A makes one revolution anticlockwise,

the gear B will make T, / T revolutions, clockwise.

Assuming the anticlockwise rotation as positive
and clockwise as negative, we may say that when gear A
makes + 1 revolution, then the gear B will make  Source: R. S. Khurmi

- TA/ TB) revolutions.
Tabular method

Epicyclic gear train.

Revolutions of elements

Step No. Conditions of motion Arm C Gear A Gear B
. Ta
1 Arm fixed-gear A rotates through + | 0 %1 T
revolution i.e. | rev. anticlockwise 5
, o Ia
2. Arm fixed-gear A rotates through + x 0 +x —EX Tu
revolutions D
3. Add + y revolutions to all elements i/ R i
; o LA
4. Total motion +v ey y — X X T




Velocity Ratios in Epicyclic Gear Train

Revolutions of elements

Step No. Conditions of motion Arm C Gear A Gear B
) Ta

! Arm fixed-gear A rotates through + | 0 + 1 T
revolution i.e. | rev. anticlockwise B

- - TA
2, Arm fixed-gear A rotates through + x 0 +x - F‘
revolutions 2

= Add + y revolutions to all elements R 2 i

: : TA

4. Total motion +y X4V Sl T
- - B

when two conditions about the motion of rotation of any two
elements are known, then the unknown speed of the third

element may be obtained by substituting the given data in

the third column of the fourth row.

o)

% -
p et
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Velocity Ratios in Epicyclic Gear Train

(Algebraic method)
»The motion of each element of the epicyclic

train relative to the arm iIs set down In the
form of equations Source: R. S. Khurmi

Arm C

»The number of equations depends upon
the number of elements in the gear train

»But the two conditions are, usually,
supplied in any epicyclic train viz. some
element is fixed and the other has specified
motion

Epicyclic gear train.
»These two conditions are sufficient to solve
all the equations

p Yt o
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Velocity Ratios in Epicyclic Gear Train
(Algebraic method)

Let the arm C be fixed in an epicyclic gear train as shown in the
figure N N,

The sneed nf the near A relative tn the arm C Arm G
speed of the gear B relative to the arm C = Ng— N

Since the gears A and B are meshing directly, they will revolve in opposite

directions. Ny -Ne T,
Np — Nc Iy

: e N T
Since the arm C'is fixed, N,=0. g —B o A

: : . Ny Iy
[t the gear A is fixed, then N, = 0.
NB - NC _ _T_A | > & — 7 i T_A Epicyclic gear train.

0— N T N¢ Iy Source: R. S. Khurmi

Note : The tabular method is easier and hence mostly used in
solving problems on epicyclic gear train.

S

55
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NUMERICAL EXAMPLE-3

In an epicyclic gear train, an arm carries two gears A and B having 36

and 45 teeth respectively. If the arm rotates at 150 r.p.m.

In the

anticlockwise direction about the centre of the gear A which is fixed,
determine the speed of gear B. If the gear A instead of being fixed,

makes 300 r.p.m. in the clockwise direction, what will he the sneed_ of
gear B ?

Given :

T,=36:Tz=45:N,= 150 r.p.m. (anticlockwise)

Revolutions of elements

Step No. Conditions of motion Arm C Gear A Gear B
. Ty
] Arm fixed-gear A rotates through + 1 0 1 T
revolution (i.e. 1 rev. anticlockwise) B
” Ty
2 Arm fixed-gear A rotates through + x 0 +x = \'X?—
revolutions B
3 Add + y revolutions to all elements +y +y +y
. I
4 Total motion +y X4y b e e
J - TB
<
% o
p Y7 g

~ \ﬂm

_/\ /

Source: R. S. Khurmi




NUMERICAL EXAMPLE-3

Revolutions of elements

Step No. Conditions of motion Arm C Gear A Gear B
. To
1. Arm fixed-gear A rotates through + 1 0 +1 e
_ i _ C Ta
revolution (i.e. 1 rev. anticlockwise)

s Ta
% Arm fixed-gear A rotates through + x 0 +x —IXT—
revolutions B

3 Add + y revolutions to all elements +v +y +y
; W IA
4. Total motion +y X+ y —XxX =
' ’ B

Speed of gear B when gear A is fixed
Since the speed of arm is 150 r.p.m. anticlockwise, Source: R. S. Khurmi
therefore from the fourth row of the table, y =+ 150 r.p.m. B

Also the gear A is fixed, therefore x+y=0 / . Arm G
or x=-y=-150rp.m. | /_ m
‘ . T | | .
- Speedof gearB, Np =y -—xx—=2 /
‘ Ty -
1( o

=150 + 150 X 2> = + 270 r.p.m.
45

= 270 r.p.m. (anticlockwise) Ans.

4L

8%

I




NUMERICAL EXAMPLE-3

Revolutions of elements
Step No. Conditions of motion Arm C Gear A Gear B
. Ty
15 Arm fixed-gear A rotates through + 1 0 | ey
_ - . S Ta
revolution (i.e. | rev. anticlockwise)

i TA
5y Arm fixed-gear A rotates through + x 0 +x = I'XT—
revolutions B

3 Add + y revolutions to all elements +v +y +y
. o IA
4. Total motion +y X+y Y=k To
) ] 4

Speed of gear B when gear A makes 300 r.p.m. clockwise

Source: R. S. Khurmi

Since the gear A makes 300 r.p.m.clockwise, therefore from the fourth row of the table,

x+y=-300

. Speed of gear B,

or

Ta

x=-—300-y=-300- 150 =-450 r.p.m.

3
Ny=y-xXx-2=150+ 450x4—; =+ 510 r.p.m.

=510 r.p.m. (anticlockwise)

Iy

Ans.




NUMERICAL EXAMPLE-4

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 makeg 1( ch aréTkh‘ﬁlr%‘fk"‘”qp

1 ~ —I__H“
Given: T.=75:T.=30:T.=90: - .
=TT =30 T : / < e \
: (WIS / P +~ i/ \/ N \
f \ _-l\ _.“'.: ) I

N , = 100 r.p.m. (clockwise) \

—_—

' 'JII 'Ilr
—_—— '\T llllII— A -]Tl" _r":

II 5 -

Find the number of teeth on gear () \ 1 /< Ny % /

-

|
TB + TE — TC + TD
TE= TC+ TD_ TB: Al =02




NUMERICAL EXAMPLE-4

Revolutions of elements

Step Conditions of motion Arm A Compound Gear B Gear C
No. gear D-E
2 Ig Tp
l. Arm fixed-compound gear D-E 0 + 1 7 7

rotated through + 1 revolution ( i.e.
I rev. anticlockwise)

s T Tp
2. Arm fixed-compound gear D-E 0 +x —XXT— —-\‘XT—
rotated through + x revolutions B C
3. Add + y revolutions to all elements Y +y +Y +Y
. R sy D
4. Total motion 4y X+ y—xX y—xX
: : B Tc
Since the gear B is fixed, y —xx —= =0
rB
Cyeex P _0 —> y-06x =0 -.0)
' 75
Also the arm A makes 100 r.p.m. clockwise, therefore
y=-—100 ...(i) _
Source: R. S. Khurmi
Substituting (i) in equation (i), we get
x=-100/0.6 =- 166.67
=

fift
115




NUMERICAL EXAMPLE-4

Revolutions of elements

Step Conditions of motion Arm A Compound Gear B Gear C
No. gear D-E
Ty Ip
l. Arm fixed-compound gear D-E 0 + 1 T T
7 TB TC

rotated through + 1 revolution ( i.e.
I rev. anticlockwise)

.. Tg Tp
2. Arm fixed-compound gear D-E 0 +x —XXT— —-\'XT—
rotated through + x revolutions B C
3. Add + y revolutions to all elements +y +y +y +y
. Iy Ip
4. Total motion +y X+Vy y—XX_—= Y —XK
" ? Iy Ic
5 | — From the fourth row of the table, speed of gear C.,
—— I
| |E T 90
/C / \ Ne =y—xx—=2=-100+ 166.67 x — = + 400 r.p.m.
L .f ) “l\ | TC 30

| i \d -‘I’r B |
\\{ l//ﬁ =400 r.p.m. (anticlockwise) Ans.
ﬁ?& Source: R. S. _KTHurmi

)
b -t o
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COMPOUND EPICYCLIC GEAR TRAIN:
SUN AND PLANET GEAR




COMPOUND EPICYCLIC GEAR TRAIN: SUN

Annulus

e T GEAR
%ﬁ » The annulus gear A meshes with the

Arm%j /g] - gear B
SSUING .
& @\\{ N »the sun gear D meshes with the gear C.
N N
E o »when the annulus gear is fixed, the
un gearm/ NN sun gear provides the drive

A T
N\ . .
ﬁ*ﬂ; [ e »when the sun qgear is fixed, the
j& \ annulus gear provides the drive.
“H \

\ / >»In both cases, the arm acts as a

\ follower.
Source: R. S. Khurmi




COMPOUND EPICYCLIC GEAR TRAIN: SUN

/

o (19 )Jabo
/j“« -ANET GEAR

\ / | Source: R. S. Khurmi

Revolutions of elements

Step Conditions of motion Arm Gear D Compound gear Gear A
No. B-C
Ip Ip Ty
1. Arm fixed-gear D rotates 0 + 1 _T_ _T_ T
through + 1 revolution 2 D
. T
ol Arm fixed-gear D rotates 0 +x — XX T—D —x X T—D X T—B
through + x revolutions C Tc Ty
2 3 Add + y revolutions to all +y +y +y +y
elements
T T, T,

4. | Total motion +y XTY ol Tc T ?C— H




NUMERICAL EXAMPLE-5

An epicyclic gear consists of three gears A, B and C as shown in the
Figure. The gear A has 72 internal teeth and gear C has 32 external
teeth. The gear B meshes with both A and C and is carried on an arm
EF which rotates about the centre of A at 18 r.p.m.. If the gear A is
fixed, determine the speed of gears B and C.

.--"'-F-__ _---\-"‘-u

Source: R. S. Khurmi g | ™~
/ r/lg\

—

g
|l.
)
|
)

/e
I - _llll = (&
\_

Given:T,=72;T,=32; Speed of arm EF= 18 r.p.m. -|

NS




Revolutions of elements
Step No. Conditions of motion Arm EF | Gear C Gear B Gear A
" T; T T, T;
I Arm fixed-gear C rotates through 0 " e g B €
+ | revolution (i.e. 1 rev. Iy Ty Ty Ty
anticlockwise)
. Tc Te
5 Arm fixed-gear C rotates through 0 5 —XX—= — XX —
+ x revolutions Ty Ty
= Add + y revolutions to all 2 g ¥ L7
elements
T,
4. Total motion +y x4y |F—FX = y—% X e
- - B - TA
Speed of gear C Source: R. S. Khurmi

the speed of the arm is 18 r.p.m. therefore, y = 18 r.p.m.

and the gear A is fixed, therefore

2
v—.\'xT—CzO% 18—.\'x3—“=0—>~‘~.\'=40.5
' Ty 72
- Speed of gear C =x+y=40.5+18

=+ 58.5 r.p.m.

= 58.5 r.p.m. in the direction of arm. Ans.

8%

fift
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Revolutions of elements
Step No. Conditions of motion Arm EF | Gear C Gear B Gear A
" T; T T, T;
L Arm fixed-gear C rotates through 0 il & _ S -Be “C
+ | revolution (i.e. 1 rev. Ty Iy T Ta
anticlockwise)
. Tc Te
5 Arm fixed-gear C rotates through 0 5 —XX—= — XX —
+ x revolutions ! Ta
= Add + y revolutions to all 2 g t 2
elements
: i T,
4. Total motion +y x+y | Y—XX — J—iEE
' v B TA
Speed of gear B Source: R. S. Khurmi
Letd,. dyand d be the pitch circle diameters of gears
from the geometry of Fig. oy + g6 _Ma or 2dy+d~=d

Since the number of teeth are proportional to their pitch circle diameters,

2T +T=T, or 2T3+32=72 or Tg=20
: 32
Speed of gear B =y-xX ;—C =18 — 40.5 x i 46.8 r.p.m.
B 4

= 46.8 r.p.m. in the opposite direction of arm. Ans.




NUMERICAL EXAMPLE-6

An epicyclic train of gears is arranged as shown in
Fig. How many revolutions does the arm, to which the pinions B and
C are attached, make :
1. when A makes one revolution clockwise and D makes half a
revolution anticlockwise, and

2. when A makes one revolution clockwise and D is stationary ?

The number of teeth on the gears A and D are 40 and 90
respectively.

3 — AR - Source: R. S. Khurmi
Given: T, =40:T,=90

find the number of teeth on gears B and C (i.e. Tpand T ).

r =) e 1 S =) . : Y P4 ; 2 — —
from the geometry of the figure, dy+dg+d.=dy, or d,+2dg=dy ..(: dy=d.)

Since the number of teeth are proportional to their pitch circle diameters,
o X M 104+2 T =€
Ir,+2Ty=T, or 40+2T;=90

TB =25, and TC




NUMERICAL EXAMPLE-6

\ \ 4 /
&y p— /
\ '\ 1‘/. /" ; /
\:\m: / C - P D

Source: R. S. Khurmi

Revolutions of elements
Step No. Conditions of motion Arm Gear A Compound Gear D
gear B-C
T Ta o 5 y
o A A B _ A
l. Arm fixed, gear A rotates 0 — +T_ +T_XT_—+T_
through — 1 revolution (i.e. 1 - 5k -
rev. clockwise)
A Arm fixed, gem‘. A rotates 0 Ly + XX T_A e T_A
- through — x revolutions ’ Ty Tp
3. Add — y revolutions to all| _y —y —y v
elements
T T
A_y XAy
4. Total motion —y Xy R X b
Ty Ip

1. Speed of arm when A makes 1 revolution clockwise and D makes half revolution anticlockwise
Since the gear A makes 1 revolution clockwise, therefore from the fourth row of the table,
—-x—y=-1 or x+y=1 w0y

Also, the gear D makes half revolution anticlockwise, therefore

T, | ,
xX2_y=— or o S
Ty - 9 2
40x-90y=45 or x=225y=1.125 ..(i)

From equations (i) and (ii), x=1.04 and y=-—0.04
Speed of arm=—y =— (- 0.04) =+ 0.04

= (.04 revolution anticlockwise Ans.




NUMERICAL EXAMPLE-6

Revolutions of elements
Step No. Conditions of motion Arm Gear A Compound Gear D
gear B-C
T T, T, 1
3 A A 2B _ i 2A
1. Arm fixed, gear A rotates 0 - +T_ +T_XT__+T_
through — 1 revolution (i.e. | : + = =
rev. clockwise)
4 Arm fixed, gear A rotates 0 - +xX Ta +xX Ta
=% through — x revolutions ' Ty Tp
) Add — y revolutions to all| _y —y —y — i
elements
T T,
A _y i S
4. Total motion -y —X-y ot X y
Ty Tp
2. Speed of arm when A makes 1 revolution clockwise and D is stationary Source: R. S. Khurmi

Since the gear A makes 1 revolution clockwise, therefore from the fourth row of the
table,

-x-y=-1 or x+y=1 ..(1in)

Also the gear D is stationary, therefore

.\~><T—A-.\-=o or xxﬂ—\':O
Th 90 -
40x-90y=0 or x=225y=0 .iv)
From equations (ii7) and (iv),
x=4)692 and y =0.308

Speed of arm =—y =—0.308 = 0.308 revolution clockwise Ans.




Industrial applications of gears

Type of Gear

Common Industries and Applications

Spur

Clocks

Pumps

Watering systems

Household appliances

Clothes washing and drying machines
Power plants

Material handling systems

Aerospace and aircrafts

Railways and trains

Helical

Same as spur gears but with greater loads and higher
speeds (see above)
Automobiles (transmission systems)

Bevel

Pumps

Power plants

Material handling systems
Aerospace and aircrafts
Railways and trains
Automobiles

Worm

Instruments

Lifts and elevators

Material handling systems
Automobiles (steering systems)

Rack and Pinion

Weighing scales

Material handling and transfer systems
Railways and trains

Automobiles (steering systems)
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Assignment questions

. a)Make a comparison of cycloidal and involute tooth forms.b) Two 200 pressure
angle involute gears in mesh have a module of 10mm. Addendum is module.
Large gear has 50 teeth and the pinion has 13 teeth. Does interference occur? If
it occurs, to what value should the pressure angle be changed to eliminate
interference?

. Sketch two teeth of a gear and show the following: face, flank, top land, bottom
land, addendum, dedendum, tooth thickness, space width, face width and
circular pitch. Derive a relation for minimum number of teeth on the gear wheel
and the pinion to avoid interference

. Two gears in mesh have a module of 10 mm and a pressure angle of 250. The
pinion has 20 teeth and the gear has 52. The addendum on both the gears is
equal to one module.

a. Determine (i) The number of pairs of teeth in contact (ii) The angles of
action of the pinion and the wheel (iii) The ratio of the sliding velocity to
the rolling velocity at the pitch point and at the beginning and end of
engagement.

. What is a worm and worm wheel? Where is it used? Two 200 involute spur
gears mesh externally and give a velocity ratio of 3. Module is 3 mm and the
addendum is equal to 1.1 module. If the pinion rotates at 120 r.p.m. find: (i) The
minimum number of teeth on each wheel to avoid interference. (ii) The number
of pairs of teeth in contact

. Two involute gears of 20° pressure angle are in mesh. The number of teeth on
pinion is 20 and the gear ratio is 2. If the pitch expressed in module is 5 mm, and
the pitch line speed is 1.2 m/s, assuming addendum as standard and equal to one
module, find (i) the angle turned through by pinion when one pair of teeth is in
mesh; and (ii) the maximum velocity of sliding

. An epicyclic gear train shown in figure below.

DEPARTMENT OF MECHANICAL ENGINEERING



The internal gear D has 90 teeth and the sun gear A has 40 teeth. The two planet
gears B & C are identical and they are attached to an arm as shown. How many
revolutions does the arm makes, (i) When’A’ makes one revolution in
clockwise and ‘D’ , makes one revolution in clockwise and ‘D’ makes %2
revolutions in opposite sense. (ii) When ‘A’ makes one revolution in clockwise
and ‘D’ remains stationary.

. Two mating gears have 20 and 40 involute teeth of module 10mm and 20°
pressure angle .The addendum on each wheel is to be made of such a length that
the line of contact on each side of the pitch point has half of the maximum
possible length. Determine the addendum height for each gear wheel, length of
the path of contact, arc of contact and contact ratio.
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Part A is compulsory which carriers 25 marks and Answer all questions.
Part B Consists of 5 SECTIONS (One SECTION for each UNIT). Answer FIVE
Questions, Choosing ONE Question from each SECTION and each Question carries
10 marks.

PART - A (25 Marks)

1.(a) What is the degrees of freedom of a mechanism? How it is determined?(2M)

(b) Explain  Grubler’s - criterion for determining degrees of freedom for
mechanisms?(3M)
(C )What Is a Double Hooke’s Joint? Explain its significance.(2M)
(d) What is the general condition to maintain exact straight line motion of a point in a
mechanism?(3M)
(e) Draw approximate acceleration diagram for a slider crank mechanism.(2M)
(f) Explain Coriolis component of acceleration and its significance.(3M)
(g) Derive the expression for velocity and acceleration during out stroke of follower
with simple harmonic motion.(2M)
(h) Draw the displacement diagram for a follower with uniform velocity for cam
rotation during rise.(3M)
(i) Define the terms module and circular pitch in gears.(2M)
(j) The distance between two parallel shafts is 600 mm are connected by spur gearing. If
one shaft runs at 120 rpm and the other at 360 rpm. Find the number of teeth on each
wheel, if the module is 8 mm.(3M) var
PART -B (50 Marks)
SECTION -1
(a)Distinguish the machine and the mechanism? Explain how machines are classified?
(b)What is meant by inversion of a mechanism? Describe with the help of suitable
sketches the inversion of double Slider crank chain.
(OR)
3. (a) Explain different types of constrained motions of a mechanism.
(b) How are kinematic pairs are classified? Explain with examples.
SECTION - 11
4. (a) Determine the maximum permissible angle between the shaft axes of a universal
joint if the driving shaft rotates at 800 rpm and the total fluctuation of speed does
not exceed 60 rpm. Also find the maximum and the minimum speeds of the driven
shaft.
(b) Sketch a Paucellier mechanism. Show that it can be used to trace a straight line.
(OR)
(a) What is a pantograph? Show that it can produce paths exactly similar to the ones
traced out by a point on a link on an enlarged or reduced scale?
(b)What conditions must be satisfied by the steering mechanism of a car in order that
the wheels may have a pure rolling motion when rounding a curve? Deduce the
relationship connecting the inclinations of the front stub  axles to the rear axle, the
distance between the pivot centers for the front axles and wheelbase of the car.
SECTION - III

6. (a) Discuss the three types of instantaneous centres for a mechanisms.

R15




(b) The mechanism of a wrapping machine as shown in figure below has the following
dimensions O1A is 100 mm, AC is 700mm, BC is 200mm, O3C is 200mm, O2E is
400mm, O2D is 200mm and BD is 150mm. The crank O1A rotates at a uniform speed

of 100 rad/sec. Find the velocity of the point E of the bell crank lever by instantaneous
centre method.
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(OR)

7. A crank and rocker mechanism ABCD has the following dimensions: AB =0.75m,
BC=1.25m, CD =1 m, AD =1.5 m and CF = 500 mm. AD is the fixed link. F lies
on BC produced. Crank AB has an angular velocity of 30 rad/s counter clock-wise
and a deceleration of 200 rad/s2 at the instant angle DAB= 300. Find
(a) The instantaneous linear acceleration of C and F and
(b) The instantaneous angular velocities and accelerations of links BC and CD.

SECTION -1V
8. A cam rotating clockwise at a uniform speed of 200 rpm 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 degrees respectively. The follower dwells for the rest of
cam rotation. The least radius of the cam is 50mm, the lift of the follower is 25mm and the

diameter of the roller is 10mm. The line of stroke of the follower is offset by 20 mm from
the axis of the cam. Draw the cam profile.

(OR)
9. (a) Define the following terminology of cams.
(i) base circle (ii) trace point (iii) pitch curve (IV) pressure angle.

(b) Deduce expressions for the velocity and acceleration of the follower, when it moves
with the simple harmonic motion.

SECTION.V

0
10. (a) Two gears in mesh have a module of 10 mm and a pressure angle of 25 . The pinion

has 20 teeth and the gear has 52. The addendum on both the gears is equal to one
module. Determine

i) The number of pairs of teeth in contact
i) The angles of action of the pinion and the wheel

iii) The ratio of the sliding velocity to the rolling velocity at the pitch point and at the
beginning and end of engagement.

(b) Derive a relation for minimum number of teeth on the gear wheel and the pinion to
avoid interference.

(OR)
I'l. (a)Explain with a neat sketch the sun and planet wheel.
(b) In areverted epicyclic gear train, the arm A carries two gears Band Cand a
compound gear D-E. The gear B meshes with gear E and the gear C meshes with gear
D. The number 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.

&
Pain®



(b) The driving shaft of a Hooke’s joint has a uniform angular speed of 280 rpm.
Determine the maximum permissible angle between the axis of the shafts to permit a
maximum variation in speed of the driven shaft by 8% of the mean speed.
SECTION — III
6. (a)State and prove the Kennedy’s theorem as applicable to instantaneous centres of
rotation of three bodies. How is it helpful in locating various instantaneous centres of a
mechanism?

(b)In a four bar chain ABCD, AD is the fixed link 12 cm long, crank AB is 3 cm long
and rotates uniformly at 100 r.p.m. clockwise while the link CD is 6 cm long and
oscillates about D. Link BC is equal to link AD. Find the angular velocity of link DC
when angle BAD is 60°. .
(OR)

7. In the mechanism shown in figure, the crank OA makes 400 rpm in the counter clock
wise direction. Find (i) Angular velocity of the link BA and (ii) Velocity of the slider
at Aé:The lengths of the links are OA = 60 mm, OB =220 mm and BC = 300 mm.

L7 T ~*B
SECTION -1V

8. A cam rotating clockwise at a uniform speed is required to give a knife edge reciprocating
follower a motion defined below.
(i) follower to move outwards a distance of 25mm during 120° of cam rotation
(ii) follower to dwell for 60° of cam rotation.
(iii) follower to return to its initial position during 90° of cam rotation.
(iv) follower to dwell for the remaining 90° of cam rotation.
The minimum radius of the cam is 50 mm, the line of stroke of the follower is offset 18.75
mm from the axis of the cam and the displacement of the follower is to takes place uniform
and equal acceleration and retardation on both the outward and return strokes. Draw the
profile of cam.

(OR)

9. (a) Name the different motions that a follower can have

(b) From the following data draw the profile of cam in which the follower moves with
S.H.M during ascent while it moves with U.A.D motion during decent:
Least radius of cam is 50mm, Angle of ascent, 6= 48°
Angle of dwell between ascent and descent, Opg = 42°
Angle of descent 6, = 60° , the lift of follower = 40 mm
Diameter of roller = 30mm
Distance between line of action of the follower and axis of cam = 20mm
If the cam rotates at 360 r.p.m anti-clockwise, find the maximum velocity and acceleration of

the follower during descent.
SECTION -V

10. In a reverted gear train, as shown in F igure two shafts A and B are in the same straight line
and are geared together through an intermediate parallel shaft C. The gears connecting the
shafts A and C have a module of 2 mm and those connecting the shafts C and B have a-
module of 4.5 mm. The speed of shaft A is to be about but greater than 12 times the speed of
shaft B, and the ratio at each reduction is same. Find suitable number of teeth for gears. The
number of teeth of each gear is to be a minimum but not less than 16.
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11. Figure shows an epicyclic gear train. Two planet gears B and C having 30 teeth each are
attached to the arm E and Gear A is having 40 teeth instead of 50, then find the number of
revolutions made by the arm when:

(i) gear A makes one revolution Clockwise and D makes half a revolution anticlockwise and
(ii) gear A makes one revolution clockwise and D is stationary.

S
; D0 LI

ok ook sk st skok



R17
Code No: R17A0306
MALLA REDDY COLLEGE OF ENGINEERING & TECHNOLOGY
(Autonomous Institution — UGC, Govt. of India)
Il B. Tech | Semester Regular Examinations, November 2018
Kinematics of Machinery
(ME)

Roll No

Time: 3 hours Max. Marks: 70
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ONE Question from each SECTION and each Question carries 14 marks.
*k*
SECTION-I
1 Sketch and explain any two inversions of a double slider crank chain. [14M]

OR
2 In a crank and slotted lever quick return motion mechanism, the distance between [14M)]
the fixed centers is 240 mm and the length of the driving crank is 120mm. 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.

SECTION-1I
3 Sketch and describe the Peaucellier straight line mechanism indicating clearly the  [14M]
conditions under which the point P on the corners of the rhombus of the
mechanism generates a straight line.
OR
4 What is the condition for correct steering? Sketch and show the two main types of [14M)]
steering gears and discuss their relative advantages.
SECTION-111I
5 Draw and explain Klien’s construction for determining the velocity and [14M]
acceleration of the piston in a slider crank mechanism.
OR
6  The crank and connecting rod of a theoretical steam engine are 0.5 m and [14M]
2 m long respectively. The crank makes 180 r.p.m. in the clockwise
direction. When it has turned 45° from the inner dead centre position,
determine: 1. velocity of piston, 2. angular velocity of connecting rod,
3.Velocity of point E on the connecting rod 1.5 m from the gudgeon pin.

SECTION-1V

7 Construct the profile of a cam to suit the following specifications: Cam shaft [14M]
diameter = 40mm, least radius of cam = 25mm, diameter of roller=25mm, angle of
lift=120°, Angle of fall = 150°, Lift of the follower = 40mm, Number of pauses are
two of equal interval between motions, During the lift the motion is SHM. During
the fall the motion is uniform acceleration and deceleration. The speed of the cam
shaft is uniform. The line of stroke of the follower is off-set 12.5mm from the
center of cam.
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OR
8  Acam is to be designed for a knife edge follower with the following data: 1. Cam [14M]

lift = 40mm during 90° of cam rotation with simple harmonic motion. 2. Dwell for
the next 30°. 3. During the next 60° of cam rotation, the follower returns to its
original position with simple harmonic motion 4. Dwell during the remaining
180°. Draw the profile of the cam when (a) the line of stroke of the follower passes
through the axis of the cam shaft, and (b) the line of stroke is offset 20 mm from
the axis of the cam shaft. The radius of the base circle of the cam is 40 mm.
Determine the maximum velocity and acceleration of the follower during its
ascent and descent, if the cam rotates at 240 rpm.

SECTION-V

9 Two involutes gears of 20° pressure angle are in mesh. The number of [14M]
teeth on pinion is 20 and the gear ratio is 2. If the pitch expressed in
module is 5 mm and the pitch line speed is 1.2 m/s, assuming addendum
as standard and equal to one module, find:
(i) The angle turned through by pinion when one pair of teeth is in mesh; and
(i) The maximum velocity of sliding
OR
10  Classify and explain gear trains with neat sketches. Also determine the velocity [14M]
ratio in each case.
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Page 2 of 2



R17
Code No: R17A0306
MALLA REDDY COLLEGE OF ENGINEERING & TECHNOLOGY
(Autonomous Institution — UGC, Govt. of India)
Il B. Tech | Semester Regular Examinations, November 2018
Kinematics of Machinery
(ME)

Roll No

Time: 3 hours Max. Marks: 70
Note: This question paper Consists of 5 Sections. Answer FIVE Questions, Choosing
ONE Question from each SECTION and each Question carries 14 marks.
*k*
SECTION-I
1 Sketch and explain any two inversions of a double slider crank chain. [14M]

OR
2 In a crank and slotted lever quick return motion mechanism, the distance between [14M)]
the fixed centers is 240 mm and the length of the driving crank is 120mm. 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.

SECTION-1I
3 Sketch and describe the Peaucellier straight line mechanism indicating clearly the  [14M]
conditions under which the point P on the corners of the rhombus of the
mechanism generates a straight line.
OR
4 What is the condition for correct steering? Sketch and show the two main types of [14M)]
steering gears and discuss their relative advantages.
SECTION-111I
5 Draw and explain Klien’s construction for determining the velocity and [14M]
acceleration of the piston in a slider crank mechanism.
OR
6  The crank and connecting rod of a theoretical steam engine are 0.5 m and [14M]
2 m long respectively. The crank makes 180 r.p.m. in the clockwise
direction. When it has turned 45° from the inner dead centre position,
determine: 1. velocity of piston, 2. angular velocity of connecting rod,
3.Velocity of point E on the connecting rod 1.5 m from the gudgeon pin.

SECTION-1V

7 Construct the profile of a cam to suit the following specifications: Cam shaft [14M]
diameter = 40mm, least radius of cam = 25mm, diameter of roller=25mm, angle of
lift=120°, Angle of fall = 150°, Lift of the follower = 40mm, Number of pauses are
two of equal interval between motions, During the lift the motion is SHM. During
the fall the motion is uniform acceleration and deceleration. The speed of the cam
shaft is uniform. The line of stroke of the follower is off-set 12.5mm from the
center of cam.

Page 1 of 2



OR
8  Acam is to be designed for a knife edge follower with the following data: 1. Cam [14M]

lift = 40mm during 90° of cam rotation with simple harmonic motion. 2. Dwell for
the next 30°. 3. During the next 60° of cam rotation, the follower returns to its
original position with simple harmonic motion 4. Dwell during the remaining
180°. Draw the profile of the cam when (a) the line of stroke of the follower passes
through the axis of the cam shaft, and (b) the line of stroke is offset 20 mm from
the axis of the cam shaft. The radius of the base circle of the cam is 40 mm.
Determine the maximum velocity and acceleration of the follower during its
ascent and descent, if the cam rotates at 240 rpm.

SECTION-V

9 Two involutes gears of 20° pressure angle are in mesh. The number of [14M]
teeth on pinion is 20 and the gear ratio is 2. If the pitch expressed in
module is 5 mm and the pitch line speed is 1.2 m/s, assuming addendum
as standard and equal to one module, find:
(i) The angle turned through by pinion when one pair of teeth is in mesh; and
(i) The maximum velocity of sliding
OR
10  Classify and explain gear trains with neat sketches. Also determine the velocity [14M]
ratio in each case.
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PART-A (25 Marks)

1). What is the expression that gives the relation between number of links and number of joints,  [2M]
a  which constitute a kinematic chain?

b Write a short notes on Scotch Yoke mechanism. [3M]
¢  What is fundamental equation of steering gears. [2M]
d  When a double Hooks joint provide constant speed of driving and driven shafts. [3M]
e  What is coriolis component of acceleration. [2M]
f  What is meant by Space centrode and body centrode. [3M]
g Define pitch curve, pressure angle and base circle with reference to cams. [2M]
h  What are the different types of motion with which a follower can move? [3M]
i State the fundamental law of gearing [2M]
j  What do you mean by gear train? [3M]

PART-B (50 MARKYS)
SECTION-I

2  (a) Define a kinematic pair. Explain the various types of kinematic pairs giving at least one [10M]
distinguishing feature of each.
(b) Define kinematic chain. How does it differ from a mechanism?
OR
3 Define inversion of mechanism. Explain with the help of suitable sketches the inversion of [10M]
double slides crank mechanism.
SECTION-1I
4 Ina Watt mechanism of the type shown in figure. The links OA and DB are perpendicular to [10M]
the link AB in the mean position. If OA =40mm, DB =80mm and AB=55mm, find the point
C on the link AB produced for approximate straight line motion of point C

T AR
OR

5 (a) What conditions must be satisfied by the steering mechanism of a car in order that the [10M]
wheels may have a pure rolling motion when rounding a curve? Deduce the relationship
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connecting the inclinations of the front stub axles to the rear axle, the distance between the

pivot centers for the front axles and wheelbase of the car.

(b) A Hooke’s joint connects a shaft running at a uniform speed of 1200 rpm to a second

shaft, the angle between their axes being 20 degrees. Find the velocity and acceleration of

the driven shaft at the instant when the fork of the driving shaft has turned through an angle

of 15° from the plane containing the shaft axes. At what positions of the driving shaft during

a revolution, the angular velocity of the driven shaft is the same as that determined above?
SECTION-I1I

Explain the Klein construction for finding the velocity and acceleration in the following

mechanisms.

(a) Single slider crank chain

(b) Four bar chain.

OR
In a four link mechanism, the dimensions of the links are as under:
AB=50 mm, BC=66 mm, CD= 56 mm and AD=100 mm.
At the instant when angle DAB= 60°, the link AB has angular velocity of 10.5 radians/s in
the counter clockwise direction. Determine the
(a) Velocity of the point C
(b) Velocity of the point E on the link BC when BE=40 mm
(c) Angular velocities of the links BC and CD
SECTION-IV
Draw the profile of cam operating a knife edge follower having a lift of 30 mm. The cam
raises the follower with SHM for 150° of rotation followed by a period of dwell for 60° . The
follower descends for the next 100° rotation of the cam with uniform velocity, again
followed by a dwell period. The cam rotates at a uniform velocity of 120 rpm and has a least
radius of 20 mm. What will be the maximum velocity and acceleration of the follower during
the lift and the return
OR
A symmetrical cam has a base circle 60 mm radius, arc of action 110°, straight flanks and tip
is a circular arc. The line of action of the follower passes through the centre line of cam
shaft. The follower which has 40 mm diameter roller has a lift of 26 mm. Calculate the
velocity and acceleration of the follower when moving outward and contact is just reaching
the end of straight flank. The cam rotates at 500 rpm
SECTION-V
Two mating in volute spur gears with module pitch of 5 mm have 20 and 40 teeth of 20°
pressure angle and 5 mm addendum. Determine the maximum velocity sliding and the angle
turned through by pinion, when one pair of teeth is in mesh and pitch line speed is 1.2 m/s
OR
In an epicyclic train an annular wheel A having 54 teeth meshes with a planet wheel B which
gears with a sun wheel C, the wheels A and C being co-axial. The wheel B is carried on a pin
fixed on one end of arm P which rotates about the axis of the wheels A and C. if the wheel A
makes 20 r.p.m. in a clockwise sense and the arm P rotates at 100 r.p.m. in the anticlockwise

direction and the wheel C has 24 teeth, determine r. p. m and sense of rotation of the wheel C
*hkkkhkkk
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**k*
SECTION-I
1 a) What is the significance of degrees of freedom of a kinematic chain when it [14M]
functions as a mechanism.(7M)
b) Sketch and explain any two inversions of a slider crank chain. (7M)
OR
2  Find the maximum and minimum transmission angles for the mechanism as [14M)]
shown in figure. The figure indicates the dimensions in standard units of
length.

.....
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SECTION-1I
3 In the four bar mechanism shown in fig., AB = 190mm, BC=CD=280mm, [14M]
AD=500mm, Determine i. Acceleration of C, ii. Angular acceleration of links
Bc and CD.

4  Explain Scott Russel mechanism for tracing a straight line. [14M]
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SECTION-111
State and prove the Kennedy’s theorem as applicable to instantaneous centers
of rotation of three bodies. How is it helpful in locating various instantaneous
centers of a mechanism?

OR
Explain in detail about the various methods to find velocity and acceleration of
links of a mechanism.

SECTION-IV

Explain the construction of cam profile for simple harmonic motion to the
roller follower of the cam. Also derive the expression for maximum velocity
and maximum acceleration of the follower.

OR
A cam with 30mm as minimum diameter is rotating clockwise at a uniform
speed of 1200rpm and has to give the following motion to a roller follower
10mm in diameter:
(1) Follower to complete outward stroke of 25mm during 120° of cam rotation
with equal uniform acceleration and retardation.
(ii) 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 remaining 90°of cam rotation.

SECTION-V

A pair of gears, having 40 and 20 teeth respectively, are rotating in mesh, the
speed of the smaller being 2000 rpm. Determine the velocity of sliding
between the gear teeth faces at the point of engagement, at the pitch point, and
at the point of disengagement if the smaller gear is the driver. Assume that the
gear teeth are 20° involute form, addendum length is 5 mm and the module is
5 mm. Also find the angle through which the pinion turns while any pairs of
teeth are in contact.

OR

In an epi cyclic gear train of the sun and planet type as shown in Fig, the pitch
circle diameter of the internally toothed ring D is to be 216 mm and the
module 4 mm. When the ring D is stationary, the spider A, which carries three
planet wheels C of equal size, is to make one revolution in the same sense as
the sun wheel B for every five revolutions of the driving spindle carrying the
sun wheel B, Determine suitable number of teeth for all the wheels and the
exact diameter of pitch circle of the ring.

= [ =)
N
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PART-A (25 Marks)

1).a Explain giving examples the following terms: [2M]
i. Kinematic link ii. Kinematic pair
b Define the term ‘Inversion of a mechanism [3M]
¢  What is the main disadvantage of Scott Russell’s mechanism [2M]
d  What are the major differences between Ackerman and Davis steering mechanisms. [3M]
e  Acar starts from rest and accelerates uniformly to a speed of 80Km/hr over a distance of [2M]
250m. Calculate the acceleration and time taken to attain the speed.
f  Define the term instantaneous centre of rotation. [3M]
g Differentiate between Pitch point and Trace point with reference to cams. [2M]
h  Why aroller follower is preferred to that of a knife-edged follower [3M]
i Define the terms: path of approach and path of recess and path of contact between two [2M]
mating gears
j What are the various types of gear trains [3M]
PART-B (50 MARKS)
SECTION-I

2 (a) What is the difference between an element and a kinematic link of a mechanism? How [10M]
do you classify links of a mechanism?
(b) What do you mean by degree of freedom of a kinematic pair? How the pairs are
classified? Give examples.
OR
3 Discuss in detail atleast two inversions of single slider crank chain mechanisms which give [10M]
quick return motion. Give examples of their applications.
SECTION-11
4 (a) Describe mechanisms used by approximate copying. [10M]
(b) Describe working of Watt.T. Chebicheff mechanism.
OR
5  (a) For an Ackermann steering gear, derive the expression for the angle of inclination of the [10M]
track arms to longitudinal axis of the vehicle.
(b) A Hooke’s joint connects two shafts whose axes intersect at 150°. The driving shaft
rotates uniformly at 120rpm. The driven shaft operates against a steady torque of 150 Nm
and carries a flywheel whose mass is 45 Kg and radius of gyration 150mm. Find the
maximum torque which will be exerted by the driving shaft.
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SECTION-111
In a four bar chain ABCD, AB = 10 cm, BC =28 cm, CD = 24 cm and DA =40 cm. When
AB is inclined to horizontal at 45° and rotates at 30 r.p.m, find the velocity and acceleration
of points E, F and G. E is on BC produced at 5 cm, BF = 20 cm and G is 30 cm from B and
15 cm from C outside the chain. Also find the angular velocity and angular acceleration of
BC.

OR
Sketch a quick return motion of the crank and slotted lever type and explain the procedure of
drawing the velocity and acceleration diagram, for any given configuration of the mechanism
by instantaneous centre method.

SECTION-IV

A cam, with a minimum radius of 50 mm, rotating clockwise at a uniform speed, is required
to giver a knife-edged follower the motion as described below: (a) To move outwards
through 40 mm during 100° rotation of the cam; (b) to dwell for next 80° (c) To return to its
starting position during next 90 ° and (d) To dwell for the rest period of revolution. Draw the
profile of the cam (i) When the line of stroke of the follower passes through the centre of the
cam shaft and (ii) When the line of stroke of the follower is to take place with Uniform
acceleration and uniform retardation. Determine the maximum velocity and acceleration of
the follower when the cam shaft rotates at 900 r.p.m.

OR
A cam has straight working faces which are tangential to a base circle of diameter 90 mm.
The follower is a roller of diameter 40 mm and the centre of roller moves along a straight
line passing through the centre line of the cam shaft. The angle between the tangential faces
of the cam is 90° and the faces are joined by a nose circle of 10 mm radius. The speed of
rotation of the cam is 120 revolutions per min. Find the acceleration of the roller centre (i)
When during the lift; the roller is just about to leave the straight flank. (ii) When the roller is
at the outer end of its lift?

SECTION-V

Two 20° involute spur gears have a module of 10mm. The addendum is one module. The
larger gear has 50 teeth and the pinion 13 teeth. Does the interference occur? If it occurs, to
what value should the pressure angle be changed to eliminate interference?

OR
An epicycle gear train is shown in figure, the number of teeth on A and B are 80 and 200.
Determine the speed of the arm A.
(a) if "A' rotates at 100 rpm clock wise and B at 50 rpm counter clockwise.
(b) if "A'rotates at 100 rpm clockwise and B is stationary
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