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Message from the Editor-in-Chief

Publication of the October 2017 issue of the Bulletin of the Association
for Machines and Mechanisms (AMM) is now ready. This Volume 9, No.
4, October 2017 issue of the Bulletin of the AMM is co-edited by Dr.
Shital S. Chiddarwar, the Zonal Vice President (West).

In this issue, an article, named, “Kinematic synthesis of planar
mechanisms - an overview”, is included authored by P.M. Padole
Professor, Mechanical Engineering Department, Visvesvaraya National
Institute of Technology, Nagpur.

Announcements of different events being organized around the world
are there in this issue of the bulletin. iNaCoMM, the flagship event of the
AMM, is being organised in this year 2017 by Bhaba Atomic Research
Centre on December 13-15 2017 in Mumbai. This is the 3 International
and 18t National Conference on Machines and Mechanisms. There will
also be a Student Mechanism Design Contest during this event.

Dr. G. Sarvana Kumar, The Secretary AMM, and other office bearers are
heartily thanked for extending the background support in publishing
this issue. The existing Editorial Team of the Bulletin of the AMM is
completing its 4-year term by the end of this year, and hope the forth-
coming Annual General Body meeting will choose a new Editorial Team
who will continue the publication of this bulletin in a better way. Best
wishes to the New Editorial Team in advance!

AMM members and others are invited to contribute articles, and the
same may please be sent to the editorial team for January 2018 issue of
the New Year. Constructive suggestions, comments towards improving
the quality of the Bulletin of the AMM are welcome.

Hope for a Very Happy New Year 2018 !

Prof. Santanu Das
Editor-in-Chief



About the Association of Machines and Mechanisms (AMM)

AMM headquarters are currently located at the Department of Engineering Design, IIT
Madras. A new set of office bearers have taken charge of the affairs of AMM. AMM invites
both individual and corporate membership from Indian academia, research organizations and
industry. Membership benefits and other information about AMM are available at
www.ammindia.org. The body of Zonal Vice Presidents (ZVPs) is active over the past
several years with representations from the four corners of the country. They are playing the
role of nodal agencies so as to decentralise the AMM official activities and to organise
workshops under the aegis of AMM to popularise the mechanism science in their respective
regions. They also form the editorial team of this news bulletin. AMM invites contributory
articles from its members and others working in the various fields of mechanisms science for
this quarterly news bulletin. Interested people can contact the editorial team.
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Contributed Article

Kinematic Synthesis of Planar Mechanisms — An Overview

P.M. Padole
Professor, Mechanical Engineering Department,
Visvesvaraya National Institute of Technology, Nagpur

The story of the kinematic analysis and synthesis begins with random growth of machines
and mechanisms in the nineteenth century. In fact machines and mechanism are words giving
two different images, which are close to each other. The term machine is associated with the
use and transmission of the force, and motion also with varying degree but role of the force is
dominating. The mechanisms whereas, definitely related to motion rather than force. The
machine mainly consists of different types of mechanisms.

The kinematic analysis is the science related to determination of motion parameters of the
given machine or mechanisms. It may be related to displacement, velocity, acceleration, jerk
etc. However, kinematic synthesis is just reverse problem, it is the determination of
mechanisms, which are suppose to satisfy some motion requirements in terms of
displacements, velocity, acceleration etc. Thus, kinematic synthesis is the fundamental step in
the design to create the new hardware to satisfy particular needs of the motion.

In the nineteenth century many researchers like Prof. Franz Reuleaux, Prof. Kurt Hain, R.
Beyer, Prof. Burmestar, Hartmann etc. put forth many concepts and graphical procedures
related to mechanism synthesis and analysis.

The major three steps followed in kinematic synthesis are :
(i) Type synthesis (ii) Number synthesis and (iii) Dimensional synthesis

TYPE SYNTHESIS

It is related to the selection of optimum mechanism from amongst available mechanisms (like
gears, cams, chains, linkages etc.), which will satisfy the requirements in the best possible
manner. The concept was first introduced by Prof. Reuleaux, and it may be considered as part
of the art of the engineering, rather than scientific approach. The designer has to largely rely
on his own ingenuity, experience, technical literature and judgement. VVarious parameters like
space required, accuracy, reliability, life, cost etc need to be considered before reaching to the
final solution.

NUMBER SYNTHESIS

This is related to number of links and connections required to give desired degree of freedom.
This deals with the movability study of the mechanisms, based on number of links and joints.
Grubler suggested the famous criterion to determine the degree of freedom of the planar
mechanisms.

F =3(n-1) -2j-h

Where, F = DOF, j = Number of lower pairs, h = number of higher pairs.

Relative lengths of the linkages also affect the movability of the mechanisms. Grashof and
Harding presented the concept of class | and Class Il chains. Class | chains have better
movability as compared to Class Il chains.

Grashof’s criterion to decide the type of chains is



if 1+s=p+q-Class|
l+s>p+q —Classll
where, | = largest link, s = shortest link, p & q = remaining links.

Dimensional Synthesis

It is the scientific approach to obtain the actual dimensions of the mechanisms capable of
performing new functions and / or doing the old jobs with better efficiency and accuracy. The
dimensional synthesis procedures can be broadly classified into two types:

(i) Graphical approaches
(ii) Analytical / Mathematical procedures

Graphical methods are quick and have advantage of staying close to the physical problems. It
gives better understanding of the problem. However, it is a tedious under repeated use, and
lacks accuracy to large extend.

Analytical / Mathematical procedures give accurate results and also better forth repetitive
useand suitable for digital computers.

Most of synthesis procedures arepresented for four bar mechanisms by different researchers
because

(1) Itis the simplest possible lower pair planar mechanism, widely used.

(i) Many mechanisms which are not basic 4-bar, but it’s equivalent 4-bar can be obtained
and the concept can be used

(iii) More complex mechanism have 4-bar as elements and hence the theory of 4-bar can be
applied.

(iv) Many mechanism may not have physical form of 4-bar, but their equivalent 4-bar
skeleton can be obtain.

Fig. 1 shows various equivalents four bar mechanisms.

=0

Fig. 1 Equivalence of four bar mechanisms [1]*
* Number indicates reference given at the end.

Kinematic requirements for which dimensional synthesis, need to be carry out can be broadly
classified into following types

(i) Coordination of input and output link motions or function generation

(if) Path generation — The point on the coupler is expected to travel along a given path. The
path can be described by precision points. The problem can be with prescribed timings or
without prescribed timings.

(iii) Position Generation / Rigid body guidance. The coupler plane is desired to be guided
through different positions.



Fig. 2 shows different types of problems of kinematic synthesis.
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Fig. 2 different types of problems of kinematic synthesis [2]

Graphical Methods of Kinematic Synthesis

The concept of Pole (P1,) is very important in graphical procedure. It is the point about which
body can be considered to have rotary motion when it moves from one position to other.
Image of any point on the coupler in the next position can be obtained by using the pole.

Function Generation Problem

The concept of the relative pole (R12) similar to pole is developed for function generation
problem. This concept can be used to synthesize mechanisms to coordinate up to three
positions of input link and corresponding three positions of output link.

The concept of inversion is also used to synthesize a four bar linkage to coordinate input
output link positions.

To coordinate large number of positions of input and corresponding output link, overlay
technique is suggested, which is trial-error method giving mechanism with sufficient
accuracy.

Position Generation Problem

The coupler is required to be guided through different positions. In this problem mechanism
can be obtained if at least two points on the coupler can be chosen, images of which will be
on circular arcs. These two points can be selected as moving pivots and corresponding
centres of the circular arcs can be treated as fixed pivots.



For 3 position generation any two points on the coupler can be selected as moving pivots and
mechanisms can be obtained easily. The concept of pole triangle is used.

However, for four position generation randomly any point on the coupler can be selected as
moving pivot, because four images of that point may not lie on circular arc.

Here, concept of circle point curve and centre point curve suggested by Burmeter is used for
synthesizing the mechanism.

PATH GENERATION PROBLEM

In Path Generation Problem a mechanism is to be synthesized, so that coupler point traces the
desired path. The path generation can be without / with prescribed timings. In the problem of
path generation with prescribed timings, it is expected to have definite relationship between
input link angular motion and path generation.

The path is described by accuracy points. For three precision points, an inversion technique is
used for synthesizing the mechanisms. However, for four and five precisions points, point
position reduction methods are used to design the mechanisms.

ANALYTICAL METHODS OF KINEMATIC SYNTHESIS

Analytical methods of synthesis of mechanisms, give better accuracy, good for repetitive
operation and compatible for digital computers.

Well-known Freudenstein close loop equation can be used for synthesizing four bar linkage
for function generation.

Kicos® — Kocos® + Kj = - cos(EI - ’3')
Where
Ki= r1/r4 , Ko= r1/r2

T8 -1f -1 —1¥
Ks= gty

Precision points are selected as per Chebyshev’s spacing to reduce the structural error. J"
precision point is given by

wftwd  wf=wa CEf=17
X= & - & COS im

Xs = Starting point
Xt = end point

n = number of precision points.

The concept of displacement matrix is extensively used for synthesizing mechanisms for rigid
body guidance, path generation problems by Suh and Radcliffe. The method is readily
suitable for digital computers.

The complex number system, representing ‘DYADS’ is used to design planar mechanisms
for function, path and position generation problems. Prof. Sandor and Erdman used this
concept extensively to synthesize the mechanism for complex situations.



ADJUSTABLE MECHANISMS

Mechanisms composed of links, cam, gears and their combinations are used in machines to
generate predetermined motion characteristics. Different kinds of motions can be obtained
from the same mechanism if it can be made adjustable. In this respect, linkage mechanisms
offer greater advantages over the cam and gear mechanisms because they can be readily
adjusted. The adjustment in the four bar planar mechanism can be done by

(i) Change in the position of one of the fixed pivots,
(if) Change in the length of one of the links,
(iii) Combination of above.

The different ways by which the four bar mechanism can be adjusted is shown in figure-3.
Most common form of adjustment is to change the position of one of the fixed pivots with
respect to moving pivots. This has advantage that adjustment can be done without changing
the length of any other links except fixed link. Figure (3C) in shows this type of adjustment.

a) FIXED PIVOT ADJUSTED ALONG
FIXED LINK.

b)  FIxep  PIVOT*  ADJUSTED
PERPENDICULAR TO  FIXED
LINK. I A

c) FIXED PIVOT ROTATED WITH
RESPECTIVE CORRES. MOVING

PIVOT.
d)
FIXED  PIVOT  ROTATED
RESPECTIVCE CORRESPONDING
OTHER FIXED PIVOT.
€)
FIXED PIVOT ADJUSTED ALONG
CORRESPONDING = POLE  RAY.
f)
MOVING  PIVOT  ADJUSTED
g)  ALONG CORRESPONDING POLE

RAY.

MOVING PIVOT ADJUSTED
h) AL.ONG COUPLER.

MOVING PIVOT ADJUSTED IN
CIRCULAR . GROOVE KEEPING
COUPLER LENGTH UNCHANGED.

AO Bo Ao

Fig. 3 Ways of adjusting the mechanisms [9]
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STUDENT MECHANISM DESIGN CONTEST

One of the key cbjectives of the Assocition for Mackines and
Mecharisms (AMM) is to promote nnovation among the students.
A mechanism design contest has been made a5 an integral part of
INaCoMM, since 2009, The purpose of the competition is 1o sncourage
the students to apply their theoretical knowledge in the domain of
mechanisms and machines to sobve problems relevant 1o the socety,

Details avallabde In the conf s g T.o0g

INVITATION

REGISTRATION FEE

Delegates from  India (INR)  Others (USD)
1. Students & Full time Research Scholars 1500 100
2. Academic & Research Organizations 3500 50
3 AMM or IFToMM Members 3000 200
4 5000 300

IMPORTANT DATES

Authors ate invited 1o submit a two-page extended abstract as
per the schedule given below and the guidelines available in the
conference website.

Submission of Abstract May 157, 2017
Acceptance of Abstract May 317, 2017
Submission of Full Paper July 157, 2017
Notification of provisional
decision & Reviewer comments Oct. 27, 2017
Final submission of Camera-Ready
Paper after addressing reviewer comments New 15, 2017
Registration Now. 157, 2017
VENUE
DAE Convention Centre .
Anushaktinagar,
Mumbai-94

CONTACT

Dr. D. M. Badodkar, Chalrman & Corvener
Dr. T. A. Dwarakanath, Co-Convener

P +91 22 2559 2545
Emaik: inacomma017@barcgovin

DRHR. BARC, Trombay
Mu 400085, Indis

SCOPE OF THE CONFERENCE

3" Internatibnal and 18" National Conference
on
Machines & Mechanisms

iNaCoMM 2017

December 13-15, 2017

Orgarazed by
mote Handling & Robotics

Bhabha Atomic Research Centre
Mumbai

FIRST CALL FOR PAPERS

www.inacomm2017.org

ORGANIZING COMMITTEE

The Division of Remate Handling & RAobotics, BARC is organising
T intematiorad and 18” Maticnal and  Conferences on Machines
and Mechanisms during December 13-15, 2017 (NaCoMM 2017)
at Amushakti Nagar, Bhabha Atomic Research Certre, Mumbay, inda

iNaCoMM 2017 is the 187 National and X International conferences on
Machines ard Mechanisms arganized under the aegis of AMM and
IFTaMM. The conference aims at brnging tagether researchers, industry
experts and studerts, working on various aspects of design and analyss
ot ol post

and design contest presentations on recent, novel advances

iNaCaMM 2017 frorm inds
a5 planary spoakers. Each day thens will b plenary talk by an eminent
sciontist followed by interssting morning and afterncon

The scope of iNaCoMM 2017 are, but not limited to. the following topics:
Analysis, Synthesia, Design, Modelling ard Simulation of Mechanisms or
Machines

Roboticy:

Robot Kinematics and Robot Dynamics, Serial and Parallel manipuiasors, Master-
Slave Manipulasors, Telsenbaticy, Industrial isbiots, Service robots, Autancmous
robats. Collaborative and Cooperative Robatics, Distrbuted and Cloud
Rabotics, Intemet of Robatics, Walking Robots and Humanoids, Wheeled
Moibale Robots, Autonomens Vehicles, Swarm and Fiying Robots, Under-Water
Fiobotics, Space Robatics, Applcation of Robatics in Nudear industry,
azardous g g Hobot applcations in
Agricuiture. Deferse, Medical & Surgical Robatics, Wearable Ratiotics

Machine and Mechanism Intelligence:

presentation/poster sessions on the topics of the The
ANACoMM 2017 will slso hast Mechanism Design Contest for Students.
There will be recreaticnal 85, music and ghts are also
phar troops of Art & Cul

Mumbai and its ol s for

Systar Machine Tools,
Automation, Process Autormason Machine Leanirg snd Artificil Imefigence,
Virtual Raakity, Hapeics, Telepreserce, Humary Maching interfaces and
e assistive, and

Mechanisms & Devices:

i
art and cultural museums, beautiful hill stations, beaches and Blands
Mumbai s a financial capital of india and the famous Sollywood, the
sndian Film Industry dwell here. The city offers & cosmopolitan and
deverse ifostde with varisty of food and entertainmont During
Decemrbor the climate in Mumbai is generally ploasant. The eity is well
cannected to the various parts of the country by roadways. by rmibways
& by airways, The impestant tourist places ke Ajanta, Ellora, Goa and
many weit coast beaches, are sasily reschable with multiple transpart
options. The intermational aport affers dwect flight 1 the various
destinations of the world. We hope that besides the enniched scientific
flavour of the Conference, you will also enjoy the verdant campus of
Anushakti Nagar during your stay,

The Organizing Comamittes of the Conference extends its Invitation 1o

9 P

BEST PAPER AWARDS

Comglisen Micro-Hanc Machings and Machanizms, Blologically
Inspired mechanisms. Bio-medical devices. Mechanisms and Machines for
Rural Applications and Agricultue

Design & Manufacture:
Origami-Based Enginesring Design, Mmage and 30-Print based Modeling and
Manutactaring.

Dynamics of Machinery:
Dyramics and Vibration Analysis in Machines, Fault Disgrasis and Health
Monitcring, Dynamics and Comrol of Mulsl-body Systems.

Frine

Two Best Paper Awards, one in gereral category and ether in student
category will be harded cver by the Association for Machines and
Mechanisms. Soth awards carrya cash prize along with acitation.

Patron: Director, BARC

Chairman & Convener:
Dr D M. Badodkar, Associate Director, DMEBAG, BARC

Ca-Convener :
Dr T. A, Dwarakanath, BARC

Joint Organizing Secretaries:
Dr. 0. C Kag DRHR, BARC
Shri P V. Sarangadharan, DRHR, BARC
Shri Sanjoev Sharma, DRHR, BARC
Prof. Guha, Professor, Mechanical Engg. NT Mumbal, India
Prof. Prasanna Gandhi, Mechanical Engg. IT Mumbal, India
Sheri V. K Shrivastava, DRHR, BARC
Shri R M. Sakrikar, DRHR, BARC

Technical Committee:

Smt. M. Tabassum, DRHR, BARC
Shri Venkata P P K, CD, BARC

Dr. G, Bhwtani, DRHR, BARC

Shri 5. K. Sinha, DRHR, BARC
Shri D, C. Biswas, DRHR, BARC
Shwrl H. K. Swaln, DRHR, BARC
Shri Valbhay Dave, DRHR, BARC
Shri 5. 5. Saini, DRHR. BARC
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www.inacomm2017.0rg



Student Mechanism Design Contest
ents to apply their theoretical knowledge in the domain of

levant to the society.
Eligibility:

Participation: '

d to submit proposals for design, construction and operation of
are innovative and capable of solving a challenging design problem.
g may be chosen from a wide range of application domains - from
agricultural and rural technology to automobile and aerospace engineering.
Guidelines:

- Participants must sul:im_ii a 2-page proposal outlining the design challenge and novelty/innovation of the
proposed design. The proposals have to be submitted through email, with the subject line “Proposal for
the Student Mechanism Design Contest” to the email address: inacomm2017@barc.gov.in

The winner will be decided based on the extent of innovation, difficulty of the design challenge,
effectiveness of the proposed solution towards solving the actual problem etc.

In any matter related to the contest, the decision of the judges and/or the organisers will be final and
binding.

Finished prototypes are to be demonstrated during iNaCoMM 2017 (December 13 - December 15, 2017)
before a panel of judges.

The finalists will be provided with TA/DA. —_— 4

. 1:Prize: ¥10,000 + Submission of Pr,
« 2"Prize: 6,000 it
. 3"Prize: T4,000 - Resultof1”Re
+ Submission
All participants will be + Result of

awarded with Certificates D _
from AMM emo

3" International and 18" National Conference
on
Machines & Mechanisms

Organized by

Division of Remote Handling & Robotics

Bhabha Atomic Research Centre
Mumbai
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IFTOMM Asian Mechanism and Machine Science
(Asian MMS 2018)

December 17-20, Bengaluru, India

J. N. Tata Auditorium, Indian Institute of Science (11Sc), Bengaluru, India

The conference venue is the verdant campus of Indian Insitute of Science in the metropolitan city of Bengaluru.

Welcome to Asian MMS 2018!

Asian Conference on Mechanism and Machine Science (Asian MMS 2018) is an
international conference organized under the patronage of IFToMM. The aim of the
conference is to bring together academic researchers, industry professionals, and students in
the fields of mechanism and machine science. The first Asian MMS 2010 was held in Taipei.
This conference is the fifth in the series after Tokyo in 2012, Tianjin in 2014, and Guangzhou
in 2016. The Asian MMS 2018, although primarily intended for Asian countries, serves as a
global platform for the participants to exchange ideas and present their research in the
following topics.

Topics

¢ Theoretical kinematics e Actuators and sensors involving
e Computational kinematics mechanics

e Machine elements e Gearing and transmissions
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e Linkages and cams e Medical/heathcare devices

e Mechanism design ¢ Nature and machines

e Dynamics of machinery e Compliant mechanisms

e Tribology e History of mechanism and machine
¢ Vehicle mechanisms, dynamics, and science

design e Education in mechanism and machine
¢ Reliability in machines and mechanisms science

e Experimental methods in mechanisms ¢ Reconfigurable mechanisms and

e Robotics and mechatronics reconfigurable manipulators

e Biomechanics o Parallel and serial manipulators

e Micro/nano mechanisms and systems

Important dates

Call for special session proposals October, 15, 2017
First call for papers October, 15, 2017
Second call for papers December, 1, 2017
Session proposal ends February, 1, 2018
Third call for papers February, 1, 2018
Abstract Submission April, 10, 2018
Acceptance of abstract May, 1, 2018
Full paper submission July, 1, 2018
Acceptance of full paper September, 1, 2018
Final manuscript submission September, 15, 2018
Final programme November, 1, 2018

Conference dates

Pre-conference workshop December, 17, 2018
Conference December, 18-19, 2018
Sight-seeing December, 20, 2018

Registration

Registration opens September, 1, 2018
Author registration deadline October, 1, 2018
Early bird registration closes October, 15, 2018

Proceedings

Selected papaers of the conference will be published in a Springer book. Authors will have
full access to e-book.

Contact

Prof. G.K. Ananthasuresh

Department of Mechanical Engineering, Indian Institute of Science,
Bengaluru, 560012, India, asianmms2018@gmail.com

Copyright © ASIAN MMS 2018. All rights reserved.
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15 th IFToMM
world Congressa
June 30 -July 4

Call for Paper

wrw.iftomm2018.00m

1Eth IFToMM World Congraas will ba hald In Krakew, Poland In Jurna B0 — July 4, 2079, IFTaMM World
Congress ks held every 4 years end |m the largeat congress on mechanism snd meohine solenoe.
It will previde opporunityfor researchers, scholars and eiudenta with interests in the theony
wnd practice of machaniame snd mechines for new ideas, sharing expariances, and discussing futura
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Third International Scientific Conference ""Mechanics 2018"
(21-23 June 2018)
Georgian Technical University, Thilisi, Georgia

International Federation for the promotion the of machines and mechanisms science
(IFToMM) and Georgian Committee of IFToMM with the assistance and support of
Georgian Technical University, Institute of Machines Mechanics, Georgian Aviation
University, Ak. Tsereteli State University, will held on June 21-23, 2018 in Thilisi, Georgia,
Third International Scientific Conference "Mechanics 2018".

The conference will be held in accordance with the Resolution of the International Scientific
Conference "Mechanics 2014" (19-21 June 2014) that was organized under the patronage of
IFToMM, Georgian Committee of IFToMM, Georgian Technical University and Institute of
Machines Mechanics.

We are honored to invite you to participate in the conference.
Please see www.gsiftomm.org.qge
Contact Email ID: mechanics2018@qciftomm.org.ge

Organizational Committee
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RecurDyn, based on multi-body dynamics, is the CAE softwre for multi-physics

solutions. Starting with just multi-body dynamics in 2004, RecurDyn became the
first Multi-Flexible Body Dynamics (MFBD) to integrate multi-body dynamics and
non-linear finite element methods into its numerical integrator, which opened the new
paradigm in the field of multi-physics CAE.

Today, RecurDyn continues to lead the multi-physics CAE field by creating inter-
disciplinary CAE software that integrates MFBD, Lubrication, Control, and Design
Optimization, all in a single framework.

Function Bay Dynamics (I) Pvt. Ltd.
(Contact: B. Sridhar - 98110 68096)
301 Odeon Plazaq, Il Sector, 10, Dwaraka, New Delhi 110075
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