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Due	 to	 some	busy	 schedule	of	 the	Zonal	Vice‐President	 and	 the	Editor‐in‐
Chief,	 publication	 of	 the	 Bulletin	 of	 the	 Association	 of	 Machines	 and	
Mechanisms	(AMM)	volume	8,	No.	4,	October	2016	is	somewhat	delayed.	I	
heartily	wish	you	all	a	prosperous	New	Year	2017.		
	
Dr.	 Shital	 S.	 Chiddarwar	 (Zonal	 Vice	 President‐	 West)	 and	 her	 team	 of	
researchers	 and	 students	 have	 extended	 active	 support	 to	 bring	 out	 this	
issue.	 Dr.	 G.	 Saravana	 Kumar,	 Secretary	 AMM,	 Dr.	 C.	 Amarnath,	 President	
AMM	and	other	office	bearers	of	AMM	have	also	given	background	support	
for	this	issue.		
	
On	 last	 few	 occasions,	 Dr.	 Shital	 S.	 Chiddarwar	 wrote	 an	 Editorial	 and	
wished	the	same	be	published	in	the	name	of	the	Editor‐in‐Chief.	She	wishes	
to	 do	 the	 same	 for	 this	 issue	 as	 well.	 However,	 I	 wish	 to	 publish	 the	
proposed	 Editorial	 as	 a	Message	 from	 the	 ZVP	 (West)	with	 some	 editing.	
Hope	 she	 won’t	 mind	 in	 accepting	 this	 ‘misdeed’	 of	 the	 Editor‐in‐Chief.	 I	
sincerely	thank	her	to	take	pains	to	co‐edit	this	issue.	
		
There	are	one	contributed	article	and	two	short	review	articles	in	this	issue.	
Title	 of	 the	 contributed	 article	 is	 “Design	 and	Development	 of	 a	Pellet	
Mill	Energized	by	Human	Powered	Flywheel	Motor”.	Articles	based	on	
review	are	on	“Sliding	Mode	Control”	and	“Application	of	bond	graph	on	
system	modelling”.	
	
AMM	members	 are	 requested	 to	 contribute	 articles	 and	 send	 same	 to	 the	
editorial	team	for	January	2017	issue.	Constructive	suggestions,	comments	
for	 improvement	 in	 the	 Bulletin	 of	 the	 AMM	 are	 sincerely	 requested.	 On	
behalf	of	the	Editorial	Team	of	the	Bulletin	of	AMM,	I	sincerely	acknowledge	
the	role	of	office	bearers	and	Editorial	Board	members	in	bringing	out	this	
issue	of	the	bulletin.		
	
Wish	you	all	a	Very	Happy	New	Year	2017!	

Prof.	Santanu	Das
Editor‐in‐Chief
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Message from the Editor-in-Chief 



 
 
The	Volume	8,	No.	3	was	successfully	published	online	by	the	Editor‐in‐chief	Prof.	Santanu	
Das	 for	 the	AMM.	 	The	 current	Volume	8,	No.	4	 is	 coming	 from	 the	Zonal	Vice	President	
(West).	
	
This	issue	consists	of	three	articles.	The	first	article	is	based	on	research	work	of	Yashwant	
Sonkhaskar	from	Shri	Ramdeobaba	College	of	Engineering	and	Management,	Nagpur	with	
the	 title,	 “Design	 and	 Development	 of	 a	 Pellet	Mill	 Energized	 by	Human	 Powered	
Flywheel	Motor”.	 	 The	 other	 two	 articles	 are	 review	 articles	 by	 Ph.D.	 scholars	 of	 VNIT,	
Nagpur	named,	Mr.	Saumya	Ranjan	Sahoo	and	Mr.	Veer	Alakshendra.		
	
Dr.	G.	Saravana	Kumar,	Secretary,	AMM	and	Prof.	C.	Amaranth	President	AMM	and	other	
office	bearers	of	the	AMM	have	cooperated	and	supported	as	always.	
	
AMM	members	 are	 requested	 to	 contribute	 articles	 and	 send	 the	 same	 to	 the	 editorial	
team.	Any	 constructive	 suggestion	 or	 comments	 to	 improve	 the	Bulletin	 of	 the	AMM	are	
most	welcome.		
	
On	behalf	of	the	Editorial	Team	of	the	Bulletin	of	the	AMM,	I	heartily	thank	all	concerned	
for	their	active	support	to	make	this	endeavor	a	success.		
	
Wish	you	all	Happy	Seasons’	Greetings!	

 
 

Dr. Shital S. Chiddarwar  
ZVP (West)

 Message from the Zonal Vice President (West) 



 
 
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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Dr. Palaniappan Ramu (Treasurer) 
Department of Engineering Design, 
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Chennai 600036, INDIA. 
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Editorial Team of the News Bulletin: 
 
Dr. Santanu Das (Editor-in-Chief, News Bulletin) 
Professor and Head, Department of Mechanical Engineering 
Kalyani Govt. Engineering College, Kalyani- 741235, INDIA 
 
Phone: +91 (33) 2582 1309 
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Dr. Shankar Sehgal, (Zonal Vice 
President [ZVP] North) 
Assistant Professor, 
Mechanical Engineering Department, 
Room No. 102, Block 2, U.I.E.T., Sector-25 
Panjab University, Chandigarh- 160 014. 
INDIA 
 
Phone: +91 95010 24161 
E-mail: shankarsehgal@yahoo.com 
 
Dr. R. Ranganath, (ZVP, South) 
Spacecraft Mechanisms Group, 
ISRO Satellite Centre, 
Bangalore-560017, INDIA 
 
Phone: +91 (80) 25082417 
Email: rrrr@isac.gov.in 
 

Dr. Ranjit Kumar Barai, (ZVP, East) 
Associate Professor, 
Control System Laboratory, 
Electrical Engineering Department, 
Jadavpur University, Kolkata- 700 032, 
INDIA 
 
Phone: +91 (33) 24139270 
Email: ranjit.k.barai@gmail.com 
 
Dr. Shital S. Chiddarwar (ZVP, West) 
Assistant Professor,  
Dept of Mechanical Engineering 
Visvesvaraya National Institute of 
Technology, Nagpur, INDIA 
 
Phone: +91 9561050130 
Email: shitalsc@mec.vnit.ac.in 
 
 
 
 
 
 
 

Experience is a hard teacher 
because she gives the test first, 
the lesson afterwards. 

--- Vernon Saunders Law
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Design and Development of a Pellet Mill Energized by Human 
Powered Flywheel Motor  

 

Y. M. Sonkhaskar, Dr. V. S. Deshpande and Dr. J. P. Modak 
Shri Ramdeobaba College of Engineering and Management, Nagpur-440 013,  

Maharashtra, India  
 

   ABSTRACT 
Wood pellets are a type of wood fuel, generally made from compacted sawdust. They are 
usually produced as a by product of saw milling and other wood transformation activities. 
The pellets are extremely dense and can be produced with a low humidity content (below 
10%) that allows them to be burned with very high combustion efficiency. Wood pellets have 
increased tremendously in popularity as a heating fuel during recent years. The present work 
reports, investigation and performance analysis of a pelletizer energized by human powered 
flywheel motor. The experimental setup is fabricated to maximize the production rate and 
density of pellets and to minimize the mean and instantaneous resisting torque. Sufficient 
data is generated based on experiments conducted using different die thickness, different 
diameter of holes in the die, (pellet diameter) different die speeds, different binder and 
moisture content.  On the basis of experimental data, the mathematical models are formulated 
for production rate, density of pellets, mean resisting torque and instantaneous resisting 
torque. These models are optimized, their sensitivity, reliability, limiting values of 
independent Π terms and dependent Π terms are analyzed and the models so established are 
also validated by ANN simulation.  The results obtained by experimentation, mathematical 
models generated and ANN simulations are found in good agreement. Since there is a power 
shortage in countries like India, there is a need for human powered process machines and 
hence (manually driven) human powered flywheel motor driven pellet mill (pelletizer) is 
fabricated. This machine is economically viable and environmentally friendly and can be 
operated by a un-skilled worker. This equipment can adequately replace electrically driven 
small capacity pellet machine in rural areas, where there is no or limited supply of electricity. 
The findings of this research are helpful as an input to design the small capacity human 
powered flywheel motor energized pelletizer, with an aim to improve the performance. The 
actual photograph of the experimental set up of a pellet mill energized by human powered 
flywheel motor is shown in the following figure. 
 

 
 

REFERENCE 
 
[1]  Y.M. Sonkhaskar, V.S. Deshpande and J.P. Modak, Mathematical modeling of pellet 

making process using human powered flywheel motor, Industrial Engineering Journal, 
Vol. VIII, No.11, pp.6-10, 2015. 
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Sliding Mode Control 

Veer Alakshendra   
 Department of Mechanical Engineering, Visvesvaraya National Institute of Technology, 

Nagpur- 440010, India. Email : alakshendra.veer@gmail.com 
 

In real world problem, while using a controller there is always a gap between the actual 
system and its mathematical model. These gaps are the result of unknown uncertainties, 
external disturbances which can be included in the mathematical model. Thus, derivation of a 
robust control law in the presence of known and unknown uncertainties is in high demand for 
various applications. One most common approach for robust controller is sliding mode 
control technique which was proposed in late 1970s. It is a variable structure control law in 
which a discontinuous control law is used to control the system against parametric 
uncertainties. The advantage of this robust technique is it’s insensitivity to uncertainties and 
external disturbances, because of which it is used is various applications such as robotics, 
aerospace, manufacturing plants etc.  Sliding mode control is one of the powerful techniques 
to control a dynamic system subjected to the uncertainties and external disturbances where 
the trajectories of the system are bought on the sliding surface and a switching function is 
applied to ensure that these system trajectories stays on the sliding surface after approaching 
the reaching phase. To design a sliding mode control law, various steps are involved. First, a 
sliding function is selected. Then, equivalent control law is derived using ideal sliding mode 
condition. However, the system remains sensitive to the uncertainties. Thus, in the last stage a 
switching control law is included to counter the counter the effects of these uncertainties. In 
addition to insensitivity to uncertainties, the system acts as a reduced order system compared 
to the real plant.  
 
However, the major drawback of this approach is that high switching gain leads to high 
frequency control action. This results in excitation of unmodeled dynamics which results in 
high oscillations, causing damage to the actuators. Thus, to control the chattering effect 
various modifications have been made in recent years, such as, adaptive sliding mode control, 
boundary layer approach, higher order sliding mode control etc.  
 
REFERENCE 
 
[1]   V. Utkin, J. Shi, Integral sliding mode in systems operating under uncertainty 

conditions, Proceedings of the 35th IEEE Conference on Decision and Control, vol. 4, 
pp. 4591-4596, 1996. 

[2]    J. Slotine, W. Li, Applied Nonlinear Control, Prentice-Hall Pub., New Jersey, 1991. 
[3]   Alakshendra, Veer, and S.S. Chiddarwar, Design of robust adaptive controller for a four 

wheel omnidirectional mobile robot, Proceedings of the IEEE International Conference 
on Advances in Computing, Communications and Informatics (ICACCI), 2015. 
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Application of Bond Graph on System Modelling 
 

Saumya Ranjan Sahoo 
Ph.D Research scholar, Visvesvaraya National Institute of Technology, Nagpur. 

Email: saumyasynergy@gmail.com 
 
1. INTRODUCTION 
 
Bond graph is a graphical language for representation of physical system in multi-energy 
domain through exchange of power. The idea of bond graph was proposed by H.M. Painter 
and Prof. Amalendu Mukherjee of IIT Kharagpur worked extensively in bond graph 
modelling in India [1]. Bond graph displays both energy and power exchange between 
components and elements inside a system by simple line called bond and symbols. By using 
bond graph modelling technique many field of engineering science can be described by few 
standard symbols. It bridges the gap between control engineering and part of engineering 
science by proper dynamic modelling of the system. The recent advent of modern tool box 
like 20-Sim, Computer aided modelling program (CAMP-G), and MATLAB SIMULINK 
BG_V20 allow to exploit the bond graph modelling technology. 

 
 

Figure 1 Steps in Design of Dynamic Systems 
 

2. MODELLING THROUGH BOND GRAPH 
 
To model the physical system by bond graph technique, it needs to understand the physical 
relation among the elements and energy exchange among a system. The complete process of 
obtaining the bond graph of a system describe briefly. Identify the various physical domains 
present in a physical system. In each domain identify the different component like resistive, 
inductive, capacitive and various input source elements present inside the system. Depend 
upon how they relate with each other connect them with a bond and give the causality 
(direction of power flow) as shown in figure 2. Each bond is connecting with each other by 
junctions. Combine all sub-domains to get the complete physical system. To get the 
mathematical from the graph, junction equations are applied at each junction in the bond 
graph. 
 

 Contributed Article 



 
8 

 
 
The obtained dynamic model of a physical system from bond graph technique can also be 
used further for control propose, navigation and fault detection in a physical system. Bond 
graph is an alternate way to deal with variety and diversity in a conceptual unification 
platform. 
 
3. APPLICATION 
 
The application of bond graph is expanded in all most all fields of engineering. It extensively 
used by the aerospace industry to modelling of air vehicles and many automobile industries 
use this for modelling of hybrid vehicles. It also used by many thermal science researchers to 
model system like boiler, steam expansion system and condenser. Recently people extended 
this technique in robotic science and various chemical processing plants. Now bond graph 
modelling and simulation technique regarding theory, methodology, software and control & 
automation related application is extensively used in both academia and industry. 
 
4. ADVANTAGE OVER CLASSICAL APPROACH 
 

 Make simpler to build a model for multi-disciplinary system. 
 The graphically introduced model can generate automatically the dynamic model, no 

further mathematical analysis required. 
 Modular facilitate of Bond graph facilitate to modify or replace sub model without 

changing the global structure. 
 
5. LIMITATION 
 
Model a system by bond graph need to understand the physical meaning of every element in a 
system, lack of knowledge regarding the physical structure may deceive the dynamic model. 
 
REFERENCES 
 
[1]   Bond graph, https://en.wikipedia.org/wiki/Bond_graph 
[2]   Bond Graphs - 20-Sim, http://www.20sim.com/product/bondgraphs.html 
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RecurDyn, based on multi-body dynamics, is the CAE software 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 Plaza, II Sector, 10, Dwaraka, New Delhi 110075 


