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From the
Director’s Desk

In the recent past, the world has undergone a sea-change on
the scientific and technological front, Conventional roles and
stereotypes have paved the way to revolutionary ideas. Now
one professional is required o update his knowledge
constuantly, .

The extent of Mechanical Engineering activities has been very
wide. Porexample. it extends from cooling of VLS chips to the
analysis of thermal hydraulics pertaining to design of new
generation Nuclear Reactors { ADSS). The horizon spreads from
the analysis of spacecrall-stability 1o the stability of thin elastic
[ilms.

General perception about Mechanical Engineering is that it deals
with the machines. The machines range {rom food processing
machines, textile machinery to bicycles, cars and aircrafis, It is
alsoran integral part of many electrical and electronics systems,
process industry, and medical instruments. One may consider
construction industry and imagine the massive cranes and their
components. Railways and Automobiles are two inherent areas
of Mechanical Engineering, Thus, mechanical engineering is
related o a wide variety of induestries. These dayvs, companies
require mechanical engineers to be proficient in soft computing
and optimization, The Mechanical Engineers are needed for
handling 1ssues of CADVCAM,

The principles of Mechanical Engineering are also traditionally
used in a wide variety of technologies including Electro-
mechanical syvatems, and Information processing, There has
been considerable overlap between Mechanical Engineering
and other emerging fields. The emergence of Synthetic Biology
has already integrated the principles of Mechanical Engineering
in i significant manner. It is believed that such interdisciplinary
areas will have a leading role in the forthcoming third Industrial
Revolution. Hence the researchers in Mechanical Engineering
will have 1o think about their contribution to the Nation and o
the humankind from a different perspective,

Engincering Mechanics and Mechanical Engineering have long
been associated with Oncology and Cancer Research. The last
decade has provided ample illustrations of the diversity and
depth of mechanics connected with cancer research. For
instance, Prof. Arunava Majumdar of Department of
Mechanical Engineenng at the University of Califormia, Berkeley
used micro-cantilever beams to provide the means for the early
and accurate dingnosis of cancer [rom biological Muid samples.
With his team, Prof, Majumder fabricated arrays of micro-beam
using techniques emploved in the field of micro-electro-
mechanical system (MEMS), Subsequently they moedified the
surfages of the beams with antibody molecules that link
specifically to conjugate molecules — so called antigens.
Probably it 15 relevant 10 mention here that Prof. Arunava
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Majumdar is now the Director of ARPA-E of USA, ARPA-E is
newly formed Advanced Research Prajects Agency for Energy.
ARPA-E was formed through an initiative of President Obama
and modeled alter the Defence Advanced Rescarch Projecis
Agency (DARPA) of the LISA.

Prof., Rakesh Jain and has team at Harvard University and
Massachusetts General Hospital demonstrated that cancer and
the surrounding tissues generally develop internal hydrostatic
pressure that oppose the transport of therapeutic drugs from
the hlood stream into the cancer cells, The research highlighted
the development of new therapeutic approaches that can
overcome the pressure gradients.

Present day engineering-scientists rely in scientilic knowledge
in addition o relying upon inventiveness, expert knowledge
and spontancous judgment. Further the present day applied-
scientist does not stop if scientific knowledge required for an
application is not available. He/She engages in research 1o gain
new and addinonal scientific knowledge about the fundamental
processes involved.

Fig I: Proteins produced by cancer cells can be detected
quickly using a cantilever device coated with specific
antigens. When the proteins bind with the antigens, it changes
the cantilever’s oscillation rate

Courtesy: Mechanical Engineering, The Magazine of
ASME, Vol. 132, March 2010

Let us consider another situation. Suppose an archer is pulling
buck on a bowstring. Basicallv he is using a spring o store
elastic energy. springs are one of the oldest means we have for
storing energy. Springs have advantages for energy storage
that electrochemical batteries do noel. Admattedly the
electrochemicul batteries have replaced springs in many
applicatons. A spring’s stored energy can be released quickly,
with high power density. Springs can be recharged a very large
number of times without degradation. Springs also store cnergy
in the face of wide temperature swings,

Effort is on for developing new spring materials that can offer
high energy density along with the traditional advantages of
springs. Ideally, a high-performance spring material will have
hoth high material stiffness and hgh deformability, Although
such materials are hard to develop, recent advances in nano
scale materials provide new options. One promising
development uses carbon nano-tube (CNT). CNTs are
essentially graphene sheets rolled up to form a tube and capped
off at the ends. Carbon nano-tubes can have a single layver of
atoms of multiple coaxial layers, and their diameters can rangs
from about one nanometre © hundred of nanometers, Their
lengths range from arcund a micrometer up to a centimeter,

Because the structure of carbon nano-tubes along their length
is essentially that of a graphene sheet. their effective material
stiffness is quite high (about 1 TPa). Prof. D. Walters and his
colleagues working at Rice University in Houston demaonstrated
vield strains of up to 6 percent on small ropes of single-wall
CNTs

Fig 2: Grown on a substrate using vapour deposition, each
of these pillars contains a million aligned nanotubes
Courtesy: Mechanical Engineering, The Magazine of
ASME, Vol. 132, March 2010

There are many opportunities for basic and appliad
contributicns in the microfiuidics area. Because multiple channel
characteristics {e.g., geometry, wpography, surface treatments)
and driving forces can be implemented and combined using
straightforward fabrication procedures, 1018 interesting o think
about innovative methods for designing valves, pumps,
separation processes, ele invelving microscale. Many
applications involve suspended macromolecules, hiopolymers,
and large shear rates; hence these are conditions where
significant changes in the microstructure and to the rheology
of the fud are expected. Few microfluidie studies have been
reported where the viscoelastic response is important,




Semne youngsters al CMERI are trying o develop microfluidic
chips that can precisely control very small quantity of liquid,
Scientists are trying 1o use these chips to analvze gene
expression in single cells and 1o indentify mutation in cells.
The technology could culminate in cheap. disposable
diagnostic devices for a vanety of applications, The chips will
he made from flexible polymers that can be easily adapted 1o
muny functions, The technology allows performing new
analyses, such as controlling the growth environment of single
cells

The amazing diversity of various micro-nano systems { MNS T}
is a valuable aid for the researchers all over the world, These
have been used for wide range of applications as mtelligent
and [Texible devices. Drawing inspiration from the worldwide
development of intelligant and flexible devices, CMERI has
strived fo create some end-to-end solutions in the area of micro-
machines.

Five Axis Micro Milling {p-f"?\'(? milling)
Machine

Fachining of Brass wsing 45 00um
End Mill Culter

Fig 3: Five axis micro milling machine protoiype (left)
and sample cuiting by five axis micro milling
machine (right)

has 200 mm travel in X and Y axes and, 30mm in vertical axis with
travel resolution of 001 pim |, This machine has been controlled
through LabView interface, which can import CNC ool path
data generated in typical CAM software after minor editing.
Movement of axis is controlled through CNC program used as
input to the svstem. Air spindle with 100000 rpm has been
mounted vertically, Figure shows the five axis micro milling
machine prototype developed and samples machined from this
protoly pe,

Micro Electric Discharge Machine (p-EDM)

This p-EDM machine test bed developed st CMERT consists of

three lincar precision positioning stages with travel resolution
of 0. lum and travel length of [50mm. These are mounted w
have programmed 3-uxis movements in X, Y and £ axis. The RC

T
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Fig 4: Micro Eleetric Discharge Machining Muchine
prototype developed at CMERI

circuit based pulse generator has been integrated for low encrgy
discharge power supply. The discharee voltages and currents
have been measured using digital oscilloscope. These hardwarge
svalems are interfaced as a synchronized manner and controlled
through LabView. The approach and retraction movement of
an electrode with respect o the work piece are programmed.
The discharge voltage has been continuously monitored 1o
compensate clectrode and work plece wear (as o result of material
removal), s0 that constant spark gap between them could be
maintained in successive discharges, Figure shows the first
generation prototype developed currently and which s being
upgraded 1o incorporate micro milling teatures. so that systems
can be vsed as multi-purpose micro machine,

Today there are robots that can move in complex environments,
such as o messy living room or a battleficld, by means of a
system that coordinates navigation, mobility, manipulation, and
sensing sothat the machine can respond efficiently to changing
circumstances, Even as house-hold devices, automared vacuum
cleaners are available, By developing relatively affordable
consumer robots For specific purposes, the wechnology has
emerged successful offering more capable and expensive
products. Indigenously built All Terrain Robots, Subterrancan
Fobots are some of the precious contributions of CMERT,

Fig 5: AUV
heing
deployed
inta the
Fake waters




Fie 6: Underwater rocks as captured during underwater cruising an hovering operations of the AUV
developed by CMERT

Recently CMERI has carried out testing of its Autonomous
Underwater Vehicle (AU ) at the Tdukki Lake, Cochin with
active support from NPOL. Couple of overhead cranes were
used for launching the AUV into the luke waters as well as for
retrieving il back from the waters, The launching point was
considered to be the start position for most of the trials.
Underwater cameras were used for taking snapshots and
capturing video while the AUV went down under walers,

The ALY has been successful in maintaining its own heading
as well as correcting its displacement in the surge direction to
reach out the desired position, The closed loop missions
constituted of straight-ling paths in the form of square or a
trapezmdal profile. During all such trials, mission was carried
out with the help of a pre-compiled mission file, which was
stored in the memory of the onboard computational unit, The
AUV technology is an essential technology of the future as
our dependence on ocean resources increases. The need lor
AUY is already being felt for activities such as inspection,
location of ohjects, survey of the ocean Moor and surveillance,

Sponsored by the Ministry of Earth Sciences, the AUV has
heen built to operate 150m under the sea to collect sensor bused
data, New challenge in from of CMERI e build an AUV that
can operate GO00m under the sea, Indeed this s a great
challenge!

CMERI scientists are trying to manufacture new types of lithium-
ion hatteries that are safer than conventional versions and use
less expensive elements. The materials are structures at the
nano-scale in way that enables them to charge and discharge
guickly. Because they are safe, the batteries lend themselves to
use in conventional hybrids, plug-in hybrids, and all-clectric
cars. Such batteries are good choice for storing power to help
stabilize the electrical grid,

Very recently, the Chemistry and Biomimetics group of CMERT
achieved the success of developing ionic polymeric metal
composite (IPMC) hased actuator at laboratory demonstrable
scale, perhaps unique in the country, Actuation response of
IPMEC based actuator is shown in Figure below

Fig 7: IPMC Actuators developed at CMERT

X




The expected yield from the project includes development of
biologically powered micro-devices - a technologically and
econormically feasible reality. The economic implications of such
devices lie in an extremely wide range of applications, much
broader than presently possible.

Hamessing alternative fuels is another focused area. which
promises a symbiotic correlation between sustainable
development, energy conservation, efficiency and the
profection of environment. India is grappling with the issue
cnergy and needs priority attention. Research Institulions, like
CMERI have to shoulder a great responsibility in providing
appropriate technoelogy and solutions for energy crisis, in close
coordination with the Indian Industry,

Muore elten than not, significant gains can be made by the
dppropriate combination of knowledge and technigues from
widely differing fields. The promotion and accomplishment of
these are the important roles of any leading Mechanical
Engineering Research Institute. It is my trust that CMERI will
excellently perform such roles,

Of course, the Institute will continue to maintain its traditional
areas of strength and excel in the product development on
these arcas o the best possible limits, CMER] will continue its
vibrant activities in the areas of Rapid Prototyping, Foundry,
Fluidized Bed Technology, Tractors & Farm Machinery, Virtual
Reality, NIXT, Metrelogy and Condition Monitoring, However,
the modemn industrial sociery demands that the Instinne must
also play an active role in the interfacing of Mechanical
Engineering with other fields, such as Nanotechnology,
Chemistry, Biology, Optics, Electrical Dinves, Power Electronics,
Cvbernetics and Electronies,

The havee cansed by water-bome diseases is well known in
India, Severe degradation ol water quality in India has often
been attributed to indiscriminate disposal of sewage and
industrial elfluents into surface water bodies. Although some
amount of cleaning in lerms of chlorination and monitoring of
water guality exists in major cities and towns, rural India is

i
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usually deprived of even such treated water, The population in
rural India is mainly dependent on the ground water or water
From river or estuaries as the sources of drinking water. The
groundwater is often found to be contaminated with arsenic,
Ruende fren and salts, Our Chemistry Department tngether with
some other division is focused 1o find out a solution in the face
of this crisis,

The role of Simulation and Modeling has become so important
that today il can be viewed as a complete discipline. With it
ahility oy handle the governing equations in “exact and full”
form, together with the inclusion of detailed physical
phenomena such as finite-rate chemical, biological and nuclear
(if applicable} reactions “Simulation and Modeling”™ became
the moest important tool for analysis and design. Tt has occupied
a permanent place in all aspects of science and engineering,
from basic research o prototype demonsiration. CMERIT is
trying hard harnessing the full potential of this rapidly emerging
discipline,

The world 15 at the cross road of Third Industrial Revolution,
“Intelligent Material Based Smart Sensors, Actuators and
Devices” — are going to be the major players in this revolution,
CMERI will dedicate its best effort in inventing and adopting
and praciising technology related to smart actuators and
devices. Lithography induced self assembly (LISA) has been
realized as an effective tool for manofacturing small scale
features. A polymer film confined berween two electrodes made
tor be unstable in a penodic fashion under the influence of an
applied clectric field yielding very regular patterns, CMER]
scientists are trying to develop control parameters 1o
manufacture small scale leatures using seli-lithography,

The new CSIR of our Director General will have o few jewels in

its crown and it is the Tervent prayer of the undersigned that
CMERI strives hard to be one of the jewels,
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ROB OTIC S & CMERT's expertise i the field of Robatic Systems, Control Engineering
& Design Analysis was developed in the course of continued
involvement with different project modules conducted under the

MECHATRONICS Polymetaliic Nodule Programme of the Department of Ocean

Development, Government of India. Subsequently, CMERI
eveloped Remotely Operated Vehicles that are exploring marine-

Programme Leader  + wealth in the depths of the Indian Ocean and the Arabian Sea. CMERI

5.N. Shome has tha requisite infrastructure and infiated human resource in robotics

in specific areas of design of undenwater rabotic compaonerts, synthesis

Area leaders of intelligent control algorithms, navigational algorithms, software

Debjyoti Banerjes development on various platforms, distributed network systems, elc,

Sarnbhu Nath Nandy Side by side, the experience was fed back for the development of

Ranjit Ray conventional robotic elements and the provision of tailored solutions
Dibyendu Roy forindustrial automation projects.

Subhra Kanti Das
Birendra Kumar Currently CMERI in underiaking extensive research in the design

and development of All terrain Robots, Autonomous Underwater
Vehicle, Autonomous Mabile Robet for Manufacturing Applications,
Subterranean Robots, efc

SURF RCE Autonomous underwater vehicle (AUV) for

operation up to a depth of 150m at CMERI,

ROBOTICS Nl

Background/Ohjectives

Programme Leader Autonomoeus underwater robotic systems, designated ALV,
Dr. Somjyoti Majumder are gaining importance owing to their embedded advantages
far applications like scabed mapping, coastal surveillance, mine

Area Leaders countermessure and oceanographic measurements during
Sarbari Dutta adverse weather conditions. With no physical cable connection
Kalyan Kumar Mistry to the surface control station and possessing onboard
Dip Narayan Ray intelligence and energy supply, an ALY carries payload for
Rudra Prasad Chatterjee carrying out a specific task, The configuration and payload of

an AUV depends on specific mission requirements, The
communication is hybrid in nature — BF while on surface and
acoustic while underwater. Mission regquirements and the use
of payloads sometimes dictate the size and configuration ol
the ALY that can both be open or close frame.

The chyective of the present project sponsored by Ministry of
Earth Sciences, Government of India is 1o develop an
operational ALV capable of operating up to a depth of 1530m in
the sea as per specilication provided in Table-1 The developed
system would be capable of mapping sea floor and sensor-
based data collection.

Work done & discussion
The present AUV is cylindrical in shape like a torpedo with
stregmlined fairing to reduce hydrodynamic drag and has its
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own power, propulsion, navigation and control systems, The
propulsion system consists of thrusters mounted at suitable
locations. A pressure hull accommaodates electronics and energy
system, The vehicle 1s programmed with a set of instructions
that enables carrying oul underwater missions without
assistance lrom an operator on the surface. For autonomous
free movement under water, the AUV determines its own
seographical positiom with the help of navigational sensors
and with navigational algorithms aveid collision with obstacles
after their detection through forward looking sonar. The
preprogrammed onboard software renders the vehicle smart.
The onboard intelligence belps the AUY to take independent
decisions and accordingly re-planning the mission,

Key parameters determining AUV characleristics are: maximum
working speed, depth of operation, pavload capacity and
mission time, which are highly interrelated. The varous issues
considered during design are as follows:

s Configuration = Modularity,

e Degrees of freedom = Stahility

o Near neutral buovancy & Hydrodynamic

modeling

® Pressure Hull design » Encroy System

e Navigational Sensors * Communication

Table 1 : System Specifications

s Depth of operation (100m-150m e Energy svstem:
Lithium Polymer
Battery

s Al alloy body (Special Grade) o Mission Time: 4-6 Hrs

s Speed - 2-4 knots * Navigation and
Payload Sensors

s Modular in Design « [ntelligent Controllers

& Network Based
Distributed Controd
Syslem

s [D,0.F. =5, Stable against Roll

e Acoustic & RF Communication

The AUV has six modules from nose to il as shown in
Figure. | Thrusters are used to propel and mancuver the ALV,
Five thrusters are mounted on the AUV for generating motion
in dilferent directions ie o control surge, sway, heave, pitch
and yaw. Rolling is strictly prevented. Lithium polvmer battery

Mose Module
Thrusl module
Powss module

- Computalicn muodules
Tamil Bescbush:

T U -

Figure 1: Exploded View of AUV

has been used as power source considering its higher energy
density, light weight, higher life and safety. For autonomons
operation AUY s interfaced with obstacle avoidance sonar.
The AUV 15 equipped with a number of navigational (Inertial
Navigation System, Depth Sensor, Altimeter, Doppler Velocity
Log, Forward Looking Sonar, Global Positioning Svstem, APOS
and pavload sensors (Side Scan Sonar, camera, CTD) for
execution of its operation successiully.

The approximate weight of the AUV final prototype including
all its onboard subsystems is 4 kgf. The AUV has slight
positive buovancy (around kel mcluding s payload 1o
facilitate its retrieval incase of a power Failure. Two arrays of
fixed cross-fins at the two ends provide additional roll
slabilizing moment,

The onboard mtelligence based on advanced contrel
methodology provided through preprogrammed software helps
the AUV m autonomous decision-making, Hybrid
communication {(Radio Frequency & Acoustic) has been
imcorporated 1o communicate with the AUY lTor any intervention.

Initiudly o mock-up unit made of steel was fabricated and tested
rigorously at the Shallow Basin facility al CMERI to validate
virrious algorithms. Based on the test data the final prototype
of AUV was developed and tested rigorously for evaluation of
its performance at the Shallow Basin facility, Despite
successfully testing the hasic motions of AUV like diving and
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Figure 2: AUV wial at shallow basin, CMER!

heading correction and surge errors, a full-Medged mission tral
over a wider area and 1o a greater depth could not be undertaken
owing 10 size constraints of the hasin.

This testing was carried out at the Idukki Lake, Cochin with
active supporl from NPOL, The AUV was made to rest on g
barge fastened tightly to the boulders along the shore, A couple
of overhead cranes were used for launching the AUV into the
lake waters and for its retrieval. The launching point was
considered 1o be the start position for most of the trials. External

underwater cameras were used Tor capturing still images and
video footage while the AUV went down under waters,

Testing was conducted in accordance with o test plan and
checklist compiled previously, Both pre-launching and post-
launching checks were committed, Trials were conducted for
twao categories of mission, viz. stright course-keeping and
closed loop missions during diving and surlace operations.
During the straight course-keeping mission, the AUV had 1o
maintain its own heading and carry out corrections in its

Figare 3: AUV on the barge at Idukki Lake, Cochin

3
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displacement in the surge direction o reach the desired position.
On the contrary, closed loop missions constituted of straght-
line paths in square or irapezoidal profiles. During all such
Irials, the imission was cartied out with the help of a pre-compiled

mission file, which was stored in the memory of the onboard
computational unit, Fellowing are a few illustrations
reprsenting the trials conducted at ldukki Lake.

oy 1
iy \

—

Figure 4: AUV being deployed into the Lake waters; AUV on a mission trial

(utcomes

Following are a few illustrations representing the performance of the motion controllers of the AUY during a trial for a closed loop

isson.

Plot of depth vs Gme
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Figure 5: plot of depth vs. time {data logged during diving operation); plot of surge vs. time
(data logeed during underwater cruising operation)
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Figures (6] (7) & (8) represent underwater images as captured by the AUY during trial missions under water.

Figures (6) & (7) : Shows the underwater rocks as captured during underwater cruising & hovering operations;
Figure (8) shoual of fish encountered in deeper warers

Figure 9 : THE AUV team posing beside the system

All Terrain Mobile Robot

Background/Ohjectives

[n general. India lacks in the state-of-the-art knowledge and
proven demonstration capability for autonomous mohile robots
with self navigation, exploration and intervention capabilities,
Signilicant attermnpts have, however, been undertaken to bridge
this chasm in order to cater to the growing need of cutdoor amd
field robotic applications such as for port and warchouse
avtomation, handling of hazardous chemicals and materials,
defense and sccurity services, ete. All Terrain Robots (ATR)
play a significant role both in security related activities as also
for the civilian sector. ATRs are generally controlled by jovstick
and are connected (o the command console through a cable or
radio frequency trans-receiver. As o resull, the performance

and applicability of such robots always require very high level
of operational skill, which requires extensive mock-up wraining
even hefore the actual deployment. This project was undertaken
with the hasie aim of developing necessary controls and
algorithms for autonomous operation of EOD robots so as o
improve their operational capability. With appropriate
maodification. AMRs can find substantial application in defense
and Held reguirements,

. Successful demonstration of ramp climbing

2. Successful demonstration of starcase climbing

3. Successful demonstration of ditch crossing

4. Decentralived data fusion of different sensor data
5 Mult Agent based control

6. Obstacle detection and subsequent reaction

._.%\{‘%.
| ke 5
/ 551‘,#

L
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Work done & discussion

The development of ATR primarily reposes on the expenence
wathered by CMERI in designing a remotely operated mobile
robot for the nuclear sector to facilitate inspection and
intervention. The All Terrain Robot being developed at CMERI
i5 eapected 1o have the capability of climbing up staircases,
crossing a ditch, moving on sloppy land and detection of
obstacles, A passive compliance mechanism has been
successiully implemented in ATR for better raction. Amaongst
various models and theories of track-sol interaction, Janosi's
formula for modeling the shearing action at the soil-wheel
interface has been successlully used. Janosi's eguation
demonstrates that:

Fidr: (=il ED1 N

CEAT —EXp—1— N (1

; o K I

Where, I = Tractive Force; A= Ground contact arca lor a racked
vehicle ('] I= Length of the area [m]: ¢, = Maximum value

of the shear stress [Nim2];

T =+ fd iNm2): C = Interal cohesion of the soil (N/

THs

mal;
J=Coeflicient of internal soil friction;

= Mormal soil stress under a wheel: K= Shape factor of the
shear diagram [m); s = Ship

| —
Carve for F Vsl

The above expression (1) muinly depicts the relation between
tractive foree, ground contact area and the track length. It can
be surmised from the expression that the ractive force increases
with the increase in the ground contact area, or the track length,
or both, 1t is further evident from the expression that Ft is
proportional to A and it can be surmised from the graph that Fr
increases with Las well as wath A

Achievements

Ctdoor mobile robots for defense related applications are (o
be deployed mostly in rough terrains, where the robotic vehicle
is eapected to traverse extremely hostile and rough terrains
The ATR developed at CMER] incorporates a means for such
traverse through the provision of staircase climbing capability,
which is even more critical than rough terrain traverse. The
following picture shows the capability of ATE for cimbing stairs
Inan experimeaental setup,

A hostile and rugged terrain might also have ditches and
crossing the same efficiently and smoothly throws a challenge
1o the mobile rohotics community, The CMERI developed ATR
has successfully crossed such obstacles, a trial photograph of
which is depicted here:

ATR has the capability 1o move over an inclined plane of |5-
207 stope, which will help the system to move in stoppy or hilly

i,

Figure 2: ATR has the capability to cross a ditch




Figure 3: Slope negotiating capability of the ATR being

demonsirated

Like other outdoor mohile robots, the system stops automatically
when an ohstacle having more height than its cupability, comes
in the path. An indigenouwsly developed infrared sensor detects
any abject that may be on its path,

Clutcomes

[. Proposed Methodelogy for Autonomous Learning of
Behaviour Based BEobols™, Dip N REay, Somajvot
Majumder, Atanu Maity; Proceedings of 22 International
Conference on  “CAD/CAM Robotics and Factories of
the Futuree, 20067, July 2006, Narosa Publishing House,
Page No. 633 — 640,

It

“An All Terrain Mobile Robot with Passive Compliance™,
A Maity, Dip N. Ray. 5. Majumder, K. K. Mistry;
Conterence Proceedings of “Factory Automation, Robotics
and Soft Computing™, January 2007, Page 7378,

3. UATR X-50: Development of un All Termain Robot™, . N,
Ray, A, Maity, 5. Majumder, K. K. Misiry, Proceedings of
23" International Conference on “CADACAM Robaoties and
Factores of the Future, 20077, Bogota, Colombia, South
America, August, 2007, Page 161- 166

“Comparison of performance of different traction sysiems
for Terranean Robots™, Dip N, Ray, A, Maity and 5.
Majumder, In Mational Conference Machine &
Mechanisms (NaCobM-09), NIT, Durgapur, December |7
18,2000, Page: 151 — 158,

New initiatives planned, if any

The next phase of the project would attempt design and
development of a compact, light-weight ATR along with an
indigenous metal detector for surveillance & explosive handling,

Figure 4: Demonstration of infrared sensor bused
abstacle avoidance capability

Experimental Subterranean Robot (SR) for
feasibility study of robotic applicationin
underground coal mines

Background/Objectives

Flooding in active mines., roof coflapse and explosions are the
major causes For accidents leading to death and injury of miners,
The Mines Act holds the owner, agent and manager of a
coalming accountable for enforcing safety in the mines. For
example, Regulation 41 deems it mandatory to ensure safety
that the manager of every mine visits and examines workings
below ground Tor at least Tour davs in a week. This 1ask is time
and manpower intensive, and considering the crunch in
manpower now being experienced at every coal subsidiary, there
i hoth @ necessity and a scope lor mechanizing the roatine
inspections through the deployment of appropriately designed
rovhots armed with proper sensors and communication capahility,
A remotely operated mobile robotic vehicle cun therefore be a
very uselul tool For safer and efficient operation of underground
coalmines in India

The missiom demand on such robotic vehicles would, however,
be guite rigorous as:

a.  The vehicle would require negotiating and exploring long
wiaterlogged underground and should be capable of
transmitting back send wvaluable information through
acoustic communication network created across the
walleries, and

[n o post disaster scenario, the system should be capable
of locating trapped miners and relay information back o
the control station using acoustic telemetry link to organize
a quick and well-directed rescue mission.

7
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An important aspect, which makes this project particularty
challenging is the fact that svstem developmeni requires
assimilation of knowledge from o number of engineering
disciplines. These include mechanical design, underwater
robotics, sensor & signal processing, maohile robol design &
system architecture, short-range data communication
(particularly acoustic communication), networking & remote
contral, etc. Also there is no off=the-shell system or solution
that can be readily acquired and deployed in water logged
coatmines of India. It is felt that the time-tested — design.
experiment and learn - approach 1s perhaps the most
appropriate in this case. Onee successful, this sysiem has a
huge potential for widespread deployment 1 various mine
related activities, including environment monitoring, automatic
mapping, etc,

The proposed feasibility study project aims at the following;
I, Tostudy underwater acoustic communicalion across o lew
aallenes,

[

To develop an experimental robot vehicle for deployment
ol the equipment & study

3 Tootest the concept in a simulated enviromment created at
CMERL

=

Lamited field triad of the system o suilable coul mines,

Figure 1: Shallow Basin of CMERL Durgapur
Sor carrving Limited Field Trial of SR

Figure 2: SR during Limited Field Trial aficr
deplaying &t by the electrical ltoist

Work done & discussion

Testing at Simulated Environment

O the basis of the data obtained by CMER] scientists through
mine visits, o simulated test set-up was prepared at shallow
basin of CMERL Durgapur. A water tank (50 meter X 10 meter)
was partially filled with water so as to obtain a depth of Sm. For
ensy deplovment of the system. an electrical hoist was installed
at one of the larger sides of the rectangular test tank. The system
can be controlled from the hase station using an RF modem
that 15 kept on the bank. The main system communicates with
the surlace control station wsing BF communication. During
testing al the simulated test set-up (Figures | & 23 interference
wits experienced in acoustic communication due fo reflection
and reverberation in the regular shaped wank. To overcome this
problem the commumication mode of SR was upgraded from
aeoustic o KE

Field Testing at Damodar River

Incorporating the sugeested modilications after the limited field
gl at the Shallow Basin facility of CMERI, the Subterranean
Rohot { SR was taken 1o nearby Damodar River for Deld westing,
Alter several suntability of the system, field testing was
performed for two days. This lesting helped the project leam in
taking decisions regarding the necessary changes o be
introduced 1o the SH.

Figure 3: SR moving to deep water communicating
with the Commeand Station

Figure 4: 5K moving in deep water
with thrusters




Field Testing at Drift — 13 & 3 of Satgram Project of ECL

Before the field testing of SR at an underground coal mine
several mock-ups ol wheeled configuration were tested in the
laborztory as the used wheel-roller-tracked belt configuration
caused difficulty in moving over loose sund. Apart Irom the
existing wheel-roller-tracked belt configuration, two other
configurations were tried out, the first among which was the

wheel-ski-tracked belt configuration wilizing the concept of

Figure 5: SK an way fo fest site

Figure 7: SR moving (o deep water communicating with
the Command Station

i.-
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skating over the ice: the other was a simple configuration using
large wheels.

Field testing of SK atunderground coal mine of ECL consisted
of two parts: 1) dry ran in the nnel 2) perlormance e the
tennel water. The command station was sel up with one laptop
computer and o RF adapter. A battery pack {24V was used Lo
power supply, The testing was done in two phases: 1) in Drifi-
I3 and 2) Drilt-3. Some snapshois during the trials have been
shown m Frzures 3-8

Figure 8: SR moving in deep water with thrusters




Vehicle trajectory : forward

1000

. 800

@
| e
=]

I
o
o

25 0
Distance in cm

2.5

R =T T
[ %]
| { o
i &
n

Figure 9: Forward Trajectory of SR

Various dato obtiined during the Beld trals were logeed on to
the on-hoard system and downloaded later. After post-
processing the motor data For foreward and reverse motions
were plotted against the raverse, as is depicted in the following
rwa graphs:

Data of tunnel scan obtained during the test at the underground
coal mines (Drifi-3 at Satgram Project Under ECL) with presel
range for up o5 meter exhibited a clear view ol the lunnel after
complete scan.

Outcomes

*  UHBubeterrancan Robot A Challenge tor Indian Coal Mines™,
Dip N, Ray, R. Dalui, A, Maity & 5, Muajumder, World

Vehicle trajectory : forward
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Figure 10: Reverse Trajectory of SR

Congress on Electricul & Electronics Engineering 2009,
Caira, Egypt, April, 2009

= Copyrights: 2 Nos,

New Initiatives, Planned if any

Primary investigations and the experience of the test results
suggest that two separate modulesfunits, one each for
waterlogzed tunnels and dry tunnels would be more helplul For
system design, The unit meant for moving in tunnel water
should have thrusters only for movement and the unit meant
for the dry wnnel would be using motors only. This will make

Figure 1Ha): Forward Tunnel Scan
at Drift -13 showing the exisience of
an underwater pipe (in centre circle
region) and Mocked wall of the
trennel at far end

Figure 11 (b): Forward Tunnel Scan
showing clear view of the tunnel a
Drifi -3

Figure 11 (c): Entrance Tunmel Scan
showing the walls of the tunnel at
Dirift -3
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hoth the systems compact and with larger endurance time, Work
is in progress for developing a new model of SR in accordance
toy these findings.

Teleoperated Flying Robot with Autonomous
Hovering

Buackground/Objectives

In recent times, CMERI has ventured into the field of aerial
robots which expectedly has opened up a plethora of new
possihilities. Flving robhots are used primarily for carrying oul
tasks such as imspection of bridges, aerial survey, observation
and mapping, which are not achievable by other type of mobile
robots, CMERT initially concentrated on Rotary-Winged Flying
Raobot (RWFR) with the aim of developing a reliable model of
vehicle dynamics using svstem identilication and devising a
controller for controlling the dynamic behavior of fiyving robot
by stabilizing the non-linear dynamics, with focus on hovering

Quadrennial Report 2006-2010

initial work was directed towards developing a digital controller
for attitude control for maintaining the hover. Experiments werg
carricd oul on 4 Bergen Turbine Observer model, equipped
with a CrossBow NAVAZOC A, XSens Mi-G INS with integrated
GPs, KVH C-100 compass and this was mounted on a test rig
with bending Oexibility along all axes. ASICK Laser was mounted
{or altitede mapping along with a thermal vision FLIR camera
for navigation in poor visibility conditions.

The first task comprised interfacing kinematic and navigational
sensors 1o the system with bybrid communication protocols
e, RS-232 based serial communication with INS sensors and
compass and TCP/AP based communication for SICK laser and
thermal vision camera,

Mext task consisted of interfacing PC-1044 based high speed
digital I/0 card with programmable clocks and incremental
encoders for controlling each degree of freedom of the aerial
rabot for controlling throttle/pitch, aileron, elevator and rudder
digital servos using PWM based actuation.

Rotorcraft Bergen Turhine (Jbserver on a test rig for experimental data collection

for close inspection. The linear model, with small perturhations,
accurately captures the essential effects of vehicle dynamies,
Az any control strategy requires accurate estimate of the state
ol a robol, sensor data [usion from a combination of different
sensors mounted on the flving robot was attempted. Specific
sensors used include NS, GPS, compass, altimeter, etc. for stale
cstimation, control and navigation.

Waork done & discussion

A the Tocus 15 on autonomous hovering Tor close inspection,

The qualitative behavior of the non-linear model of RWEFR was
found to be quite complex in regard to shape and motion. As
the non-linear aerodynamic forces and gravity acts on RWFEFR
in & non-intuitive manner, itentails docens of unknown physical
parameters that need 1o be determined. These include, among
others, mass and moments of mertia of fuselage and rotor
components aerodynamic parameters such as the blade and
stahilizer bar 1ift curve slope and fuselage drag coefficients,

Orwing to the limited accuracy of non-linear dvnamic model, the
model tends towards instability. To address the problem of

11
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instahility four linear SIS0 controller structures were used - Ge, = Transfer function describing open-loop pitch angle
one for cach of the desired outputs to be controlled — for  response to the longitudingl input, o, such that closed-loop
controtling the position and attitude of RWFR. As the model  wransfer function describing the mll angle response 1o the
was strapped to the test rig, the Tiest task was o control the  reference roll angle command is given as e K A+ Ge, K
attitude of RWER simulating a hover condition. Figure below  g;i100y. closed-loop transfer function describing the pitch
|.| th[[’i.lT'Eh Tll_e control scheme for L'mmmmuxl COMPEnsalion angle response 1o the reference pitch angle command is given
from linear SISC controller to control the nonlinear dynamics o0 g0 4 e K

ol BWER.
— This 1s derived from the continuous state space system
_\ Hlon ! T +
i - K G - P =
Bref ———=O—f Ko |—=| Bo, iiocopter L, xedvs Bu
- Attituda =t
Pyt =
B i o sin | Dynamics .
Bref —e D o » 70 5 : - :
s g where A B, are system, inpul and outpul nutnces respectively
and helicopler state vector 1s given as
i T —d |
£ F— '
’ T | x= o, v v g roo B
Q‘ — and perturbative input control vector s given as
L T
| I. = [d ; .'fM i {f"“_l 5 "f.-::-l

such that in reduced state space model for SISO structure
i, p, g =roll, pitch, roll rate, pitch rate;
Ge=C |sl-A|-1B  and Ge, =C [sI-A]-1B_ where

11, T = ratio of rate wangle feedback g : g
byt = A & - Tis the unity malrs. -( cand O are special outpul matrces

K_= Roll angle feedback gain with unity element at the roll and pitch angle index and rero
K= Pitch angle feedback gain elements everywhere else. - B and 8 are the special inpul

matrices with o unity clement at the lateral and longitudinal

{re = Transler Tunction describing open-loop roll angle j P : 2 e ;
¢ ' cyvelic input index and zero elements everywhere else

response Lo the Tateral input, o
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1. 8. Darta, U.S. Patkar, 8 Muajumder, “Digital Controller for
Attitude Controld of a Rotarv-Winged Flving Robot in
Hover”, IEEE International Symposivm on Industrial
Electronics, 1S1E 2009,

AL Mishra, U.S. Patkar., 5. Datta. 5. Majumder,
“Computational Design of o Rotating Blade of a Tele-
Operated Aerial Robot (TOAR)Y”, 22" National Convention
of Aerospace Engincers and National Seminar on Present
Status and Technological Challenges of Indian Acrospuace
Programme, BIT Mesra, Nov, 27-29, 2008,
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Design and Development of Vision Guided
Mobile Robotic System for Handling Hazardous
materials

Background/Objectives

This praject had as its objective the development of a vision
sutded mobile robot for indoor application that would navigaie
in and inspect an unstructured enviromment. Reduced o the
basics, such a system comprises a wheeled tvpe mobile robot
with differential drive system driven by two brushless DO motors,
The robotic system is connected to a remote computer by
wireless LAN, thereby enabling operator interactions with the
help of a suitably developed GUIE at the remote computer. The
system, carrying its own power pack as energy source, suitable
cameras for inspection and o host of external sensors operates
in the autonomous mede guided by vision, and is also amenable
Lo remote control,

For effective navigation, the robot requires 1is own positicnal
information al every instant, This was achieved by different

| sDEge |
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techniques und with the help of different sensors, The position
of the robot was measured with relerence 1o fixed landmarks or
features of the environment, Data on feature positions, stored
in an array and referred tooas o “feature-based map” was built
with the help of vision data obtained from the vision guided
robot developed at CMERL The corner points of different
structural parts were extracted as features, and the feature
positions were iteratively computed simultanecusly with the
position of the robot with reference to these leatures. The
feature positions were stored and updated as a feature basad
miap of the environment, In parallel, another map called
pecupancy grid map was developed with LRF data, and this
map stored the information of the occupied and emply spaces
of the environment, Aller the completion of the mission, the
robot computed the shortest path of return by the help of this
map to minimize battery consumption.

Features were extracted from the lelt hand and right hand images
abtained from the stereo camera. Corresponding features were
matched and the depths were computed by S1FT algorithm,
The features of the lell image are sequentinlly matched with the
features of the previous data, The malched features are used
for update of the feature positions and rebol positions,

As image Features are not free from noise, it 1s necessary Lo
carry oul crror analysis for the landmark positions. Kalman
lilter based approach is most popular o track these landmarks
in dynamic envirenment,

Previous approaches o feature detection. such as the widely
used Harris comner detector are sensitive to the scale of an
image and therefore are not suited to building a map that can be
matched from a range of robot positions, Considerable rescarch
has been undertaken for developing affine-invanant features,
but a much higher computational cost for detection is involved.
A performance evaluation of various local descriptors has,
however, ascertained that Scale Invariant Feature Transform
(51T feature descriptors perform best in extracting features,

for which difterent algorithms can be used. The invariance ol

these [eatures 1o image translation, scaling and rotation makes
them suitable landmarks for mobile robot localization and map
building, thereby rendering the SIFT method the best choice in
this case.

Since the central idea i any vision-based pavigation is to
provide a sequence of fandmarks expected to be encountered
during navigation, the task of the vision system is to search
and identily the landmarks observed in an image. Once these
are identified, the robot can use the provided map to estimate
the robot’s position (self-localization) by matching the
observation against the expectation (dandmark description in
the database),

13
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For this work, suitable image leatures have been adopted that
possess properties suilable for matching diftering images of a
scene, The features are invariant W imaee scaling and rotation,
and partially invariant to change in illumination levels, These
are well localized in both the spatial and frequency domains,
thereby reducing the probahility of disruption by ocelusion,
clutter or noise. The cost of extracting these features 1s muimmized
by taking a cascade filtering approach, in which the more
eapensive operations are applied only at locations that pass an
inital test. Following are the major stages of computation used
1o generate the set of image features:

I Stcale-space extrema detection: The first stage of

computation searches over all scales and image locations,
It is implemented efficiently by vsing a dilference-of-
Craussian function to identify potental interest points that
are invariant to scale and orientation,

2 Reypoint lecalization: At each candidiate location, a detailed
maoddel is fitred o determine location and scale. Keypoints
are selected based on measures of their stability.

3 Orientation assignment: One or more orientations arg
assigned 1o each keypoint location hased on local image
gradient directions, All future operations are performed on
mmage duta that has been transformed relative to the
assigned orentation, scule and location for each feature,
thereby providing invariance to these transformations,

4. Keypoint descriptor: The local imase eradients are
measured af the selected scale in the region around each
keypoint. These are transtormed into a representation thal
allows for significant levels of local shupe distortion and
change in illumination,

For image matching and recognition, SIFT features are lirst
extracted from a set of reference images and stored in a
database. A new inage is matched by individually comparing
each feature from the new image 1o this previous database and
linding candidate matching features hased on Euclidean
distance ol their leature vectors,

For executing SLAM, the robot utilizes the comer point features
[or localization. But, in 31 unstructured environment, these
point features are not sulficient for practical navigation. For
this reason, a suitable grid hased map is required. In Occupancy
Grid approach, the environment is divided into a discrete grid
and to each grid a probabilistic value is assigned corresponding
to the occupancy by an obstacle. Laser sensors readings are
used 0 determing regions where the obstacles are antcipated.
The grid locations, near obstacles increased their probability
values than the other regons, A suitable algorithin Tor obstacle
avoiduance has also been developed and tested by simulation,

The estimation ol the vehicle pose is performed using the
Extended Kalman Filter algorithm, In the non-linear case, the
svstem 1s described by suitable process and observation
models, To estimate the state of this non linear system, it is
assumed that the process and observation models are locally
linear, and the process model is linearised as a Taylor series
expansion: Here extraction of the features is also necessary.
Getting the exact leature [rom a host ol other features requires
calculating the distance between the consecutive feature
locations with respect 1o the global coordinate frame and also
a threshoeld value.

Work done & discussion

The concepiual design of a vision guded mobale robotic svstem
has been completed, and a prototype system has been
fabricated. Assembly of the subsystems has been completed
and various software modules have been tested on the Pioneer
DX model. The robotic system so designed has the capability
of navigatng in an unstructured environment and inspecting a
specified hazardous working environment as per the
instructions provided. The system enables operator interaction
with the robotic system with the help of a remote compuier,
which is connected 1o the autonomous vehicle through wireless
LAN. After the development, the system has been tested on
the laboratory floor. The autonomous vehicle has been
designed & developed along with the related software. The
robot is equipped with a host of external sensors. Though most
vision guided robots use sonar range sensor due e their
affordable cost, the system developed a1 CMERT dispenses
with sopar range sensor and uses a laser counterpurt as ity
primary spatial sensors in order to increase on the accuracy

level,

Figure 1: Protofype of Vision guided Robotic Sysiem
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Figure 2:

Simulation Results

Dwring navigation through different given via points, stereo
images along with laser data have been collecied, The lelt and
right images at a particular position or via point are matched to
abtain the 30 information of each feature. At the same time,
different mstances are also matched by SIFU algorithm for data-
association of different features, These are viewed as following:

Map Based Sell Localization of Mobile Robot Using Sean
Correlation Technique

In order e solve of the existing data association problem of
mohile robotics, Scan Correlation technique has been used by
the robot o navigate ina given environment, which comprises
the Tollowing sequential steps:

Initial localization: Here the input is the global map. Templates
are generated Tor a range of orientation angle using local laser
datiin the current position. The best matched position is then
detected by scanning the entire global map with the templates.
Rohot position and orientation are initialized over the global
map from the resultof the matched point hefore the robot begins
navigalion.

Pose prediction over map: After imualizing the pose of the
robot the next position is predicted on the basis of the
command provided to the robot, and this is treated as the
predicted pose of the robot,

Sean area dedermination: 10is obvious that scan area is nothing
but the global map of the environment, The emplate image

& k+1" Image

K+1™ Image

Data association

therefore needs to be matched within the reference image using
cross correlation. The online application, however, is quite
diflicult. This problem can however be overcome by reducing
the sean area, For this purpose, it s assumed that robot position
will be within 250mm around the predicied position and it is
alsoassumed that heading angle error will be within the
[t of £357,

Crosy coreelation measirentent: Matching is done on a pixel-
by-pixel basis, where the template image is matched within the
predetermuned scan wone using correlation and some maximum
vilue is obtained. The template image is then rotated through
some small angle around the predicted orienation and this
process is continued until the maximum valve of correlation is
evaluated,

Pose Updie: Alter obtaining the best maich region while the
lemplate is searched within the determined scan zone, the pose
ol the robot can be estimated from the result of matched region,

Experimental Results

The echnigue has been implemented in g PIONEER 3-1DX mode]
and it hus been validated frst offline and alterwards inan office-
like environment of real world, Figure 3 shows a real indoor
environment for conducting the test.

Warkspace is taken as (35000160007 sqmm w0 perform the
experiment, The total working zone 15 utilized w0 build the global
map of the working environment which works as a-priori map.
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Figure 4: Generation af (i) global map with odemetry error and (i) global map after eliminating the errors

The local maps are also built within this workspace so Ut the
rohot is able w localize isel M within this unknown environment
using scan matching technique. Laser and Robot pose data
have been collected at 43 different places,

In Figure 4, the red line shows the path of the robot. This is the
mup which is built by obtaining data from laser range finder
and the known pose of the robot that is got from encoder. This
map is called the global map (shown in blue color in Figure 4)

or a-prior map which works as a reference map for localization
purpose, But as shown i the pictuee, it s seen that this map
contains substantial error and this error, s encountered as
odometry data is used, from which the pose is obtained. This
error can occur due w various reasons like unequal wheel
diameter. dilference of wheel base und wheel diameter from the
nominal wheel hase, wheel slippage, ete. IUis obvious that we
cunnot proceed with this erroneous result. To rectify it an
algorithm has been devolved.
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The nomenclatures of Micro Systems Technology (MST),
Micromachines and Microelectromechanical Systems (MEMS)
are used interchangeably in different parts of the world, White MST is
mare popuiarin Europe, Japan prefers using Micromachines, and both
repose broadly on MEMS. Micro Systems Technology is basically
associated with the technology of very small parts, actuators, devices
and other MEMS, and at the nano-range this merges seamlessly
into nanoefectromechanical systems (NEMS) and nanotechnology.

MST, however, s distinguished from molecular
nanotechnology or molecular electronics in that such systems
compnse components ranging typically between 0.001 to 0.1 mmin
size, while the corresponding devices generally range in size from
20 micrometres 1o a millimetre. These devices generally consist of a
data processing unit and microprocessars and components that
ocomeniunicate with the outside word by means of microsensors, MEMS
can now be fabricated using molding and plating, wet etching, dry
efching, electro discharge machining (EDM), and other technologies
capable of manufacturing very small devices,

Microsystems Development

Background/Objectives

The research program on Micro System Technologies (MST)

was initiated in CMERI in 2006, with the primary focus on

understanding the manufacturing science in micro-nano scales,

and engineering the svstems having dimensions in | - 300um

seale, The fact that emerging multi-material micro-nano systems

lechnologies are perceived 1o bring aboul a total paradizm shift

in the ways the people and systems interact has enabled MST

Lo make significant inroads in many sectors including bio-

medicine, electronics, process control, space and aulomotives,

Researchers at MST Laboratory at CMERI are striving towards

developing multidisciplinary scientific knowledge and are

working on technologies integrating mechanical and electronic,

computational, chemical, oprical and bological elements. The

broad research objectives of this group nclude:

= Building cupability in fundamental of micro-nano systems
engineering including mechanics, heat transler, uidies,
electronics, chemistry, optics and energy conversion and
storze technigues

= Developing a thorough understanding of multi-material
micro-manufaciuring science

s Development of integrated micro machines, systems and
devices

s Training manpower, and providing technical support to
rescarchers in related areas

The MST laboratory at CMER] s equipped with state of the ant

micro machining facilities and characterization and testing

instrumentation. Micro machining facilities include: Micrio-
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EDM milling machine. Multipurpose micro muchine and Nano
second pulsed Nd-YAG laser system. Characterization and
testing instruments include Optical microscope, Laser scanning
micrometer, Image Analyeer, Mint dynamometer and data
acquisition systems,

Micra EDM Milling Machine

The current micro machining capabilities include:

—  Micro milling of 30 features
o Channels: = H0wm, holes: =150 pm diameter in Lim
s Material: Metals, polymers, green ceramics, metallic glass

Micro EDM-milling of 2D features
o Channels and holes 2 20um on Copper, S0upm on aluminum

—  Pulsed Laser Ablation
o 2D features of any geometry = 100pm aspect rulio up 1o
(1],

Work done & discussion

The major work of micro system technologies was carried oul
as a part of a network project entitled Modular Reconligurable

Nil- YA nano second pulsed laser

Multi Material Micro Manufacturing Systems supporied by
the Planning Commission during the 117, Five Year Plan. CEERI
Pilani, C510 Chanchigarh and NAL. Bangalore were the other
networking partners. Within CMERL the MST Luboratory, the
Tribology Group, the Chemistry & Biomimetic Laboratory and
the Micro Rohatics laboratory collaborated lor capability
development.

Research attention was [ocused on the following:

o Oicro-EDM-Milling
Omptical emission spectroscopy of plasma
—  Micro-EDM debris analysis
Electro-thermal modeling
—  Parallel spark mult-toal micro-EDM

- Laser Processing
—  Laser ablation in meso-micro-nane scale

18
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Sintering of <10y copper powder * Non-conventional Fabrication Methods for Micro
—  Darect metal faser deposition Channels
Fabrication ol braided micro channels on PDMS
»  Micro Injection Molding _ _ .
o Micro Devices and Svstems

= Development of micro-molding experimental set-up i : § 3 \ ;
Mi d desi | ) Preparation of monodisperse non-spherical micro gel
Tiero mold design and non-conventional maold materials . . : T )
: L ¢ He particles in braded fluidic channels

Smooth membraneless micro feel cell

e Nicro Factory Concept : ; ; : :
Selective Metallizaton of PDMS polymer

—  Development of demonstration test bed of micro-factory
with footprint areaof I mx lm The following images represent the glimpse of research findings

obtained from some of the above listed investigations:

Expt 2(1)
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Material removal mechanism in p-EDM
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Micro Machine Prototyvpes

Miero Electric Discharge Machining (p-EDM) Machine: This
u-EDM machine test bed developed at CMERT consists ol three
linear precision positioning stages with travel resolution of
. L and travel length of 1 30mm. These are mounted (o have
programmed movements in X0 Y and Z axes, A RC circuit based
pulse generator has been integrated for low energy discharge
power supply. The discharge voltages and currents have been
measured using digital oscilloscope. The hardware was
interfaced in o svonchronized manner and controlled through
LabWiew. The approach and retraction movement ol an electrode
with respect to the work prece were programmed. The dischurge
Figure 1: Miero-EDM machine set up demonstration voltage was continuously monitored 1o compensate electrode
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and work piece wear resalting from material removal, so that a
constunt spark. gap could be maintained during successive
discharges. Figure | shows the first generation prototype
developed currently and this is being upgraded 1o incorporate
micro milling features, so that systems can be used us a
multipurpose micro maching,

Micro Injection Molding System: CMER] 15 invalved in the
development of low pressure injection molding system for
micro-scale plastic and re-crystalline wux parts. CMERI has
previously successiully demonstrated the process of micro-
moulding through the experimental p-injection molding setup
developed at CMERL This injection system emplovs o
mimaturzed serew barrel injection as is comman in macro size

Quadrennial Report 2006-2010 ‘ff’?

molding machines, the screw injects the polymer mell inside
the mold cavity with the help of pneumatic actuation. Figure 2
shows the current micro injection molding setup along with a
few sample wax parts which have heen produced using the
setup.

The injection mold is made 1n various soft materials including
non-metallic materials by micro-milling. Currently, the team has
successfully demonstrated injection molding of re-crystalline
wa, where the minimum controllable shot capacity was (. 5mg.
However, for thermoplastics, technical issues related 1o the
control of the shear rate needs to be addressed through
interfacing intelligent control system. The current prototype is
delicient on that count,

Figure 2: Micro infection molding setup with sample components

machines, barring the low pressure system, The screw is 14

i in diameter and barrel is 20mum in diameter. A combination of

cartridge and band heaters operated by thyristor controllers is
sed 1w melt the polymer. The cartridge heaters are mounted
inside the holes machined in the barrel and the band heater is
wrapped around the barrel. The slow speed screw imparts
shearing action required for homogeneous polymenzation. The
serew has an 187 helix angle. Like in conventional macro size

New Initiatives planned

s A proposal has been submitted to the CSIR for adoption
under the NMITLI Programme on design and development
ol Fiber Bragg grating based sensor for micro tools health
monitoring systems in coflaboration jointly with the Indian
Institute of Science, Bangalore and Instrumentation
scientific Technologies Pyvi, Lud.
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* A project proposal has been submitted to the Indo
European Call on Solar Energy Systems for undertaking
research activities on Advanced grating for thin films solar
cells.

Development of Five-Axis p-Milling
Machine Tools

Background/Objectives

The rising demand of miniaturised components having higher
precision in the field of automotive, acrospace, bio-medical,
electronics. environmental. communications ete is drawing
attention from rescacrhers worldwide in micro-manfuacturing.
Micro chiannels [or lab-on-chips shape memory alloy stents,
fludic graphite channels for tuel cell application. sub-miniature
aciuators and sensors and medical devices are examples of
mimaturised components which are promising health care,
guality lite and economic growth, Numerous researchers have
investigated the feasibility of using other fabrication processes
such as luser, ulrasonic, ion-beam. EDM, ete. to manufacture

comermrically viable micro components. However, majority of

these technigues are slow and limited w planner geometries.
The broad spectrum of commericailzation of microsystems is
inihibated by low productivity and by the inability (o manufacture
i small batch sizes cost effectively.

WMicro machining is suitable for manufacturing a variety of

shapes from different materials. In recent times there has been
great interest i manufacruring. of micro scale components
through micro maching process. Parts of the size of 5009m with
holes 123 im in diameter and wall thickness of 2530 m are now
commonplace. Such components are currently being
manufactured on large, ultrg-precision machine waols. In general,
such manufacturing is taking place using conventionally-sized,
specially-Tited ultraprecision machine wols, Given the part size

J0CAD Madel

HONCmilf af CMERT

and the culling forces present during micro-machining, using
large machine tools results in inefficient utilization ol resources
in terms of floor space, encrgy requirement. and cost, These
ultraprecision machines further require expensive and
specialized design features 1o achieve the desired levels of
HUCUTACY,

Presence of considerable error in ultra-precision conventional
michine rooks and the possibility of design simplification Lo
meeting accuracy reguirements are leading towards the design
and development of function-specific, small and less expensive
machine tools. For example, the shorter Abbe, the lesser are
amplification of angular errors. This allows  the use of
components with less stringent geomeinic 1olerances in case ol
micro-scale machine tools, and, therelore, result in less
expensive components. Smaller moving masses mean less
inertial eilects and less energy required 1o move the machine
components. Less input energy also results in lesser heat
dissipation which in its tum results in smaller thermal distortions
ol the machine structure and this in wen leads simplification of
heat dissipators for transporting heat away from critical
components. With this objective in mind. an attempt was made
to design a five axis micro milling machine that is capuble of
achieving significantly higher cutting speeds and producing
three-dimensional features in metals with higher precision.

Work done & discussion

CMERI has developed “pCNCeodll” - a five axis micro-milling
machine of gantry configuration which is useful for efficient.
cost eflective and high resolution micro-scale milling and drilling
operations for small parts ol complex three dimensional
geometries, Two rotary axes eliminate the error caused by re-
clamping and assists in machining of cylindrical shapes without
»oand Y-nxis interpolation that goes on o alford precise and
easy machining. Finally, it helps improving materials removal
rate and surface finish.

Micro-miilling machine
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The developed pCNCmill - has travel volume of 20 mm % rpm. The machine has been extensively tested lor machining of
20 mm = 3hmm, linear resolution of about 30 nm. rotational axis  steel and Al-Alloy, Tests are being conducted for Titanium
resolution of about 0.002° and the spindle speed exceeds 80,000 Alloy, INCONEL and other hard materials.

In-sitn microscopic image of micro-cutting of steel using f100 gm and f400 Jam
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METERIBLS & Materials science basically reposes on characlerizing the atomic
structure and phases in a particular material in relation its
desired properties and relative performance for a specific application.

PRO C E s SE s Chemical elements constifuting a particular material and the manner

of processing into its final form determinants the structure of a material
and also its properties. The characteristics, taken together and related

Programme Leaders through the laws of thermadynamics, govern the microstructure and

Dr. B.N.Mandal the properties of a material,
Dr. D.Chatterjes

A.E. Chowdhury Research for the development of new materials and processes are

5.K. SBamanta bieing continually undertaken, and with the advent of nancsciences,

the prospects appear 1o be truly phenomenal. CMERI, which always

Arealeaders had & component of B&D directed towards materials and process

Dr. Biswarup Satpati gevelopment, has further broadened ils scope fo embrace newer

Mr. Nilrudra Mandal ventures. This section relates to some of the activities being undertaken

Dr. Sujit Kumar Ghosh atthe Institute.

Ms. Shrabani Mahata
Mrs. Kasinadhuni Usha

Aditya Lohar Tissue Engineering Scaffold: Nanomaterials &
Process Development

Background/Objectives

The prime ohjective of the programme is developing suitable
hindegradable and biocompatible porous scaffolds for tissue
engineering applications. Monolithic or composite scaflolds
may be developed by attempting several techniques like rapid
prototyping gel casting or combining the eel casting and
polymer sponge technigues. There are plans for study of
seaffold seeding technigues to realize the concept design and
formulation of surface/sub surfaces, with a view to ascertaining
and analyzing the behavior of lissue engineering with porous
architecture. The project further targets atlainment of sufficient
mechanical propertics before applying the technigues For bone
lissue engimeering. In vitro investigation on proliferated cells
in the designed scaltold materials like TCP/HA, TiO,, Zr0/HA
would also be carried out as part of the project, )

Work done & discussion

4 Hydroxyapatte Nano materials were synthesized from
difTerent natural sources like fish scale, egg shell, et

4 TiO, powders were synthesized from different precursors
through hydrolysis / precipitation methad.

&+  Nano powders were characterized through X-ray diffraction,
Zeta sizer, Thermal analyvzer and SEM- EDAX & TEM
analysis,

4 Study of shape formation of porous biocom patible muterials
through non-toxic gel casting technique using natural
hinders like Moringa, Boiling rice extract, ete. is under way.
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Trested Fish
Scale

4 Condition of slurry preparation with different solid oading and  New iniffatives planned
rheological study o optimize suitable shape formation for the
production of pelcasting scaflolds is being cared ou, Further studies would be underaken for implementation of

Outcomes scaffolds. Interfacial study for in-vivo and in-vitro application

. ; o . would also be undertaken through networking of the CSIR lubs

Twao papers emamﬂmg_\ from the m-.f'n;::\'ugal_mn.‘; were published involved in tissue scaffold development,

in peer reviewed journals, and two conference papers were

presented.
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Development of Dye-sensitized Solar Cell and
Nano Composite Cutting Tool for High Speed
Machining

Background/Ohjectives

The increasing global demand for energy is spurring the search
for envirommentally clean and alternative encrgy resources.
The process of photosensitization utilizing the sub-band-gap
excitations of semiconductors with dyes that mimic the
photosynthetic process has recently attracted academic and
industrial interest as regencrative low-cost alternatives Lo
conventional solid state devices. Utilization of the unigue
physicochemical properties of tailored nanostructures in
organic-inorganic hybrid assemblies and modulating ther
properties in thin-films has enabled the design of high efficiency
and econemically viable light-energy conversion devices. In
this context, CMERI has taken up the task of developing dye-
sensitized solur cells under this CSIR Network Project.

Development of new and advanced materials is rapidly changing
the manufacturing scenario around the world, Modern Ceramic
tools with their remarkable advanced properties and versatile
performance are gradually replacing carbide and coated carbide

high performance ceramics, which requires evaluation of the
machining parameters for optimization, and this is being
addressed through this project.

Work done & discussion

Initially the synthesis of mesoporous 110, and Zn0 nanorods
in the multigram scale enabling the proper modulation ol &-
conjugated photosensitizing dyes is being atiempted (o
Fabricate device architectures and measure the efficiency of
the solar cells with impedance spectroscopy, Following this,
suitable doping technigues with appropriate metals and non-
metals will be adopted for the band gap of the semiconductor
nanocomposites in the visible region. Finally, ligund
maodilication of a series of light-harvesting d-conjugated dyes
using supramolecular approach will be undertaken 1o suppress
the interfacial charge recombination and improve the cross-
section for light absorption.

The enhanced strength, transverse rupture sirength (TRS)
and toughness makes ZTAs more widely applicable and
renders them more productive than plain ceramics m
machining and cast iron. Martensitic
transformation of partially stabilized viria and certa doped
Zirconta in d-Aluming under matrices induces intensive

ol steels

compressive stress ahead of the erack tip resulting in high

Transmission electron microscopic images of (A) Ti0), and (B} Zn0) nanorods

tools, particularly for machining of carbon steel, cast iron and
heat-resistant alloys. Hard twrming with ceramic cutting tools
offers several benefits in the process of grinding by eliminating
the necessity for coolants, reducing the processing costs,
improving material properties, reducing power consumplion
and increasing productivity, Zirconia Toughened Alumina
{ZTA) Ceramic cutting ool is a recent addition in the era of

toughness. The project aimed at development and analysis
of the machinability of this non-conventional cutting tool.
Also modeled was the stochastic nature of the cutting force
and tool-lite using FEA & sofl computing techniques. The
different parameters which affect the life were also optimized
tey obtain the minimam ool fwilure and ensure maximuom too]

|| fia,
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Cutcomes

= Both TiO, and Zn0) nanorods have been synthesized in
the multigram scale

~  Some d-conjugated dyes have been modificd which grafis
satisluctorily Lo the nanoparticle surface

#  Characterization of nanocomposite cutting tool has been
ubdertaken

#  Mathematical Modeling of Tool Lile & Force Model is
under progress

New initiatives planned
s Eleciric ficld induced alignment of dye-semiconductor
composites would be tried out at the laboratory scale

+  Efficiency of solar cells developed through the project
would be measured with impedance spectroscopy

= Aproposal entitled Tool Life and Cutting Foree Modeling
of Advanced Ceramic Cutting Tool using Finite Element
Analysis & Soft Computing Techniques has been
submitied recently to the Depurtment of Science &
Technology, Government of India, with SANDVIK Asia
as the Industrial partner,

Platinization of Nafion towards the development
of lonic Polymer Metal Compaosite (IPMC)

Background/Objectives

Making use of biological cells to power ionic polvmeric metal
composites (IPMO) explores the possibility of hiological control
of IPMCs in operation as an artificial muscle, This novel
lechnigue, which relies on electrical activation of synthetic
hivcompatible polymeric materials (artificial muscles) by means
ol biological cells or nerves have the potential o assist patients
suffering from ocular malfunctions, cardiac and intestinal
paralysis, and various muscular diseases in the near future,
IPMCs are highly efficient and research into IPMC based
systems is expected to have will have far reaching ramifications
in biomedical engineering and medicine.

Work done & discussion

WVery recently, CMERI, Durgapur has achieved the success in
developing IPMC based actuator (Figure- 1) at the demonstrable
luboratory scale, and this 15 perhaps unique in the country,
Actuation response of IPMC based actuator is shown in
Figure-1.

27




Figure 1: Successive photographs of the IPMC strip showing deformation under time-varied (0.5 Vs'') voltuge from +3.0 to
3.0 V. duration time us a function of applying current -200 to +200 mA. Deflection and relaxation test of actuators also was
conducted by chrono-amperometry under constant DC potential of +2 V. Fhe electrochemical behavior of the IPMC exhibits

i good electrical response.

The expected yield from the project includes development of
hiologically powered micro-devices - a technologically and
ceonomically feasible reality, The economic implications o such
devices lie in an extremely wide range of applications, much
broader than presently possible,

Cuteomes: A peer-reviewed paper entitled “Use of [P 1LO),J*
complex towards development of ionic-polymer-metal-
compaosite actuators. and authored by Dr. Debabrata Chatterjee
was published in the fnd. J. Chem (A ). 48A, 2009, 1201-1203.

Facility for Rheo Pressure Die Casting

Background/Objectives

It was discovered during the early part of 1970s decade that
when metal alloys are vigorously agitated during solidification.
the solid which forms has a special globular and nen-dendritic
structure surrounded by nearly cutectic liguid. Due o this
microstructure. the partially solidificd metal slurry (at a
temperature which 15 between the solidus and the liquidus)
shows a significantly low viscosity and deforms
homogeneously, which leads to a new manufacturing
wechnology christened Semisolid Manufacturing (SSM). This
new technology is now widely accepted for production of
commercial components requiring estremely high casting
integrity and excellent propertics.

One of the popular ways 1o obtain semi-solid alloy slurry is by
introducing forced convection in the melt during solidilication,

The strong fluid flow arrests the growth of dendrites by
detaching them from the solid-liguid interface and carrying them
into the mould to form slumy, Subseguently, this semisolid slurry
is either cast into parts in a die {the rheocasting process) or
produced in the form ol solidified billets which can be reheated
tor the semisold temperature and cast into final parts in a die
casting machine in 4 process known as thixocasting. Semisolid
manufacturing has several advantages over conventional

shrinkage and porosity, ability to produce thin sections,
significantly superior mechanical properties and near net-shape
manufacturing, Because of the advantages listed above,
semisolid forming process 1s ideally suited for producing & wids
range of components for automotive, aerospace, defence and
structural applications, However. because of Tower production
volume and enhanced processing costs {compared o parts
made by conventional methods), semisolid forming is generally
adopted for some special parts requiring high integrity,
consistency in quality, increased strength and/or elongation.
increased pressure tightness, thin walled sections and parts
which are safelv-critical,

In spite of some obvious merits of the thixocasting process,
commercialization has not taken place in any significant scale,
mainly because of high cost of feedstock material compared to
normal foundry alloys. The key 1o successful thixocasting
process is the production of consistent guality non-dendritic
microstructure hillets, However, there are only few such billet
manufacturing facilities around the globe, who generally sells
the hillets at a much higher cost compared o conventionally
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cast billets of the same alloy. Although rheocasting is ree from
the problem of billet manufacturing, the major disadvantage
lies in consistency, as the quality of the final product depends
directly on the slurry produced, as also on the die casting
machine. Hence, for the process to be successful, it is important
o develop a process of slurry making which can be easily
standardized and commercialized.

The proposed project is aimed wowards developing alternative
semiselid technology such as direct rheocasting of
components, This billet-less semisolid technology 1s proven
to be significantly cheaper than the thixocasting method, bui
there do remain challenges and drawbacks which need to he
overcome. There is a further need for in-site production of
semisolid slurry. Electromagnetic stirring for this purpose has
proven to be quite complex and dilficult o be adopted lor
industrial rheocasting. Similarly, other processes such as stress
induce melt activated (SIMA) process, liquidus casting,
ultrasonic treatment, inert gas purging und single slug process
are nol industrially viable technigues, Several technigues of
semisolid slurry formation are reported in literature. Among
these, magneto-hydrodynamics (MHD) technigque has received
some nterest in the industry, though continuous slurry
production using MHD w meet industrial requirements is not
feasible.

This project proposes the application of the “cooling slope”
technique that might prove to be the simplest process of
obtaining slurey in-situ. Moreover, this technigue can easily be
adapted in a conventional foundry. The project proposes design
and development ol s cooling slope slurry maker for aluminium
alloys which would be capable of delivering a controfled
quantity of slurry into a “receiver”™ situated right beside (or
abovel the shot sleeve of a die casting machine, A metered
quantity of slurry at a prescribed temperature will be poured
inlo the slot sleeve for each component casting. The proposed
systern 1s quite novel, and has not yet been reporied in literature,

The whole process ol desizgn and developmen will be carried

out with the help of computational modeling wols (CFD), so

that the parameters for successful manufaciuring are chosen in
ascientific manner,

The broad objectives comprise;

s Design and manufacturing of a cooling slope, and
experimental investigation of semi solid slurry formation
with globular equiaxed grain using the coaoling slope,

*  Design and manufacring of holding semi solid slurry
and transferring metered quantity o a die casting machine,

= Development of a CED model Lor semi solid slurry formation
using a cooling slope.

¢ Inlegration and svnchronization of semisolid slurry
formation. holding, transferring and producing final

product in the pressure die casting machine, thereby
developing rheo pressure die cast components.

= Development of a CFD model for die Glling of semisolid
sturry, thereby developing die design concepts.

Work done & discussion

A project has been submitted to Technology System
Development (TSI} programme of DST-New Delhi in November
2004, with the Indian Institute of Science, Bangalore and the
Mahindra & Mahindra as the collaborators, and the proposal
is inan advanced stage of funding, Necessary literature survey
is under way, und design approaches are being discussed for
application,

Development of Process Technology and
Manufacturing of ADI Components for
Engineering Applications

Background/Objectives

Austempered Ductile lron (ADL) is a type of the cast iron with
exceptionul properiies imparted through customized metallurgy.
ADI s far more superior o cast irons commonly available in
the industries, 1t has an improved strength-to-weight ratio over
steel and s potentially less expensive in the production of
Near Net Shape form in mass quantities, This project was
adopted in a bid 10 develop appropriate manulucturing
technology suitable for production of specific engineering
components in the NNS form through the ADI route.

In specitic. the project objectives are:
= Optimization of composition and austempenng parameters
to produce ADI as per ASTM / EN standards.

= Todevelop the process route for production of high quality
ADI components for engineering applications,

Waork done & discussion

Al the onset of the project the components like crankshalis
were selected for development through the ADI route,
Subscequently, other engineering components like Beater Heads,
Swing Hammers, Gears. ete. were also selected for development,

Activities of this project were divided into two segments,

a)  Development of specific grade of Austempered Ductile
[rom as per international specification (ENSASTM).

by Development of process technology 1o manulacture the
engineering components from a specilic grade of ADIL,

Development of ADI material: The crankshafts which were

selected for development from ADI material are currently heing

made of forged steel equivalent 1o EN 19 in normalized condition.
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The mechanical properties of ADI Gr-11 (as per ENJASTM
standard) are found 1o be nearly equivalent to their forged
counterparts being used for manulacture of crank shafls,
Accordingly experimental activities were focused on the
development of ADI Gr-11 material. The critical factors which
infuence the mechanical properties and the quality ol linal
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AL components ara:

Preparation and testing of AD1 samples: The raw material used
for preparation of liquid iron consists of low manganese steel
serap, graphite, ferronickel, pure copper, ferromolybdenum and
lerrosilicon. A medium frequency Induction melting furnace of
100kg capacity was used for melting of steel scrap and
ferroalloys. Liguid iron was tapped at 1450¢/1500°C and was
then treated with Mg alloy by plunging method, After adding
Fe 5i dust, the molien meal was poured in sand moulds (o cast
¥ blocks as per ASTM standard. Tensile,

Chemical Composition of the alloy
Melting

Treatment of Liguid bMetal
Method of casting

Heat treatment Process

Impact and K test

ADI samples as per the following cycle.

e Cwenching in salt hath

s Austermpenng at 360°C-380"C fora period of 90-1 20 minutes

= Adrcooling

After final machingng and polishing, all the ADM test specimens
were inspected hy Xoray and pood quality samples were cleared
for testing. Tensile tests of ADI samples were carried out al
SERC. Chennai and CTOD Fracture toughness K
carried ot at NML, Jamshedpur, Xory tests and Metallographic
Tuble 1 shows the nominal
chemical composition of the SG iron alloys which were prepared
for the experiments, Figure 2 shows the room lemperature
mechanical properties obtained on AL samples. Results
shtained on the ADI specimens developed at CMERI shows
that the specimens conform to the luid-down in international
standards. Figure 3 shows the microstructure of ADIGr. 1 sample

test were carried oul st CMERL

austempered at 350°C.

Table 1: Chemical composition of SG iron

specimens were prepared form specific locations of the SG iron
¥ block custings and samples were heat treated Lo produce

s Austenitising al 8800C-0000C for a period of 60-90 minutes

Other Elements

% Ni | %P % 8
1.0- L& .02 miax 002 s

Cu and Mo

Melt % %S feMn
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Table 2: Y8, Fracture Toughness and Flaw tolerance of ADI samples
(*Source: Ductile Tron Society, US, and ADI 4 Developed at CMERI)

Alloy YS (MPa) | K, (MPa”m) K, /YS (mm)
ADI 1% 98) | 7 53
ADII* T - T T4 ol
AlL4 a2 0 59

Figure 3: Microstructure (x500) of AD{ Cor. {1 sample
anstempered ai 3737

Development of ADL Components for engineering applications:
The components which had been developed through AL route
at CMERI comprise Beater Head, Swing Hammer and Gear
and Crank shafts. AT Beater head, Swing hammer and Gear
have been developed for M/S MeNally Bharath, Kumardhubi.
ADI erankshall has been developed for MYS ITL, Hoshiarpur,
There are lour grades of ADI which are generally used for
engineering purposes. Chemical composition of SG iron meltl
and subsequent heat treatment parameters were selected based
upon the individual component geometry and the tvpe of
environment it would encounter in service. However it is
essential to manufacture defeci-free 5G iron castings before
the same 1s trunsformed in 1w AT, To ensure this, computerized
methoding were carried out with AFS software for each
component to produce shrinkage-free cast components with
minimum trials. Computerised methoding also helped to increase
the yield from 604 1o 85% in case of Swing hammer castings,
Afier fetthng and preliminary machining of cast blanks, the
gear blanks and crank shafts were austempered to produce
ADIGr-1and ADIGre-1 products. Beater head and Swing hammer
cast blanks were heat treated to produce ADI Ge-11, ADI Gr-111,
and ADI Gr- IV material. Important factors which have direct
influence on the quality and performance of the components
are:
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. Chenical composition of raw material

2 Design of in-gate svstem 1o ensure non-turbulent flow of
liguid metal inside the mould cavities

3. Optimisation of Aser geomeltry and its location

4 Melt reatment technigue to produce good quality SG iron
castings

3. Optimisation of the heat treatment paramelers

ADI Beater head samples (Figure 4) were assembled i the
reversible hammer mill of a steel plant for field trial in actual
cnvironment. Weight of one ADL beater head 15 20 ke, In a
reversible hammer mill (diameter: 1200mm, length: 1200mm), 52
beater heads are assembled in 13 planes, with 4 beater heads
repasing in a single plane. In the hammer mill; 2 ADI beater
head samples were assembled with another 2 steel beater head
samples in the same plane. In order 1o assess envirommental
clfects, the ADI beater head samples were developed with
different magnitudes of hardness. All the ADI samples could
successiully complete 430 hrs of feld wials of the hammer mill,
Wear pattern of ADI beater heads were compared with steel
samples fitted in same location of the reversible mill, Out of
four samples, two samples showed superior performance and
one sample showed similar wear-out rate like its steel
counterpart. Fig 5 shows conditions of the ADL and sieel beater
hewd samples after 430 hrs of field rials. SEM analysis were
carried out on small specimens taken from the used ADI and
Steel beater head samples 1o study the characteristic of the
WwWOrn out surtace.

Figure 4: A Beater lread samples
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Figure 5: AN and Steel beaer heads after 430 howrs of
aperation

(XI50)

Figure 7: Scanning electron micrograph of ADI beater
fhread sample

Figures 6 and 7 depict the scanning electron micrographs of
the working surfaces of ADI and Steel heater head samples
after 430 hrs of operation. The steel sample shows deep marks
on the worn out surface whereas the depth of scratch marks on
the A sample are shallow and uniform indicating the work
hardening behavior of ADL, which is a factor contribuling 1o
superior wear resistance property of ADL Figure 8 shows the

photograph of AFS computerized methoding for swing hammer
indicating the position of shrinkage defect above the riser
Photograph of cast hammers with side risers are shown in Figure
9. Quality of cast component was ascertained by destructive
testing and no shrinkage defects were noticed in the neck region
of the cast swing hammer as shown in Figure 10, Weight of
each hammer is 34 kg, Following the same manufacturing
process, Y ADLD Swing hamumers (Figare 11) were also developed
and deploved in the iron ore crushing plamt located at Goa, The
hammers were fitted in three consecutive planes in the crusher
and were operated continuously for 158 hrs. Total tonnage of
material handled by the crusher Bted with ADT hammers was
LOE2E tons as against 6000 w 7000 1ons that was obtained with
steel hammers, This field trial results revealed that A hammers
showed superior perlormance in adverse environments where
each hammer encountered high abrading and impact Toads
during the crushing operation,

VEr the riser

Figure 8:  Computerised methoding of swing hammers

Figure 9: Photograph of cast hammers with side risers
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Figure 10:  Photograph of cut section of neck area of cast
swing hammer

Figure 11: Photograph of ADI swing hammers

Other engineering components which have been developed
through ADT are Gear for Exciter and Crank shafts for 35 hp
tracior engine. Machining of A Ge- Land Gr -1 material with
H35 tools was the mujor hurdle for development of ADI Gear
and ADI crankshaft. Afier carrying out extensive R&D activities
on optimization of composition, heat treatment parameters and
hardness of ADI samples, a solution for machining of Gr-1 and
Gr 1L ADI material was devised. Fig 12 shows the helical gear
which has heen developed through the ADI route and supplied
te MAS MeNally Bharat, Kumardhubi for performance
evaluation, Machining of the gear has been carried oul by
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MYS Mo Nally Bharat Kumardhubi. Weight of forged steel gear
is S0kgs Since the ADI gear has been developed through NNS
casting route, 1t has been possible to reduce the weight of ADI
gearto 35 ke, resulting in more than 15% saving of initial material.
Two ADIE crankshafts (Fig 13) for 35 hp tractor engines have
been sent to MYS ITL, Hoshiarpur for [inal machining, balancing,
assembly and short duration field tial. [t is expected that field
trials of these components will be completed within nexi few
months.

Figure [2: Photograph of AT gear for exciter

Figure 13: Photograph af AN crankshaft for 35 hp
iractor engine

utcomes

Process technology for manufacturing of different grades of
ADI components have been successtully developed at CMERIL
M/S MeNally Bharat, Kolkata has shown interest for industrial
application of ADM componenis in the mining secior. Beater
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head, Swing hammer and Gear have been developed through
ADI route and supplied 1o McNally Bharat for field trials.
Periodic technical discussions are taking place hetween the
technical experts of both the organizations o identily suitable
avenues to promote wear resistant ADID components onoan
industrial scale, MYS International Tractor Lid, Hoshiarpur is
interested Tor ADIechnology for manufacturing of crankshafis,
There are two small scale industries located at Jamshedpur
who have also shown interest for ADI process technology.

New initiatives planned

Austempered Ductile [ron is & new class of material. 5o lar it hay
not heen resularly wsed for the manufacture of Industrial
companents. In order to develop awareness among the industries,
it is essential that addiional actvities be inttiated in association
with medium seale industries for development and deployment of
other types of ADL components. In near future gudgeon pin of
compressor piston will be developed through ADI route,
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A specific strength of the Institute lies in a strong back-up in design
engineering and design analysis, which enables proper
conceplualization, evaluation, cross-check and finalization of designs.
Aided by a comprehensive CAD tocls environment that supports
collaborative design through concurrent consideration of trade-offs,
analysis of mechanisms, tolerances, inferferences of designated parts
and components is carmied out to satisfy contrary design requiremants,
Analysis is further bolstered by simulation of functions and processes
leading to design optimization.

Generation and Analysis of Modulated Vane
profile for Radio Frequency Quadrupole Linac

Background/Ohjectives

The high energy Radioactive lon Beam (RIB) plays an important
role in R&D in the field of Nuclear Physics, Nuclear
Astrophysics, Material Science, Biology and Medical Science.
The technology needed for developing RIB facility is extremely
complex and it requires extensive R&D in the field of Particle
Accelerations, Ton Sources, Instrumentation  and
Manufacturing Technology.

The prime example of the use of ion beams in material scicnce is
madification of the properties of materials and analvses of the
tlocatiom and chemical nature of their constituents. Beams of
radicactive nuclei greatly expand the scope of such applications
and the last decade has seen rapid growth and development in
the use of low energy (<400 keV') beams of radivactive isolopes
to study the properties of solid-state materials, Although on
date there is more emphasis on semiconductors, studies on
metals, insulators, superconductors, surfaces, interfaces and
even complex bio-molecules are also being undertaken,

The Variable Energy Cyclotron Center { VECC) had signed an
MOU with CMERL Durgapur, for fostering such investigations
through a collaborative venture in system design, and for the
development, fabrication, and commissioning of Radioactive
lon beam facility at VECC. The entire collaborative research
work has been planned in three phases. of which the first two
phases have been completed and the final phase is under way,

The remarkable outcome of this collaboration in the first two
phases has successfully culminated in the indigenous
development of Radio Frequency Quadrupole (RFQ) Linac, and
this has put India in the Global map with six other nations of the
warld. The RFQ Linac is a RF cavity (Freguency ~ 33.7 MHz) of
very pure cupper thal houses four (quadrupole) precisely
designed and machined vanes which take care of the
acceleration, bunching and focusing of the lon Beam. RFQ is
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the optimum choice for accelerating very low energy ons to
miecinm energy.

The third phase comprising the development of Linac Re-
buncher is primarily focused on re-bunching and collimating
the medium energy level Radioactive lon beam from RFQ Linac
such that it can injected in the Drift Tube Linac for higher
levels of acceleration,

The basic design of Linac (RB ) ws carried out by VECC Kolkata
[rom the principles of Accelerator Physics and Beam Dynamics
tor lon Beam acceleration. CMERD s rale was primurily focosed
on mechanical design and analysis from the inputs of VECC

Conveciive
heat fransfer
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x
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.
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Figure I: Convective Heat Loss

Work done & discussion

The heat distribution and cooling pattern of the 3.2 m RFQ
structure due 1o the thermal loading and modal response have
heen investigated with Finite Element Model, The cooling
phenomenon has been modeled with convective and radiative
Heat loss. The Convective heat loss is due (o the ow of the
low conductivity conling water through sub-surface channels
in vanes and posts. The thermal heat input in to the system has
heen modeled as per the input from Variable Energy Cyelotron
Center { VECC), calenlated from electromagnetic interactions,

The loregoing schematics illustrate the process:
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Figure 2: Temperature distribution profile at active posts.
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Figure 3: Distribution of Modeling ervor due to elimination the noise in input data
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The analysis ol this entire complex system commences with
the development of the surface model Torm the outpat of the
PAMTEQ code, which is basically a grid of spatial coordinates
with longitudinal and transverse modulations. This grid also
has some in-built noises or erroneous data points, ansing due
to the numerical solution. These errors are to be filtered
maintaining the peomeiric integrity ol the moedulated surface.
In the noise and error filtering stage of modeling. the distribution
of errors (deviation) lies well within+ ¢ |
in the plot Figure 3.

=004 as shown
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The Heat generation is not uniform and it is estimated Trom
electromagnetic interaction by YECC. The generation can be

cstimated as for Vane post interface @ — KW, Post —Base

16

T

— kW , Post -Base Plate

l
Plate Interface Cavity Far side @ E s 2

4
mnterface Cavity Near side @ " E kW. The segment sets for

Figure 4: Modulated Vane and its Hex mesh

Meshing is very important to gather the modulated profiles
and the state variables. Several advance meshing technigues
like Morphing, Selidmap, ete. were used 1o generate mesh on
the longitudinal and transverse curvatures,

Lt 15 worth mentioning that the meshing parameters like Jacobian,
Skewness, etc. have all been maintained within the prescribed
values 1o manimize chances of errors while solving, The whole
maodel is meshed with regular solid brick elements to caich hold
of the modulation and analyvsis stability {Figure 4). Total no of
meshing components is 13 (4 moduolated vanes, 8 posts, |
Baseplate) with total 351352 nodes of 283592 elements,

heat generation and heat dissipation by convection has been
modeled as Figure-3,

Al the post section, the flow condition estimates the Reynolds
Number ( B )~ 10000 and fluid properties estimates the Prandtl
Number ( Pr) - 5.4 . For Foreced Convection Turbulent Fully
Developed Flow, the Dittus-Bolter Empirical Correlation
estimates Nusselt Number (N ) - 60.46 and Sieder-Tate
Empirical Correlation estimates N ~69.93, Considering the
larger value and after introducing Maolki & Sparrow correction
lor short tubes, the N was found o be in the range of 86,82,
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(1-18)

Post-baseplate interface heating
segment-Mear side (8nos)

Post-baseplate interface heating segmeant =

-Far side(8)

Figure 5: Set-segments for heat generation and convective cooling
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Figures T(a) & 7(b) : Thermal isosurfaces in whole 3.2 RFQ and partiol enlarged view

which gives the average heat transter coelTicient (h jto be 3814
Wim K. Similar consideration at vane section gives the b to be
3474 Wik,

The selution provides very important charactenistics of heat
distribution and identilied the hot spots where particular
attention is 1o be provided in the design. The heat distribution
pattern is shown Figure 2. Figure 6 and Figures T{a) and (b).

The mvestigation of modal response deals with the analysis
and experimental study of natural frequencies of vibration of a
d4-rod type Radio Frequency Quadrupele (RFQ) Linear
Aceelerator (Linac). The eigenvalue analysis ol the structure
has been done analytically (multi-span beam concept) and also
using Blocked Lancros Eigenvalue Finite Element Solver with
an ability to extract the rigid body modes. This has been done
in the mechanical design phase to ascertain the level of
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Expertmental Setup for testing the modal response of RF()
Linac

agreement between the output of simplified analyvtical analvsis
results and the output of o commercial FEM solver, since a full
scale RFQ structure is oo complex 1o handle analytically,
Experimental validation of the analysis results has been done
on the physical 1.7m RFQal the installation site. The experimental
data obtained was later analyzed and found 10 be in close
agreement with the predicted frequencies in the lower frequency
ranges, although larger deviations are noticed in the higher
frequency ranges. Some reguencies not reflected in the Finite
Element Analvsis (FEA) results were also detected during
experimentation. The source of these frequencies is 1o be Turther
mvestigated as it may play a predominant role in the design of
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high Quality Factor Beam Line Cavities for higher
operational efliciency.

Chuteomes
SCI Publications

¢ 5.D. Choudhury, V. Naik | M. Mondal, Avik
Chatterjee, H. K.Pandey, T. K _Mandi, A.
Bandyopudhyay, P Karmakar, 8. Bhatacharjee,
P. 5. Chouhan, 5. Ali, 8. C. L. Srivastava and A.
Chakrabarti, “fesign & development of a Radio
Freguency Ouadrapole (RFQ) linae post
accelerator for the VECC RIB project™, Review
of Scientific Instruments, American st of
Phsics, 81, 233010 (20005, (1S5N onling; 1089-
623, print: (034-6748) [doi: 10,1063/ 13280175

* Chatlerjee A., Mahapatra A., Mondal M.,
Chakraborti AL, “Madel Kesponse of 4-Kod Tupe
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Radio Frequeney Cuadrupole (RFQ) Linae”, Review of
Scientific lnstruments, American stinge of Phyvsics. 80,
103303 (2008 (1SSN online: [089-7623, print: (034-6745)
[clod: L. T063/1.3247904 |

New Initiatives planned

Plunned for design and analvsis of High Quality Factor (High-
1 BE Cavities.

Indigenization of Special Purpose Valves of
SARAS Aircraft

Background/Objectives

Development of aircraft in India is in a very early state of maturity
and India is totally dependent on import of various sysiems,
components and even spare parts 1o meet the requirements of
airerafl being designed in the country. These compuonents form
a considerable proportion of the cost of the aircraft. Moreover,
the cost of spares is exorbitant, and often these do not match
spectiic requirements. The long delivery time of the components
further increases the overall aireradl cost. In addition, due 1o
various proteciive policies practiced by aireraft manufactuning
companies, there might arise situations where the spare would
not even be available during the life cyele of the aireraft.
Capability building for the development of equipment/sub-
systems/systems. ultimately leading to and achieving the

capability to manufacture aireraft is to be considered
simultaneousty [or indigenous design of aircraft,

With this in mind, selected critical egquipments for small airerafis
are being indigenized under the CSIR network project
“Spearheading Small Civilian Aircraft Design, Developmentand
Manufacture”™ with NAL as the nodal Taboratory, CMERI is a
participating laboratory in this network initiative and is engaged
in developing the following three aircrall valves from the first
principles:

*  Pressure regulating pneumalic valve
o Ball type motorized fuel shut-oft valve

*  Butterfly type non returm valve,

Work done & discussions

A pressure reducing valve 1s asleeve type valve used o regulate
the varving inlet wr pressure and 10 maintain constant outlel
pressure. A ball-type motorized fuel shut-off valve is used 1o
control [uel flow tothe gas turbine engine. Non-retum valve is
used for allowing air fow in a particular direction only, Valve
designs have been completed. and optimization of the design
15 being carried out using CAE and CFD,

A valve testing lacility is being set up at CMERI to prove
airworthiness of the designed valves, Design of the test rigs o
create actual operating conditions of the valves has been
completed. Necessary procurement and Fabrication work s
going on,
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Developing new products/processes fo suit the market requirements
i= steadily becoming a fundamental differentiator for the speed and
cost with which novel and more efficient productsiprocesses are
introduced to the market, Product/Process development is a complex
enough process involving & number of stated and inchoate variables,
relationships and abstractions. ltis quite a dfficult task involving multiple
inputs from varied sources to converta concept into & complex multi-
technology product or process, and therefors a lot of effort, definition,
analysis, investigation of physical processes, verification, tradeoffs
and other informed decisions are required.

Converting a concept info a complex, mutti-technoloay product or
process involves many steps of refinement. Through its long
association with developing engineering products and processes,
CMERI has in place a carefully crafted product development routine
that embraces all phases of productiprocess development from initial
planning to customer foflow-up. Continual improvement of new design
methods and incorperation of customsr feedback helps CMERI
continually reduce iterations of the design cycle, thereby ensuring
reduced time to market,

Design and development of Small Hydraulic
Tractor

Background/Objectives

Conventional Tractors are used the world over for agriculiure
and haulage, Advanced countries have already resortéd 10
mechanized larming on large agricultural plots, where powerful
tractors exceeding 6OHP are commonly used with a large variety
of implements,

[n developing countries like India, farmland plots are small and
fragmented which necessitates the use of a light tractor ideally
suited Tor this application, Such @ tractor should also be low
cost and within the means of an average farmer with limited
disposuble income,

This project was undertaken to develop a small tractor having
the features of maneuverability, energy efficiency, flexible
operation and equal speed reversal. The tractor designed by
CMERI incorporates o hvdraulic power transmission system to
replace the mechanical power ransmission system and 1o
overcome drawhacks associated with conventional tractors.

Work done & divcussion

The small [ 2ZHF hydraulic ractor (PUSHAN) 15 designed and
developed on the basis of a hydro-mechanical power
transmission system, Inline with the development of three major
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CMERT tractors, namely the Swaraj, the Sonalika and the
Krishishakti. the advent of PUSHAN TRACTOR is expecied to
revolutionize again the Indian agricultural scenario. The
PUSHAN TRACTOR emhbadies a new technology that differs
sigmificantly from conventional tractors, PUSHAMN Tt is a multi-
utility vehicle and possesses many advantages including easy
mumeuverahility and control, The tractor is suitable for irregular
terrain profile, various soil conditions and can be used for
cultivation of different crops, In

Indiz, the average land holding of majority of the lurmers
normally does not exceed 4 hectares per farmer. Under such a
situation, PUSHAN would be the appropriate and affordable
meuans ol cultivation,

With the development of the 12 HP PUSHAN TRACTOR, farm
mechanization as applicable to small land holdings will become
areality in India. promising hetter yield and prosperity for the
millions of countrymen.

fhuteones

Papers published:

[. Nundi AK.. Regeneration of power in hydraulic power
transmission system, International Conference on
Advances in Mechanical Engineering (1CAME 2006). SRM
Institute of Science and Technology. Deemed University,
14-16 December 2006, Chennai, 363-367.

2 AK. Nandi, B.B, Ghosh and 8. Karmakar, Regenerative
hvdraulic power transmission system, International
conference on Materials, Mechancs & Management
(IMMM20007, Jan 14-16, 2010, College of Engineering
Trivandrm, Thiruvananthapuram, India

Patentsicopyrights filed:

1. Hydraulic Power Transmission System for Agriculwral
Tractor, { Bef No, 30 CRA6)

2 Hvdro-mechanical Power Transmission System for
Agricultural Tractor, (Ref, No. 34/CRA6)

3 Repenerative Power Transmission System, (Ref Na, 34/
CRAK)

4, Regenerative Power Transmission System for Paddle
Operated Tricyele, (Ref No, 30CRAG)

New initiatives planned
Another prototvpe of 12 hp small hydraulic tractor is being
planned for development, this time wilizing a purely hydraulic
POWET Lransmission sysiem

Design and development of Semi-Continuous Type
Biodiesel Plant suitable for the Rural Sector

Background/Objectives
[nternational crude oil price is undergoing daily fluctuations
and it will continue o rise in the foreseeabie future, in spite of
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a drop in crude price in the recent past. For a primarily oil
importing country like India, every 51 increase in per barrel
crude price imposes an extry annwal burden of Rs. 3000 crore
on the government exchequer. With an annual requirement |14
million tones of ail, the import bill 1s set for a quantum jump of
over Rs. 33000 crore 1o reach over Bs. 175000 Cr this yvear. By all
indecations, India is heading for a major encrgy crisis.

India has the potential to produce nearly 60 million tonnes of
bio-fuel annually. For true energy independence, o major shifl
in the structure ol source-specilic ulilization pattern 15 mandated
with a gradual shift from the fossil fuels 1o the renewable
sources. The hizh cost of bio-diesel is al present a major
handicap, but considering the ever increasing environmental
pollution by the use of petroleum based fuels the use of bio-
diesel needs to be encouraged.

Among different alternate fuels, liquid vegetable oils have been
proven best. Edible oils, such as those obtained from sunflower,
safflower, rice bran, palm, ete. as well as non-edible oils obtained
from jatropha; karanja; mahua, neem, sal, ele. can be used to
produce biodiesel. India being a net imporier of edible oils, the
current accent is on the use of non-edible mils as possible bio-
digsel sources. A national initiative has already been taken up
by the Government of India for promotion of oil obtained from
Jatrapha curcay L., which has the potential 1o supplement
conventional diesel Tuels, Jarropha cuwrcay plantations are
being promoted in 15 states throughout the country, spanning
over L34 million hectare of wasteland with an investment of Rs
G000 Crore. The present effort is aimed wwards the design and
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development of a low cost semi continuous Ly pe biodiesel plant
having o capacity of 600 livday which will be distributed 1o the
farmers o promote self-reliance and o save the energy crisis
and avoid environmental pollution.

Work done & discussion

Two semi-continuous type biodiesel planis have been designed,
fabricated, installed and tested at MERADCO, Ludhiana. These
plants, each having a capacity of 600 litres /day, produces
bindiese] from any edible or non edible vegetable oil irres-
pective of its FFA content. The plants have been designed on
consideration ol the process iming and simulation so that all
the components can work for the designated tme and altimately
produce the nominal guantity of biodiesel per day. The plant
comprises an oil preheating tank: a methoxide tank with agitator
and motor: a reactor vessel with heater, temperature controller,
agitator, recireulator, motor and pump; four separating vessels;
a washing cum heating vessel: a spare vessel for reaction/
separation/washing: pipelines: motors; pumps and mounting
frame with wheels for casy movement of the whole system. The
solenowd valves, motors and pumps are operated by switches
mounted on a single control panel so as o enable minimum
manuil intervention during biodiese] production process, The
maximum power consumption of the plant is only 3 kKW at the
peak time. Both the plants have been successfully tested with
jatropha (non edible oil with FEA content of 3.9} and sovbean
{edible oil baving FFA content of (L8). The fuel properiies of
jatropha and sovbean biodiesel produced from the plants have
been tested and the results obtained are within the limit of
ASTM standards.

Reachos

Contred Paned

Mathoxide Tank [ E =

Stapny Tank

Sclesar] Valve

\Washing Tank

Legusid Phase Indicatlor




Outeomes
Technology transferred 1o
1, M{s Best Engineering Technologies, Hyderabad

2 MYs Fab Con Engineers, Chennai

New initiatives planned

Future plans comprise modifications in the basic design For
more energy efliciency. The biodiesel plant needs more
autonrmation, and PLE based contral will be implemented saon.

Fabrication of Mobhile Bridge Inspection Unit

Background/Objectives

The primary objective of this project is the creation ol visual
Non-Hydraulic {Electro-Mechanical } inspection facthity in the
form of an gerial platform w inspect the bridges from various
sides. The mspection unit is reguired 1o be of folding type and
is mounted on atrock S rrolley, and should have stroctures and
Joints and as well as an independent drive mechanism to drive
JSHES

During the last 30 vears, o number of Reinforced Cement
Concrete (RCC) and Pre-stressed Cement Conerete (PCC)

bridges were built across the country and it is estimated that
the state of health of about 25% is rather poor, Maintenance of
bridges in India. save a lew important bridees of high visibility,
leaves much to be asked for. Considering that the number of
bridge assets is increasing quite rapidly, there is a need o
develop a scientifically designed Bridege Management System
policy and infrastructure in the country,

Pressing demand by user agencies lke the PWDs/ NHAT and
contralling agencies like MORTH prompted MERADO,
Ludhiana 1o take up the task ol designing a suitable bridge
inspection system so that a critical infrastruciure for proper
inspection 15 created as part of the drive to evolve o suitable
bridge management system in the our country.

Work done & discussion with Figures

Fabrication of the unit structural members and joint members
has been completed. All Imported components have been
purchased and are now heing assembled. Purchase of a suitable
vehicle for accommaodating the suspension unit is under
progress. The ROCC structure forming part of the ramp for
funciionality testing of joints is in the final stage. Functioning
of individual joints has duly been tested. Automation process
design has been finafized and order will be placed afier full
assembly of the MEBIL unit over the test ramp.




Outcomes
Indigenously development of Mobile Bridge Inspection Unit,
which factlitates quick inspection of road bridges and enables
physical study of the intricate bridge spans along with NIT
equipment,

Design and development of equipment with
appropriate and adaptable automation for
hygienic and safe production of processed and
semi-processed foods in large scale

Background/CObjectives

This project aims at developing semi-automated machinery large
scale production of low cost hy gienic food. Under this activity,
primarily three machines with their sub-components have been
identificd for design and development. These are:

Lo Cereal Cake Making Machine, comprising sisma mixer,
extruder, cut- to-length machine and automatic packaging
muachine

=

Laddo making machine. Coconut grating machine

3 Machine for making food out of Puffed/Beaten/Popped
Rice.

Work done & discussion

The Sigma-mixer is required for preparing through proper mixing
dough out of highly viscous food material such as corn flour.
with maisture content around # w0 10 percent. Two 7 shaped
blades are made to rotate in a chamber with a clearance of few
millimeters (more than the grain size) from the wall, Rotational
speed is around 60 to 100 rpm. The machine prepares uniform
dough out of corn-lour, honey, essential oil, saltsugar. coco
powder put together in predetermined quantities. This machine
has already been developed. The Extruder for drawing long
bars of cereal cake has also been designed and developed. A
horizontal flow wrap machine has been procured 1o facilitate
packaging, and this is being suitably integrated. A machine for
grating coconut has been designed and lubricated for making
laddo out of the cocomn pulp,

The Coconut Grating Machine emplovs a circular blade
movement. The blade module consists of three parts made in
the shape of a quarter of an eflipse and are placed at 120 degree
angular separation, During rotation. they together make half of
an ellipsoid, where the ratio of minor axis to major axis 1s lesser
than that of any coconul, so that it can make contact with any
part of the inner surface of one half of a coconut, This shape
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ensures that no kernel is left over after grating, irrespective of
the shape of the coconut. Initially, the hlade is positioned at
the centre ol the coconut, the position sensing being
accomplished with the help of a limit switch. When the blade
assembly comes in contact with the hard shell. it can sense the
change in the contact pressure that with the help of a pressure
sensor, The moment it senses the hardness, the blude deflects
in the reverse dircetion on the X axis by (1.5 mm. This dellection
is measured with the help of a linear position sensor. The whole
process 1s controlled by a micro-controller, Afier the reverse
movement of the blade, the motor is commanded 1o move the
blade forward along the Y axis and towards the center of the
coconut by .75 mm so that a fresh contact is established with
the uncut portion of the kernel. This process is repeated till
grating of one half is completed. The extent (lateral depth) 1o
which the coconut is to be grated is controlled by changing the
position of a potentiometer, which in turn controls the
initialization value parameter of the timer residing within the
microcontroller. Effectively the whiteness of the grated output
cun be controlled by the user (in terms of percentage) depending
on specific reguirement,

The gripper arm movement is in opposite direction with respect
e culler blade rotation and s speed is hall of that of cutter
blade. This helps in faster operation and uniform grating in
much smaller pieces (grains) compared o other machines
avatlable in the market, The developed machine is capahle of
grating 120 half coconuts in an hour, Hence a total of 14400
coconuts can be grated in three shifts of a day (throughput /
clficiency ).

fluicomes

The machine has been designed and developed, and will be
demonstrated soon,

New initiatives planned
*  Design and development of the Laddo making machine

*  Filing of patent

Development of embedded processor based
tactile image sensor for object recognition in real
time

Background/Objectives
The primary objective is to develop an embedded processor
hased object recognition system through factile imaging
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technigue. By means of actile sensing a great many properties
of an object can be perceived in the absence of vision.

The project would involve development of a methodology for
determining the characteristics of an object through distributed
tactile imaging technigque. This in its turn would require
considerable processing of mctile database and subsequent
description of the object contour as extracted from the data
related to the shape and other associated parameters, Tactile
images be accessed through embedded processor and the
associated parameters interpreted through a graphical display
unit, A fuzzy logic based approach will be adopied for
discriminating materialistic properties associated with the object.

Wark done & discussion

The steps o be undertaken in recognizing a predefined shape
consists of

l. Formation ol the *SHAPE LIBRARY" where various
common shapes would be stored, These shapes will be
calibrated against the shape provided by a user and checked
for possible matches, and the nearest approximation
wentified

2, Acquisition of user data: In this step. the pressure data of
the shape provided by a user is taken for identification
with members of shape library.

3. Muatching: As obvious, this is the most crucial pan of the
averall process. This is the step where a computer program
will perform the matching of user given shape with the
best one from the "SHAPE LIBRARY",

Tactile sensors are devices which measure the parameters of
contact between the sensors and the object. Technically, an
array of tactile sensors emulates the distributed sensory
arrangement of the human skin. A touch sensor provides binary
information as 1o whether or not there 15 a touch, Tactile sensing
however provides the measurement of the distribution of forces
applied on the sensory area. Presence ol atmospheric pressure
however can indicate a low reading at the no load condition,
which contributes 1o noise even in the absence of any applied
pressure from the user.

Problem with the presence of noise is very common and
alfective for the experiment because here the system does nol
work with a single pressure sensor but employ as many as 256
individual pressure sensors which, once again. are
interconnected, As a result a given pressure on a particular
sensor 15 also experienced partly by 1ts neighboring sensors
hecause of the cushioning of the interconnecting material and
in most cases these create nonse. Study of the pressure profile
therefore needs 1o be combined with noise elimination to have
an idea of the actual comtour of the object which s in contact
with the sensors.

lufcomes

Demonstration of Edge detection of an objects using distributed
pressure sensor array in the MEMS Innovation Feast 2007 at
Bangalore

New initiatives planned

Project proposals based on this preliminary study has been
submitted to various agencies Tor funding for development of
intelligent glove o trun students with vision impairment.

Cylindrical object impression as gathered by a tactile sensor array
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Through the years, CMERI's commitment 1o society has been

s 0 CIE T.E,L manifested in different forms through extension of its expert guidance

and services for mitigating different techriological needs for weaker

PRO G RE.MME s sections of the society, or for the artisans of the handicrafts sector, for

ensuring proper returns for the farmers the north-eastem region,

efe. Such support was extended through atloption of different projects
for that have a direct impact on the sociaty,

s

4

Programme Leaders

HK' Gé‘i“e‘lee CMERI has made significant contribution to the CSIR 800 initiative
JoydevRoy Chowdhury for providing a better fife to BOO million people in the country through

& ﬁalg;iﬁi‘?ee the provision of appropriate technological solutions i the area of
Palash Kumar Maji agr_;:uiture. energy anq amerdnmalns.l Kaepm_rg in mind the promise
India holds in emerging as a global innavation hub, CMERI has
s LA E}ﬁfﬂﬁ:ﬂﬂm for promoting innovations at the non-farmal and
Ashok Prasad
Ms, Abhilasa Saxena
Biplab Choudhury Technology Demonstration on Pedicab lor the

Promotion of Eco-friendly Urban Transport
(SOLECKSHAW) System in India

Background/Objectives

In the busy streets of cities, mainly in Asian subcontinent. we
find many tricycles and auto rickshaws. Auto rickshaws are
driven by fossil fuel, which produces considerable pollution
On the other hand tricyele or eyvele rickshaws are used w CarTy
two passengers and are suitable for narrow sireets al speeds
below 15 Km/hr and do not contribute to pollution since these
do ot use Tossil fuels, But driving cyele rickshaws proves to
he quite demanding for the driver, as the rickshaw has to he
driven solely by manual power, Considering the climatic
changes caused by environmental pollution, introduction of
green vehicles has become very important. Especially in busy
streets of cities, pollution is at alarmingly high levels due 1o
very slow movement of automobile vehicles. Keeping these in
mind, solar powered motor assisted ricycle (SOLECKSHAW)
has been developed. The Soleckshaw is mainly pedal driven
and is assisted by an electric motor drawing energy from a
resident battery, which can be charged at 1 solar power charging
station. This vehicle provides driving comfort to the driver and
can run for longer distances compared to manual driven cycle
rickshaws, resulting in higher eaming of rickshaw pullers. An
override mechanism has been vsed at the center of rear axle
resulting in proper turning and better dynamic stability of the
vehicle, Its power source is solar energy, which eliminates the
ptoblem of environment pollution that lies with other automobile.

The SOLECKSHAW has the following salient features:

# Dwal Drive: Manual & Solar Power Assisted
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> Minimum manual effort, leading to reduction ol drudgery
for nckshaw puller

» Batteries charged from solar charging station

#  Zero Carhon Urhan Transporl

Work done & discussion with Figures

The SOLECKSHAW has been designed with following
specifications,

»  Power source Electric and manual

7 Tvpeof Drive Electrie Motor assisted pedal drven

TAW. 36 V Brushless DO (BLDC) Hub
Motor

»  Electric Motor

Sprocket and chain drive hy pedaling
to rear axle

» Manual drive

F  Pay load 210 Ky, considering two passengers

and one driver

»  Avernge speed 1 15 Kmbr-l
o Muolor
mounting On front wheel
#  Brake O all 3 wheels (dise or drum brakes)

= Weight 1 ke

Some prototypes conforming to the above specifications have
heen fabricated at CMERI, Durgapur for trial run and testing.
Different models of the prototype have been built for sitting
capacity of two passengers. driven by one driver. To make it
appealing to the passengers, the vehicle body has been
agsthetically designed. The product has been developed with

Figure 1

Figure 2

two types of wheels. Figure | shows prototypes with smaller
and wider wheels, providing better traction and stability, It is
also equipped with better suspension and lighting system. but
involves a higher cost. Figure 2 on the other hand shows the
same pedicab with conventional bigger wheels like those used
in normal eyele rickshaws, and these are produced at a lower
cost 1o ensure ownership my poor rickshuw pullers. These two
models are to he charged from a solar charging station. Figure
3 represents the pedicab with overhead solar panel, which can
charge the battery of vehicle and it is not dependent on &
separite charging station.

Outcomes

s Technology development for electric motor assisted tricycle

s Protorype development and conduction of suceessiul road
trials

o Technology transter to three entreprencurs

s  Filing of two patents and one trade-mark application

e One paper accepted in the International Journal of Electric
and Hybrid Vehicle, Inderscience publishers

Design and development of variable speed DC
driver for Hybrid Solar Rickshaw

Background/(bjectives

BLDC motors offer a lot of advantages for automotive
applications. BLDCs are lighter in weight. more churable, and
consume less power than their brushed cousins. They have un
excellent low end torque capability and offer a very wide speed
range. There are many microcontrollers that can easily control

Figure 3
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4 brushless motor. While some are more elegant and elficient
than others, a lot has to do with the peripherals. Some have the
right kind of analog to digital converter controls allowing
synchronous sampling of an analog voltage. A brush-type
permanent magnet motor has the magnets in the stator, or the
stationary parl of the motor, and the windings in the rotor. As
the rotor rotates hetween the brushes. the commutation. or
switching from one phase to the nexi, takes place naturally.
BLDCs offer a simple and reasonably reliable solution over
brushed DC motors since brushes are the weakest hnk in the
durahility chain. Brushless motors commutate the windings by
clectronic means, thereby dispensing with brushes and
commutator bars,

The primary objective of the project is o design and develop a
relinble controller for speed control of BLINC mators being used
as a prime mover for the Soleckshaw - a pedal operated, motor
driven (on demand) pedicab being developed at CMERL

Work done & discussion

The system is implemented developing the hurdware using a
Phillips 8051 based microcontroller (PROCSIRD2), which is
programmed with sensor-less control for BLIC motor. The
implementation through "C° and assembly language
programming of DSF has resulted in reduced hardware and fast
response of the controller. The high performance of controller
minimizes the control loop delays, The basie scheme allows
further modifications in the control structure, implemented by
rewriling the software. The implemented hardware can support
a speed range up to 3500 rpm with reduced back EMF noise.
The validity of the proposed BLDC motor drive system is
verified through testing on hardware results such as phase
current, back EMF signal waveforms and speed. The
experimental results on a 3-phase, 24 V0120 W BLDC motor
using Phullips 805 | based microcontroller (PROCSTRDZ) based
digital controller closely agree with the desired resulis.

Hardware was developed using a Phillips 8051 based
microcontroller (PROCSIRD2), Motor driver hardware is
designed using 6 — MOSFET which are fed by PWM signals
generated by the microcontroller. Only two MOSFET: are
switched at a time, The sequence of MOSFET on-ofT depends
on Hall Sensor Input fed w microconiroller,

The commutation sequence for BLDC motors has one of the
windings energized to positive power {current enlers into the
winding), the second winding is negative (current exits the
winding) and the third is in a non-cnergized condition. The
interaction between the magnetic field generated by the stator
coils and the permanent magnets creates the required lorgue,
Ideally, the peak torque nceurs when these two Telds are at 907
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1o each other. In order to keep the motor running, the magnetic
field produced by the windings should shift position. as the
rotor moves to catch up with the stator field. The motor
construction with star connection consists of three
clectromagnetic circuits connected at i common point, also
referred toas neutral point, Each electromagnetic circuil is spli
in the center, thereby permitting the permanent magnet retor o
move in the middle of the induced magnetic lield. The key to
electronic commutation is to sense the rotor position, and then
energize the correct winding phases to keep the rotor rotating.

Establishment of Centre for Post Harvest
Technology in the North East

Background/Objectives

Thermal Engineering is one of the core activities of CMERTand
constitutes a major division which conducts RE&L in the field
of Energy, Process Plant Technology, Post Harvest Processing,
ete. The group is active in the broad research lield of Thermal
& Fluid Engincering comprising activities on fluid flow, heatl
transfer, combustion, gasification. fluidization, rencwable
energy, waste management, drying, ete. In the area of Post
Harvest Technology the group has been working on drying for
more than a decade, during the course of which the Group has
designed improved Tray dryers, Mixed flow LSU dryers,
Fluidized bed dryers (batch/continuous), Spouted bed dryers
{hatchicontinuous), Calumn drvers, Microwave dryers ete. Tor
different agro crops and seeds

Recently the Government of India has placed major emphasis
on muking available technological solutions to the people of
North East India through the provision of rescarch cutputs for
typical issues related to the arca. and also on their

implementation so that the region can emerge s @ strong
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economic entity. Ginger, turmeric, chili, etc. are typical cash
crops of Mizoram and the Arunachal Pradesh. At present there
15 0o post harvest processing of these crops in these states,
and due to lack of preservation and value addition, the farmers
suffer as they receive poor prices for the base product, Since
the crops are normally being sold immediately after hurvesting,
the poor farmers recetve a pittance for their produce. CMERT
has been working for the last few vears for providing proper
technological solutions for preservation and processing the
agro produce and adding value to these produce by increasing
their shelt-life, all of which has translated 1o significant increase
in earnings of the farmers, Enthused by the response this effort
15 receiving from all quarters of the society, CMERI has
established two Centres For Post Harvest Technology, one each
at Mizoram and Arunachal Pradesh. 1t is heartening to note
that these Centres are fast becoming a major hub for fostering
economic activity in the state, particularly for the vouth of the
resion.

n bk o 0N g

Tribal youths af Mizoram working in CSIR Rural Centre, Tuirial

Work done & discussion

As u part of the North East initiative. CMERI established posi
harvest processing centers al Mizoram and Arunachal Pradesh
for processing ginger, wrmeric, chili and other spices. The
centers. along with its outreach counterparts is working
continuously on the drying, grinding and packaging of ginger.
turmeric and chilies. Problem-specific rescarch is carried out at
these centers on post harvest processing of various agro crops
in the north-cast states of Mizoram and Arunachal Pradesh,

The drying system developed und installed by CMER] utilizes
asource of hot air as drving media, The air, whose temperature
s ocontrolled by a thermostat, enters the drying svstem and
gradually makes its passage through rays of produce being
dried, and exits through an exhaust vent.

The drying system is equipped with the trays, where hot air is
circulated to follow a longer rigeng route, which. in its turn,

increasses the zas/solid contact time resulting in enhanced
system efficiency

In the course of this work, itis proposed o evalve a generic
model of value addition through the deployment of low-
cost, stand-alone agro-processing units in different parts
ol the disadvantaged states with the ultimate objective o
awgmenting the economy ol rural people. To start with,
CMERI proposes the establishment at local level in each
of the districts of Mizoram and Arunachal Pradesh, which
shall be run and maintained by NGOs / SHGs, and later
eatending the scope to cover the entire state, CMER] has
made & significant murk in these two north-castern states
through the establishment of post harvest processing
centers and u commitment for strong economy in the coming
YEdrs.

Land development at O SIR Centre for Post Harvest Processing & Research at Mizoram

20
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Ginger / Turmeric Washing [Unit Ginger / Turmeric Slicing Unit

Consiruction af CMERT Rural centre at Aizwal, Mizoram
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Rural People wt work in CMERI Centre for Post Harvest
Processing & Research, Mizoram

Training of Rural Tribal Youth by CMERT and University af New Sonth Wales, Australia

Construction aof
CMERI Centre for
Post Harvest
Processing and
Research, Jengging,
Ipper Shiang,
Arnnuchal Pradesh
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Site selection at Pashighat, Arunachal Pradesh for the CMERI Centre for Post Harvest Processing
ind Research

Tribal youths working in CSIR Rural Centre, fengging, Arunchal Pradesh
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Site selection, procurement and development of land have been
completed at two sites, The main processing unit at Tuirial has
been completed, along with the establishment of the Training
Centre for the miral youth, Prototypes of the sub units of the
processing plant have been fabricated and installed at site, and
technology has been transferred. At the moment, self-help
groups are being organized with the assistance of a community
based organization. The processing centre is fully functional,
aned 15 providing livelihood o 30 youths and their Lunilics. So
Jer 20000 man days of employmend has been generated in
Mizoram ard 6000 farmers / entreprencurs already regisiered
with complete data of their land, In Aranachal Pradesh, 40
man days of employment has been generated daily and the
process af farmers / entreprenenrs registering with complete
data of their lowd is wnder progress,

Based on the inputs provided by the local farmers, CMERI is
novw designing improved and more efficient versions of the
sub processing units in order to ensure faster drying, reduction
in the lubor cost mantaimng by gienic conditions of production
with uniform guality, ete. Efforts are also on for obtaining
necessury certificates for orgame produciion S0 as 1o nereasse
the product value in the market,

TePP Outreach Centre

The mandate of the Central Mechanical Engincering Research
[nstitute, Durgapur is to conduct research and development 1n
mechamical engineering technology so that India’s dependence
on Foreign collaboration s substantially redoced in the strategic
and economy sectors, In addition to this, CMERI is mandared
tor Facilitate inpovations and inventions or establishing the
claims of Indian talent in international Delds where Indiun
products shall linally compete. 1t was with this objective that
the TePP Outreach Centre at CMER] was established in
September 2008,

The TePP - Technopreneur Promotion Programme — is a Hugship
programime [or innovation promotion administered by the
Depariment of Science & Technology, Government of India
and comprises the largest network progromme supporting
independent innovators, The network — now with its 30
Outreach Centres across the country — provides grants;
technicul guidance and mentoring support 1o independent
innovators belonging to the informal and formal sectors. The
purpose of this support is W enable innovalors emerge as
entreprencurs by incubating their ideas and enterprise. The
support is extended in two distinet phases: the first phase is

directed towards innovation incubation, and the second
towards enterprise incubation, Chver the yvears. TePP has
emerged in o network mode as o unigque framework with
contrihution {rom various players involved in the scheme. To
date, TePP has accessed over 7000 ideas and supported in
excess of 200 innovators, TePP has successtully demonstrated
that omee the necessary opportunity and support is estended,
the vast multitude of independent innovators would rise w
provide and devise solutions and opportunities 1o commercial
entities,

Since its inception in September 2008, TUC-CMER! has recerved
funding from the DSTR for Dve innovations, namely:

*  Portahle Microscope Slide Projector {Teaching Aid)
e Self-propelled three row potato seeding device

¢ Solar powered DC/BLDC motor operated kerosene
dispensing unit with biometric/bar-code access control

¢ Lowspecilic-cost solar parabolic dish concentrator sy siem

o Electricity from tidal waves.
The projects are in various stages of completion now
CSIR-NIF Innovation Fellowship initiative

The CSIR-NIF Innevation Fellowship Scheme was instituted
with the objective of strengthening R&D linkage hetween
various scientific institutions under the umbrella of the CSIR
and grassroots innovators and traditional knowledge holders
in a bad o promote commercial and non-commercial apphcations
of green grassroots innovations. Since the inception of the
scheme in 2005, CMERI has been actively involved in providing
the necessary research inputs for upgrading a number of
grassroots innoviations o entities having commercial value.
Till date, CMERET has vpgraded six prodocts mnovated by
different grassroots innovaters, and as per the mandates of the
Mol existing between the CSIR and the National Innovation
Foundation transferred these to the NIF for
commercialization. The six products to which value have been
added comprise:

have

e Motorcvele driven plough

& AUlo compression sprayer

o MNanually Operated Pulse Thresher

o Shiveyy Multipurpose Agricultural Eguipment
o Hund Operated Water Lifting Device

o Siddhant Self Propelled Windrower Reaper (Adtachment
pairtl
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Details of the work done
Manually operated pulse thresher

®  [mprovement in the mode of operation by replacing the
hund operation with an ergonomically designed pedal
mechanism

o Design optimization to enhance the working capacity and
minimize the torgue input 1o the system

*  Introducing compactness in the design facilitating ease of
assembly

s Standardization of the components

s Introduction of safety attachment

e Providing for sieves of different mesh sizes for different
applications

Shiveag Multipurpose Agricultural Equipmenl

Design optimization

Standardization of all components except the tyre

Prowvision for varying the speed of the ground wheel for seed
drilling pitch vise

N
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Provision ol ratchet mechanism replacing extant levers for betier
bell tensioming

Provision to adjust the tine depth for ploughing
Obviation of residual seeds in the seed box

Pravision of dividers w properly guide the seeds direetly into
the delivery conduit

Hand Operated Water Lifting Device

s |mprovement of discharge rate,
s Weightl reduction

®  [ncrease in the gear ratio,

o Ease of operation,

®  Eusc ol assembly of the prototype with foldable option

e Desien optimization o minimize the torque input to the
system and enhance the working capacity

e Standardization of the components
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SERVICE
INTERFACES

Inspection, standardization and quality assurance are the primary
aspecis integrally associated with product developmens, as the product
must conform to the laid-cut standards in respect of dimension, materdal
composition, soundness, safity aspects, ete. CMER| manifests asfrong
affitude towards quality assurance through testing, evaluation,
calioration and standardization — along with the requisite infrastructure
and human resource = which user industries have exploited and
have bensfitted in the process.

Excellent testing and calibration facilities existin the areas of Metralogy,
Mechanical testing, Material Testing, Metallurgical testing, Non-
destructive Testing, Vibration & Moise Analysis, Themmal Evaluation,
Bearing Tesfing, etc. Afew areas of imperiance are projected in this
section,

RESIDUAL LIFE ASSESSMENT

Most of the critical components in process and power plants
operate at extreme environments in creep regimes and are
subjected 1o conditions that degrade the components
gradually. This may be due o one or a combination of time-
dependent damage mechanisms such as creep. fatigue.
COMTOSION, erosion el

Critical components are therefore designed with respect 1o a
target life usually based on a degree of allowable strain
accumulated in a specified period of operation, A further factor
of safety is then applied in selecting the stress. This, once
again, translates into an expected life of 25 10 30 vears for the
COMPONEnLs,

[n actual condinons the usetul life of components in service
may well exceed or fall short of the design life due to design,
operational, environmental and metallurgical Factors,
Considerable reserve strength and ductility even after the end
of design life may be expected because of the conservatism of
the original design. On the other hand, the components muy
tail prematurely due to operation under conditions not
envisaged in the design stage.

[Lix therefore necessary 1o assess the residual life of different
vital components of a process unit approaching the design life,
and especially when it s planned 1o run an ald plant beyvond is
design life with an acceptable level of salety and reliahility,

Eesidual Life Assessment (RLAY is the most important step in
knowing the present status of the components and taking
remedial actions for the life extension of process plants. The
purpose of life extension activities is nol o continue the
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operation of a plant bevond s usual life but to ensure Tull
utilisation up to its residual life.

RLA helps in preventing the premature retitement of process
plants and their components, which in turn has importam
ramifications on the operational and financial aspects of plant
performance, RLA has now emerged as a full-fledged discipline
embracing development and incorporation of methodologies
that help in decision making in run, repair. retirement and life
eatension of critical process plant components.

In fact, the very concept of RLA embodies g set of values and
a particular philosophical approach, stressing on scientific
identification of the causality with regard 10 damage and
deterioration and ensures optimal utilisation of @ process plant.

It is evident that for conduction of activities related o BLA, a
base level of competence in such disciplines us material science,
metallurgy, heal power & engineering, maching desion,
condition monitoring & failure analvsis is required. CMER] is
ideally posed to cater Lo these requirements, a5 a comimon pool
of exists in the [nstitute with contributions from experts in all
the areas of specialization. The distincuve features of the
services extended by CMERI in this discipline are:

s Collateral strength in all the requisite disciplines related to
.

¢ Over two decades of strong presence in the lield,
*  Hest-of -the-class intellectual capial.
®  Astrong background of exhaustive engineering rescarch.

#  Regular supplementing of acquired skills with state-ol-
the-art developments,

s Thorough in-depth scientilic analysis for determining the
best prevenlive action,

*  Appropriate, innovative and cost-elfective solutions,

& Over two hundred successful case studies,

METROLOGY

Metrology is the science and arl of precision measurement and
is one of the mest essential components needed for ensuring
quality of industrial products. In the prevailing atmosphere of
cammitment W guality, metrology is an imperative tool that
helps in raising the quality and accuracy of measurements,
thereby leading e product quality improvement. In fact.

metralogy is the mother science lor appraisul, communication
and decision-making in industries and also in rescarch and
development, Accuracy inmeasurements is essential at all stages
of product development and covers the entire gamut covering
research, design, production, testing & evaluation, guality
assurance, standardisation, on-line control, operational
performance appraisal, reliability estimation, et

Technological advancements in automation, robolics, space
ventures, satellite communication, precision medical application,
ete, the need lor dimensional accuracy of functional parts has
assumaed paramount importance. So much so, that the level of
industrial development of a country can now be ganged by its
excellence and degree of sophistication in metrological
capabilitics, A close study of IS0 9001, ISO 9002 and 150 03
clearly show how important the element “lnspection,
Measurement and Test Equipment™ is in the context of these
international standards. These are essential requirements that
decided whether or not an applicant for ISO 9000 series
accreditation does qualify Tor the cenification. Clause 4,10 of
1SOA002, Clause 4.1 1 of TSO 9001 and Clawse 4.6 of 1509003
require manufacturers Lo maintain appropriate records, quality
plans and documented procedures Tor product testing
according to specilied and clearly laid down standards. 150
S000 also requires on part of the successful applicant 1o establish
and maintain a system for periodic calibration of measuring
stundards, In addition, all testing and calibration activities need
to he decumented so as to provide documentary evidence of
satistactory operation ol all testing and ealibration equipment.

CMERI happens 1o be the leading laboratory recognised hy
the Burean of Indian Standards (BIS) in so far as mechanical
measurgments are concerned, CMERT has traceabality 1o national
standards of the National Physical Laboratory, the custodian
of measurement standards as regards length, A high echelon of
individual professional competence, long familiarity with the
ground rules of precision measurement and an atmosphere of
siringent procedural adherence adds excellence w the service
provided by CMERT in the field of dimensional metrology that
guarantees the customer not only perfect services, but also
value addition.

Activities at the core of metrological services are:
= Calibration of master gauges and measuring instruments

®  Precision measuring assistance in product development
activities

*  Customized training for defined 1echnical levels,

The laboratory 1s equipped with standard calibration facilities
for the following puramelers:
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Additional services for Precision Inspection  evaluation of

e Length & fomm measurements

L Angle measurement -

e -Surface roughness characterization L

& -Pressure measurement .

s Vacuum measurement. =

Facilities available for calibration x

o Micrometers with Setting Pieces -

e Vermer Calipers, height & Depth Gauges, Height Master @

o [hal Gauge, Test Indicator & Snap Dial Gauge .

e Screw Plug & Ring Gauges (Parallel & Taperupto 100 mm - e
nominal dinmeter except square thread) "

e Siraight Edge, Surface Plate & Table, Precision Block Level

®  Slip Gauges Grade 2, Grade 1 & Grade 0)

e Length Bars, Angle Gauges, Steel Tape & Scales, =

s Piich Gange, Eadius Gauge & Filler Gauge

s  Engincer’s Square, Bevel Protector, Combination 5et, Sine e
Bars & Clinometers

*  Plane Plug, Ring Gauges (Parallel & Taper) & Morse Taper o

o Pressure Gauge, Load Measuring Gauge & Vicuum Cauge

o Depd-weight Pressure Gauge Tester / Culibrator,

Grround or Generated Gears, Spur, Helical & Bevel
Cicar Hubs & Worm Gears

Cam Shafts & Templates

Roundness & Form Errors

Surface Roughness Characterization

Lead Screws of Machine Tools

Machine Bed Alignment

Ball & Roller Bearings

Cias Cylinder Valves

Yiscosity Flow Cup,

Impaortance

Application in areas like Automation, Robotics, Space.
Sateliite Communication, Preciston Medical Applications
are of paramount importance.

Metrological accuracy is an essential requirement for any
quality series accreditation,

In addition. all testing and calibration activities need to he
docomented so as to provide documentary evidence of
satisfactory operation of all testing and calibration
coupment,

CAPACITY /

FACILITY AVAILABLE

SPECIFICATIONS

APPLICATIONS

Cr-ordinate Measuring Machine F

[ (M}

Meusuring Range:

X = 1000mm

Y= 650mm

L= 6lmm

Resolution: 1pm
Accuracy: 03£4L1000um

Internal Diameter Measuring

Machine

Measurement  of  linear  dimensions,  poinl
locations and hole-centres contour on single or
multiple planes externally or internally, CMM
upgraded from Micropak 210 0 Geopak (3) and
Scanpak (3) software integrated 1w Compute

contour and profiles.

Measuring Range: 6.35mm
150mm o a maximum depth
of 30mm

Resolution: 0.2pum
Accuracy: lum

Measurement of:

1. Internal Plain Diameters (parallel)

2. Tnternal screw thread diameters (parallel)
3. Internal plain diameters (taper]

4. Internal screw thread diameters (taper)
having threads square o the axis.

Perthometer (S6R)

Magnificance:
Horizontal: 1000X
Wertical: 10000
Resclution: (h1pm

Measurement  of  surface rowghness  on
components like spindles, bearings, gauges. elc,
and characterization through statnstical technique
with strip profile recording.

fContd. )
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FACILITY AVAILABLE

CAPACITY /
SPECIFICATIONS

APPLICATIONS

Floating Carriage [Diameter
Measuring Machine

Measuring Range: 0 — 100mm
Resolution: 0.2pm
Accuracy: 1pm

Measurement of:

1. External plain diameters (parallel)
2. Exiernal screw threads (parallel)
3. External screw threads {taper)
having threads square fo the axis,

Universal Profile Projector

Magnifications: 10X, 25X &
30X Capacily:

Linear: () — 25 mm

Angular: 0 - 360"

Resolution: Linear: 0.00 1 mim:
Angular: 1 min of arc

Inspection of profiles, lemplates, precision
measurement of length and angle,

Universal Measuring Machine

Measuring Range:
HNe=400mm
Y= 100mm
Resolution: 0,51um

Measurement of

linear dimensions, point
locations and hole cenires  externally  and
internally.

Dead Weight Pressure Gauge Tester |

Electre Limit Comparator { Talymin
Grauge series 2)

Capacity:
Maximum S0000psi in steps
of 5 psi

Calibration of Pressure Gaozes and  Load
Measuring Gauges,

Capacity: 0 — 170mm
Resolution: = 2um
b 5am

Inspection of tools and gauges,

OMT Vertical Omtimeter

Capacity: } - 250mm
Range: £0.120mm
Resolution: 1pm

Measurement of length, thickness, diameter,
standard end cylindrical gauges and precision
stee] balls.

OMT Vertical Omiimeter

Capacity: 0 — 250mm
Range: £0.120mm
Resolution: lum

Measurement of length. thickness. diameter,
standard end cylindrical gauges and precision
steel balls,

Vacuum Gauge Tester

Capacity: 00— Toem Hg.
Graduation: lem Hg of scale

Calibration of Vacuum Gauges up to T0em|
of He.

Taper Diameter Measuring Machine

Capacity: 0 — 100mm
Length: (= 330mm
Resolution: 0.2um

Inspection of external taper.

Slip Gauge Calibrator
s2oE

Capacity: 00 - 1 70mm

Accuracy: 0.01u

Calibration of Slip Gauges.

MNumerical Precision Balance

Capacity: 100zm
Accuracy: 0. lmg

Calibration of precision masses.

Common Balance Class B

Capacity: 10kg
Accuracy: Img

Calibration of precision masses.

(Contd.
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FACILITY AVAILABLE

CAPACITY/
SPECIFICATIONS

APPLICATIONS

Roundness Measuring Machine

{ Talyrond Model 2)

Capucily:
a,  External & nternal
digmeters: 350mm

b, Maximum height: 700mm

¢, Resolution: 0.2un
d. Magnification: [000X

Measurement of:

a. Errors of roundness
b, Concentricity

€. Sguarcness

d.  Flatness

¢. Parallelism

Vertical Meteroscope

Capacity: 0 — 200mm
Resolution: Tpm

Mensurement of external dimensions of work
picces with flat parallel gauging surfaces,
eylindrical work picces, balls or work pieces
with spherical gauging surfuce,

Millionth Comparator

Suitable for comparing Slip

Gianges up o 25mm length with

a direct scale reading of
00040 Fmm

Calibration of Shp Ganges.

Level Comparator (Wall Type)

Capacity: 00 — 1000mm;
Accuracy: 0.2pum

Calibration of Length Bars.

Autoe Collimator

Measuring range up to 10m;
Resolution: 0.2 sec. of arc;
Accuracy: 1 sec. of arc

Measurement of straightness, flatness,
squareness of machine tables, cast iron and
aranite surface plates / tables.

Microoptic Angle Dekkor

Maximuom working distance:

12m. Accuracy: & sec. of arc
Resalution: 0.5 sec, of arc

Any angle can be measured by comparison with
a standard angle or any change of angle can be

observed instantly and accurately.

Optical Dividing Head

Diameters up to 200mm
Resolution: 30 sec. of arc

Measurement of index plates, spline shafis,
kevways, angular measurcments of parts having

centres at both ends and throw of cam shafts.

NEW FACILITY IN THE DIMENSIONAL
METROLOGY

CMERI has augmented ils strength and service interface in
Dimensional Metrology through the induction of two new
{acilities,

The lirst instrument, a state-of-the-art CNC Co-ordinate
Measuring Machine (Model — Spectra) has been inducted
recently. This instrument has a measuring range of X = 600 mm.
Y = H00 mm and 2= 300 mm, 2 Resolution of 1 mm, Repeatability
(MO 2 mim and Volumetric Accuracy: 00044 L300 < G,
CNC Control in the machine facilitates probing in standard and
continuous modes. A VDMIS Software platform is further
provided for geometric measurements, surface measurement
and CAD comparisons. Reverse engineering applications as
well as non-contact measurements using Nexter Laser
attachment scanner has rendered this machine more versatile.

AML 10 Gold Standard Laser (Make: Revishew, UK) has further
heen added o the existing facility in Dimensional Metrology,
This instrument uses o Helium-NeonLaser source and employs
a Class 2 Tube. It can perform linear measurements up to the
range of A0mm with an accuracy of £ 7 ppm and with a resolution
af 0001 mme. In addition o linear measurements, Angular,
Rotary, Flatness, Squareness and Straightness measurements
can be performed with this equipment. Automalic environment
compensation. data capture and analysis with Laser 10 software
are added features,

Pressure equipment like gauges and transducers form the major
components of modemn development and production processes.
Most of the industries, including power generation utilities,
tertilizer plants, chemical and petrochemical plants, automobile
plants. the aviation industries, ete, are totally dependent on
accurate measurements of pressure for different process
controls, Moreover, pressure measurements are essential for
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human safery against hazards. To cater to the growing need of
calibration in pressure lesting equipment. the Dimensional
Metrology Lab at CMERI has established a High Pressure
Laboratory that offers an accuracy of =0.005% in calibration of
pressure testing equipment. A Pressure Balance including a
Class 52 Mams set { 100 kg has been installed. which can perform
pressure calibrations upto 500 mpa with a 3000 bar constant
volume valve. The instrument lurther incorporates interface
terminals and has the ahility W support two pressure balances
for easy cross floation and automatic compensation for
environmental influences. This instrument can further derive
true pressure with an uncertainty of less than = 0.5/ reading.

In addition to this, an accarate comparator in the range of 0 —
| 2000 bar has been installed in the High Pressure Laboratory for
use with oil and which s ideally suited for shop-level
environment. 1t provides o complete measurement solution
including generation, control and measurements of pressure
and also singular readings from instruments under test. 1t has
accuracy of 0.05 ! of full scale, including temperature
compensation 0 to 407 C.

IMMERSIVE VISUALIZATION FACILITY

Virtual Prototyping (VP programs provides a means ol rapidly
developing system concepts and analyzing them for form, fit,
function, logistics, human factors integration. and general
feasibility analvsis, The resulting models can be studied, viewed
from different angles, and even “entered”  (Integrating with
Virtual Reality ) by muludisciplinary design teams working in an
imegrated product development environment,

CMERI has a rich working background in Computer Aided
Design (CAD) and Computer Aided Engineering (CAE), and its
expertise 1n visualization is being augmented with the induction
of state-of-the-art facilities in Virtual Prototyping and Virtual
Reality, which facilitates working in the full 1:1 scale assembly
level rather than al the conventional component level.

Simulation of the functional behavior of the full scale digital
prototvpes help in identifving the design flaws at the early
stage of product development and has the dircet effect on
reducing the number of development of actual physical
prototypes, which, in its turn, reduces the lead tme for product
development and the time to market the product.

Salient Features
The Advance Simulation and lmmersive Visualization Facility
is equipped with very powerful computing platform for full-

scale multi-physics analysis (fluid. structural or thermal) with
integrated multi-piped graphics subsystem for real time
rendering and visualization of large datasets. Silent leatures ol
the facility are

*  Computing power of the order of 20-24 peak GFLOPS.
{125 R EA000x 1 CGHe MIPS processors)

* 4 parallel 5G2 graphics pipehnes with graphics compositing
facility for rendering very large data sets,

* 24 GB RAM on shured memory architecture required for
holding large datasets in memaory.

* TR ol storage,

*  Large wall format display (8'x67) with high resolution
BARCO CRT projector 1o work in mono and stereo modes.

s Software codes like CATIA V3, LS-DYNA, ADAMS,
ENSIGHT GOLI, el

*  Compilers & Libraries for development applications in C.
O+, FORTRAN, OpenGL Performer.

*  Xeon processor based Windows / Linux workstations for
data preprocessing.

*  High-speed internal netwaork for data transfer.

Working Areas
*  Rigid body dynamics for functional simulation of full-scale
prototy pes

*  Nonlinear high-rate dynamics for lunctional simulation of
a range of materials and environment

*  Post processing of analysis/ simulation data for immersive
visualization and interaction

CENTRE FORADVANCED MATERIAL
PROCESSING

A Center for Advanced Materials Processing (CAMP) has
been established at CMERI for dedicating research efforts for
the development of high-technology materials processing
relevant 1o manutfacturing aspects and is focused on industiial
concerns and meeting indusirial needs,

The mandate of CAMP is to bring about innovalions in
advanced materials processing and to transfer this technology
1o industry for application. Towards this end, CAMP is receiving
support from CMERL CSIR networked projects, DST and other
industrial R&D services,
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Objectives

*  The goal and objectives of the Center for Advanced
Matenials Processing are;

To create a center of expertise in advanced materials
processing

*  To provide R&D and material testing services to
government groups and private industry through funded
research projects

*  To facilitate training. research opportunities, and
assistance to graduate and undergraduate studems

* To enhance the knowledge and productivity of
manufacturers & to provide financial and research
opporunities for faculty

*  Tostrive for nutional and international prominence in the
field of materials processing and manulacturing of
advanced components.

The presently CAMP involves in developing capabilities of
Advanced Materials Processing Technology for manufacturing
of engineering and biocompatible components through
different materials processing technigues. [ caters to present
scope ol activities with future developmental work in the
advanced materials processing in the following areas:

*  Metals, alloys, and metal mairix compoesites through
Investment casting / Rapid Prototype Integrated
[rvestment Casting (RPIC)

= Ceramics. ceramic matrix composites, cermets et [or
structural, cutting tools & other engineering applications.

*  NMet Shape processing of advanced ceramic engineerng
components/ bio- implants through RPIC/ Gel Casting &
Sol-gel process

*  Sol-gel processing for coating application

* Synthesis of vlirafine / nano-powders through wer
chemical processing for development of advanced
engineering und bio-medical components.

*  Smart Materials Processing for self-adjustment of humidity
anid ll.:]il[.'l'i.'r-ii'llli't‘-
Mujor facilities with CAMP

= Planetary Mill { 2x 500ml)

= Wax injection Press

*  Ceramic shell muking facilities including slurry mixer,
flutdised bed systems for stuccoing

+  De-waxing autoclave
= Ceramic shell baking furnoce
* Melting & pouring facilities for non-ferrous allovs IMMC

*  Hightemperature sintering furnace (Adr, 1700C)

Post Processing Equipment

*  Lapping & Polishing Machine

*  Ulrasonie cleaner

*  Abrasive cul-off machine

*  Characterization Equipment

* d-Component Dynamometer | Kistler )
*  Scratch tester (1 1o 200 N)

*  Reciprocating Wear & Friction

= AirJet Erosion @ max, | 20mysec)

*  Microscope (inverted stage ) with Image analysis system

NATIONALTESTING FACILITY FOR
BEARINGS

Antifriction bearings are very important components of all
miachines and equipment as their malfunciioning very adversely
affects the performance ol the system. Therefore,
undersianding and evaluation of the life of ralling element
bearings is of great concern. In response to this need, CMER]
has established a National Test Facility for General Purpose
Rolling Element Bearings at its premises in Durgapur in
collaboration with Tata Bearings, a division of Tata Steel Limited.
This facility, a unique one in this country, accommodates 1en
test ngs designed and developed at CMERIT and can carry out
accelerated life testing of bearings under controlled conditions,
The load and lubricants are chosen in a manner to retain o
mnimum lubricant Glm thickness to avoid the metal-te-metal
contact during the test run.

The National Test Facility for General Purpose Rolling Element
Bearings was inaugurated by Prof. DUV, Singh on 27th September
2005, Dr. (3 P. Sinha, Dircctor CMERI, Shri. 5.5, Kohliand Dr,
ALK Mallik, Head R&D, Tata Bearings, wilnessed the
demonstration and appreciated the efforts of the CMERI
scientists.
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Technical Specifications
|

Radial Load A0kg - 2000ks

Rotatonal Speed Upto 1500 rpm

Bearing Inner Diameter | 20 - £

Bearing Outer Diameter | A45mim-Whnim

The tme duration is programmahble and different lubricants
can be used.

Mechanical Svstem

Bearings for testing are mounted ona shaft and are supported
by the two support bearings. The support bearings are placed
on pedestals fixed w Surface Plate. The main shaft is connected
to a motor through Nexible coupling. The load is applied through
alever by a centralized hydraulic loading system and lubrication
is provided through a centralized auto-lubrication system. The
test hearing is housed in the bearing housing, An accelerometer
is 1ixed o the bearing housing to deteet and record vibration
spike energy values. A revolution counter is placed near to the
metor e record the total revolutions of the bearing's inner ruce
with respect 1o the outer race. The surface plate 1 placed over
another base plate with a facility that allows movement in
horizontal direction. This facility is provided to correct any
misaliznment of the test rig. The whole mechanical system is
mounted on an elevated concrete pedestal and the motor is
placed on another foundation o avoid vibration tansmission
o meior (o lest rg

Hydraulic Loading System

The hydraulic loading system comprises of a [{liter capacity
tank connected through tubes to all L points ol a plunger,
which, in its turn, applies load on the lever, By vsing the pump,
the pressure can be varied from atmospheric pressure 1w [30har,
An autemated control console mainiains constant pressure
throughout the testing period, which actuates the motor once
the pressure is reduced during the loading peniod and adjusts
it back to the pre-set value. The rig also accommodates
provisions for manual loading and unloading.

Auto-Lubrication System

The Lubrication syvstem has a Sliter capacity tank o store the
lubricants. This system is connected to the individuoal
lubrication points of the ten test rigs. Pressure is maintained a
its preset value to supply the lubricants al the test ng points,
The system further has a provision to regulate the flow of
lubricants at the end of test rig.

Electrical & Instrumentation System

A AHP inductuon AC motor, driven and controlled by a frequency
drive system, is installed w drive the main shafi of the test ng
at amaximum ol 1300 rpm. Vibration signals are detected by the
accelerometer and are trunsmitted fo the signal-processing unit
that utilizes the envelope technigue for determining the vibration
parameters. The value of spike energy — the single useful
parameter (better known as g§E value} 1s chitained from the
processing unil. A proximity sensor measures the total number
of revolutions and the signals are sent 1o the controller. When
the pre-set value of cither revolutions or gSE (whichever occurs
carlier) approaches, the controller sends the signal 1o the drive
o stop the motor. The bearing undergoing festing is then is
taken out for investigation.

Testing Technigue

The perlormance of Rolling Element Bearings is mnfluenced by
various Tactors that include fluid film thickness, dimensional
variation, radial clearance, production loi, manufacturing
process, ctc. Hence, a single experiment may not suffice for
determination ol its performance. The performance of the
bearings is predicted by statistical methods, 150 281 (19490)
suggests the use of Weibull Distribution for endurance Timit
prediction while the tests are conducted in accelerated
condition.

Bearing Testing Rig

Tests are conducted simulaneously on all the ten test rigs.
The automiated control system continuously monitors the
various parameters of the bearings. The following parameters
are considered for the bearings:
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= eSE values (IRD Instrument)
*  Total revolution counts

The test rigs are stopped Tor further analysis as soon as the
abovementioned parameters approach the predelmed threshold

\

Test Monitoring

vitlues, The oil from the test rig 15 taken out and wear debris
analysis is utilizing Ferrography methods. The life of a particular
bearing 15 determined based on these results.

Scope for future work

The establishment of National Testing Facility lor General
Purpose Rolling Element Bearings at CMERI is major leap
lorward and il opens up a wide scope 1o study various aspects
of rofling element bearings. The test rig provides the facility w
vary the load as well as the speed of the test bearings, the
maximum load and maximum speed being limited by the strength
ol the respective components of the structure, while the
geometry of the machine remains the same. [t also helps in the
study of iemperature-signature of the hearings. Thus the west
rig is useful for condition monitaring of hearings.

The facility can be used for condition momtoring and evaluation
of the journal beanngs, L can also be used for evaluation of
friction force between the journal and the bearing at various
loading and a various rpm. Also the same facility can be used
to evaluate the comparative contact area between the journal
and the bearing to estimate the bearing ratio graph,

RESEARCH & TRAINING FACILITY IN
EMBEDDED SYSTEMS

India represents immense potential and promises o very sirong
market alter China and Japan in so far as embedded systems
based applications are concerned,

Presently India has approximately 30 million smart cards users
with around 30% usage in cell phone SIM cards, There are
around 3 million mobile phone users in this country, and the
ligure may well exceed |2 million users quite soon.

Indian sman card industry is growing @ 45% per annum,
The requirement of smart cards as identity cards and in the
municipal. welfare, healthcare and transportation sectors is

expected to grow phenomenally,

CMERI is fast growing in stature as a solution provider in
Embedded Technology Systems by virtue of the services it is

Smart Fuel Dispensing system developed at CMERT

extending through the Integrated Research & Training Centre
in Embedded Systems.

For facilitating demands for design and development of
products tailored to commercial and industrial requirements in
India, this centre is equipped with state-of-the-an facilities like:

= Embedded systems development tools for real-time
application

*  Furzzy logic based application-specilic product

development tools
* Malab soltware & simualator
* Digital signal processing hardwiare and software
* Smart-card hased product design facility
This centre s already offering application-specific training
courses i Fmbedded Svstems Technology and has furthe

started lunctioning as a technology support centre lor
embedded systems based product development. To emerge as
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a competence centre in embedded systems, the Centre has  »  Smari-card based application specilic research
initiated industry-driven need-based research in the following
focus areas: Embedded web-server based technology development.

In addition to developmental work, the Centre shall act as a
*  Embedded Fuzzy Control in Energy Management nodal body Tor research, human resource development and
entrepreneurship promotion in this emerging and very

= Hardware Optimisation through FPGA e :
promising cutting-edge technology arca.

65




Quadrennial Report 2006-2010

HUMAN RESOURCE DEVELOPMENT

The Human Rescurce Development Group of the Institute organized a number of training programmes for augmenting the

knowledge base of CMERI personnel, the details of which are as follows

IN-HOUSE TRAINING PROGRAMMES ORGANISED FOR CMERI PERSONNEI

SL. TRAINING PROGRAMME QN PARTICIPANTS
| B | Basic f._"mn[_:-_uting |
2 Electrical Maintenance 3
| 3. Tolerance Chatting & Stack Analysis 7 B
4, | Tool Design ) 5
A Cutting Tool Materials & Theary 6
6. Testing OF Pressure Vessels & Cylinder 5
7. FEM/ANSYS ' 8
5. National workshop on Condition Monitoring 15 ]
9. Workshop cum Training programme on Engineering 14
14, Short term course on design i
I, FEM ' 10
12, CNC Machining 8 1
|13 | Process Planning i
| 14 | Metrology _ 3
15, Modeling & Surfacing Using CATIA 4
6. Fitting & Assemhly N o Ll
2 SPC 3
15, Conventional Machining 4
14, Application of Bar Coding on Library [
20, Quality Control - ]
21, Engincering Drawing i 9
22 Patent Drafing - 22
23 FEM/ANSYS [
24, Mt‘fhﬁnituj”c&jj.__{_l_‘! 4
25, Process Plant Engincering 5
20, Fitting Assembly i 4
[ 27 Metrology &
28. IS0 4
29. Six Sigma - i
30, Hc_l.l Transfer 15
3. Theoretical Approaches for Turbulent Flows 15
A Vibration Analysis 20
33 Mechanism 43
34, 1DEAS 3
35, G & T + Stack Analysis 3
6. Cuality (.'.ﬁ_:l.lﬁ:] 1 1
3% Theory of Cutting Tool Materials 2
| 38. CNC Machining 2 ]
| 39 Process Planning 3 il
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OUTSIDE TRAINING SCHEDULES ATTENDED BY CMERI PERSONNEL

SL. TRAINING PROGRAMME ON- PARTICIPANTS
it Entrepreneurial 2007 3 i
& Non-Destructive Testing & Evaluation of Concrete Structures I
3. Analysis & Design for Wind And Seismic Loads |
4, Technology Led Entrepr eneurship 4
|5 Internal Auditor 1SO 9001:2000 2 L]
f. Enhancement of Management Efficiency (or Scientists 2
7. | E = Journals Consortium ' 2
5. Induction Training Programme for Newly Recruited Scientist B & C ¥
o Enhancement of Managerial Efficiency for Scientists il 1
10 | Micromachining i
L1, Welding & Inspection : |
12, Crafting Effective § & T Communication 2
13, Leveraging Intellectual Property For Business Development 2
14, Induction Training Programme For Newly Recruited Scientist B & © 3
15. Research Methodology And Statistical Methaods 2
16 Leadership Development 2
17. Project Management Techniques and Practices 2z
I8 Leadership Development Programme 3
19. Condition Based Maintenance |
20, Flanning Process For Post Rcﬁrumc_nt Life 3
21, E- Pmcurum:m - I
| 22, Industrial Corrosion: Evaluation And Mitigation I
23, Patent Issues Related To Elec tronics, Software, Electrical & Mechanical 2
24, D;.ignmnc 'L{Jlnil..ndl'lc‘e & Machine Lundnmn Monitoring [
25, Relresher memmm: for the Section Officers B
26, Mentoring as A Management Tool 3
27, Enhancement of Managerial Efficiency for Scientist |
28, Roboties 12
28, Advanced Course for Private Secretaries 3
3. Leadership Development 3
31 Patents for IP Professionals, Attorneys & Lawvers !
3Z:- CEP Short ourse on Delivering HI,|L_.]I CQuality Services In Guest House 3
33, Refresher Progmmnu, for Assistants Gr-TLAdmin) 3
34, Leadersh:p Development l
35, Seience Audit lor Senior Scientists and Senior Administrators 2
b, Enhancement of M:umﬂcnai Efficiency for Scicntists 2
L37.. ANSYS Workhench Modeling & Simulation Introduction 1
38. Planning for Life After Relirement 2
34 Flow meter and Calibration Tu.hmque 2
40, Refresher Programme for Stores & Purchase Assistants 3
41. Traiming Programme for Security Officers l
42 Project Management 2
_4?& Mentoring as A Management Tool 2
44, Awareness Programme on RTI Act for Appellate Authorities |
45, TRIZ Methods 3
46, Computational Fluid Dynamic |

Conted..
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OUTSIDE TRAINING SCHEDULES ATTENDED BY CMERI PERSONNEL

| SL. | TRAINING PROGRAMME ON PARTICIPANTS
| 47. Knowledge Management 1
48, 17" Induction Training Programme 2
49, Self-Effectiveness at Work Place 2
50, Leadership Development 1
|5l Ultrasonic Testing Course {Level-11) [
52. Skill DL"rLI'.’]lJfI‘IE.‘TIl Programme for Section Officers [
53 Crafting Effective S &T L;ﬁﬁimunlmmm 3
| 34 Red Hat Linux Training with Global C ertification 1
35 | Probability, Statistics and Optimization Method with Application [ |
56. Practical Vibration Analysis with SKF Microlog-705 1
[ 57. Seience Communication: The Emerging Scenario 5] —
58, Computational Thermal & Fluid Science & 1ts Lngineering Apphcmmn 2
| 59, Application of S/W in Analysis and Design of Structure 2
ti['l-. Web of Science 2
6 Advanc ed Executive CDM Training Programme l
h, | Dungn And DuLlumem of Digital Libraries Using Dspace i2
a3, Flow Meters & Calihration Tr:Lhmqu.u 2
6 FPower Electronics ' 1
| 65, Residential Workshop on LDP 0904 & 0905 2
. Project Management 2 |
67. ASTM Standards & Dtblldl Library _ =
HiE. Project Management Techniques & Practices 2
69, Renewal of UT Level 1 Certificate 1
70, Information Security and Advanced € ‘mnpuun;: for 1
Support Staff of Scientific Organizations B
71 , F‘;ue_nr_ﬂlrulugics |
92, | Power Electronics Application in Industry [
TRAINING ORGANISED BY CMERI FOR OUTSIDERS
[SL. NAME OF PROGRAMME | PARTICIPANTS
1. Training on Embedided System 6
2 Training on Engineering Metrology and NABL Accreditation 10
3. Traming on Thermal, Vol. . Density Mass & Pressure _ 8
4. Traning on Calibration Technigue for Mass, Vol. & Density 10
= Training on Course }jngincering_Tnlcmnciﬁg and stacking f
. Training on Embedded system 135
7. Training on Embedded system 15
i Training program on CNC Machining 3 |
-9 | Hands on Training on ‘v‘ﬂl._tric_czll'!]:ufaliun 5
101, Training on Engineering metrology & measurement uncertainty 3 i
[1. Training programme on ANSYS 20 ]
12 Truining on CNC Machining 31
B3 Training on Coordinate measuring machine 20
14 Short-Term Training Course on Embedded Systems for Faculty Members | 20
[ 15. Training Courses on CNC Machine | 30
16. Training Programmes on Pressure, Mass, Vol & Dimension Parameter 3
1. | Training Programme on Embedded Systems 17 _I
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PARTICIPATION ON WORKSHOPS / SEMINARS / CONFERENCES

| SL. NAME OF PROGRAMMES PARTICIPANTS
FROM CMERI
]. Conference on Factory Autmndtmn Robotics & Soft Computing 1
|12 Seminar on Achieving T(:r.hnu]uﬂu_.ﬂ Excellence in the New Millennium 1
3 | 8" International Conference on Vibration Problems i 1
4. Indo-US workshop & Tutorial on Advances of Computational Optimization 1
& Analysis
| s Symposium on Physics ion the 21st century 20
| & Conference on Current Tre r:d» In Remote S:,nm]" and GI5 application |
| 7. Waorkshop on Engineering Metrology & Quality for L-rm»ll;_ 3 _—
8. International Conference on Emerging Mechanical Technology Macro o 2
| Mano
% Conlerence on Trends and Advances in Computer Aided Design and 1
Engineering =
|10, Workshop on Application of Renewable Energy 1
11. Conference on Environmental Challenges and Management 1
12. Se minar on Mec hanized Cultivation of Sugar:,dne 1
13, CSIR E-Journals Consortium-Nodal Officer Meet |
14, Workshop on towards a more Customer Responsive CSIR 1 |
15, International Conference on Global Conference on Production and Industrial [
Engineering -
16. kauhﬂp on Biofuels: Production Muhuduinum Utilization & 'Cl'td.”t_,!‘l.gl._,'\ 2
Ahead
17. Seminar on Proc essing of Coals with reference 1o Indian Industries |
LR "k-"-'l.‘yrkahnp on Power Sector Reform-Learning through L'Gpt..!’icl'lf_ﬂ. 1 -
14 PLACER-2007 I3
24, NWMMAM-2007 f
21. SYMPOsim on Advances in Stainless Stewl 1
| 22 Warkshop on Industrial p{1l|llllun and Environmental Issues in Durgapur |
23, . Eastern India Energy Summit 2007 1
24, Work shop on Current Mduul.n.mrm g Technology 3
25 W orkshop on Condition Monitoring |5
26, Seminar on Machinery Health Management |
27, Waorkshop on Engincering Tolerancing and Stacking 14
28, Muanufacturing Design & Analysis I
29. q‘vmpﬂ‘\lulll on Metrology & Quality Management ?2
3, Waorkshop an DMI for Di:mnsinﬂ:il Metrology 3
| 31 CSIR e-journals consortium 2
32, Waorkshop on Elfluent Treatment using Ty ash-prospects & potential i
33 Maticnal Seminar on Environmental |"~'L'1|1:1;gcrm_:_m 1
| 34 Seminar on Agri-Biotechnology: Opportunities and € hallenges 4 -
35, International {_nmerenu_ an anmeermu Design - g
| 36. inlurmtmnal Conference on '\’Iudahnﬂ & Sunuia[mm 2 -
7. Metrology for Quality Assurance and Produet Dev elopment 12 -
4. War thu}p on Metrology for quultw assurance and product development 46
S Training on Programming and Operating CNC Machines 38
|40, National Workshop on Investment Casting B o
41. Conference on Advances in Materials & Manufacturing Technology 3
Contd.
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PARTICIPATION ON WORKSHOPS / SEMINARS / CONFERENCES

SL. NAME OF PROGRAMMES PARTICIPANTS
FROM CMERI
42, Workshop on Metallurgy of Tron & Steel 1
|43 Intermuunul Conference { Team Tm,h 2007) 2
44, Workshop on Renewable Energy Systems 4
45 Waorkshop on Strategic Management of Human Capital [
a6, International Seminar on Clean Energy 12
47, 1CAMC 2007 |
48, Workshop on Manufacturing of Automotive Components from Cast 3 B
49, Workshop on US patent law and Practice I
al. Conference on MEMS, Microsensors, Smart Materials, Structures & 1
[ Sysrems -
by ¥ Seminar on Role of R & [ and Testing in Promoting small and Medium 2
| Industries -
| 32 ] |I1[{‘mdtlt)ndl H}I'Hipl.}‘\luﬂ't an Measurement and Cuality Control |
33 nrka]mp on Healthy and Wealthy Society by use of Herbal Science [
54 1CAMT-2007 42
35, Wurkuhnp o Dlj__]l.t] Image Processing and Application 4
| 5 International Conference on Humanizing Work and Work Environment i
|57 International Conference on Advance in Energy Rescarch | _;
38, | Symposium on Peaceful uses of Atomic Energy 12
39, Creativity and [nnovation-a two day programmne 2
il International Conference on Theoretical, Applicd Computational & I
| Experimental Mechunics
il I’?H\"iT ASME Conference on Heat and Mass Transfer i
_ﬁ_E_.' T r‘knr_um] Session of the Indian Ceramic Society 1
63. NGMS2008 ' !
(4, | Seminar on Engineering Software Products: Requirement Lo Deliverables 1
63, Technical seminar on Advance in Steam Generation Technology 3
b Seminar on Indian Electricity Act & Rules- prcnem_u & Way forward 2
67. Conference on EMT-India 2020 |
s, International Conference on Nanomaterial Toxicology i
nt Seminar on Data Analysis Using SPS5 | I
. Seminar on The Electricity Fast 2008 I o
7L Conference on Quality for National Well- Being 1
T2 Conference of Indian Scientists Showcasing Science by Indian Women 4
Scientists _ _
73 Symposium on Bionano Technology & Pharmaceuticals 2
74, Nomination in SERC school on Testure and Microstructure 2
73. Seminar on RRE‘Q'i" and workshop on Solar Photovoltaic Systems 2
76, ‘»‘mer.hup on Recent Advance in Internal Combustion Engines 2
| 77. Seminar on W m_luv, Cﬂmmmmatmn and Nuwmkmu I -
TE. Seminar on Lnumllm&ni Management & Pollution Control 2
| 79. Seminar on Evolution in Electrical Systems I
sl FICCI anmnmull.:l Conclave |
Bl. Hindi seminar 1
8. Wnrkshup on 511111:1!.1ung Attitudingl Excellence in Sci ience | ]
Conidl,
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PARTICIPATION ON WORKSHOPS / SEMINARS / CONFERENCES

SL. ' NAME OF PROGRAMMES PARTICIPANTS
FROM CMERI
B3, International conference on Aerospace Science & Technology 2
| &4, Seminar cum Workshop on Colposcope 35
| 85, ‘n’\-urkhhn}p on Madeling and Simulation of Dynamic S}sla,m (MSDS-U8) 4
B, National seminar on Solar Energy 2
BY. Fuel —LLH ~Technology, Standard sie Testing 2
| BR. Encrgy Conclave 2008 2 I
84, Seminar on Micro Machining and Nanofabrication 2
a0, National seminar (CCST) 1
9. . Waorkshop on Risk Based Inspection (W1 & LP) 2
92, International Conference on Creep, l-d[iL-uL and Creep Fatizue Interaction 3
93 Seminar on l":l'ﬂn[iﬁri in Electronics E‘rmmmmmtmn I
04, International Conference on Industrial T ribology 1
| 9% DRDO Golden Juhnlee Symposium on Robotics & Autonomous 2 |
6. | Seminar on Nanosikkim-11I, Machining & Fabrication at the Nano-scale 2
g7, International conference on FLM‘VI'% 20008 4
| 98, International conference on PLMMS-2008 |
99, NIM-2008 2
(i, - R & D Management Conference -2008 2 =
10l Conference on ICON -2008 [
102, 2™ International & 237 AIMTDR conference 1
103, _ National Meet on Tractor & Allied Machinery Manufactures 2
104, | Seminar on Technicul Education in India Challenges Ahead 2
L0, 96 th Indian ’il:len ce Congress 2
106, Inicmatmnd[ LL‘:lﬂcl'{:nuu on MEMS -2009 1
107, Indo-US warkshop on Mmrui'lu]dif.‘, & Fabrionics 3
18, International Food Pn]LLH‘ﬂ““ Conference-2009 2
109, National seminar on Engineering of S/w products ; Perspective of Rescarch 3
, | & Development B
1 Warkshop on Quality Assurance though Measurement Science 18
LEL. Workshop on Ductile and Iron Castings 3
12 57" Indian F vundry Congress 3 =
| 113 57" Indian Foundry Congress 2
114, 37" Indian F!’_ILIJIfj]'"-' Congress 2
115 National Conference on Scientific Achievements of SC/ST Scientists & 7
Technologisis ]
6. Conference on Genital Infection & Neoplasia I
L. Nodal Officer’s meet of CSIR e-lournals Consortium : |
18, Symposium on Deformation Behavior & Process Modeling of Materials £
(DBEPMM)
114, Workshop on Production of Ductile Iron Casting using Stream Treatment & 2
In-Mould Treatment Technigue
124), Renewuble Energy India 2004 s
121, 1P Golden Jubilee Symposium on Fossil Economy to Biomass hLﬂl!mlt}- 1
| Opportunities & Challenges
122 Environment & Energy Conclave 2004 |
Comndel,
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Sk NAME OF PROGRAMMES PARTICIPANTS
FROM CMERI
123, Fastern India Clean Energy & C limate Changes Summit 2009 |
12-4. W urkah{:p on Advances in Technology & Sustainable Development p o
125, Wnrkxhup on Bivinformatics in {u:nmmc-\ & Proteamics 2
I’-'(*.-. National [nntr,n,m'., ol R‘.m,w.lia]e Energy 2008 3
]??. | Roving § Seminar on indmtrutl Lubricaton Management 2 B
128, National Conference on Workshop on Technology & 1
Innovation Management _ {1
[ 129. 47th National Metallurgists Day +
BED | W orkshop on Metrology, Quality Assurance, Conformity Assessment & il
_ Proficiency Testing
131, National Conference on Condition Monitering 2
132, Internal Auditor Training on [SO9001 (218 |
133. National Seminar on Non-Destructive Evaluation 2
134, International Conference & Exhibition on Advances in Energy Research I
133, #th International Conference on Compater Information 1
Swvstermn & Industrial |
R f' International Conference vn Precision Meso. Micro & Nano Engineering 3
F37. International Conference on Computers & Devices |
for Communication !
| 138 STIEEE C ﬂnELmnu. on Wireless Communication & Sensor Networks S
LT Ind International Conference on Lmerging T rends in Engineering & l
- Technology 09 _
L4, L4th Navonal Conlerence on Machines & Mechanics 4
T41. International Conference on Food Security & 2
| FI!'\. irommental ]
142, International ‘SYII]I]U.‘;!N!H on Biologically Inspired 1
Computing & Applications
| 143 Science & Administrator Interface Training Programme |
[44. International Conference on "r"'-l‘JTL\lmp on Application of Laser Mechanical 3
e Industries
145, International Conference on the theme Mother Earth: Save It for Future 2
Chenerations _
146, [nternaticnal Conference on Materials Mechanics & f\-iiluug_emcr_]l 2 g
147, MNatonal Conference on Advance in Manufacturing  Technology & |
Muanagement _—
|45, International Conference on Recent Advances in Manufac ring TLLhmJ[ugv 2
I & Management -
149, TnTLT!'hl[!IL'lI'ln:ll Conference on Investment Casting 5
|50, | Intermat [mu11411:mal__'_f__unlc,u,nce on Systems, Cybernetics & Information |
151. Indo -Australian Solar Energy Workshop 2
(183 T hird \lﬂnh Fast & East Power Summit 2010 3
| 153 Seminar on Total Solution of Chr mmmgr.s_phy 2
154 Workshop on MEMS Capacitive Accelerometer & Training Programme on I
I MEMS Design Tools
| 155 25th AICC RCOG Annual Conference” I i
| | Conrared
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| CMERL Durgapur

SL. NAME OF PROGRAMMES | PARTICIPANTS |
FROM CMERI
156, Indo-German Seminar on Future Mobility I |
157, Indo-Duteh Seminar & Tmmu;g Pm": amme on Process Safety 2 '
158, National Conference on Challenges & Applications of Mathematics in S
Science & Technology
159, Metallurgists Day Award I
6}, Workshop on !_}{‘xLJument of Tec hnology Commercialization & Transfer 1 ]
Specialis! _
| 161, Waorkshop on Fracture Mechanics: A Modern Perspective | 2
TWO YEAR M. TECH PROGRAMME IN MECHATRONICS
Collaboration Objectives Eligihility
BESU, Shibpur To create skilled multidisciplinary manpower | B.Tech students from various disciplines
CEERL Pilani 's0 as o cater to the growing demand of | with preferable GATE score can apply.
CS10, Chandigarh professionals in emerging arcas of SW&T

To  provide real-life  experience  across | e
disciplines 1o the students on running projects
al the CSIR laboratories for their project and | o
thesis work

Intake limited o 20 students per
batch

The level of instruction comparable
with any standard  national level
institute.

FOREIGN DEPUTATION OF CMERI PERSONNEL

| DEPUTATION | TO

" PARTICIPANTS

Shri Arup Kumar Nandi | USA for attending FAIM 07 at
Philadelphia, USA

| 18/06/07 to 20/06/07

| Dr. Nugahanumaiah USA under BOYSCAST m|m-,<,h:p 18/06/07 to 17/06/08

Shri Deep Narayan Ray South America for attending 237
International Conference on

CADVCAM at Colombia, South
Americi

160807 to 18/08/07

| Dr 1. Chatterjee ' Sydney University. Australia as a

Shri G. Balamurgan South America for attending 23"
International Conlerence on
CAD/CAM at Colombia, South
America

[EAISAT 1o 1RAAT

visiting scholar for collaborative

Roval Society of Chemistry, UK

Shri Palash Kumar Maji S Lanka for attending the Seminar on SELLANT o 091 1407

Best Practices in Agricultural
Technology Transter

research work with Prof, Peter Lay™s
group on a scholarship awurded by

AT o 044 10007

Contid,
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FOREIGN DEPUTATION OF CMERI PERSONNEL

SL. DEPUTATION TO PARTICIPANTS
T Dr. Krishnendu Kundu Bangkok, Thailand for presenting a 312007 to 06/12/07
Bangkok, Thailand paper in the International Agriculture
Engineering Conference held at the
Asian Institute of Technology, Bangkok
5. Shri Bim;.'aji[ Ruyj Stony Brook University, New York, 1312407 o 15/12407
USA for presenting a paper in the
International Seminar on Dangerous
trade: Histories of Industrial Hazards
| across a Globalizing World B
. Mr. Naresh Chand Murmu | South Africa to participate in the g 02/04/08 10 0408
) o International Tribology Conference
10 Mr. Ranjit Roy Thailand, Bangkok for obtaining [EDS/08 1o 110508
training in 205im software package
il Mr. Sambhu Nath Mandi Thaland, Bangkok for obtaining QSN o 1 1LOS08
training in 208im software package
12, Dr. D. Chatterjee Germany for DST-DAAD project LHOS/08 to 070608
13, Dr. D, Chatterjee USA for Platinization of nafion towards | 15/06/08 10 22/06/08
the development ol ionic polymer metal
| composite (TPMC) o
14. Mr. Subrata Komar Greece lor presentation of paper in the 2306408 1o 23/06/08
Mandal Agricultural Engineering 2008
Conference and Industry Exhibition
15, Ms. Abhilasha Saksena Japan nnder the Hindu-Hitachi O10708 10 311208
Scholarship _
16. Mr. Partha Bhattacharjee | Thailand for attending the 9" ACIS DRSS to D8/08/08
Thailand International Conference on Software
Engineering, Networking & Parallel /
Distributed computing
17. Shri Arup Kumar Nand Finland under BOYSCAST Fellowship | 13/0908 1o 28/02/049
07-08
14, . BN, Mondal Ankara, Turkey for participating in the | O8/TO/08 1o | 271008
5" International Conference on
| o Power Metallurgy _
19, Dir. . Chatterjee University of Dhaka, Bangladesh under | 30/01/09 to 01/024)9
the project entitled Kinetic Mechanistic
and pharmaceutical studies on Ru-
pac { Pac-Polyamino-carboxylate)
complexes towards development of
- Ruthenium pharmaceuticals
[ 20. Mr. Rudra Prasad United Kingdom for participation in the | 30/01/09 1o 01/02/09
Chatterjee 8" WSEAS International Conference
LK
21 Mr, D.N. Ray. World Congress of Electrical & 05/04/2009 to 09/04/2009
Sct-B Electronics Engineering 2009

Cairo. Egypt
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FOREIGN DEPUTATION OF CMERI PERSONNEL

SL. DEPUTATION TO PARTICIPANTS
22. Mrs. Anjali Chatterjee 8", WSEAS International 30/04/2009 1o
Sce-EIl Conference, University of Houston, 020520009
| USA
23 Dr. B. Ruj, Haman Rescarch Fellowship, 052008 1o
Sci-El MoMaster University, Canada 3LA0F2009
24 Mr. M. Karmakar, Raman Research Fellowship, 1 2/05/2010 o 150772010
Sct. E1 Columbia _ —
25, Dr. K.P. Rowsarkar, Set-G | International Conference on O6ATI2000 1o ORO7/2000
Computers & Industrial Engineering,
University of Technology, Troyes,
France
| 26. Dr. D. Chatterjes. University of Erlangen, Germany 05/08/2009 to 04/10/2009
Sct-Ell -
57 Dir. Guutam Biswas, USA and Czech Republic as a member of| 1 1/09/2009 o 18/09/2009

Director, CMERI | CSIR delegation

PAPERS PUBLISHED

2009

J. COORD. CHEM., January 2009, Vol. 62, Issue 10, pp. 1719-1724

Debabrata Chatterjee, C, Hariharan, M. Chatterjee, A. Mitra, Ru-edta (cthylenediaminetetraacetate)
induged cleavage of DNA.

2. R.K. Jain, LS. Patkar & 5. Majumder, Micro gripp.er for micro manipulation using IPMCs.
Journal of Scientific & Industrial Research, January 2009, Vol. 68, pp. 23-28

3 H. Roy, D. Ghosh, P. Roy, A Saha, AK. Shukla and J. Basu. Failure investizgation of Platen
Superheater Outlet Header,
International Journal for Manufacturing Science & Production, February 2009, Vol. 10, No. 1,
pp- 17-24

4, H. Roy: D. Ghosh. Failure analysis of a Spring for a free pump Brac ket Assembly. Indian Journal of
Engineering & Material Science, February 2009, Vol. 16. pp. 33-36

i Subhendu K, Mukhopadhyay, Himadr Roy; Amitava Roy. Development of Hardness- Bused Model
for Remaining Life assessment of Thermally loaded Components,
International Journal of Pressure Vessel & Piping, April 2009, Vol. 86, No.d, pp. 246-251

. Debabrata Chatterjee. Olefin epoxidation catalysed by [Ru(TDL)(tmeda)H,0] complexes (TDL =
ridentate Schiff-hase ligands; tmeda = tetramethyethylenediamine ),
Jornal of Molecular Catalysis A - Chemical. June 2009, Vol. M, pp. 174-179

7. Debabrata  Chatterjee. Hwirmdrhnn oxidation catalysed by EHut TDLY XY ) anpiLxu (ThL =
tridentate ligands: XY = bidentate ligand and 2 = H:0 or halide),
Catalysis Survey Asia, June 2009, Vol 13, No.2, pp. 132-142

5, A. Saha, H. Roy. 8. Ray, M. Maiti. K.K. Chowdhury, AK, Shukla, J. Basu. |i'|‘-4.‘511gcli1l'):'l of probable
cause of damage of steam drum of naphtha cracking furnace.

L Engineering Failure Analysis, July 2009, Vol. 16, Issue 5, pp. 1387-139

9. H. Roy. S. Sivaprasad, S. Tarafder, K.K. Ray. Monotonic vis-i-vis cyche fracture behaviour of AISI

304LN stainless steel
Engineering Fracture Mechanics, August 2009, Vol. 76, Issue 12, pp. 1822-1832
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PAPERS PUBLISHED
= 2009

[, G Balamurgan, BN Mondal, T:sg{rcni Method & ANOVA: An app.roach for Process Parameters |
Optimizations of Hard Machining while machining with Harden Steel.
_Journal of Scientific & Industrial Research. August 2009, Vol. 68, pp. 686-695

11. G, Balamurgan: BN, Mondal. Investigation on hard Machining of IMPAX Hi-hard Tool Steel.
_ International Journal of Material Forming, September 2009, Vol. 2, No. 3, pp. 145-165
12, A, Chatterjee, A. Muahapatra A. Mondal M, Chakraborti. Modal Response of 4-Rod Tyvpe Radio

Frequency Quadropole (RFOQ) Linac,
Review of Scientilic Instruments, American Institute of Physics, October 2009, Vol. 80, Issue
10, pp. 103303-103303-7
13, AK. Lohar, B. Mondal, I, Rafajab, V. Klemmb, S.C. Panigrahi. Microstructural investigations on as-
cast and annealed Al-Se and Al-Sc-Zr allovs,
Materials Characterization, November 2009, Vo. 60, Issue 11, pp. 1387-1394
id. G, Balamurzan: B.N. Mondal, l’_]pl]mualmn of Machining Parameters for Hard machining: un_1..
relation Theory & ANOWVA.
International Journal of Advanced Manufacturing Technology, December 2009, Vol. 45, Nos.
11-12, pp. 1068-1086 -
15, ). Ghosh, H. Roy, A, K. Shukla, Investigation of Probable Cause of Premature Cracking of
Downeomer Nozzle of Heat Recovery Steam Generutor.
_Journal of Failure Analysis & Prevention, December, 2009, Vol. 9, No. 6, pp. 517-521 _
16, Swati Ghosh, V. Kain, A. Ray, H. Roy. 8. Sivaprasad, S. Tarafder, K.K. Ray. Deterioration in
Fraciure Toughness of 304N Austenitie Stainless Steel Due to Sensitzation,
Metallurgical & Materials Transactions, December 2009, Vol. 40, No. 12, pp. 2938-2949
1. Nagahanumaiah, B, Ravi. Effects of Injection Molding Parameters on Shrinkage and Weight of
F“LM ic Parl FILJdllL,L,L! by DMLS Muld

|5 '\ru|‘| Kumar Nandi, J. F‘auln (?]Jllnu.l,.timn :JE fmll.m? Roughness in Hard Turning AISI D2 Sicel

using TSk-Type Fusey Logic Rules

. International Journal of Materials & Product Technology, 2009, Vol. 33, No. '4, pp. 167-183 .
19, Arup Kumar Nandi , J. Paulo Davim. A study of drilling performances with minimum quantity of

lubricant using fuzzy |ULLIL rules.

Mechatronics, March 2009, Vol. 19, Issue 2, pp. 218-232

26, Biswajit Ruj. P.K. Chatterjee, I. Rehman, B.C.Ray. Consequence ol hazards on some petroleum

storage tanks and model for off-site emergency plan.

Disaster Adv ances —an International Journal, Vol. 2 (2), pp. 36-4i)

[ 21. Biswajit Ruj. 5.5, "-r'lafl» PK. Chaulia. Utilisation of F Ivash as Gainful Resource Material for Green

Brick Making.

_ . Research Journal of Chemistry & Environment, December 2009, Vol. 13 (4), pp. 10-12

22 R. P. Chatterjee, B. Sutradhar. Uma Dutta. Remote control technigue with OFDMA based apporoach

for biologically inspired robots in a mobile ad hoe network (MANET)

WSEAS Transactions on Communications, May 2009, Vol. 8, Issue 5, pp. 437- 446 _

23 Anubhuti Saha, R. P. Chatterjee. Sarbani Datta. Active cord mechanism (ACM) controller for

hiologically inspired robots designed with frequency response app.rouch.

o WSEAS Transactions on Systems & Control, July 2009, Vol. 4, Issue 7 . pp- 316-328

24 AL \hlmpzma 5.5, Rov. An App]lull:un ol Computational I|Hr.‘|||1_|:|1u, Im,hmquu, For F'u*.iuunL

surface Roughness in End Milling of Inconel-7138

International Journal of Recent Trends in Engineering, Nov 2009, Yol 2(2), pp. 43-47

25 A. Mahapatra, 5.8, Roy, Computer Alded Dynamic Simulation of Six-Legged Robot,
International Journal of Recent Trends in Engineering, Nov 2009, Vol. 2(2), pp. 146-151

Clonted,

76




Quadrennial Report 2006-2010 </

PAPERS PLUBLISHED

2009
26. Nagahanumaiah. J. Ramkumar, N. Glumac, $.G. Kapoor, R.E. Devor, Characterizalion on plasma in
micro EDM discharge using optical spectroscopy.
il Journal of Manufacturing Process, July 2009, Vol. 11, No.2, pp. 82-87
27 | P. Bhattacharjee, G. Sanyal. Design and dimensioning of an edge router using Markov model.
International Journal of Communication networks & Distributed Systems, Yol. 3, No, 2, pp.
146-158. .
28. Anjali Chatterjee, Dr, N.K. Roy. Applying Grey Theory Prediction Model on the DGA Data of the
Transformer Oil and using it for Faull Diagnosis.
WSEAS Transactions on Power Systems, February 2009, Vol. 4, Issue 2, pp. 43-52
2008
| D Chatterjee. Asymmetric epoxidation of  unsaturated hydrocarbons  catalveed by Lruthenium
complexes,
| Coordination Chemistry Reviews, January 2008, Vol 252, Issue 1-2, pp. 176-198
2 5.K. Samanta, H. Chattopadhyay, H. Pustal, B, Berger, R. Godkhindi, M.M. Polaczek. A Numerical
Study of Solidification in Powder Injection Molding Process.
International Journal of Heat & Mass Transfer, February 2008, Vol. 51, Issue 3-4, pp. (72-n52
A F.K. Maji. P.5. Banerjee, A. Sinha, Application of rapid  prototyping and rapid tooling for
development of patient-specific craniofacial implant: an investigative study. International Journal of
| Advanced Manufacturing Technology, March, 2008, Vol. 36, No. 5-6 , pp. 510-515 ]
4. L. Chatterjee, A Mitra. Kinetics and eatalvsis of oxidation of phenol by ruthenium{IV)-oxo complex.
[ Journal of Molecular Catalysis A-Chemical, March 2008, Vol. 282, Issue 1-2, pp. 124-128 _
o Nagahunumaiah, K. Subburaj, B. Ravi. Computer aided rapid twaoling process selection and
manufacturability evaluation for injection mold development.
Computers in Industry, March 2008, Vol. 59, Issue 2-3, pp. 262-276 _
i, P.K. Chaulia. Reeta Das, Process Parameter Optimzation for Fly Ash Based by Taguchi Method of
Parumeter Design.
| Journal of Materials in Research, April 2008, Vol. 11, No. 2, pp. 159-164 |
7 Lanjewar, RW; Saha, P: Datta, U; Banerjee, AJ; Jain, 5: Sen, S: “Evaluation of machining parameters
For turning of AIST 304 austenitic stainless steel on auto sharpening machine.
_Journal of Scientific & Industrial Research, April 2008, Vol. 67, Issue 4, pp. 282-287
B Himadri Roy. Debashis Ghosh, ALK, Shukla, Jhankar Basu. A Case Study on the premature Failure of
a Cooling Water Pump Shalt.
International Journal of Manufacturing Science & Production, June 2008, Vol. 9. Nos. 1-2, pp.
99-106 |
9, . Chatterjee. Kinetics and mechanism of epoxidation of olefins by a novel rutheniumiIV 1-oxo
campley
| Inorginica Chimica Acta, June 2008,Vol. . 361, Issue §, pp. 2177-2182 I
1, H. Roy, N. Parida. S. Sivaprasad, S. Tarafder, KK, Ray. Acoustic emissions during fracture
toughness tests of steels exhibitng varying ductility,
Materials Science & Engineering A — Structural Materials Properties & Microstructures, July
2008, Vol. 486, Issuc 1-2, pp. 362-571 o
i1, [2. if_i'ham-rjcc, Ao Mitra, A, Levina, P.A. Lay, \A potential role for prowin tyrosine phosphatase
inhibition by a Ru-Ill-edia complex (edia = ethylenediaminetetraacetate) in its biological activity.
L Chemical Communications., July 2008, Issue 25, pp. 2864-2866 _
12, S. Dutta. R. Ray, D, Banerjee. Development of Autonomous Mobilc Robot with Manipulate for |
Manulfacturing Environment,
International Journal of Advanced Manufacturing Technology, August, 2008, Vol 38, No.s 5-6,

pp. 536-542
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PAPERS PUBLISHED

2008

13. [. Chanerjee, V.R. Pamam, A. Sikdar, P. Joshi. R. Misra, N.N. Rao, NM. Kinetics of the decoloration of
reactive dyes over visible heht-irradiated TiO2 semiconductor photocatalyst. Joumnal of Hazardous Materials,

| August 2008, Vol. 156, Issues 1-3, 15, pp. 435-441

14, D). Chatterjee, A, Sikdar, V.R. Pamam. A_ Theodoridis. . van Eldik. Kinetics and mechanism of (-0
bond cleavage in the reaction of [Ru-{eda)(H2OM(-) with hyvdroperoxides in agueous solulion
Dalton Transactions, August 2008, Tssue 29, pp. 3851-3856

15. BN, Mondal. PLK. Das. 5.K.Singh. Advanced WC-Co cermet composites with reinforcement of TICN
prepared by extended thermal plasma route,

Materials Science & Engineering: A, December 2008, Vol. 498, Issues 1-2, pp. 59-64

L6, B N Mondal. S. Kundu, A.K. Lohar, Net-Shape manufacturing of intricate components of A356/5iCp
composites through rapid-prototyping inlegrated investment casting.

Materials Science and Engineering: A, December 2008, Vol 498, Issues 1-2, pp. 37-41

17, §.N. Shome, 5. Nandy. S.K. Das, DK, Biswas, I, Pal. AUV for Shallow Water App.lications - some
design aspects.

Proceedings of the 18", International Offshore & Polar Engineering, pp. 429-435

18. . Bhattacharjee, G. Sanyal. Mathematical modelling for the design of an edge router,
Proceedings of the Ninth ACIS International Conference on Soeltware Engineering 2008, pp.
212217 )
2007

1. D). Chatterjee, A. Sikdar, G. Ghosh. Ru-edia complex catalysed degradation of orange I (edial4-) =

ethylenediamineletraacetate ).
| Chimica Oggi - Chemistry Today, 2007, Vol. 25, Issue 4, pp. 32-34

2, . Chatterjee, 5. Basak, A, Riahi, 1. Muzart. Asymmetric epoxidation of alkenes with tert-butyl
hydroperoxide catalyzed by a novel chiral complex of manganese(lll) containing a sugar based
tridentate Schiff-base lgand.

Catalysis Communications, 2007, Vol. 8, lssue 9, pp. 1345-1348
3. 1. Chatterjee. 5. Basak, J. Muzart, Asymmetric epoxidation of alkenes with agueous -BuOOH

catalyzed by novel chiral complexes of chromium(I1T) containing tridentate Schiff-base ligands.
| Journal of Molecular Catalysis A — Chemical. 2007, Vol. 271, Issue 1-2, pp. 270-276
. Chatterjee, A. Mitra, R. van Eldik. Reaction of [Ru-HN edta ) H2ZO)](-) with H202 in agueous
solution. Kinetic and mechanistic investigation,
Dalton Transactions, 2007, Issue 9, pp. 943-948
3. D. Chatterjee; A. Sengupta, A. Mitra. Synthesis, characterization and reactivity of & novel
rutheniumi 1T} complex containing pelypyridyl ligand.
Polyhedron, 2007, Vol. 26, Issue 1, pp. 178-183 )
f. Y.M. Prasad, A.K. Shukla, A. Roy, Analysis of transient thermal eychng for life assessment of sleam
turhine rotors
| Journal of Scientific & Industrial Research, 2007, Vol. 66, Issue 7, pp. 536-544
W vV K. Khanna, M. Prasad, VK. Dwivedi, C. Shekhar, A.C. Pankaj, J. Basu. Design and electro-thermal
simulation of a polysilicon microheater on a suspended membrane for use in gas sensing
Indian Journal of Pure & Applied Physics, 2007, Vol. 45, Issue 4. pp. 332-335
8. B.W. Lanjewar, G. Balamurugan, N.P. Mukherjee. F. Saha, J. Roy Chandhury, 5.5, Roy, Design and
development of an ingenious cricket ball decorative sitching michine,
Journal of Scientific & Industrial Research, 2007, Vol. 66, Issue 3, pp. 231-234 _
9. S. Singh, R. Singhal, B.D. Malhotra, Immobilization ol chelesterol esterase and cholesterol oxidase
onto sol-gel films for applicanon to cholesterol biosensor
Analytica Chimica Acta, 2007, Vol. 582, Issue 2, pp. 335-343
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PAPERS PUBLISHED

2007
1. 5.K. Samanta, H. f.:]i.'dlh}lbllu-lilh_'ﬁil'ﬂ B. Pustal, R. Berger, M.M. Godkhindi, A.B. Polaczek, A Numericul
Studv ol Solidification in Powder Injection Maolding Process.
International Journal of Heat & Mass Transfer, February 2008, Vol. 51, Issue 3-4, pp. 672-682 |
1. S. Dutta, R, Ray, v Banerjee. Development of Autonomous Mobile Robot with Manipulate for |
Manufacturing Environment.
International Journal of Advanced Manulacturing Technology, Web published, May 23, 2007
|2 H. Chattopadhyay. Simulation of transport processes in squeeze casting,
Journal of Materials Processing Technology, 2007, Vol. 186, Issue 1-3, pp. 174-178
13, H. Chattopadhyay. Angmentation of heat transfer in o channel vsing a triangular prism.
| Intrrnatmn'll Journal of Thermal Sciences, 2007, Vol. 46, lssue 5, pp. 501-503
14, . Roy, M. Parida, 5. Sivaprasad., 5. Tarafder, K.K. Ray. Acoustic emlssugions lem‘\L fracture
mu;;hnﬁax tests of steels exhibiting varying ductility
Materials Science & Enginecring A, Web published, September 2007
3 P, Bhattacharjee, G. Sanyal. Design Tool For An Edee Router Using Apporopriate Mathematical
Model
International Journal of Systemics, Cybernetics & Informatics, pp. 56-57.
2006
1z D. Chatterjee, A. ‘Eut;:upm A. Mitra, S. Basak. 8. Oxidation of catechol and L-ascorbic acid by [Ru-
Hlipy Wpie WOH i+ (tpy=2. 262" terpyridine: pici-) = picolinate): Kin.
Inorganic Chemistry Communications, 2006, Yol. 9, Issue 12, pp. 1219-1222 _
2. D. Chatterjee, 5. Dasgupta, R.S. Dhodapkar, NN, Rao. Simultaneous degradation of non- emlssucive
and emlssueive dyes on visible light illuminated TiO2 surface.
Journal of Molecolar Catalysis A — Chemical, 2006, Vol, 260, Tssue 39084, pp. 264-268 |
3. B. Ruj, [ Rehman, A K, Bundvopudhya, Off-sile emergency scenario, a case study from a LPG
Botthng Plant.
Journal of Loss Prevention in the Process Industries, 2006, Vol. 19, Issue 6, pp. 645-647 |
4. H. Chattopadhyay, Effect of surface motion on transport processes due o circular impinging jets - A
nurerical study,
Drying Technology, 2006, Vol. 24, Issue 11, pp. 1347-1351 |
3. B, Mondal, 5. Kondu, Movel synthesis of advanced composites of alpha-Al203 reinforced with Ce
TZP through co-precipitation process.
Advances in Applied Ceramies, 2006, Vol. 105, Issue 5, pp. 222-227
fr. D, Chatterjee, A. Mitra, K. wvan Eldik, Kinetics and mechanism  of the reaction of [Ru-
I edian H2O0 (-1 with HOBr te form an intermediale Bo-Y =0 complex in agueous solution.
Dalton Transactions, 2006, Issue 39, pp. 4691-4695
7 VK. Meena, Nagahanumaiah, Optimization of EDM machining parameters using DMLS electrode.
Rapid Prototyping Journal, 2006, Vol. 12, Issue 4, pp. 222-228
L8 AR Nandi, TSK-tvpe FLO using a combined LR and GA: Surface roughness prediction in
ultraprecision turming.
Journal of Materials Processing Technology, 2006, Vol 178, Issue 39085, pp, 200-210
4. D. Chatterjee, 5. Basak, A. Riahi, I, Muzart. Highly efficient asymmetric epoxidation of alkenes with
anovel chiral complex of ruthenium (I} comaining a sugar based ligand
Journal of Molecular Catalysis A — Chemical, 2006, Vol 255, [ssue 39084, pp, 283-289
[0 AN Ajjow, A. Riahi. D. (_t]dl[i_rju., I Muzart, Chromium-catalyzed oxidation of benzyleyelopropane

with tert-buty] hydroperoxide.

Catalysis Communications, 2006, Yol. 7, Issue 8, pp. 563-565

Canted,
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PAPERS PUBLISHED

2006

K. Chockalingam, N. Jawahar, K.N. Ramanathan, P.5. Banerjee, PS5, Dplimizal-i;-_m of
stereolithography process parameters for part strength using design of experiments,

International Journal of Advanced Manufacturing Technology, 2006, Vol. 29, Issue 39084, pp.
T9-58

. Chatterjee, A. Mitra, A. Sengupta, P, Saha, M, Chatterjee, M. [Ru-IIl{medtra)(H20}] (medira = N-
methyl. :,llwl:,ncdiarnimtriamt.ﬂc} f.frl'l'][_ll]l!?( - A highly r.-:!'ﬁ{,ienl NO inhibitor with low toxicity.

S.5. Roy. Design of genetic- Tu.f, ekpert u}xtem m: pnedmung surface finish in ulira-precision
diamond turning of metal matrix composite,
Journal of Materials Processing Technology, 2006, Vol. 173, Issue 3, pp. 337-344

H. Chattopadhvay, F. Durst, 5. Ray, 5. Analysis of heat transfer in simultaneously dew,lopmg
pulsating laminar flow in o pipe with constant wall temperature.
International Communications in Heat & Mass Transfer, 2006, Vol. 33, Issue 4, pp. 475-481

D, Chatterjee, 5. Dasgupta, N.N. Rao, NN, Visible light assisted photodegradation of halocarbons on
the dye medified TiO2 surface vsing visible light.
Solar Energy Materials & Solar Cells, 2006, Vol. 90, Issue 39271, pp. 1013-1020

L6,

17.

D, Chatterjee, 5. Basak, A, Mitra, A, Sengupta, 1. Le Bras, ], Asymmetric epoxidation of alkenes
using a mixed-ligand complex of ruthenium (101} containing a sugar-based ligand.

! Inurgamra Chimica Acta, 2006, Yol. 359, Issue 4, pp. 1325-1328

5.5, Roy, 5. Karmakar, N.P. 'ﬂukhtrgw L Mandy, UL Dara, Design and development of mdu.e:mua '
Lrll..kf'[ howling machine.
Journal of Scientific & Industrial Research, 2006.Vol. 65, Issue 2, pp. 145-152

18,

Nagahanumaiah, B. Ravi. Rapid twoling form accuracy estimation using region elimination adoptive |
search based sampling rechnique.
Rapid Prototyping Journal, March 2007, Vol. 13, No.3

19.

Magabanumaiah, K. Subburaj, B. Ravi, Computer aided rapid tooling process selection and
manufacturability evaluation.

Special lssue on Product Lifecycle Modeling, Analysis and Management (PLAMAM),
Computers in Industry Journal, Febroary 2007, Yol. 57

Suman Singh. Sensors — An Effective App.roach for the Detection of Explosives,
Journal of Hazardous Material, Web published, February 2007
Nagahanumaiah, B. Ravi, N.P. Mukherjee. Rapid Tooling Manufacturability Evaluation Using Fuzzy |
AHP Methodology

International Journal of Production Research, 2007, Vol. 45, No. 5, pp. 1161-1181

| Tooling for Development of Patient Specific Craniofacial lmplant - An Investigative Study.
| International Journal of Advanced Manufacturing Technology, Published online January 2007

Palash Kumar Maji, P.S. Banerjee, Anupam Sinha. App.lication of Rapid Prototyping and Haptd

Amslesh Sarkar, Tapas Sarkar. Managing the Quality of Ré& D organization through IS0
Certification.
Journal of Scientific & Industrial Research, February 2007, Vol. No. 66, pp. 124-127

PATENTS FILED & GRANTED

Indian Patents Filed

SL. | REFERENCE NO. TITLE AUTHORS
1. IPMG/Patent/2009/3 An lmproved Tricycle assisted by Sibnath Maity
Me4NF2H9 Electric Motor engrgized by built-in Palash Kumar Maji
overhead Solar panel Armit Jyoti Banerjes
Partha Sarthi Banerjee
| Contd,
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Indian Patents Filed
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SL. | REFERENCE NO. TITLE AUTHORS
o IPMG/Patent/2009/4 An improved device uselul for safest Sibnath Maity
B G130NF2009 _ tlying of balloon by Hydrogen gas Palash Kumar Maji
3 IPMG/Patent/2009/5 Cabinet Dryer for Ginger and Turmeric Pradip Kumar Chalterjee
OODONE2009 Chanchal Loha
Biplab Choudhury
i i} Prakash Chandra
4, IPMG/Patent/ 200946 An Improved Device for Holding Solar Dr. Sibnath Maity
O102NE2009 (PV) Panel Flexibly on a Stem/Long Pole | Mr, Atana Maity
an Adjustable required angle | Mr. Subrata Kumar Mandal
il TPMG/Patent/2008/7 Prepaid Smart Card Based Petrol Joydeb Royvchowdhury
010 INF200 Dispenser With Inbuilt Smart Card Re- Abhilasha Saksena
Filler With System Check And Online
Error Detection .
. IPMG/Patent/ 200978 Rotary Drum Washer for ginger and Pradip Kumar Chatterjee
turmeric Chanchal Loha
Biplab Choudhury
Prakash Chandra
7. IPMG/Patent/ 201041 An Improved Binder for Metal Injection Sudip Kumar Samanta
048NF2010 Moulding Process D. P. Chatiopadhyay
Siddhartha Kumar
Sukanta Sinha Roy
Asish Kumar Choudhury
Shah Jaidev
Foreign Patents Filed
SL. NENO TITLE PROJECT FROM WHICH FILED
[ 3 D12TNE2006/7A Prepaid Smart Card Operated | Development of Prepaid Energy meter for solar
APPLICATION NO. | Electronics Energy Meter power plant
200903660 with Online Load Optimizer
for Solar Power Application B
| 2 | O191NF2006/US | Magnilying Instrument for Development of a magmfying Instrument for
APPLICATION NO. | Wide Object wide object
| 12/593589 |
Patents Granted
SL. REFERENCE NO. | TITLE COUNTRY
i Patent No. Intelligent Early Fault Detection System using Indian
(RONFZO0T Embedded Processor
Application No,
| 973DELINT
2 Patent No. A Novel Sewing Machine for Decoratively Stitching South Africa
2005/2352 a Cricket ball
% Patent No. 538577 A MNovel Sewing Machine for Decoratively Stitching MNew Zealand
| a Cricket ball
4, Patent No, US Orientation  Unit  for  fruit sorting and  grading UsA
7239638 B2 machine
Conid,
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PATENTS FILED & GRANTED

Patents Granted

SL.

REFERENCE NO., TITLE

3

Patent Mo, 197230 An nﬁ;uri_n'ﬂd Induction Maotar

i,

Patent No. 210333
through casting of Ductile Iron

A Process of manufacturing Crankshalt like Machine part

COUNTRY

Inclin

India

Cricket Ball

Patent No. 024 INF2000/AU | A Novel Sewing Machine for Decoratively Stitching A

Australia

AWARDS & RECOGNITION

"SI

Awards/Recognition

I.

| Hon'ble Minister of Human Resources Development, Shr

Kapil Sibal released a book entitled Profile of Engineering
Education  in India:  Status,  Concerns  and
Recommendations authored by Gautam Biswas, K L. Chopra,
€5, Tha & DUV, Singh ina ceremony at the India International
Cenire, Lodhi Estate, New Delhi on 22™ January, 2010

- Awardee(s)

Prof. Gautam Biswas, Director, CMERI

Fellow of the Indian Academy of Sciences

Member of Central Boilers Board under the Mimstry of
Commerce & Indusiry, Government of India for the year
2009 - 2012

I-"mT Cautam Biswas, Director, CWFR]
Mr. AK. Shukla,
Scientist F

RSC Dalton Delegate Award for p;U'lILI[_lnllil}l'l in [INORG
2009 held at free state, Bloemfontein, South Alrica

Raman Research Fellowship Award (2009-2010) 2009)

Dir. Debabrata Chatterjee, Scientist E11

L. Biswajit Ruj,
Scientist Ell

Selection as Member of the Editorial Board of Disasier
| Advances Journal 2009
L CSIR Raman Research Fellows for 2010-2011

| Scientist EIT

[ Biswajit Ruj,

Malay K utmnar K;ern.lk.dr Scientist C

The Silver Lockheed Martin Outstanding  Innovation
Award for Smart Card Pre-paid Energy Meter
| Best ]-’:lpt,r Award in AICTE sponsored National

Seminar on Environmental .‘l.-la;mgt.ment

| Dr. I!iw.'ujii Ruj,

1. Roy Chowdhury, Scientist I

Sceentist EL

Selection as reviewer for the Elsevier Editorial Sysiem for the
Journal of Food Engineering

Dr. Partha Bhattacharjee. Scientist F

Recipient of Royal Society of (hLml«;tn Journal Grants
Award for International Authors and has been honored as o

Sefection as Member of the Editorial Board of the Journal of
Muolecular Catalyst

Dir. Debabrata Chatterjee, Scientist El1

Dr [, Chatterjee,
Secientist EIN

Recipient of Letter of Appreciation lor valuable sugzestions
for carrving our the repair work of LD steel melting vessels by

Durgapur Steel Plant (DSP), Durgapur.

Shri ALK, Shukla,
Scientisl F and his team

Recipient of Letter of Appreciation {rom various Indian
Industries like NTPC, 10C, NALCO for enhancement of
production and reduction of down time.

Shri Abhijit Chatterjee, Scientist F and |
his team

Merit Certificate in CSIR LI}P Module

Dr. Debabrata Chatterjee. Scientist Ell

HL‘L]p]LFIl ol Young Engineer Award, 2008 of the Institution
of Engineers for signilicant contribution in the field of
Agricultural Engineering for last 3 vears

[or, K, Kundu,
Scientist El

Conid
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DATELINE CMERI

National Conference on  Enhancement of Plant  Availability by Life |

MNational Conference on Farm Mechanization & Workshop on reilih'iguraiing_

National Workshop on Quality Assurance through Measurement Science and

Workshop on Bio-gas through bio-methanation of de-oiled Jatropha cake

MERADO, Ludhiaha exhibited 1 TPD oil expeller in the International exhibition
oreanized by Federation of India Chambers of Commerce & Indusiry at New

| Symposium on Transport Phenomena and its impact on Advanced Material

SL. | DATE | PROGRAMME
|1 May 10, 2007 Inter-School and Inter-College Science & Technology Quiz
2 Mavi8-19, 2007 Mational Workshop on Condition Monitoring
3. June 22-23, 2007 | National Workshop on Dt_';'i:lu.[..'l:.ucm of Precision Ear Mould
4, July 18, 2007 Waorkshop on EfMuent Treatment using Fly Ash-Prospects & Potential
3. September 5.7, 2007 Waorkshop on Quality Assurance & Product Development
S September 17-20 2007 | National workshop on Investment Casting
7. | October 5, 2007 Nationa! Workshop on NDT for Health Survey of Structures
5. | October 15-16.2007 Internationa) Seminar on Clean Energy
| 9. Nowvember 16, 2007 Workshop an Fluidised Bed Combustion and Gasification
1 November 29-30, 2007 | International Conference on Advaneed Manufacturing Technologies
11, | December 19- 20, 2007
Assessment and Condition Monitoring
12, Febroary 26-27, 2008
Indian agriculture
13 I'chﬁn-n'}- 2y, 2008 Valedictory programme of CMERI Golden Jubilee Celebrations
14, May 7, 2008 Workshop on Semi-Continuous Bio-Diesel Plant
15, August 17, 2008 Flag-off Ceremony of SOLECKSHAW
L. September 26, 2008 CSIR Foundation Day
17. | October 2, 2008 SOLECKSHAW LAUNCH at Chandani chowk, New Delhi
L& February 26, 2009 CMERI FOUNDATION DAY Celebration
] February 28, 2004 National Science ifa}f'-{félehrat-i'-:;n
20. Tanuary 20-21, 2009
Launching of MSI1
21 March 20, 2009 '
22. | March 25-27, 2000 Innovators® Meet 2000
| 23, | August 15, 2009, Hydraulic Tractor developed at CMERT was dedicated to the Nation
24, : September 7-14, 2009 Hindi Week Celebration
25 October 5, 2009 CSIR I.'".uundai.;i_n_l-'}.ﬁ}'.i‘.ielehmli.un;
20, December 3-3, 2009
Delhi
27 December 8-9, 20049
Processing Technologies
28, December 31, 2009 - CSIR Programme Tor Leadership of Youth in Science
January 1, 2010
29, January 22-24, 2010 International Conference on Investment Casting (ICIC- 2010)
3 February 28, 2010 CMERI Foundation Day Programme a
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REMINISCENCES

Inaugural Programme of CMERI Golden Jubilee Celebrations
February 26, 2007

Dir. tx F. Sinka, Director, CMERI delivering the welcome address on the occasion of
Inaugural programme of CMERT Galden Jubilee Celebrations

Prof. 5.K. Basu, Former Director, defivering the CMERI Golden Jubifee Eminent Lecture on
Recent Trends in Design & Manufaciuring in Nanofechnology and Bio Applications
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D S.K. Basu., Former Director, releasing the CMERI Golden Jubilee Celebration Calender

Dir. Jhankar Basu, Scientist, CMERI presenting a small capsule on the five decades of proud presence
and leadership of CMERI in Mechanical Engineering
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A

Prof. Amitabh Chosh, Professor, T, Kanpur delivering the lecture on the vecasion of

CMERT Golden Jubilee Ingugural Programme

86




Prof. Amitabh Ghosh, Professor, HT, Kanpur Inaugurating the Technology Treasure of CMER]
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Dr. N.R. Banerjea, VO, BESU, Dr. G P Sinha, Director, CMERI

National Workshop on Biofuels: Production Methodologies,
Utilization Techniques and Challenges Ahead
March 22-23, 2007

Dr. K. 5. Aulakh, V.C., PAU, Ludhiana Inaugurating Bio-fuel workshop with MERAIN) Scientists
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National Seminar on Exploration, Exploitation,
Enrichment & Environment of Coastal Placer Minerals
March 25-26, 2007

A leeture session af PLACER2IM7T in progress
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National Workshop on Machining and Machiniability
of Advanced Materials
March 29-30, 2007

P, (2 P Sinha, Director, (  MERT

Prof. 5.K. Basu, Former Director, CMERI & Prof. A.B. Chattopadfiyay, 1T Kharagpur enjoying
the lecinre session
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National Workshop on Condition Monitoring
May 18-19, 2007

Dignitaries present on the dias in the Inaugaral sesion of NWOM

Mr. PP Agarwal, GM (Design) Renusagar Power Division. Hindalco Industries addressing
the delegaies of NWOM2007
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Science Education Programme on Mathematics and its Application
June 9-14, 2007

—

Dr. f. K. Bhattacharya, Indian Association for the Cultivation of Sciences, Kolkata,
delivering key note address

A view of lecture session of Science Lducation Programime on Mathematics & Its Application
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Workshop on Precision Ear Mould Development
June 22-23, 2007

A view af lecture session
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Get-together of Past and Present Employees
June 29, 2007

Dr. G Sinha, Director, CMERI delivering the welcome address on
the occasion of Gei-together of Past and Present Employees

A view of the auditorium on the occasion of Get-together af Past and Present Employees
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Course on Manufacturing Drawing, Design and Analysis using
High End CAD Software
July 11-13, 2007

View of a lecture session during the Course on Manufacturing Drawing,
Design & Analysis using High End CAD Saftware

1

Dr. 5. Majumdar, Scientist, CMERT distributing the certificates to the delegates of the programme
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National Workshop on Metrology for QA & Product Development
September 5-7, 2007

Dr. €5 P Sinha, Director, C MERT distributing the certificate to the delegates af
Nartional Workshop on Metrology for OA & Product Development

A view of delegates present during the lecture session
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Hands on training on Programming and operating on CNC Machines
September 10-14, 2007
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Pir. (i P Sinha, Director, CMERI disiributing the certificates to the delegates
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Workshop on NDT for Health Survey ol Structures
October 5, 2007

A view af the dais in the Inaugural Programme of the Workshop on NDT for health
survey of structures

T — T e

Photograph of the participanis of the Workshop on NDT for health survey of structures
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International Seminar on Clean Energy
October 15-16, 2007

e, P K. Chatterfee, Scientist, CMERT welcoming the delegates in the
Inauguration Programme of International Seminar on Clean Energy

A view of Valedictory Programme of ISCE2007 in progress
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International Conference on Advanced Manufacturing Technology
November 29-30, 2007

Hon'ble Professor APJ Abdul Kalam lighting the Inaugural Lamp during the
Inaugural Progravume of ICAMT 2007

GOLDEH SIS YERR

Hon'ble Prafessor AP Abdul Kalam delivering the lecture on "Virtual Collaborative platform
Jor large manufacturing mission' at Inangural Programme of JCAMT 2007
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International Conference on Advanced Manufacturing Technology
November 29-30, 2007

RALDEN |URILIE YT

D, T Ramasami, Secretary , DST delivering the lecture
during the Inangural Programme of ICAMT 2007

Delegates present during the lecture session of ICAMT 2007
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National Conference on Enhancement of Plant Availability by
Life Assessment and Condition Monitoring
December 19-20, 2007

Shri A. N Mishra, Chief Engineer, Bokare Thermal Pawer Station lighting the Inaugural
Lamp during the Inaugural Programme of LACOM 2007

Shri A. N, Mishra, Chief Engineer, Bokara Thermal Power Station
delivering Inaugural Address on the oceasion of LACOM 2007
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Workshop-cum-Training Programme on Robotics
February 5-7, 2008

Dir. € P Sinha, Dirvector, CMERI delivering the Inaugural Address of the
warkshop-cum-fraining programme

A view of the lecture session in progress
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CMERI Golden Jubilee Valedictory Programme
February 26-27, 2008

CELSAATIL

-u[N1 LALEES RARIE
pELEE TN

Dr. (i B Sinha, Director, CMERI delivering the welcome address on the occasion of
CMERT Golden fubilee Videdictory programme

The valedictory session being inaugurated
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CMERI Golden Jubilee Valedictory Programme
February 26-27, 2008

Prof. 5. K. Brahmachari, Director General,CSIR releasing the book of abstracts of the
NCFM 2008

TS iy,
Clitmnagy ;

L MTIL GELETH FUEILEE
ELERICTORT FROGRAMMNE

Prof. 8. K. Brahmachari, Director General CSIR delivering the CMERD Foundation Lecture

B L o L
| ._I.-i::T.-"‘?'\E.\.
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Science Education Programme on The Fascinating World of Physics
May 26-31, 2008

Dr. 1. K. Bhattacharya, Course Director, speaking on the occasion of the Inaugural programme
af Science Education Programme 2008 on The Fascinating World of Physics

Dr. fhankar Basuw, Programme Coordinator, welcoming the participants during the
Inaugural Session of Science Education Programme 2008
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Science Education Programme on the Fascinating World of Physics
May 26-31, 2008

Professor H. 5. Mani addressing the participants during a lecture session

Dr. (iP. Sinha, Director, CMERI addressing on the oceasion of valedictory session of the
Seience Education Programme on the Fascinating World of Physics
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Innovators' Meet 2009
March 25-27, 2009

Do AS. Rue addressing the innovators during the Ingugural Programme of the innovators' Meet 2009

A view of presentation session of the innovators' Meet 2009
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Flag-off Ceremony of SOLECKSHAW
August 17, 2008

Off Ceremony

of

Flag-

SOLECKSHAW
izl wi;ll Hesaarch insthul gﬂf Hu

s -

Prof. 5. K. Brahmachari, DC; CSIR addressing the audience on the occasion of
Jlug-off ceremony of SOLECKSHAW

A close shot of flag-off of SOLECKSHAW
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CSIR Foundation Day 2008
September 26, 2008

Dr. Bikash Sinha, Director, Variable Energy Cyclotron Cenire & Saha Institute of Nuclear Physics,
Kelkatta, delivering his Foundation Day Lecture on ""The Cosmoic Journey through the
Universe from the Big Bang to now, man and bevond'

U !"Ei

A view of dignitaries present on Dais: Releasing ( MERT (Gi DEN Jubilee Souvenir
on the oceasion of CMERI Foundation Day
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National Workshop on Engineering Metrology & Quality for Growth

February 15-16, 2007

2KSHOP & EXHBITION
ROLOGYE QUALITY FOR GROWTH'
. 2007
EVELCPMENT ORGURTATION

RO LTI

A view of dignitaries present on the dais on the Inaugural Programme of
National Workshop on Engineering Metrology & Quality for Growth

CMERI Foundation Day 2010
February 28, 2010
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Prof. Samir Kumar Brahmachari, Secretary DSIR and DG CSIR,
Lighting the Ceremonial Lamp
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Prof. Gautam Biswas, Director CMERI delivering the Inuugural Speech

Prof. Samir Kumar Brahmachari, Secretary DSIR and DG CSIR delivering the
Foundation Duy Lecture
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Dr. Gangan Pratap, Director NISCAIR delivering the Eminent Lecture

Praf. Swman Chakraborthy, HT Kharagpur delivering the Invited as well as
National Science Day Talk
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Scientific Manpower Profile

Scientists [Group IV(1)]

15
L
17.

Scientists [Group 1V(2)]

Shri R, K., Bharilya
Shri Rajpal Sigh

Shri LS. Patkar

Dir. Debashis Das

Shri Virendra Kumar
Shri Lalgopal Das
Dr.Malay Kr. Karmakar
Shri Abhijit Mahapatra
Shr Dibyenduo Pal
Shri Dip Narayan Ray
Shirt Nilrudra Mondal
Shri Ajay Yadav M/L
D, T. Murugan

Shri Hanumath Prasad Tkkurti

SLNo. Name Group Affiliation
L. Shri Eajesh Prasad Barmwal
2 Shri Subhra Kanti Das Robotics & Automation
x shri Chanchal Loha Thermal Engineering
4. Shri Rudra Prasad Chatterjee Electronics & Instramentation
5. Shri Binod. Kr. Saha Product Design & Simulation
6. Shri Pabitra Haldar Stmulation & Modeling Laboratory
T, Shri Sarmik Dutta Metrology
.8 Shri Vineet Kr. Saini Technology, Publication & Patents
u. Shri Himadri Ray NI & Metallurgy
0 Shri Man Singh Azad Microsystems Technology Laboratory
11, Shri Privabrata Chattopadhyvay Product Design & Simulation
12, Shri Satanand Mishra Information Technology
3. ShriJagdish M, M/L MERADO, Ludihiana
4. Shri Srinivasan. N Cyvbernetics

Design of Mechanical Systems
Manufacturing Technology

Design of Mechanical Systems
Material & Structural Evaluation
Robatics & Automation

Process Plant Engineering

Thermal Engineering

Virtwal Reality & Virtual Prototyping
Robotics & Automation

Surface Robotics

Research Planning & Business Development

MERADO, Ludhiana
Thermal Engineering

Dirives & Control Systems
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Sl Mo Name

Group Affiliation

2% Shri Suman Saha

3y Dr. Pabitra Ranjan Basu Mandal
3. Dr Privabrala Banerjee

32, Dr SivaprakaShr 5

33 Shrt Santu Kumar Girt

3. Dr Pranab Samanta

35, Shri Swarup Kumar Laha

36, Dr. Ranajit Ghosh

37, Shri Manaj Kr. Rawat

35 De Binagopal Mondal

Scientists [Group IV(3)]

39, Ms, Manju Singh

40, Shri Naresh Chandra Murmu
41, Shr Biplab Choudhury

42, Shr Swapan Barman

43, Shri Sudip Kr. Samanta
44, Shri Debashis Ghosh

45, Shri Sankar Karmakar

4, Shri Amit Ganguly

47, Shri B. Sampath Kumar

48 Shri Kamalkishor I Uke
49.  Shn Atanu Saha

50, Shri Ashok Kr. Prasad

al. Shri Aditya Kr. Lohar

52 5hri 5. R, Debbarma

55 Shri Dilip Kumar Biswas
54, Dr Asit Kr. Batabyal

55, 5Shn Kalyan Kumar Mistry
36, Prr. Prakash Chandra

57, Dr Satya Prakash Singh
58 DroSudipta De

59 Dr Dipankar Chatterjee
&, Pr. Krishnendu Kundu

al. Shri Siva Bam Krishna Vadali

Dmives & Control Systems

Product Diesign & Simulation

Chemistry & Biomimetics

Process Plant Engineering

Electronics & Instrumentation

Surface Science & Tribology

Condition Monitoring

Centre for Advanced Materials Processing
Process Plant Engincering

Simulation & Modeling Laboratory

Foundry & Heat Treatment
Surface Science & Tribology
Thermal Engineering

Metrology

Foundry & Heat Treatment

NDT & Metallurgy

Muanufucturing Technology
Horticullure & Institute Housckeeping
Manufacturing Technology
Condition Monitoring

NDT & Metallurgy

Manufacturing Technology
Foundry & Heat Treatment
Research Planning & Business Development
Technology Innovation Centre
150 Secretariat

surface Robotics

Thermal Bnginecring

Simulation & Modeling Laboratory
Simulation & Moedeling Laboratory
Simulation & Modeling Laboratory
MERADO, Ludhiana

Fobotics & Automation
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SLNoo Name Group Affiliation
62, Dr Rashou Ranjan Sahoo Surface Science & Tribology
63, ShriArup Kumar Nandi Advanced Design & Optimization
td.  Shri Subrata Mondal Advanced Design & Opumization
6A. Shri B, B, Ghosh Advanced Design & Optimization
th. Shri Ravi Kant Jain Design of Mechanical Systems
&7, D, Ranjit Ray Robartics & Automation
6. Shrn Anupam Sinha Product Design & Simulation
63, Shri Palash Kr. Maji Product Design & Simulation
T Shri Pradeep Ragan MERADC, Ludhiana
71 Ms, Abhilasha Saksena Embedded Systems Laboratory

Scientists [Group IV(4)]

72 Shri U Nand Technology Innovation Centre

73 Shris. 8 Mojiz MERADO, Ludhiana

4 Dr Arup Mitter Research Planning & Business Development
73 Ms Maw Nandi Sarkar Process Planl Engincering

76 Dr D, Chatierjee Chemstry & Biomimentcs

71 Ms. Anjali Chatterjee Cyhernetics

78 Shri LS. Ghosh Human Resovrce Development & Library
9 Shri Avik Chatterjee Virtual Reality & Virtual Prototyping

81 Shri P S, Banerjee Acdvanced Design & Optimization

81, Shri B, N.Singh NDT & Metallurgy

B2 M= Sarban Dutta Surface Robotics

53, Shri Punkaj Raoy NDT & Metallurgy

4 Shri Atanu Maity Advanced Design & Optimization

85 Shri Ashwani Kumar MERADO, Ludhiana

86, Dr, Somenath Mukherjee Simulution & Maodeling Laboratory

87 Dr Mrnal Pal Centre for Advanced Matenals Processing
B8, Shri 5. N. Nandi Robotics & Auwtomation

39, Shri Tapas Gangopadhyay Product Design & Simulation

90 Shri Ragesh Kr. Chak MERADO, Ludhiana

91, Shri B. D. Bansal MERADO, Ludhiana

g Dr. Biswajit Ruj Thermal Engineering

93, Dr, Surendra Kumar Product Design & Simulation

4, [, Reeta Das Thermal Engineering
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g5,

Shri G 8. Reddy

Scientists [ Group 1V(5)]

G
o
UH,
o,
100
101
Loz,
103,
100,
105,

107
105
e,

111.

D Ranjan Sen

Shri A, K. Shukla

Ms, Uma Dutta

. B. N. Mondal

Shri R, K. Biswas

Shri Amatjyoti Banerjee
Shri AL K. Chowdhury
Shri Abhijit Chatterjee
Shri Tapas Sarkar

Shri Soumya Sen Sharma

ShriP K. 5en

[, Nagahanumaiah
Shri Dehojyoti Banerjee
Shri Tapan Kr. Paul

Dir. Partha Bhattacharjee

Jovdev Roy Chowdhury

Scientists [ Group IV(6)]

112,

113,

114,
115
116,
17
115,

D, Samajyoti Majumdar

Shr 5. N, Shome

Shri Shibnath Maity
Shri V. B Dahake
[ K. P Ray Sarkar
Shri P K. Chaulia
[, P K. Chatterjee

Materials & Stuctural Evaluation

Metrology

NDT & Metallurgy

Electronics and Instrumentation

Centre for Advanced Materials Processing
Condition Monitoring

Munufacturing Technology

Foundry and Heat Treatment

Material & Structural Evaluation

150

* Technology, Publication & Patent

* [rives & Control Svstems Technology
= TePP Outreach Centre

Process Plant Engineering

Microsystems Technology

Robotics and Automation

Conditon Monitoring

Cybernetics

Embedded System

= Surface Robotics

¢ Design ol Mechanical Systems
* [nformation Technology

* Robotics and Automation

* School of Mechatronics

Technology Innovation Centre
MERADC, Ludhiana

Product Design and Simulation Division
Technology Innovation Centre

Thermal Engincering
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The frontier of mechanical engineering is changing rapidly and is fast merging with other branches of science and cngineering,
Contrary to the general perception one holds about this discipline as dealing only with machines and mechanisms in isolation.
mechanical engineering in the next decade is poised to evalve as a thoroughly collaborative discipline through a shared vision o
develop engineering solutions for fostering a cleaner, healthier, safer and sustainable world. Acquiring new knowledge and skills
to implement systems engineering approaches across multi-scale systems will be an essential element for the mechanical engineering
of tomorrow, New simulation software designed to mimic the emergent properties of complex systems will further assume a vital
role in enabling mechanical engineers anticipate system requirements and outcomes, Mechanical engineering, as a broad discipline
would further have to face a future characterized by engineering systems in both the nano, micro and mega scales concurrently
by utilizing the competitive edge of cutting-edge knowledge and embracing various collaborative advantages. by fostering and
controlling global innovation, and by preparing for the technological capabilities of the Nano-Bio future and microfactories. or
concurrent design-at-home, In general, the mandate of mechanical engineers of the [uture would be 1o

. Develop sustainably through new technologies and techniques, and respond 1o the glabal environmental pressures
brought about by economic growth;

. Be at the forefront of implementing & system design approach across large and small-scale SYSLEITE]
*  Engage in international collaboration around our eritical knowledge and competencies:

] Work in the emerging Bio-Nano technologies to provide solutions in such diverse fields as healthcare, energy, water
management, the environment and agriculture management, and

¢ Create engineering solutions for the other 90 percent that live on less than two dollars a day.

With this vision in mind. CMERI in the last year underwent a thorough revamping of the R&D areas and the R&D mandates, and
a new pool of talented young Scicntists was inducted into the Institute to embrace, regulate and guide the desired direction of
change. About half of the new inductees are from the top echelon science and technical Institutes, like the 11Ts. Jadvapur
University, ete. having significant post-doctoral exposure into their individual disciplines, and having to their credit substantial
publications in peer-reviewed journals. Others who have joined CMERI in the capacity of Scientist Fellows have already made
their marks or have the potential of making significant inroads into their specializations,

Newly Inducted Scientists

S5LNo.  Name Crroup Attiliation

1 Shri Privabrala Chattopadhyay Product Design and Simulation Division
Z Shri Satanand Mishra Information Technology

3. Shri Jugdish M CMERI-MERADO

4 Shri Srinivasan. N Cybernetics

. Shrt Ajay Yadav M/L CMERI-MERADD

& Dr. T. Murugan Thermal Engimeering

T Shri Hanumath Prasad Tkkur Dirives & Control

. Shri Suman Saha Dririves & Control

g, Dr. Pradipta Ranjan Basu-Mandal Product Design and Simulation Division
[0, Dir. Privabrata Banerjee Chemistry and Biomimetics

1. D, SivaprakaShri 8 Process Plant Engineering
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12 Shri Santu Kumar Gird Electromcs and Instrumentation

13 D, Pranab Samanta Surface Science & Tribology

14. Shri Swarup Kumar Laha Condition Monitoring

5. i, Ranajit Ghosh Cenire for Advanced Materials Processing
6, D, Bittagopal Mondal Simulaton and Modeling

17. Lor, Satva Prakash Singh Simulation and Modeling

18, Dr. Sudipta De Simulation and Modeling

19 Dir. Dipankar Chatterjee Simulation and Modeling

20, Shri Siva Ram Krishna Vadali Raobotics and Automation

2L Dr. Rashmi Ranjan Sahoo surface Science & Tribology

2 D Somenath Mukherjee Simulation and Modeling

23, [, Mrinal Pal Centre for Advanced Materials Processing

Newly Inducted Quick Hire Scientists

L. Souman Sen

Dir. Ujjawal Pal

Dy, Sarita Ghosh

Ms. Shilpa

Sh. Ravi Kumar Arun
5h. Praveen Kumar Singh
Mrs. Arpita Mukherjee
Mrs, Sarika Bharilys
M. Sikha

sh. M.Phani kumar

Sh. Amut Kumar

Sh. Abhiram Hens

Sh. Prasenjit Das

Robotics and Automation
Chemistry and Biomimetics
Chemistry and Biomimetics
Microsystems Technology
Microsysiems Technology
MERADO, Ludhiana
Electronics and lustrumentation
Advanced Design and Optimization
Robotics and Automation

Surface Science & Tribology
Wirtual Reality & Viroal Prototyping
Microsystems Technology

Foundry and Heat Treaiment
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Performance Indices
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