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About CSIR-CMERI

As a canstituent member under the Council of Scientific & Industrial
research, the ambit of the CSIR — Central Mechanical Engineering
Research Institute, Durgapur — a premier establishment of nati cinal
standing dedicated to research and development — extends over
mechanical engineering and allied and advanced disciplines of
science and technology.

The Institute employs over 500 scientific and technical staff with

a rich blend of expertise and experience in different disciplines of
engineering and sciance.

Besides conducting frontline research in varied areas, the

Institute dedicates its R&D efforts towards different mission mode
programmes to disseminate appropriate technological solutions
far poverty alleviation, societal improvement, energy security, food
security, defence, etc.

CSIR-CMERI has developed as many as 150 products and processes
of which 26 have been awarded prestigious national awards: More
than 120 licensees have obtained know-how for various products
and processes developed for commercial exploitation.

CSIR-CMIER! has a dedicated team of highly qualified professionals
and support staff well balanced in terms of youth and experierice.
The manpawer available at CSIR-CMERI is comparable to the very
best available in India.

CSIR-CMERI is making steady inroads into such areas as

Robotics, Mechatronics, Micro Systems Technology, Cybernetics,
Manufacturing, Precision Farming, etc. and is assuming leadership
in many of these emerging front-end interdisciplinary domains,
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L]

Materials, Processes, Chemistry & Synthetic
Biology

Advanced Design, Manufacturing, Foundry

= Design Dynamics, Simulation and Analysis,

Immersive Visualization

+ Thermal Engineering

Cybernetics, Electronics & Embedded Systems,
Drrives & Control

Precision & Conservation Farm Machinery

r~
—




CONTENTS

e8earch Initiatives in the Recent Years 13-59

oIk initiatives 60-68
coking Ahesd 69-114
aLing the Soelely 115-135

136-176




| From the Director's Desk

The Institute has witnessed significant growth in its Research and Development activities in diverse
fields of Science and Technology during the year 2010-11. The scientists of the institute are engaged
in executing a large number of Network, Supra, CSIR-5300, Luboratory (CSIR in house) and sponsored
(CAT) projects,

CSIR-CMERI has grown even further in Roboties research. The robotics research includes abstraction,
integration, and fusion of fundamental functions of vobots. It demands autonomously distributed
systems for higher intelligence, human-machine interfaces for the svmbiosizs of humans and robats,

Omn July 17, 2011, deep into the heart of the Bay of Bengal, buffeted by a choppy sea amidst inclement
weather. the AUV-150 — an Autonomous Underwater Vehicle designed and developed by CSIR-
CMERI, Durgapur with inputs from the IIT, Kharagpur — literally plumbed a sea depth of 150 m
within ile estimated mission time. This event marked the end of a protracted effort for obtaining
self-sufficiency in the design development underwater robotie systems, for which the country ha d to
depend solely on foreign sources, Courtesy CSIR-CMERI, Durgapur, India now has the wherewithal
of manufacturing its own functional Automated Underwater Vehicles. The project is sponsored by
Ministry of Earth Sciences, Govt. of India,

A erawl-type Stair Climbing Robot has been developed by the Surface Robotics group. This has shown
a clear advantage over the conventional Stair Climbing Robots in which rotary motion of the disk
is converted to linear motion by following on a drive guide. The other significant developments are
Vision Guided Robots, Flying Robots and Serpentine Robots.

In addition. simulators that are needed for the development af humanoid robots, in terms of dynamies,
geometry, actuators, sensors, and eomtrollers are being developed. Various image processing algorithms
have been fine tuned. The majority of relevant researches have been conducted in the field of robotics
under the broad sub-area of robot path planning. Automat e motion planning 1s an important problem,
not only in autonomous robotics but alzo in design, CIM. and Artificial Intelligence. Hybrid (position-
hased and image-based) control system development for visual servo control of robotic manipulators
iz notable among the vibrant research activities,

The Cyhernetics group has been involved in the Applications of Visual Servoing in Eohotic surgery,
Finding appropriate models which properly describe the physical properties of eatheters and endoscope
alongside developing the software necessary to obtain the [eedback and also implementing the control
algorithms are parts of the main objective in this imitiative.

The downsizing production system. which we have newly proposed as "microfactory”, can help
not only in saving energy, spaces and resources but also in improving fexibility for model change
and controllahility of the atmosphere. Eventually, the microfactory can compose and complete
a mimaturized production system. The key to the microfactory s downsizing machine tools
and elements and increasing the accuracy of operations. The microfactory development by the
Micro-syvstem Technology group is nearing completion fast. This iz a Network project steered by
CEIR-CMER] with OSIR-CEERI and several other CSIR Laboratories as the partners.




The five axes micro-milling machine devecloped by the Tribology and Surface Engincering group is
capable of creating micro and hano scale fabrications with high level of aceuracy. This indigenously
developed machine has improved the potential of the microfactory and initiated the development of
micro bearings and high preeizion lubrication technology,

The Makerials Science group has been involved in development of dve sensitized solar thin
fiims.advaneed structural ceramic eomposites, rnulti-ferroics & spintronics, optoclectronics,
thermoeslectrie junetion and porows-biomaterials for tissue engineering. The rescarchers are looking
at how disorder and complexity within the unit cell as well as nanostructured materials can lead to
enhanced cfficiency.

The excellent achievement of the Chemistry and Biomimetics group iz centered on Copalymerization
followed by melallation leading to development of micro-devices. Tn another approach, the
hetercaromatic triazoles st which metal-ligand eoordination is augmented by ester functionalities are
engineered to afford metal-incorporated hybrid polvmers. Suell modified structures hiave controlled
properties and are applicable to functional microdevices.

CBIR-CMERT is enpaged in several projecis aimoed at improving efficiency of energy conversion,
energy conservalion and developing advanced thermal enginecring technology, The activities in thoe
arca of solar adsorption refrigevation necd special mention,

The Design and Stress Anaiysis groups are involved in the development of valves and control svstems
involving valve network for the Saras Aircrafl, analyzing landing gears.

The Advanced Design and Oplimization group contributed significantly in the development of low
hursepawer tractors for special usage.

A& major project has been initiated in the area of Rheo-pressure die casting, The aciivitics pertaining
to Austempered Ductile Iron (ADT} are in the fuli swing. Scveral industry partners, ineluding Menally
Bharat are working in tandem in a number of Foundry relaled problems.

The partnership with the Variable Encrgy C yelotron Centre (VECC) has complited yet another vear of
successtul collaborntion in the arca of EFQ LINAC, The activities related to development of improved
beam bunchers were the facus of last vear.

The research focus of Drives and Control embraces development of intelligent power electronie
interfaces for designated drives, experimeniation with application of different control methodologies
including non-linear sliding mode speed control. experimentation with different prime movers with
speclal emphasis on developinent of BLDC motors, linear motors, reluclance motors, steppor and
servo controllers, ete.

The extension centre ut Ludhiana has been engaged in the activities related to the Centre of Excellence
in Precision Farm Machinery. Development of precision seed planiors, novel rotavators and inter-row
cultiviators have been the major focus,

The Centre Researvch Faeility (CRF) has been formed to facilitale the research activities at CRIH-
CMERI. Scanning Electron Microscope with energy dispersive Specography (SEM-EDS) and high
temperature (upto 1000°C) rheameter have been inducted L CRY,

CBIR-CMEK[ has no other option than to establish itsell as n technology source or as a national
B&I) platform in applied science and entgineering. The scientists have to perpetually strive for a
combination of three elements — namely hasic knowledge, innevative applications, and accuracy of
results. They have to he emotiunally involved and see beyond what is visible,

Gautam Biswas
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RESEARCH INITIATIVES IN THE RECENT YEARS

DESIGN DEVELOPMENT OF AUTONOMOUS UNDERWATER VEHICLE :
END OF A SUCCESSFUL MISSION AND THE BEGINNING OF A NEW

JOURNEY

As flelds of rescarch, Underwater Rohatics in general
and design development of Autonnmonus Underwater
Vehicle (AUVY in particular hasve significant future
impael, leading to vigorous R&D efforis in many
technologically advanced countries such ns the Tisa,
Australia, Ceormany, HRussia, Korea and Japan,
Underwater robotic technologics are important since
these promote a host of spin-off rechnologies, many
having decided strategie importance.  Autohomous
Underwater Vehicle (ALTV) Technolomy will be an
casential technelogy of the future as dependence on Lhe
hitherto untapped oeeun resvurces incvease. The need
for AUVs is already heing folt {for activitics such as
inspection, location of abiects and survey an the ocean
floor and surveillance. India necds to indigenously
build capability in designing and deviloping AUVs, and
it 15 in response to this requirement that OSTR-CA ERI
took up the AUV development project for working up to
a depth of 150 m under seq with NECessATY Fesources for
seed bed mapping & data collection.

The Autonomous Underwater Vehiele - christened
AUV-150 - was subsequently developed by CSIR-
CMERT, Durgapur in collaboration with [T Kharagpur,
under the sponsorship of Ministry of Earith Sciences
(MoES) Gavernment of India, through the QOASTC, [IT
Kharagpur, The AUV 150 cun autonomously operate
under water up to a depth of 150 m and ran perrform
specific  designated  tasks ke ser-bed  mapping,
eolleelion of oceanegraphic data like tempcrature,
salimity and conductivity, cte, A siwmrmnary of the
specifications of the system is presented in Table-1.
Figure 1 illustrates the modular design for ALV-154,

Table I Specifications for AUV-150

| B .
BLatevial of construction

| At allow body (Special |

Grade)

Speed

2-4 knot

Configuration

Cylindrical. Modular

Degroes of Freedom

3, Btable against Roll

Energy system

Lithium Polymer Baltery

Miszion Time

4-6 hr

Navigational Sensors

Inertial Navigation
System, DVL, load

GIS. Acoustic Tracking
System, Forward looking
SBonar, Altim and
Prezsure Sensor

Payload Sensors

linderwaker camera, Side
Sean Sonar, O

Control

Nelwork Buased
Distribuked Control

Communication

Acoustic & RF

Decizlon Making
Software

Overall Mission
Management ineluding
mtelligent trajectory
MAEEement, obsiacle
avordance, autonmnous
navigalion and cantrol.
Diagnoatic tests during
pre-launching and post-
restrieval periods ]

Amual Repore 2010)-11 m
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Figure, I - Design View of AUV-150

Figure.2: AUV-150 during 5 heltered Water Trials

The Trek

In reality, the development proceeded through a number
of interrelated phases entailing hard problem solving.
[nitially a full seale steel mock-up unit was fabricated,
assembled and tested at the Shallow Basin Facility
at OSIR-CMERI, Durgapur. Design deficiencies as
emanating from the extended trial of the stecl mock-up
unit were duly addressed, to be incorporated later into
the final prototype made of special grade aluminium
alloy, The final prototype had undergone a series of
rigorous tests at the Shallow Basin facility. The size of
the AUV being larger than what could be comfortably
accommodated in the Shallow Basin Facility, faster
& long duration missions could not he exccuted, and
for this reason testing in a larger still water facility
was deemed necessary before the actual trial at open
sea. The first trial of the AUV at a wider and higher
depth region was thus carried out at the ldukki Lake,
Kulamavu, Cochin during September 2009, Successtul
still water trials were carried out at Idukkiup toa depth
of 5 m in spite of inclement weather and associated
hurdles.

lssues leading to possible  system malfunction as
singular or combined eontribution of system power,
alectrical isolation, ground looping, remote switching

CRIR - Central Mechanical Engineering Research Institute

of the Digital Video Server (DVS), thruster collapse,
damage to the pressure hull, ete. that came up during
the developmental phase were resolved judiciously by
appropriate diagnosiz and action plan.

The first phase of the trial eonsisted of checking for
static stability, performance of controller and dynamic
stability of the vehicle, functioning of all sensors
assisting navigation, performance of pavload sensors for
ground mapping, storage of environmental photograph.
ete. Time constraints engendered by inclement weather
forced abortion of svstem check for proper acoustic
communication and chstacle avoidance. Analysis of
data and test results from the first phase of trials led to
cdentification of design drawbacks, some of which were
incorporated for improving the hardware architecture
and the control system so as to render the system more
rugged against uncertainty & disturbances.

The second phase of trial at the Shallow Basin Facility
was followed up by trial at the ldukki Lake durng
September 2010 with the ohjective of achieving higher
depth, more reliable performance of the controller for
avoiding obstacles, various long duration missions
and subsequent floor and acoustic communication.
The second phase comprising the aforementioned
missions was also concluded successfully in spite of
severe weather conditions. The test data along with the
associated hardware was analyzed eritically to judge
the system performance and to meorporate  minor
modifications to make the AUV seaworthy.

Having successfully undergone these Sheltered Water
Trials at the Tdukki Lake, Cochin with active support
extended by NPOL, sea trials [or verilving  sea-
worthiness of AUV 150 and the entire set of designated
functionalities were conducted recently at high sea off
the Chennai coast onhoard the research vessel ORV
Sagar Nidhi,

The day of reckoning

The AUV 150 was transported from CSIR-CMERI,
Durgapur divectly to the Chennai Port. The CSIR-
CMERL sea trial team reached NIOT during July
7.8 2011. Due to presccupation and other unforezecn
reasons, 1T, Kharagpur could not take part in the
trials. The materials were loaded to the deck of ORV
Sagar Nidhi on the afternoon of July B, 2011. The
team members underwent medical cheel-ups required
for sen cruise. With logisties support organised by the
NIOT. all the team members from CSIR-CMERI, NIOT
and four seamen cleared all the formalities including




immigration checks at Chennaj port before signing
on the research vessel, The team moembers boarded
the research vessel at noon an 9th July 2011, List of
members present during trials are given helow:

SN, Shome Chief Seientist
| 8. Nandy I’rinr:ipai Scientist
S.R.K Vadalj Benior Seientist )
D, Pal Selentist ]
S.K. Das Junior Selentist
J.P. Maji Technical Officer ]
Debasish Datta Senior Technician (1)
Sk. Hasanujjaman Project Assistant ]
Chandan Har Technical Assistant
Pratik Saha Technical Assistant -
J. Karmakar Techn ical Assistant |
' R.K. Mondal MSE

A brief meeting was organised by the captain of ORV
Sagar Nidhi so as to acquaint the research team with the
protocols for handling various on-hoard facilities, and
were finally assigned accommodation. In the afternoon
Mr. 8N, Shome, Chief Scientist, briefed the captain
and officers of ORV Sagar Nidhi about the objectives
of the AUV project and the activities proposed to he
carried out during Lthe sea trial,

With active support from the NIOT functionaries, the
CSIR-CMERI team positioned the control container,
AUV system and other accessories an hoard Sagar
Nidhi. Power connections to various points on ship were
arranged. The support for the logistics, envisaged deck
support and handling of AUV aystem for launching and
retrieval was planned jointly with NIOT in consultation
with master and other officers of the ship.

Sea trials were conducted in various phases targeted
towards qualifving the AUV-150 with the following
objectives:
* Dry tests for integrity and conformity onhoard the
ship

* Soak tests and other functional tests al shallow
depths of 30~40 m

* Progreszive depth qualifications for up to 150 m in
sed water

* Sea-bed mapping with Side Scan SONAR

* CTD  Profiling observing

conductivity and temperature at various dopths!
pressure levels and underwater videography

towards salinity,

* Autonomous navigation for following a pre-defined
trajectory

* Exception handling capabilities towards detection
of leakage/low power status

* Avoustic communication and tracking of AUV-150
during subsea operations with Ultra Short Base-
Line {USBL) positioning system integrated with
an acoustic modem

Test Desecription

Sea Trials of AUV-150 were conducted during July
917, 2011 at three identified testing sites as indicated
in Table-I1l. Trial operations were carried out, and
system checks were performed as follows:

* Physical verification and recording of remarks as
‘pre dive’ requisites before powering up the various
subsystems (AUV-150 and the control conzole) for
Lest sequence

* After powering the system, performance checks
were carried out as “pre-operational dry test (on
ship deck)” requisite before actual deplovment

* Critical monitoring parameters were ascertained
and recorded as “pre-operational wet test (on water
surface)” after actual deplovment for integrated
system healthiness prior to diving

¢ After completion of “pre-operational tests”. the
total system was tested for its operation according
to an operational test plan

* After completion of dive operation. checks W
carried out as “post-dive” requisites to verity the
physical and functional status of the system
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RESEARCH INITIATIVES IN THE RECENT YEARS

REMOTELY OPERATED VEHICLE FOR

OPERATING AT A SEA-DEPTH OF 500 m

Background

A Remotely Operated Vehicle (ROV) is essentially an
underwater robot that allows the operator to remain in
a remote environment while the vehicle performs the
operation in some specified hazardous surrounding.
The syvstem includes a robotic vehicle with onboard
sensors, an electronies & control module, a surface
control  station, an umbilical ecable that connecls
the vehicle and the operators on the surface, a cable
handling system, a launching and retrieval system and
associated power supplies. The umbilical cable carvies
power, command & control signals to the vehicle and
the status, camera picture and sensory data back to the
operator topside. Sub-sea control boxes are provided for
harnessing electronic hardware. A number of state-of-
the-art payvload and navigational sensors are mounted
on the ROV frame. In many cases, the umbilical cable
incorporates additional strength members to allow
recovery of heavy devices or wreckage.

As in many other areas of sub-sea technology,
commercial development of ROVs demands capability
for sea-bed surveys. The tasks include identification
of debrisfwreckage; monitoring health of off-shore
installations; inspection of damages and failures e.g.
cracks, corrosion dented members, deflected members:
search and recovery of lost items: pipehine route surveys;
oceanographic data  eollection  and
for sub-sea engineering design studies, ete. Though
available commercially on rent. their prohibitively high
rentals restrict their deployment for regular inspection,
monttoring and maintenance of offshore structures.
To zolve these problems, indigenous developmental
programmes for ROV have been initiated. in which
CSIR-CMERIL,  Durgapur enjovs a position of
prominence, Al the behest of the then Department
of Oeean Development (DO, Government of Indis,

data  provision

CSIR-CMERI, Durgapur has already developed ROV-
200 — a vehicle that works up to a depth of 200 m under
the sea. ROV-200 was successfully tested on August
2001 off Chennai coast with active support from National
Institute of Ocean Technology (NIOT), Chennai, which
spawned the programme for development of a ROV
with enhanced features for operating at a depth of
SO0 m under the sponsorship of the Ministry of Earth
Sciences, Government of India,

System Description

ROV-500 designed by CSIR-CMERIL, Durgapur employs
an open frame structure with onboard sensor and
computational modules that can be maneuwversd under
the water [rom an on-ship surface contral station,
An oplo-electro-mechanical umbilical cable connects
the ROV with the surface control station via a cable
handling winch svstem. The pressure in which the ROV
works is directly proportional to the depth of operation.
Four sub-sea control boxes are provided for harnessing

Figure 1 ROV-S00 protoiyvpe equipped with thrusiers,
navtgaiiona! & pavioad sensors
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SERPENTINE ROBOT
Background

In ease of a serpentinc vobot, design is principally
guided by gait implementation philosophy. The first
qualiLative research on bologically inspired serpentine
rabot was carvied aut hy Hirose, Early works of Burdick
and Chirikjian on locomolion of hyper redundant
robot are worth mentioning. Since then many multi-
segmented articulated serpentine robols have ke
atlempted by rescarchers for implementation of
crawling gaits. Some of them use wheels, tracks, legs
or other meana for locomotion while others rely solely
an body undulation. In most of the cases the scgments
are connecied with revolute joints, though prismatic
joinls are also employed. These juinis may he aclive
of passive. Though revolute joints in general are
considered for yaw and piteh, a fow models vsing roll
DOF were also studied. Figure 1 shows a comparison
of such robats based on different design philosophies.

This project deals with the design and development
of experimental serpentine robots CSERP-X {CMERI
SRRPENT) series, which can perform multiple gaits
depending upon the requircment. Scrpenline gaits
that were implemented resulis from body waves 1n
two orthegonal plancs. To allow undulation 1n both
horizontal and vertical plancs the design needs to be
flexible and compliant in both the directions. CSERP-X
essentially has a rebolic arm with seven degrees of
freedom with om-board battery pack. muerocontroller,
wireless camera, light, and Tnfra Red {IR) chstacle
deteetion system. The briel specification of the system
i given n Table L.

Serpentine Robot
Design Philosaphy
= — -

[ 1
[ External Prapulsion [Body Undulation Propulsion '

active Wheels, tracks, legs Locornation is due to sheer
ot ather appendages hody undulation

. [ )
[Active Joint, | Passiveldoint | |Fassive Wheel | [Without Wheel,

amni treod Gerbn ACM Aika
Maira, Kohge ACKI-R3 fcrd]
Saryd, Sneke 2, Wi

MAKRC plus, arm B ot

Pie Explorer

Figure I
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Table |
A brief specification of CSERP-X
Owerall length 207 mro ]
Murley of Seguehts ) N

Mumber of joint actuators 7RG servos

| Jaint fetaaror toryud 9 Yp-om

Jomnt to joint 9@ mm
Begnient e scction T mm x b mm

Overall weight Gneluding battery) 1.28 kp
Ohstacly delection 1R hased
O board micro controller PIC 16F844

Pawur sourcn:

B cbf W T
SiMy Ak Gy LI
VI

Servo aoruators

preontreller wnd othor elucironics

Camers. viden traoeroilier & highl

Design Issues

The design of the serpentine robot is modular and
there are six body segments with one head and one
tail module. Body segments are almost adentical in
shape and size, though the head and tail segments
are completely different. Fach compartment houses a
rotiary actuator, carries ils own hatlery and azsociatedd
elacironics and harnessing. The head segment docs
nit house any rotary actuator hut accommadates some
SRS,

The modular eonstruction facilitates casy cemoval or
addition of compartments. All components are made
of plastic and the design is highly optimized 20 that
the overall weighl is kept to a minimum. Each joinl
has a rotational freedaom of @, The head scgment
houscs a miniature wireless video camera and TR
abstacle detector. ‘The tail houses the microcontroller,
ihe battery charging socket, ele.

As some non-serpentine gaits utilize all four sides of
body segments. 1 SQUArs segment ¢ross section wis
chosen to maintain uniformity in all states of galt.
Otherwise, variation in dorsal and veniral shapes
would have led to anomalous behaviour in various
stages of those gaits which utilize all the four faces of
the body scgment.

The overal]l weight ol the serpentine robot 15 1.26 kg
including the weight of the servos, battery. slectronics,
cabling and weight of the budy scgments, When sleeved
with a fexible outer jacket, {he total volume is about
7875 em® and the overall rohol density of (.34 gicm®
allows the robot to Aoal on water surface,

Friction plays u pivotal role in serpentine lecomation.
To achisve meaningful  locomaotion  semetimes
divectional friction helps to a large extent, A
hiological snake enjoys certain advanlages as far as
directional frictional is converned. This is often termed




as frictional anisotropy. Particular orientation
and overlap of body scales helps serpents achieve
directional friction and this allows ensy forward alide.
The advantages of frictional ani=otropy can also be
seen in daily usage - e.2. a wheel ean roll forward easily
rather than skidding sidewise. Frictional anisolropy on
a serpentine robot can be achieved in many different
ways. Many serpentine robots have been developed
using passive wheels to achieve this. The CSERP.X
makes use of fine saw-tooth corrugations intentionally
mtroduced on the bottom surface of the head and
the tail segments to achieve frictional anmizotropy, In
case of inchworm movement, where two ends of robat
hody interact with the ground, this design provides
substantial help.

Figure 2. The experimental serpentine robot CSERPX.

Actuators

There are seven actuated joints, three of which
contributes to the undulation on the horizontal plane
and four to undulation on the vertical plane, The
adjacent actuators are perpendicular to each other,
Joint pitch on any plane iz 192 mm. At the most four
pitches could be fitted on overall length of 800 mm (192
mm x4 = 768 mm). Radio control or RIC digital servos
are used as rotary actuators. These are small DO
geared motors with onboard electronies that provide
closed-loop position feedback control. The R/C sErvos
are very robust, compact and cost effective, Only for
this reason, R/C Servos are widely being used in robotic
systems, scaled models of planes, helicopters, cars.
hoatz and many more,

A potentiometer attached to the shaft of the motor
rutates along with the motor. Due to this, the rotation of
the R/C Servo is limited to approximately 180 and they
are not suitable where continuous rotation is required.

It provides good activation for limited positional contral
without exclusive additional hardware.

Corrugated bottam sufucs provided
oily on the head and ted segment to
facilitate mchworm like gats

Figure 3: Exploded view of head segment and serto

focation. Alternate joints are arthogonal

Power Supply

Battery is the main power source of the serpentine
robot and has the highest contribution to the overall
weight., Batteries come in various shapes and sizes:
choosing the right kind of battery is very essential for
the design,
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Specific Enargy (Whikg)

Lead acid NiCad MikiH Li-ion

Figure 4: Comparison of specific eneray for
various battery ypes

The performance eriteria of a battery include apecifie
energy  density, typical wvoltages, energy
efficiency, commercial availability, cost, operating
temperatures, etc. A battery with high specifiec energy
contributes less to the overall weight of the system.

ENErgyY,

Figure 4 shows the specific energy of different tvpes
of batteries, Considering all these, battery modules
consisting of five NiMH cells, cach of 1.3 WV, were used
a8 power source, Six battery modules each of 900
mAh@6 VD were distributed within the segments for
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supplving power to the servos. Light, camera and video
transmitters are powered by a 200mAh@8 VIO battery
pack. The microprocessor and associated electronics 1=

separately powered from a 6VDC hattery pack.

Electronics

The microcontroller board is placed at the tail segment
and the cables run throughout the length of the robot
to transmit signal to the servos. A small wireless video

camera mounted at the head segment of the robot

Figure 5: Video transmitler aitached to the camera

honsed inside the head

Figure 6: Front view of the serpentine rohof

provides video and audio feedback online to the control
station.

\ narrow passage through which the robot navigates
may not be properly illuminated, thereby causing the

SR - Central Mechanieal Engineering Research Tnstitu

video quality to degrade. To overcome this problem, an
array of six white light LEDs surrounding the camera
is provided to produce sufficient light for good pleture
guality. The in-built transmitter sends signals at a
frequency of 1.2GHz up to a distance of 100 m. A small
wireless receiver receives the signal divectly to a viden
monitor and to a computer through a frame-grabber
eard for further provessing,

The video image iz often found to be jerky when the
robot i in locomotion, Surrounding survey posture wads
thus devised to obtain a clear picture. In the survey
posture the serpenting robot raises 1ts hood above the
ground while making a small loop at the rear for firm
seating on the ground. The head segment also mounts
one 1R based obstacle detection and avoudance system

and aszociated electronics.

System Architecture

The serpentine module iz fully deployable and does
not have any umbilical cord or other cable connection

for command snal or power supply. Onboard

microprocessor assumes overall control of the svstem
and the deployed module carries all the batteries along
with it. This factor limits the mission time: however,
deployment of locomotion gaits are accurate and
uninterrupted as dragging the umbilical cord along
all the time is obviated. Figure 7 depicts the system
architecture of the serpentine robot,

| )

Recgiver |

ROBO ]

COMPUTER

Video Momitos |

| Tuner/ Ciprare |
Card "

Ooogopnnnpn

o p-Controller

Uompiler -

Figure 7t System Arehitecture

(n detection of any obstacle in the trajectory, the
IR bhased obstacle detection system gets activated.
The svstem offers excellent capability for gait
experimentation. The utility of the robot can be further
enhanced by introducing features for enline command

and contral.




Kinematic Model

Kinematic freedom of the model can be better understood
from Figure 8. Adjacent joint axes are perpendicular to
each other, thereby providing overall Aexibility in two
orthogonal planes. The body segments of the serpentine
robol are named as:

Head - B1 — B2 - Bi - B4 — B5 — B6 — Tail

Figure & Kinematic model of the robot (CSARP-X).

Considering spatial orientation of the robot. four
actuators have axes on the horizontal plane (viz, H1,
H2, H3 and H4) controlling pitch and three on the
vertical plane (V1, V2, and V3) for yaw.

The pattern of oscillation of each servo is governed by
the microcontroller and iz termed serve orientation
function, which are sinusoidal time-dependent
funetions, Characteristics of orientation lunctions are
governed by the parameters such as mean. amplitude,
period and phase. The parametric expressions for
orthogonal servo orientation functions are:

Yaw, y, =M, + 4, sin(i—“z +io), i=1to3
¥

Pitch,HJ:MH+AHsin(§_—“r+j.ﬂ]; 1 4

H

Here M, A and T are the mean, amplitude and period
of joint oscillations. The suffix H and V denotes of
horizontal and vertical joints respectively. Vertical
ginusold contributes to the sinus 1ift which is essential
for this robot irrespective of its speed as it creates proper
ground interaction to propel, The phase difference
between two successive joints on horizontal plane is

denoted by 'a’ and the same for the vertical plane 15
denoted by B, Suffix 7" and 4§ are the joint positions
numbered from the head 2ide.

Determination of joint parameters (servo parameters)
15 erucial and need iteration, trial and experimentation
in visual Nastran simulation environment.

Gait Implementation

WVarious parametric combinations of servo orientation
function produce different gaits, Period (T) dictates
how fast a snake moves, A biological snake performs
different locomotion speeds at different situations
and environments, Physical limitation of speed in an
electromechanieal system may not match that of a
biological snake. Gaits of a particular locomotion Ly e
are performed sequentially within a specified period,
after which the process is repeated. For the sake of
performance comparison. all the gaits were simulated
with a period of 4 seconds. Again, simulation time and
real time were different. In the simulation environment
it takes much longer time to simulate a 4 second activity
depending upon simulation time step, computational
power available, ete,

Mean (M) 15 the mean value of the sinusoid about which
the servo oscillates. For straight heading it is at 907, By
adjusting mean values of V1, V2 and V3, turning and
steering can be achieved. The phase difference between
bwa successive servos of a plane determines the nature
of wave produced along the length of the serpentine
body.

Though various gaits were implemented successiully,
the resultz of sidewinding and  rectilinear gait
implementation are presented here, For the serpentine
robot, these parameters simulate the gaits in a most
vealistic and  effective fashion. These ecan further
e adjusted to cope  with
and  situations, Orientation parameters
were programmatically transferved to the onboard
microcontroller of the serpentine robot for gait

varving environments
function

implementation.

Sidewinding

It is a mode of sidewise movement where a portion of
the body gets lifted, moved laterally and placed on the
ground. Sidewise undulations are relatively larger than
V-Plane undulations. V-Plane undulations help it to
lecomote even on loose soil or sand and depending upon
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the soil condition the parameters may be adjusted.
Plats of servo orientation funclions are segregated for
H-plane and V-plane to avoid clutter. Actual behaviour
of the experimental serpentine robot in sidewinding

motion s shown in Figure. 9.

Figure S Frames showing gail sequence of
Sidewinding locomolion, Frames are nof necessarily ab
regudar inderval.

Caterpillar Rectilinear

This is a non serpentine gait, but can easily be
implemented on a serpentine robet. In this mode of
locomotion a pure sinusoidal wave is generated on the
V.plane only and it travels through the length of the
body. The direction of motion of this wave is from the
rear to the front while the robot moves forward. The
serpent moves without sliding any one of the segments
on the ground.

Figure 1 Caterpillar Rectilinear gail sequence

All the servos contributing to horizental undulation
(V1, V2 and V3) are held at 90" {ie. the mean value)
for straight heading, These servo parameters can be
adjusted to steer the serpentine robot left or right.

Il ('SIE - Central Mechanical Enginecring Research Institute

Conclusion

Machine locometion using wheels, tracks or legs is
common whereas generating locomotion in a limbless,
wheel-less system is more challenging, and this is where
the study of serpentine locomotion provides meaningful
insight. Most of the research on serpentine locomotion
focuses on mathematical modeling of gaits, yet their
implementation is dependent on specilic models. A
snake robot has the eapability to move within s confined
area and traverse all terrains that is not possible by
traditional wheeled or walking robots. These robots
are more suitable for its stability, terrain ability, high
redundancy and compliant mechanism. Snake like
robots can be used in surveillance, inspection of pipe
lines, search and rescue after any disaster and in many
more similar situations.

TELEOPERATED AERIAL
ROBOT WITH AUTONOMOUS
HOVERING

Background

In recent times, CSIR-CMERI has ventured into the
field of aerial robots which expectedly has opened up
a plethora of new possibilities. CSIR-CMERI initially
focused on  Rotarv-Winged Flving Robot (RWFR)
with the aim of developing a reliable maodel of vehicle
dvnamics using system identification and devising
a contraller for contralling the dynamic behaviour of
flving robot by stabilizing the non-linear dynamics, with
emphasis on hovering for close inspection. The linear
model, with small perturbations, accurately captures
the essential effecte of vehicle dynamies, As any control
strategy requires sccurate estimate of the state of a
robot, sensor data fusion from a combination of sensors
mounted on the Hying robot was attempted. Specific
censors used included INS, GPS, compass, altimeter,
ete. [or state estimation, control and navigation,

Approach

As the focus iz on autonomous hovering for close
inspection, initial work was directed towards developing
a digital controller for attitude control for maintaining
the hover. Experiments were carried out on a Bergen
Turhine Observer model equipped with CrossBow
NAV420CA, XSens Mti-G INS with integrated GPS




EVH C-100 compass, The array was mounted on a test
rig wilth bending flexibility along all axes. A SICK Lazor
was added for altitude mapping along with a thermal
vision FLIR camera for navigation in poor vigihility
conditions.

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

Next came the interfacing of PC-104+ based high
speed digital VO eard with programmable clocks and
ineremental encoders for controlling throttle/pitch,
aileron, elevator and rudder digital servos using
PWM based actuation. The qualitative behaviour
of the non-linear model of RWFR was found to he
quite complex in regard to shape and motion. As the
non-linear aerodynamic forces and gravity acts on
RWFR in a non-intuitive manner, a host of unknown
physical parameters needs to be determined. These
include, among others, mass and moments of inertia
of the fuselage and rotor components and aerodynamic
paramelers such as the blade lift curve slope, stabilizer
bar Lift curve slope and fuselage drag coefficients.

Owing to the innate limited accuracy, a non-linear
dvnamic tends  towards  instabilitv.  Four
linear SISO controller structures were used — one
for each of the desired outputs to be controlled — for
controlling the position and attitude of RWFR in a bid
to improve the stability. As the model was strapped to
the test rig, the first task was to control the attitude
of RWFR simulating a hover condition, The Figure
below illustrates the control scheme for continuous
compensation from linear SISO controller to control the
nonlinear dynamies of RWFR,

model

S *
Brof ——O1 Ky |— Go, .
Altitude
B'Fﬂf-—t K' | Gn' h‘_ ynami + @
*q
? Tp
Tq

.8, p, g =roll. pitch, roll rate, pitch rate:n

Tp, Tg =ratio of rate to angle feedback

Xﬂiz Rell angle feedback gain

Kr"-?: Pitch angle feedback gain

e e Transfer function describing open-loop roll angle
response to the lateral input, d, |

GL’@ = Transfer function deseribing open-loop pitch
angle response ta the longitudinal input, d, such that

closed-loop transter function describing the roll angle
respomse to the reference roll angle command is given

as GE'(DKQIIHTGGGD,K@}

Similarly, closed-loop transfer function deseribing
the pitch angle response to the reference pitch angle
command 15 given as f_xeﬂ KH,’ (1+ {n?g fi'gj'

This is dervived from the continuous state space system
fx =Ax + Bu

v =0

where A, B, C are system, input and output matrices
respectively and helicopter state vector is given as

x=fu, v, w,p, g nd 8w
and perturbative input control vector is given as

u=fd ,d .d_ ., o

fon T ped

such that in reduced state space model for SISO
structure

Ge,= Coufsl-Af-1B_ and Ge,=C, [sl-—A]-1
B where - I is the unity matrix, -C,, and C, are
special outpul matrices with unity element at the roll
and pitch angle index and zero elements everywhere
else, - B and B, are the special input matrices with
a unity element at the lateral and longitudinal cvelie
input index and zero elements evervwhere else.

Annual Heport 2010-11 m

fran




Root locus plot

]

20

10 1

o A
=10 1
=20 E

-80

apl

14 -12 -10 4 2 0 _\\
=135

P 45 Tdeg

rmﬂm:

180 s s
10 10" 10" 10’

Frequency (red/sec)

A -8
Real axis

Fent locus and Bood plot of elosed loop svsiem

Jor roll compensoator

S Rsagpones
14— ' - T G e
e icmd oo
[ — — ggmnbop |
L L I
(L] a8 o7 o 1] t

T |
Step reaponse of apen-loog and clesed loop
syvelem

The stability of the attitude compensator scheme is
analyzed. The criteria consists of eigenvalue location
that constrains the real parts of all closed-loop system
gigenvalues to be less than or equal to zero, thus
ensuring that all the dynamics are stable or neutrally
stable, Gain and phase margins are chosen to ensure
rohustness to unmodeled dynamics and changes in
the dynamics near hover. The specification of the
frequency response envelope of the closed-loop attitude
is designed to penalize a resonance peak in the roll and
pitch attitude responses, thus limiting the response
gvershool and oscillations. In qualitative terms, the goal
iz to optimize the system for three levels of performance
measured in terms of the speed of response (rise time},
overshoot of response and oscillation-free response
without violating stability margin criteria. A high pass
first order compensator is utilized for improving the
transient response, raising bandwidth to increase the
response speed.

m CSIR - Central Mechanical Enginecring Research Institute

Finallv, a detailed analvsis of the controller performance
through closed  loop
Experiments are carvied out on Hirebo Scheadud0
model. The outputs that are of direct interest for the

15 provided identification.

present analysis are the attitude angles and rates, The
identified closed-loop frequency responses are used to
validate the model and to extract the loop gain functions
needed for performance and stability,

OUTDOOR MOBILE ROBOT

The Outdoor Mobile Robot is basically the fourth
generation of all terrainean mobile robots developed
by CSIR-CMERIL Durgapur, its predecessors being
the ATR (All Terrain Robot), the 8R (Sub-terrainean
Robot) and the Modified ATR (ATRZ2).

Two different variants of the basic OMR have been
developed, and are respectively christened OMR v 1.0
and OMR v 2.0.

Outdoor Mobile Robot v 1.0

This version of the robot ig specially designed for stair
climbing capability. In this variant, double-sided timer
belts are used as tracks, These tracks are guided by
flanged timing pulleys of 300 mm diameter. The
dinmeters of these pullevs have been kept large for
hetter ground clearances. Two DC servo motors have
heen used for differential steering, DC hub motors have
been used in other robots, The svatem uses Li polymer
batterv bank for onboard power supply. The systems
are remotely operated from a command control station/

jovstick.




OMR + 1.0 has
specificalions,
* Size: 1000 mm X 670 rm X 315 mm
» Weight: 43 Ke
* Endurance: 0.5 Mr
* Speed: 0.5 mis {aveh 1.5 mis (max)

the following major tentative

The diameters of the wheels are inercaszed than all
the earlicr versions of terrancan robots for belter
terrainability. OMR v 1.0Hs also compuet in comparison
to the earlier versions. The mutors are directly mounted
on all four wheels, The rear wheels are disconnocted
from the mator and driven by o Lracked belt. The larpe
diameter wheels also help to overcome Large obstarcles
and to climb up staircases casily,

(utdoor Mobile Robot v 2.0

The unigueness of the sceond vaviant of the OMR,
namely OME v 2.0 s that it can run in any direction
owing to its four wheel drive. The tentative gy¥stam
specilications of OMRE? are as Follows,

e Siees 100 mm X 795 mm X 320 mm
* Woight: 38 Kg

* Endurance: 1.0 Hr

* Speed: 0.8 mfs (ave); 1.5 mds (max)

Here four DC hub motors have been used [or driving.
The front pair of the motors is connected o a steering
motar Lo facilitate crientation in any angle from 0 w90
degrees. Similarly, the rear pair of the motors 18 alao
connected with another steering motor.

VISION GUIDED MOBILE
ROBOTIC SYSTEM FOR
HANDLING HAZARDOUS
MATERIALS

Background

This project had as ite ohjective the development of
a vision guided mobile robot for indoor application
that would navigate in and inspect an unstructured
environment. Reduced Lo the basics, such a svatem
comprises a wheeled type mobile robot with differential
drive system driven by two brushless DO molors, The
robotie svstem is connected to a remaote computer 3%
wireless LAN, thereby cnabling operator interactions
with the help of a suitably developed GUT at the remote

computer. The system, carrying its own power pack
#s energy source, saitable cumeras for inspoction and
a host of external sensars operates in the autonomous
mode guided by vision, and is alse amenable to remote
control.

For effective navigation, Lhe robot requircs its own
positional information at every instant. This was
achieved by different techniques and with the help
of different scnsors. The position of the robot was
measured with reference to fixed landmarks or features
of the environment. Data on featurs positions, stoved
in an array and referred 1o as a ‘feature-based map’
wias built wilh the help of vision dats obtained {rom
the vision guided robot developed at CSIR-CMERL
The corner points of different struciural parts were
crtracted as features, and the fenture pesitions were
Heratively computed simultaneously with the position
of the robot with reference to these features. The feature
posilions were stored and updiated as a feature based
map of the envirorunent. Tn parallel, another map called
cccupaney grid map was developed with LRF data, and
this map stored the information of the oceupied and
empty spaces of the environment. After the enmpletion
of the mission, the robot computed the shortest path
of return by the help of this map to minimize hattery
consumption,

Features were extracted from the left hand and
right hand images obtained from the steres camera.
Correspomding features were matched and the deplhs
were computed by S1IFT algorithm. The features of the
left image are sequentially matched with the features
of the previous data. The matched features are used for
update of the feature positions and robat positions,

Asimage features are not free from noise, it is NECERsAryY
to carry put error analysis for the landmark positions,
RKalman filter based approach is most popular to track
these landmarks in a dyvnamie environment.

Previcus appreaches to feature deteclion. such as the
widely used TTarris corner detector are sensitive io
the scale of an image and therefore are not suited to
building a map that can be matched from a range of robot
pusitions. Considerable research has been undertaken
for developing affinc-invariant festures, but a much
higher computational cost for detection is involved.
A perforinance cvaluation of various loeai descriptors
has, however, ascertained thai Seale Invariant Feature
Transform (SLFT) descriptors perform best in cxtracting
features. for which different algorithms can be used,
The invariance of these features to image translation,
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sealing and rotation makes them suitable landmarks
for mubile robot localization and map building. thereby
rendering the SIFT method the best choice in this case.

Since the central idea in any vision-hased navigation
is to provide a sequence of lundmarks expected o be
encountered during navigation, the task of the vision
system is to search and identify the landmarks nbserved
in an image. Onec these are identified, the robot can
use the provided map to eslimate the robot’s position
faclf-localization) by matching the observation against
the expectation (landmark deseription in the database).

For this work, suitable image features have been
adupted that posscss properties suitable for matching
differing images of a scenc. The features are mvariant
to image 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 probability of disruption by occlusion,
cluttor or nolse. The cost of extracling these fealures 1s
minimized by adopting a caseade fillering approach, 1n
which the mare expensive operations are applied only
al locations that pass an initial test. Following are the
major stages of computation used to generate the ser al
imago features:

1. Scale-space extrema detection: The first stage of
computation searches vver all scales and image
Ipcations. [t is implemented clficiently by using
a difference-of-Gaussian function to idenuify
potential intercst points that are mvariant to
seale and orientation.

9 Keypoint localization: At each candidate location,
a detailed model is fitted o determine location
and scale. Koypoints are selscted based on
measures of thelr stabality,

4. Orientation assignment: One or more orisntations
are assigned L each keypoint location based on
local image gradient divections. All eperations
are performed on image data thal have been
translormed relative to the assigned orvienlation,
scale and Iocation for each feature, therehy
providing invarianece to these transformations.

4, Keypoint desceiptor: The local image gradients
are measured at the selected scale in the regon
around each keypoint. These are transtormed
into n representation that allows asignificant
levelz of loeal shape distortion and change in
ulutninatioon,

For image matching and recognition, SIFT features are

H ESIR Cenoes] Mechanical Bngineering Research Tnatitute

liest extracted from a sct of reference images and stored
in a datapasc. A new image is malched by individually
comparing sach feature from the new image to thiz
previous database and locating candidate matching
features bazed an Buelidean distance of their frature
Vertors,

For exceuting SLAM, the robot utilizes the corner
point features for loealization. But in 31 unatructured
environment, these poinl features are not sufficicnt for
practical navigation. For this reason, » suitabls grid
based map is required. In the Oceupaney Grid approach,
the environment is divided into a discrete grid and to
each grid a probabilistic value is assigned corresponding
o Uhe occupancy by an obstacle. Laser sensor readings
aro used to determine regions where the obslacles are
anticipated. The grid locations near obstacles have
increased probability values than in the other regions.
A suitable alporithm for obstacle aveidance has also
heen developed and tested by simulation.

The estimation of the vehicle pose 1s perfurmed using
the Extended Kalman Filter algorithm. In the non-
linear casc, the svstem 1% described by suilable process
and observation models, To estimate the state of this
nom linear system, it 1s assumed that the process and
uhservaiion models are locally lincar, and the process
model i linearized as a Taylor series expansion. Here
extraction of the featurcs is also necessary. Getting
{he exact leature from a host of other features requires
calculating  the dislance between the consecutive
feature locations with respect to the global coordinaie
frame and alzo a threshold value.

Work Description

The: coneeptual design of a vision guided mobile robotic
system haz been completed, and a prolotype system has
boeen fabricated. Assembly of the subayalems has been
caompleted and various software modules have beon
tested on the Pioncer 30X maodel. The robotic system
st desipned has the capability of navigating in an
unstructured environment and inspecting a specificd
hazardous working environment. as per the instructions
provided. The system enables operator interaction with
the robutic svatem with the help of a vemots computer.
which is connected to the autonomous vehicle through
wircless LAN, After the dovelopment, the system has
heen tested on the laboratory fioor. The autonomous
vehicle has been designed & developed along with the
related software. The robat is eguipped with a host of
external sensors, Though mest wision guided robots




use sonar range senszor due to their affordable cost,
the system developed at CSIR-CMERI dispenses with
sonar range sensor and uses a laser counterpart as
its primary spatial sensor in order to inerease on the
aceuracy level,

Figure 1 Protolvee of Vision guided Bobotio Svatem

Figure 20 Dolo associofion

Simulation Results

During navigation through different given via points,
stereo Images along with laser data have been collected.
The left and right images at a particular position or via
point are matched to obtain the 3D information of each
feature. At the same time, different instances are also

matched by SIFT algorithm for data-association, These
are viewed as [ollowing

Map Based Self Localization

Inorder to solve of the existing data association problem
of mobile robotics, Sean Correlation technique has been
used by the robot to navigate in a given environment,
which comprises the following sequential steps:

Initial localization: Here the input is the global map.
Templates are generated for a range of orientation
angles using local laser data in the current position. The
best matched position is then detected by scanning the
entire global map with the templates. Robot position
and orientation are initialized over the global map from
the result of the matched point before the robot begins
navigation,

Pase prediction over map: After initializing 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 determination: It is obvious that scan area
15 nothing but the global map of the environment. The
template tmage therefore needs to be matched within
the reference image using cross correlation. The online
application, however, is quite difficult. This problem
can however be overcome by reducing the scan area,
For this purpose, it is assumed that robot position will
be within 250 mm around the predieted position and it
is also assumed that heading angle error will be within
the limit of 59,

Cross correlation measurement: Matching is done on
a pixel-by-pixel basis, where the template image is
matched within the predetermined scan zone using
correlation and some maximum value is obtained, The
template image is then rotated through some small
angle around the predicted orientation and this process
18 continued until the maximum value of correlation is
evaluated

Pose Update: After obtaining the best match region
while the template is searched within the determined
scan zone, the pose of the robot can be estimated from
the result of matched region.

Experimental Results

The technique has been implemented in a PIONEER
4-DX model and it has been validated first offline
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and afterwards in an office-like environment of real

¥

world, Figure 4 shows a real indoor environment for

conducting the test.

Workspace is taken as (35000x16000) sq.mm to perform o P— il
the experiment. The total working zone is utihzed to be 'y b et
build the global map of the working environment which Ak — J '~=.,1 JL*t. _a ; A
works as the a-priori map. The local maps are also A "'"E“_'.,—Cq?l-a-'-"_f.._. : ‘E H‘{ |
built within this workspace so that the robot 15 able to _. - - 1 ,r—f--*"."'f" .:--.___'.
localize it=elf within this unknown environment using | _“‘“1"'"; : 9
span matching technigue, Laser and Robot pose data " S, - T8 :'“_' 1
have been colloeted at 43 different places. o | e hh-_’qj 1

In Figure 4, the red line shows the path of the robot.

This is the map which 12 built by obtaining data from b T : 0] [ " i
laser range linder and the known pose of the robot 1]
that is obtained from encoder. Thizs map 1s called the
glabal map (shown in blue color in Figure 4) or a-priori | ' T yre—
map which works as a reference map for localization T TL i !":
purpoze, But as shown in the picture, it is seen that I _ . II
this map contains substantial error and this error 14 y — --..__, ;.
encountered as odometry data is used, from which the Qg e 7 - T R
pose is obtained. This error can occur due to VATIOLE | AT Ea ...f---:-_"—-'-;_"_ _'_'._f.-a- _ o I .. .,,‘:
reasons like unequal wheel diameter, difference of | o Ya n " . ) ‘
wheel hase and wheel diameter from the nominal wheel | . " _.._'1
base, wheel slippage, ete. It is obvious that one cannot I_ i '.-_"'l-h_ it "'L":""-.._I_—x — |
proceed with this erroneous result, To rectily it, an | By = =
algorithm has heen devolved, ~ : -
i e S—
e - :

Figire 4 Generalion of ©) glabal map with
adametry error (i) global moap after eliminating

the ervors

Figure 3 Real envirenment for conducting the test

CSIR - Contral Mechanical Engmeernng Research Institute




RESEARCH INITIATIVES IN THE RECENT YEARS

HIGH SPEED INTER-POINT BRAILLE EMBOSSER

The project  envisages developing  experimental
prototypes of High Speed Inter-pomnt Braille Embosser
= basically an impact printer used for printing Braille
text formed by sequence of dots emhossed on both
sides of a paper medium, The project is sponsored v
Department of Information Technology, Ministry of
Communications and Information Technology, New
Pelhi with CSIR-CMER] and Webel Mediatronics
Limited (WML) as joint collaborators.

CSIR-CMERL,  Durgapur took up the task of
indigenously  developing a High Speed Interpoint
Braille Embosser using state-of-the-art technology so
that Braille books can be produced eronomically in
bulk. It should be mentioned in this context that as of
now, no indigenous Braille Embosser is commercially
available in India. Even when procured [rom overseas.
the maintenance support available is poor. The
developed technology has immense societal benefit to
blind academies, An experimental prototype of High
Speed Inter-point Braille Embosser with a target speed
of 30-35 characters per second with continuous papeT
feed was designed and developed, which would soon be
commercialized for facilitating bulk printing of Braille

books for the visually challenged.

The project focuszes on the theoretical. numerical and
experimental approaches to achieve a comprehensive
understanding  of the kinematic and  dynamie
phenomena oceurring in nonlinear products, especially
in products with parts involving impacts. The print
head of a Braille embosser consists of an impact
haminer hasically a spring-loaded ferromagnetic
core placed inside a coil. When a dot is needed, a
current pulze is sent through the coil. Thiz creates an
electromagnetic force on the core in the direction of the
paper, foreing the hammer to strike the paper and the
front stop. In the present development. the motion of
the impact hammer (single-degree-of-freedom avaELem)
has been utilized to develop a Braille embosser. Braille
syslems accommodate a number of mechanical parts,
which result in large noise and vibration, as has been
ascertained through measurements. It is found that the
system is very sensitive to changes in velocity through
which the impact mass is moving. Altogether, this
wark contributes to better knowledge about aspects to
consider when designing these tvpes of products.

HCAD Maodel of Developed Fmbosser
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Design details

a) Printing Speed ¢ 30 to 35 cps

b) Paper feed o Continuous Tractor feed

c) Paper tvpe ¢ 120 - 140 GSM, Fanfold papers

d) Paper size : Width: 210 - 297 mm, length: 297 - 300 mm

e} Print format + Single & double sided

01 Interface with PC o Through servial port / USH port

g} Power Supply : o 180 to 240V AC, 1 Ph, 50 Hz

ki Control Panel Buttons = Start, Stop, Change set up, Online / Offline, Form Feed

1) Display . LD based Display of Operations with Audio Support

1 Print set up © Through control panel buttons, Instructions through audio messages and
feedback.

k} Target price - Rs 1.50 lakhs (approx) for bulk production.

Hrizille Embosser

E CSIE - Central Mechanical Engineering Reseavch Instinute




RESEARCH INITIATIVES IN THE RECENT YEARS

MOBILE ROBOTIC SYSTEM FOR VISUAL INSPECTION IN

HAZARDOUS ENVIRONMENT

Backdrop

Mabile roborts have many popular and potential
applications. These may be used for material bhandling
and transportation in manufacturing environment,
as also in nuelear, hazardous chemical or battlefield
environmenis where human intervention is dangerous
and costly. Mobile robots also find application in remote
or 1naceessible surroundings such as mining, outer
Rpace of microseopic cnvironment.

According to International Atomic Energy Agency
(LAEA), surveillance is very impertant for safety in
nuclear power plants [Salety Series No. 50-80-08
(19907]. For the management of safety over the lifetime
of 4 nuclear power plant, in-scrvice inspection (I8N
& an important measure for assurance of equipment
integrily and the avoidance of failure, The neceszsity of
risk-informed in-service inspection lerapidlyincreasing,
particularly after the Chernobyl disuster of the late
B0s. If properly implemented, risk-informed in-service
inspeclion programmes can lead Lo the improvement of
plant safety, Robotic systems armed with ARPropriate
manipulators comprise important means for CarrYing
out surveillance operation and/or transport of material
instde the nuclear vault, The technolegy, while matured
in advanced countries. is nat readily available due to
strategic reasons, and this was the motive foree that
prompted undertaking of the project by CSIR-CMERL,
Durgapur.

In terms of surveillance objectives. this project deals
with the inspection of tanks filled with radioactive liguid
i an enclosed environment, with 11 tanks residing in
an underground chamber. The chamber, B0 m X 9m X
6 m in dimension, is provided witha 1m X 1 m apening
on its top rouf for the passage of inspection equipment,
In the underground chamber, the tanks are instalied
on steel siructure on the foor and the bottom level of

the tanks is at 1 height of approxi mately 1.5 m from the
floor of the chamber. A massive steel structire tncluding
piping iz installed inside the chamber and most of
the structure is laid ahove the tanks. Additivmally, a
network of AC ducts runs just sbove the proposed track
of inspeetion. Comsidering the layout of the chamber
and given that the cnvirenment is highly radigactive,
the site far all practieal purposes remaine inaccessible
Lo human operalors, thereby ruling out permanent
tnstallation of surveillance cquipment requiring regular
maintenance. The only possible means of Inspection
rests on the deplovment of # suitable robotic system
armed with hecessary equipment.

Even then, the task of deploving a robotie Inspection
system is daunting since the robot has to traverse
severely constrained paih imposed by the geamelrical
limitations of the construetion. The maximum width
of the track space 1s omly 450 mm and the maximum
allowahle height is 630 mm. The task is rendered even
more eritical by the total absence of illumination.

The dimensions of the robotic vehicle including the
matipulator have been designed under these given
constrainls, where the widih of the vehicle is 420 mm
and the vverall height — including the manipulaior
in folded condition — iz 630 mm. The designed mohile
robotic system — comprising a robotic vehicle and an
tnstalled manipulator — operates in an uniethered mode
and carries tts own power pack, onboard intelligence
and a number of camera and lights. The syalem
navigates an a properly designed slotted track installed
al the site. The robolic surveillanee gvstem is equipped
with suitable navigation sensors with the help of which
havigation takes place by [ollowing the slots laid on
Lthe tracks. A specially developed navigation algorithm
guides the system during the operational phase. The
system i& launched at the site through the top hole of
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the chamber roof. The svstem operator controls the The Robotic Surveillance Svstem
robotic svstem from the remote control station. The :

system has hybrid operational capability and responds The confizuration of the robotic vehiele is shown in
to both autonomous and teleoperation intervention. Figure 3. Two individually controlled motors are

; ; fitted with twe wheels for driving the vehicle. Tw
The working prototype being developed at CEIR- ARG WA Uiy S ulEkes g, the vehicle. T

SR main wheels are mounted on two sides at the center
CMERI iz a dual mode (manual & autonomous) system.

af the vehicle, and four idler wheels are provided at
s  Capable of manoeuvre through narrow path the four corners. As the envirenment is enclosed and

; : i . t accessihle + robotic system is equi
e Sixaxie manipulator can handle up to 6 kg not accessible, the robotic system is equipped with

payload with a reach of 700 mm redundant sensor modules for efficient environmental
3 i s -

perception, navigation and data acqu isition. The vehicle

e RF Communication network with radiation is designed to work in an untethered manner since
protected permanent passive device inside vault the working environment is expected to be cluttered.
«  Online transmission of huge video data (56 Mbps) thereby leading to unwanted entanglement if tethered.
through the unstructured mesh of steel structure The overall dimension of the vehicle is shown in Figure
over a range of 100 m 4. The shape of the body is like an enclosed rectangular
+ Virtualrepresentation of vehicle and environment box. The casing of the body is made of steel plates of
inside vault in the remote station 5 mm thickness. To protect the components inside the

" Handli - vehicle from radioactivity and combat the generated
. wwoeney s wowith power manageme o :

Emergency handling with power management heat, judiciously planned inlet and outlet passages
for continuous flow of air have been introduced in the

design.

The arrangement of the battery banks, conlroller,
SBC and Infrared sensors are shown in Figure 3. The
motors are arranged vertically to reduce the width of
the vehicle. A number of guide rollers are fitted on each
side of the vehicle to prevent damage due to collision of
the vehicle with the sidewall of the track.

P /
e,
>

- There are & number of openings on the body of the box

Figure 1 Schemutic view of the tanks and the track for suitable assembly of motor shafts, electric wires.
WLAN antenna, IR sensor, ete. Proper care has heen
taken to ensure sufficient protection of these locations
from radioactivity and for facilitating maintainability
and aceessibility,

|4
I

|

'l

R
Figure 2: Robotic System — Vehicle with Maonipulator ks
Figure 3:
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Manipulator Design, Workspace
and Control

The manipulator, as has been discussed earlier, has a
highly constrained working zone of only 450 mm width
along which the robotic vehicle is supposed to navi gate,
Over and above, the path has many sharp 90° turns.
The area for placing manipulator base is small. which
ie disadvantageous from the stability point of view.
The end-effecter is a camera for visual inspection.
Considering these issues, articulated confipuration of
the manipulator is selected, where all the jnints of the
manipulator are revolute in nature. The manipulator
has five degrees of freedom and rotation ranges are
selected considering that the manipulator will rotate
90° through first and then inspect the eylinders,
Aceordingly, the links have been designed as shown
in Figures 4 & 5. To achieve the desired reach. the
manipulator has been mounted on an elevated hase,
The relevant design parameters of the manipulators
are given helow:
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Frgure 5 Manipulator - closed conedition

Configuration i Articulated or j vinted
Pavload 3.0 ke
Reach 750 mm
Degrees of freedom 4
Actuators DC servo motors

Operating mode Programmed &/or Manual

Material of Construction | 53 3041/38316L =l
Joint ranges :
Joint 1 | +120°
Joint 2 | 0% 10 200° )
Juint 3 607 to 1507
Joint 4 +£90°
. Joint & +90° g

The workspace of the manipulator indicates the
region within which the manipulator carries out the
desired activity, The workspace is dependent on the
configuration, link lengths and ranges of various joints,
Based on the mampulator parameters, the workspace
has been evaluated and is shown in Figure 6.

5
Figure: &

During inspection, the eperator controls the mani pulator
from the remote control station with the help of a GUIL
At fivst, the operator places the vehicle in the desired
location by proper localization technique, The image of
the manipulator along with the local environment is
transmitted through the wireless communication link
to the GUI window. The operator controls the motion
of the manipulator from the GUI with the help of the
image. The manipulator also operates in auto-mode,

Power

The payload. speed & mission times are directly related
to the energy pack the system earries. The capacity of
the driving motors is evaluated based on the total wei eht
and speed of the system. The power pack comprising
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the battery iz une of the heaviest components that
incresses the woight of the vehicle and hence conzumes
more power, The increment inone parameter may affect
others, Judicial sclection of parameters s therefore
very important for elficient and aptimal performance
af the zystem. A number of optimixing iterations have
mcen carried out for finalizing the design.

Copsidering such parameters as the specific cnergy
{enerpy-to-weight ralio) and energy density (energy-to-
volume ratio), standard high-performanee Li-polymer
batteries having high encrgy density. high specific
encrgy and low self-discharge have been selected for
the power pack since these batteries have less packed
weight (10-30%) and do not suffer from any electrolyle
leakage.

" For vehicle. power for TOx 2 W= 140 W |
1w motors

 Power requircd  for 400 W

articulated manipulator
IMUtur Controller Card 105 W

ffor both wvohicle &

manipulator) N
SBC 125 W

E‘:‘sl’ card lawW

Camera 20 W

Others 100 W
Weight

_Wei.ghl. of the manipulator {with 35 kg
controller) |
_WeighL af BF, Bumpcy, Camera T ke

Weighs of the vehicle (with battery, | 50 kg

molor ohe) ]
Total welght of system 122 kg

Navigation

|1 the manual intervention mode, the operator controle
the robotic vehicle lrom the remote conlrol station
with the help of a suitably developed GUL The robotic
vehicle is linked {o the control station by a server-
client nevwork {(WLAN) where the robolie systom acts
s the server and the control station as the client. The
positional information of the vehicle iz transmitied to
the remmie camputer {i.e. the client) through wireless

n CEIR - Contral Mechanical Enginesring Hesearch Institute

communication link. In addition, the camera fitled on
the manipulator grabs the image of the identification
aumber of the tunks and sends the image to the client.

The position of the vehicle in the working environment
is ascerlaincd with the help of suitable landmarks
instalied st selected places and with the help of encoder
duta from motors. ldentification numbers are engraved
on the tapks used as landmarks. With the help of the
camoera fitted on manipulator, the operator identifies
the landmark and ascertains the position of the vehicle.
Vneoder data is used for position localization when the
vehicle is hetween two landmarks. ‘The combination of
landmark & cneoder data provides a safe and relisble
technique for vehicle localization. With the positional
information of Lhe vehicle, the operator controls the
wohicle with the help of four commands viz, “Go Ahead”,
(o Back”, Turn Left”, and “Turn Right” as and when
requirad,

During the execution of those comands Lhe control
af the vehicle along the desired path is achieved
autenomously with the help of sensor based navigation.
The vehicle tracks the zlot on its path by camera and
IR zensor during the forward, backward or tarning
motions.

An array of five TR sensors, [acing downwards and
placed @i the bottom of the vehicle, measures the
deviation of the vehiele from the slotted path, which
avts as a guide. The measured dala helps to initiate
comtrol action for adjusting the speed and maintain
alignment of the vehicle.

Fioure: Ta)

Eigure: 7fh)




Cameras used for navigation purpose carries thelir own
light source and are fitted at the front of the vehicle
in the vertical direction and at the rear to capture the
images of a portion of the path. The image with six
distinet parallel lines indicates a straight path. Twao
pairs of outer lines represent the edges of the guide
channel, whereas a pair of inner lines represent the
edges of the slot at the centre of the path. To reduce the
computational load, only a portion of the central image
is processed from the {ull image. The deviation of the
inner pair with respect to the central axis of the image
provides the measure of the positional and rotational
error of the vehicle [Figures 7a & 7h.

The high dewviation from the central axis and the
encoder data of the motors help in taking decision for
turning of the vehicle. Hence, the image data confirms
the encoder data regarding the turn ahead and also
provides a measure of the turn. A number of oxperiments
simulating the navigation of the robotic vehicle in
real situation were carried out for understanding the
suitability, effectiveness and performance of the IR
and vision sensors before finalization of the conceptual
design of the system,

The robotic vehicle may have positional error due to (1ha
little offset sidewise or (i) a little rotation about its own
CG or (iii) & combination of position and orientation.
The error in position and ovientation of the robotic
vehicle ean be computed from the image,

The task of the surveillance robotic vehicle is to acquire
images for visual inspection of the tanks, After the
complete inspection it follows a straight-line path for
return. One landmark is used for every turning position.
The landmarks, simple strips of plates or pieces of
maAgnet or some other means, indicate the turning
positions. The exact type and nature of the landmarks
have been finalized based on the exposed nature of the
envirenment to radioactivity, Proper logic incorporated
in the navigational algorithm assists in taking right
decision at the junction points with the help of sensor
data and landmark.

Control & Communication

The vehicle is connected to the remote control station
above the ground by wireless communication with the
help of server client architecture, where the robotic
system acts as  the server and the computer at the
remote control station acts as a elient. Among the three
channels in the communication link, two channels gre

used to transmit camera images from the mspection
site to the client node and the unidirectional data
flow and the third channel is used to transmit control
command. control data, navigational information, ete.
in bidirectional maode.

The electronic circuitry in the surveillanee system has
been shielded against vadiation through enclosure in
a radiation proof container, A frequency band 1.3 to
2.4 MHz suitable for the wireless network has heen
selected and a repeater installed in the opening of the
chamber to avoid link failure due to penetration of
wall. Since radiation-hardened sensors are scarcely
available, the selection rests with image sensors for
navigation and visual inspection, infrared sensors to
fallow the track, and bump switches to avoid collision
damage instead of LRF and acoustic sensors, as optical
devices are affected by radiation and acoustic devices
by the adverse echo effects. Tmage processing is carried
out by DSP processor where a box made of radiation
hardened steel covers the entire electronic circuitry.
The controller circuitry of the mobile robot is made of
SBC, DSP based ARM controller and PSK transmitter
for wireless network,

Launching

After being placed on the track, the aoperation of the
mohile robotic svstem and msapection of the cyvlinder
can be carried out with the help of the manipulator in
either manual or the auto mode. The vehicle returns
to its home position for retrieval after completion of
inspection. The proposed launching system is shown in
Figures & (a, b, ).

.

Figure » 8 fa)
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The vehicle is carried by a cage as shown n Figure
8a. The cage is suspended with the help of a guided
pulley through the top opening. A conical shaped
hopper ensures proper positioning and orientation of
the cage — as alzo of the robotic vehicle - on the desired

Figure: & (b}

position of the track (Figure 8b). A suitable locking
lever mechanism has been designed that unlocks only
during the escape {rom the cage and locks when the
virhicle enters into the cage.

Figure : &{c)
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RESEARCH INITIATIVES IN THE RECENT YEARS

SOLAR ADSORPTION COOLING SYSTEMS: AN ATTRACTIVE

ALTERNATIVE

Introduction

Demand for human comfort and industrial requirement,
for air-conditioning, especially in a developing country
like India, is increasing at a fast rate. Sixty percent of
present air-conditioner market in India is served by
small window and split AC systems, and the rest by
central AC syatems. Most of this demand is being met
by vapour compression based reflvigeration systems.
Recently, though nominal, some vapour ahzorption
based refrigeration svstems have been introduced for
industrial and office building use,

Conventional  vapour compression  based  air-
conditioning systems consume substantial electrical
energy. thereby contributing to the depletion of fossil fuel
resources. Moreover, peak electricity demand during
summer is being re-enforced by the propagation of air-
conditioning appliances. Refrigerants in use pollute
the environment through greenhouse gas emission and
release of ozone layver depleting substances.

Solar energy driven sorption refrigeration svstems do
not have these problems. The peak requirement for
air-conditioning coincides most of the time with the
availability of the solar radiation, making solar cooling
a much more attractive option.

Adsorption svstems are 100% environmentally benign,
having zero Ozone Depletion Potential (ODP) as well as
zero Global Warming Potential (GWP). No mechanical
power is needed, saving valuable fossil fuel resources.

Solar adsorption technology

Adsorption is a process resulting from the intersction

between asolid and a gas, based on a physical or chemieal
reaction process, The adsorption process concerns
separation of a substance from one phase, accompanied
by its accumulation or concentration on the surface of
another. An adsorption refrigeration machine utilizes
the phenomenon of physical adzorption between a
refrigerant and a selid adsorbent. The adsorhent 1=
heated by solar radiation for desorption of refrigerant.
Natural refrigerants of the adsorption svstem such as
water, methanol, ete. have zero ODP and zero WP,
It is also attractive for the efficient use of solar energy
and low-grade waste heat. Adsorption systems are
compact and noise free, less sensitive to shocks and to
the installation position, These do not require froquent
replacement of adsorbent. Such systems have minimum
rotating parts, no refrigerant/adsorbent pump and so
entail extremely minor maintenance/service issues.
Moreover, adsorbent systems are totally free of either
corresion or erystallization problems. T lexibility in
regeneration temperature for part load operation i
much more than that in absorption systems (Figure 1),

Worldwide, many groups are undertaking advanced
research on a number of adsorbent-adsorbate pairs like

CAPACITY CURVE
ADSORPTION VS ABSORPTION

Figure 1 Effect of temperature variation on chiller

performianee

Annual Repore 2010-11 n




zeolite—water, activated carbon-ammonia, activated

carbon—methanol and siliea gel-water, ete. Among the
pairs, silica gel-water system appears to hix ideal for
solar energy utilization due to its low regenerating

temperature,

The technical feasibility of solar thermal adsorption

cooling svstem 15 well eatablished. It 18 also clear
that

alternative technology for cooling and refrigeration.

these systems offer an environmentally clean
However, since the system performance in terme of
initial and running costs plays a major role for the end-
nser. it is eesential to make these systems economically
viable: herein lies the challenge.

Research at CSIR-CMERI on
solar adsorption chiller
CEIR-CMERI, Durg imn with the

Solar Energy Centre, Minigtry of New and Renewable
project

gapur collaboration

executing a research solar-
pow ered based  space

with the adsorbent-adsorbate pair of silica gel and

Energy = 011

adsorption cooling  svstem

vel, a well known water adsorber, 1s
used for dehydration purposes in different domestic
and industrial Micro-pored silica gel,
which has lareer adsorption capacity at low humidity,
‘« suitable for utilization in a closed cycle at sub-

water. Silica

applhications.

atmospheric pressure refrigeration system. Compared
io other adsorbents, silica gel can be regenerated at a
relatively low temperature, below 100°C and typically
at about 85°C. which makes it the ideal choice for
solar-powered adsorption system. Water has large
latent and it is suitable for

= (...T

wie, () P¥C |

heat of vaporization

@ ZB-30%C |
T |
COOLING | -
WIR Py ¥
Py L)
e [ L)
—[:-‘.}"1 EVAPORATOR
B-10°C

Figure 2: Flow diagram of silica gelwiter

adaorption chiller
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air-conditioning applications, because chilled water

temperature required is in the range of 8 — 12°C. The
flow dizgram pertaining to sihica gel-water adsorption
chiller iz illuztrated in Figure 2

In order to emerge as an elegant and effective

technology, adsorption systems must have their size
The achieve these goals internal
ranafer of the adsorber should be

enhanced to increase the Specific Cooling Power (SCTY

and cost reduced,
and external heat t

and heat management has to lmprove to increase the
COP. The main lechnologies to enhance the external
heat transfer in the aldsorber are related to the merease
of the heat exchange area, the use of coated adsorbers
and the utilization of heat pipe technology. To improve
the internal heat transler, the
is the employment of consolidated adsorbents.

most suttable option
An
optimum compromise should be achievid between the
high porosity necessary for fast vapour diffusion and
the high density required for good thermal conductivity
Although investment costs for adsorption chillers are
still high,
when compared to conventional compressor chillers.

the environmental benefits are impressive

The absence of harmful or hazardous products such
as OFCs, together with a substantial reduction of CO,
emissions due to very low consumption of electricity
creates an environmentally safe technology [~
temperature waste heat orsolar energy can be convert el

into a chilling rapacity with minor maintenance costs,

With improvement in sorbent and reactor technology,
there is a strong possiblity of adsorption systems
offering a viable alternative. Sustained efforty are
needed Lo make these systems efficient and economically
viahble.

Fizure 3 Solar Water Heating System and
Sorption Heal Exchangers at CMERT




RESEARCH INITIATIVES IN THE RECENT YEARS

A SIGNIFICANT STEP TOWARDS DEVELOPMENT OF BIO-INSPIRED

MECHANICAL DEVICES

The Chemistry & Biomimetics Group at CSIR-CMERI,
Durgapur took up an ambitious project for mimicking
stimulation of lonic Polymer Metal Composite (IPMO)
membrane by biological nervesfcells with a view to
develop bio-inspired mechanical devices — an area that
18 sure to emerge in the cutting edge of science in the
near future. The Project had as its primary aim the
following:

* Development and  micro-fabrication of  Tonic
Polymeric Metal Composites (IPMC) / bio-com-
patible polymers through patterning and plating
electrode, optimization of the performance by
choosing ions and polymers

* Adhesion of iving bio-materials on to the polymeric
micre-structures and activation of IPMC through
action potential generated by nerves to generate
a voltage, which is subsequently amplified and
applied to an electro-active IPMC sample (ionic
polymeric artificial muscle) to cause it to bend,
flex, and deform

* Demonstration  of  movement of the IPMC
cantilever sample and polvmeric micro-structures
triggered by living cells, and optimization of the
movement (bending, flexing and twi tching) of the
[PMC made artificial muscle

In the course of the Project, the Group could contrive
# novel method of metallization of Nafion film uzing
[Pt{H, O} |** complex. An ionic polymer-metal cOmposite
(IPMC) was derived through electroding
of Nafion membrane. However, the [Pt{NH,) |CI,
complex is very expensive, and its preparation from
chloroplatinum salt iz quite time consuming as a
number of steps are involved. Preparation of [PL(H,0) ]
(C10 ). however, is comparatively cheaper and simpler
as relatively inexpensive K PtCl is used. Actuation

surface

response  of the developed IPMC was measured
through chrono-potentiometry with a square wave of
i & duration as a function of a bidirectionally applied
current of 200 mA strength, The [IPMO actuators used
measured 2 cm x 5 em and the displacement of the free
end of the actuator was measured at a distance of 3 em
from the fixed point by a laser displacement sensor at
room temperature. Recently, efforts for replacing the
expensive platinum salt with a nickel compound has
met with success and an actuator using the IPMC so
developed has been found actuating at a considerably
low potential range (+2.5V to -2.5V) and have further
been found to be exhibiting very regular and fquite
comparable electrical, electrochemical, and actuation
Properties,

A cell culture room equipped with Laminar flow,
Inverted microscope, CO, incubator, Autoclave, low
temperature centrifuge, low temperature refrigerator
fup to -85 "C) was built up during the course of the
Project. Fncouraged by the ohtained results, the
possibility of developing IPMC by surface deposition of
copper iz being explored,

Successive photographs of the IPMC strip shaing
deformation wnder time-varied voltage from +2.5 (0 -2.5 V.
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RESEARCH INITIATIVES IN THE RECENT YEARS

CSIR-CMERI LENDS ITS EXPERTISE ON SELECTIVE MECHANIZATION

OF DURGAPUR STEEL PLANT

Durgapur Steel Plant (a unit of Steel Authority of India
under Ministry of Steel, Govt, of India) has executed a
MOU with CSIR-CMERI, Durgapur for mechanization
af selocted activities of operation in order to reduce
human intervention, so that issues related to industrial
productivity, safety and human fatigue are addressoed.
These tasks are broadly classified as lollows:

s Aytomation in the process of feeding the coil tip
in Coiler Pinch Rolls (CPR) in the Skelp Mill,
automation in the process of fixing the ¢lip in the
last lap of the coil with the penultimate lap in the
coller assembly set-up

e Design & development of an electromechanical
svstem for holding & shifting of red hot forged
wheels in the Wheel & Axle Plant and automated
cleaning system for Rail wheels before NDT in the
Wheel & Axle Plant, and

e Design of a mechanized system to replace tuyeres
in the Blast Furnace.

Automation in the Skelp Mill

The Skelp Mill at the Durgapur Steel Plant employs
4 continuous process with roughing mill and finishing
mill traine. [t was commissioned in the vear 1968 and
its annual production capacity 1s 250000 Metrie Ton. It
produces skelps in widths varying frem 146 mm to 235
mm in thicknesses varyving between from 2-4.33 mm.
the output being used for making pipes. The tolerance
of the skelp is -0.0 to +4.0 mm on the width and -0.2
mm to +0.2 mm on thickness, In the existing svstem,
the moving hot skelp tip from the apron conveyer end
i« grasped with the help of an extended tong by the
aperator and placed between the CPR (Figure 1) The
moving pinch roll is then closed from the remote control

m CS1H - Central Mechanical Engincering Research Instinute

Figure 10 Present method of hot shelp cot! tip feeding in

betiween CPR (a) Hot shelp on conveyor bed (b) Uperator
grasping the hot skelp with o tong {c) Clperator feeding the

hot skelp in-between CPR

cabin. The CPR then drives the hot skelp through the
guide rolls which finally gets coiled in the wvertical
coiler, Next, fixing of the last lap of the coil with the
penultimate lap of the coiled skelp iz the done with the
help of a elip by the operator as shown n Figure 2.

Fiaure 2 Present method of olip fixing

The process, labour intensive in nature demanding
direct human intervention in hazardous conditions,
needed a system for automated fixing of the hot skelp




coil tip in the CPR (skelp feeding) and automated clip
fixing to increase the productivity and augment human
safety. CSIR-CMERI, Durgapur stepped 1 to solve
this problem through appropriate automation of the
process: the foregoing report provides the details.

The temperature of the skelp recorded at the COnvVever
entry portion is about 860°-870°C and near the entry of
the Pinch Roll this is about 659 671°C. The ambient
temperature at a distance of about 5 m from the
conveyer is ahout T0°-80" C, Hence robust electrical
interlocks with adequate redundancy are preferred in
the first stage of development over m wroprocessor based
sophisticated electronic control with multiple sensors,
The choice also adds to the mechanical and struetural
integeity of the system enabling it to withstand collision
with hot skelp in the event of jamming at the time when
the hot skelp is to be removed from the conveyer with
the help of EOT cranes,

The challenging task of providing an  innovative
solution for automating the feeding of hot skelp ol
tip in CPR with vertical axis coiler was carried out
at CSIR-CMERI, eovering all the engineering aspects
right from conceptual designs, svstem analvsis to detail
design. The conceptual schemes were jointly evaluated
by DSP and CSIR-CMERI on their effectiveness and on
mutual agreement work on detail design and ana lysis
commenced after selection of the coneeptual model.

design of the proposed

us=ing

Conceptual
aceomplished

system  was
solid  maodeling  soltware  and
simulated in ADAMS (scale 1:17 to analyvee its dynamics
including all its drives. The five drives included the
Linear Guide drive (Motor M 1}, the Cross Slide Drive
(Motor M2), the Vertical Drive (Motor M3y, the Gripper
Rotation Drive (Motor M4) and the Transporter Drive
(Motor M5). Multibody dyvnamie simulation pertaining
to the drives 1-5 arve provided in Figure 3.

Figure 2: Multibody dynamic stmaudation ) Gripper
Ratation Drive (h) Transporter Drive

The Transporter Aszembly, which is in direct contact
with the heat affected zone, is one of the important
units of the system for automatic feeding of the hot
skelp in-between the CPR. Finite element analvsis of
the assembly was carried out to analyze the level of
stress and deformation in different components of the
assembly. The assembly basically consists of linkages
which work on the principle of peaucellier atraight line
mechanism. The model was created in HYPERMESH
and analysis was carried out using explicit nonlinear
finite element code LS-DYNA. The meshed model of
the system (Figure 4) was developed where the Lubular
components were meshed using 4 node shell elemente
and the tie rod, being solid, was meshed with 8 node
brick elements.

e s a8

Figure 4 Meshed maodel & FE Simu fadion of the transporter
rraEembly
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Ohbservations revealed that the maximum stress
(maximum 314.8 MPa) developed in the tie-rod of the
driving link due to the bending of the hnk in the x-¥
plane while in the other links the stress level was low

(maximum T8.2 MPa) due to longitudinal stresses only.

The detail svstem engineering comprising designing
of mechanical gripping, positioning, transporting and
feeding devices for automatic feeding of the randomly
oriented hot skelp coil tip in-between the CPR without
manual intervention in the conveyor region was then
completed o as to form a compsite set-up. Figure 5
represents an isometric view of the detail design, which
consists of two important sections, namely (1) =kelp
gripper and puller section and (it} skelp transporter

spction.

Figure 5 fsometric Vieu

The skelp gripper and puller spetion eonsists of a
four-axis drive unit. that comprises the linear drive,
the cross drive, the vertical drive, along with an
arrangement for rotational orientation of the gripper to
grip the hot skelp coil tip. After gripping. the skelp tip
i= pulled through a distance and fed to the transporter
seetion, The transgporter consists of a pair of met allic
pads — the left pad being attached to the link bracket
of the peaucellier mechanism and the right pad ta a
bracket with a pneumatic cylinder. When some portion
of the skelp tip protrudes out of the deflector guide,
the pneumatic eylinder 1s actuated to grasp the Hat
surface of the skelp in-between the pads and feed 1t
to the existing CPR. Thereafter, the pxisling svstem
gperates i.e. the moving pinch roll presses the hot skelp
against the idler pinch roll. controlled from the remote
comtrol cabin by the operator. Subsequently. the CPR
drives the hot skelp through the guide rolls on o the
vertical coiler. Tt is to be noted that as soon as the hot
skelp reaches the mouth edge of the deflector guide the
system is fully under automatic control,

CS1R - Central Mechaneal Engineering Hesearch Institute

Automation in the Wheel & Axle
Plant

Mechanization in Wheel & Axle plant comprizes design
and development of an electromechanical deviee for
holding and shifting of red hot forge-rolled wheels to
ensure human safety. Presently forged wheels are
left in red hot condition on the floor: shifting it to a
desired place is difficult and presently it is handled
bv overhead cranes using brackets made of normal
vods. This also entails human intervention (Figure 6).

g

Pasitizn of
additioral
|
# n Do
o i ESRRE

Figure 6 Present shifting method of hot forged wheels

The wheel is at a temperature of 900"C. due to which
it 15 impossible to venturs near the wheels, However,
additional manpower is required in such a hazardous
environment to fix the brackets under the hot wheel
using long hooks. This system is neither economical nor
safo. CSIR-CMERI proposed a novel mechanical deviee,
which can automate the present system requiring
only remote intervention of an operator. Adter several
joint brainstorming seasions with DSP on appropriate
qutomation of the system, a chowce of coneepls were
produced, Out of these, one was chosen jointly, for
which detail design and manufacturing drawings have
been produced at CSIR-CMERI (Figure-7).

Figure 7: Various concept design and therr lab seale protolvpds

Automation in Blast Furnace

To run the blast furnace, high pressure blast furnace gas
is injected continuously through copper tuyveres around
the blast furnace. During eontinuous operation of the
hlast furnace, some of these tuveres need to be replaced
due to leakage of blast furnace gas and jamming of slag
or coke in front of tuyere. At present, the replacement




of tuyvere iz done manually, Around 10-15 persons
and normally 3-4 hours are required to replace one
Luyere. Sometimes one tuvere replacement takes 7-10
hours when lancing is required. These factors render
replacement of tuyveres highly laborious. Moreover spece
Limitation, humidity and high temperature around the
blast furnace makes work environment miserable, This
problem has been addressed in this CNgLIng projoct
through selective automation.

The system designed for replacement of tuyers is
remotely operated, and has been shown in Figure 8. It
consists of five major components (assem blies): Table to
hold the tuvere stock assembly (Table assembly), Table
lifting scissors (Seissors assembly), Mobile platform
{Base assembly), Puller for dismantling and placing
the tuyere (Puller assembly) and Motor aszembly to
circulate oil in the eyvlinders of the hydraulie system,

The table of the svstem has four movements viz., X-X
direction (longitudinal), Y-Y direction (Transverse)
Z-Z direction (Up and down) and Swiveling (angular
rotation of X-Y plane) for easy alignment of tuvere stoek
assemhbly during disman tling and refitting. A hydraulic
system is provided to power the X-X, Y-Y and swiveling

Tuyerestock assembly

movements of the table. The %-Z movement is provided
by a robust scissor lifting mechanism fitted under the
table and powered by twao hydraulic eylinders provided
with two scissor arms. The table and scissor lifting
mechanism are placed on a mobile platform to facilitate
movement of the entire assembly from one place to
another. The oil tank and motor of the hydraulic unit is
fitted in the mobile platform which supplies hydraulic
oil to all the cvlinders including the puller evlinder
fitted to the svstem. To avoid any movement of the
platform and to increase stability during operation, two
hyvdraulic ground locking devices have heen attached
at the extreme end of the platform. No operation is
possible without engaping ground locking. During
dismantling of the tuyvere, a pulling force 15 required.
This force is generated hy the hydraulic eylinder of
the puller assembly, The system is designed to apply a
pulling force of 6T, (Figure 5)

The successful completion of the project will lead tn
tangible benefits in regard of the safety issues, and also
contribute to productivity enhancement. The detail cost
benefit analysis has been done by DSP,

Figure 8 3D CAD model of the designed mechanize aysiem fo

replace tuvere
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RESEARCH INITIATIVES IN THE RECENT YEARS

DEVELOPMENT OF NET-SHAPED PARTS WITH CRITICAL GEOMETRY

THROUGH ADI TECHNOLOGY

Backdrop

Crank shafts of automobile engines are conventionally
manufactured through the forging route With
the maturing of Austempered Ductile Iron (ADI)
technology, manuflacture the crankshafts through the
ADT route is being attempted in a bid to replace steel
crankshafts. CSIR-CMERI, Durgapur undertook a
major R&D initiative to explore automohbile crankshaft
development through the ADI route and for this
purpose identified the crankshaft of 3 ceylinder, 35hp
Sonalika Tractor Engine with the objectives of:

e Producing superior quality crankshaft from =18
cast iron

s Developing and optimizing the austempering evele
to achieve the desired mechanical properties of
ADT material

s Developing a comprehensive process technology
consisting of casting, heat treatment, machining
and balancing operation for manufacture of the
identified product

s (Conducting extended endurance tests and lield
trials for performance evaluation.

Promises of Austempered Ductile
Iron

Austempered Duetile Tron (AD1) is a special tvpe of
cast iron that enjovs exceptional properties imparted
through eustomized metallurgy. AD1is far more superior
to commaonly available cast irons and offers even better
strength-to-weight ratio over steel, ADI has immense
application in produetion of components having complex
seometries and since the developed product is near-net-
shape, the machining and associated expenditure can

m CSIR - Contral Mechanieal Engineering Research Institute

be drastically reduced, Some of the major advantages
of ADI are:

e Good castability facilitating Near Net Shape
castings

« Mechanical properties are comparable to some
grades of structural steels

s Superior wear resistance properties i comparison
to steel

« Higher damping capacily in comparison Lo steel
e 10% lighter than steel

e Require less energy for processing than steel
components

Approach

The crankshaft of the 3 cylinder 35 hp Sonalika tractor
engine is normally manufactured from ENI1Y9 steel
having a bulk hardness of 277-311 BHN, Pin and
Journal areas are induction hardened to a hardness
range 54-56 HRe followed by grinding and polishing.
Since the crankshaft is one of the most loaded
components of an automobile engine, it 15 essential to
ensure that the SG iron cast crankshaft 1s free from
any casing defect. Additionally, the microstructure
should have minimum carbide content (less than 3%),
a high nodule count (= 150) and nodularity above 80%,
In order to minimize the effects of impurities, it is also
essential to judiciously select the correct grade of raw
material and to follow the correct melting and melt
treatment processes — all of which finally tell on the
quality and reliability of the final product. To ensure
adherence to a proper scientific methodology, the work
content was divided into two major parts, namely,
development of the specific grade of ADT material as




per the international specification (ENFASTM)Y tn be
follewed by process technology development for the
manufacture the ADL Crankshaft,

Development of ADI material

Austempered Ductile lrons have complex microsiructure
consisting of a mixlure of acicular ferrite, earbon
stabilized austenite, spheroidal graphite and varbide,
Initially, the correct grade of raw material had to be
selected, for which low manganese stesl scrap, low
manganese Mg ieon, selected foundry returns and
broken graphite were charged and melted in a 100 kg
induction melting furnace. At the end of melting, the
carbon equivalent (CE = wit% © +1/3 wt% 1) of the
malten iron samples was measurad hy C-81 analvzer
and CE value was maintained between 4.8 and 4.6 by
adding measurcd guantity of C and Fe-8i granules,
Other alloying elements like C'u, Ni, and Mo were
also added to the melt, My treatment of the melt was
rurried oul in the Iadle by plunging method followed
by addition of Fe-%i dust. Mp content of the mell was
maintained between 003 and 0.05 wt®,. To achieve
higher nodule count in the cast product, Fe-5i dusi was
also added in the stream during pouring of meiten iron

Figuee 1! Mierostructure (100X of S0 iron sl slowdogr

high modfele connt of graphite

Figure 20 SEM Micvogrophi9oiX of ADE sumple, wfeuing gragpliite
nodile. actauler graphite, O atnbilized austenite aud very Title corbide

in the mould. Compasition of the cast $CG iron sample
wis maintained in the range of wi%: O . 5.4/3.8; 8

22T NLLee Qo 0708 Mg - 0.030.05; 5
0.02 max. , P- 0.02 max. Fimure 1 illustrates the SEM
Microstrueture of 3G iron sample,

Congidering the geometry and the end application of
crankshaft, eomposition of the melt and avstempering
cvele was linalized, Test specimens were ausiempered
at an Austenilizing temperature of 880%910%C, with
somking titne of 2-3 hrs so Lhat tomperature is uniform
w1 all seetions of the parl and to saturate the austenite
with carbum, This was followed by quenching of the
specinens in a salt bath at an isolhermal ambicuce
of 37T0%4H°C for 2.5 hrs to produce an ausferrite
matrix. Finally, the specimons were cooled Lo room
temperature. Test samples, prepared as per the ASTM
standards were tested for UTS, Y5, %,EL, Impact, and
Fracture toughness (K Ie). Tensile tests and fracture
toughness tost were carried oul in Instron machine.
Tenzile tests were carried out at g strain rate of 10
4. Tensile properties of ADI Gr-IT as per EN/ASTM
stabdards and mechanical properties of ADI samples
are shown in Tahle 1. BEM Microstrueture of SC iran
and ADI sampic are shown in Figure 1 and Figure 2
respectively,

Table 1-
Specification of ADI Gr I and the Mechanical
properties of the developed ADT material

Specification UTS UIn.
of AR Gr-1] Y& (hPa) “p KL noehed
. {MPa)
material Lenpraet, (o)
EXN 1564. - _
1MW TO0/S 1og 00 : B0
ASTM - - -
w1 10070017 1050 ) ; Bl
Mechanical Properlies achieved
T
Mol L09g 840 5 154
Mo, 2 1066 823 fi.f 1586
Mo 3 11484 BE5 ji) L&k
Mo 4 1105 H13 11.5 104/
Mo, 5 1085 811 92 148
No. 6 11418 Ben 11.2 LG5
- . | .
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Development of ADI Crankshaft

Before manufacturing the ADI crankshaft for tractor
engine. it is essential to cast 8G iron blank without any
casing defect. Brief outline of the process technology for
manulacturing of ADI crankshaft is shown in Figure &
Incorporating the necessary shrinkage and machining
allowaneces, a three dimensional moedel was developed
from the two dimensional drawing of the crankshaft,
Figure 4 shows the 3D model of 3 eylinder 35hp
crankshaft.

2 D drawing — Solid Model (31) —F Computerised
Methoding — Pattern Making — Making of Sand
Mould — Melting & Casting of 3G Tron Crankshaft
—  Fettling & Inspection —> Rough Machining
of Cast Blank —*
crankshaft to achieve desired hardness
Machining —* (rinding & Pelishing of Pin and
Journals —* Balancing —* NDT & Dimensional
Inspection —* Assembly — Engine Test

Austempering Treatment ol
*  Final

Figure 3 Flow chart for development of ADI Crankshaft

Figure 4 Solid model of the crankshaft of 3 eylinder 25hp
trachor engine
The 5D model was subjected to computerized methoding
with the help of AFS solidification software to linalize the
optimum geometry of the riser and the runner. Figure
5 shows the location of the solidification shrinkage and
geometry of the riser. Output of the methoding process
was utilized for developing wooden patterns and core
boxes. (0O, sand moulds and cores were prepared from
the wooden patterns and core boxes, Ceramic foam
filter was used in the in-gate before assembly of cope
and drag, which helped in minimizing the entry o
oxide inelusions and the turbulent fow of higuid metal
inside the mould eavity, These steps helped produce
sound 30 iron castings. Low manganese pig iron,
stee] serap and graphite were charged and melted in
the 100 kg induction melting furnace. Ferroalloys and
pure Cu were finally added before tapping the molten
metal from the furnace to the ladle at a temperature of

E CSIR - Central Mechanical Engineering Research Institute

145015000, Immediately alter tapping, Mg treatment
was carried out in the ladle by plunging FeSiMg and
FeNiMg mixture to maintain Mg content of the bath
bietween  (0.03-0.05  wths, Fe-51 dust
was added to the bath to produce the vequired grade
of 8G iron material. Clean molten metal was poured
slowly in the sand mould at 1330%1350"C. Exothermie
compound was finally sprinkled on the riser to ensure
proper feeding of liguid metal during solidification of
the casting. After cooling to room temperalure, the

Subsequently

castings were taken out from the moulds (Figure €).
The soundness of the cast crankshafts were checked
by visual inspection and radiographic test. Moreover,
one sample was sliced at different locations to dentify
central line micro-shrinkage. but none could be found.
establishing the soundness of casting (Figure 9). After
fettling. the shaft was rough machined and an oil hole
drilled through,

ax

__spn et IR T
wiagm

-

Figure 5 Photograph of compuiterized methading
of crankshaft carried ot by AFS software

Figure 7: Photagraph of different section of the crankshafl
showing noe casting defect




It was ohserved that austempering treatment results in
dimensional growth and distortion of ADI crankshaft
mainly due to transformation of austenite to acieular
ferrite. Proper fixtures were developed to restrict
distortion of the crankshafts within a specified limit,
The crankshaft was then austenitised at S80°9000C
for 2 hours and was followed by austempering in a
salt bath at 380%400°C for 2-3 hours. The heat treated
crankshaft was then cleaned in warm water to remove
traces of =alts from eritical part locations. Four semi-
finished ADI crankshafts were delivered to M/S ITL,
Hoshiarpur where final machining, grinding, polishing
of ping and journals and halancing operations were
completed. After final inspection, one of the ecrankshalts
was assembled 1n 4 35hp tractor engine and the engine
was installed in the test cell of ITL's engine test bed
(Figure 8). The testing of the engine was carried out
for 500 hours as per procedural guidelines for engine
testing, with the engine RPM varyving between 1200
and 2100, and the applicd torque between 204-170
NM  respectively,  All parameaters
continuously monitored during the test

essential were

PCRCE lure

and no abnormalities were noticed. At the end of 300
hours the condition of all eritical locations of the ADI
crankshaft were examined, and was found to be quite

satistactory (Figure ).
Technical which
addressed are:

challenges were  satislactorily

o Sclection of correct grades of raw material and
foundry chemicals

o Development of correct sand mould to ensure non
turbulent How of liguid metal to prevent unwanted
casting defects in the finished 8G iron castings,

s Optimization of heat treatment parameters with
respect to chemical composition and geometry

» Controlling of salt bath temperature within the
desired limits (= 39(7)

= Selection of appropriate grade of tools material,
and

o Selection  of machining and

optimization of machining parameters,

sequence  of

Figure & Phoategraph of 35 hp tractor engine
being tested af TTL Hoshiarpor

Figure 9 Photograph shoewing ADI
crankshaft after 5000hrs engine test
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Process details

MIM combines the shape and design flexibilily of
thermoplastic injectinn moulding with the mechanical
properties of high performance metal powder, which
renders the process a eost-effective solution serving a
variety of indusiries, As opposed to cither traditional or
investment casting, the MIM process has the capalalivy
of having TEOMOLTIe.

producing  parks complex

| Sntid Modo! uf Lhe
ramperent fo b e fire e ]

Engineering Do of e
rirn fran et

Sintering of Prestnteread Fregintering of

- Daboynd componen

P T T P

ealeulatid from the solid loading (3 and the sintered
fractional densiey (p/pT) relates w each other as per
Equation {1}

Y=1-+Dip/pl 13

{1}

Where pis Lhe sintered density and pT is the theoretical
density for the material

The topl materials used in MIM are similar to those
encounlered in plastic injection moulding, The tonl

Preperration of
Fevdslos:

M facticring af ;

AMeatailic dies

Lhebinclanig of

fireer Campacts

. Manfacturing of
Creen Compnals by

| Irjwetion Meldmgr

Figure & Fle Diegram of Metol Injection Mowlding (I proeess

Marcover, lensile strongih, elongation and hardness of
parts praduced Lhrough the MIM route are SUperior in
comparizon to traditional press and sinter technigues
and equivalent to normal wrought parts.

The MIM aof mixing, uyection
movlding, debinding and sintering. Figure 2 lllustrates
the Flow Dingram pertaining to the process illustrating
the various steps involved in the manufaclure of a

process  consixls

component,

The MIM process starts with the mixing of selected
powders and binders at a chosen valume ratio to
prepare the fecdstock, The feedstock is subsequently
injection moulded inte the desired shape by heating
in the moulding machine and hol ramming it under
pressurc into the tool cavity. By virtue of the binder,
the leedstock viscosity reduces, causing its {low nto
the die eavity under pressure. Cooling channels in Lhe
die ecxtract heat and solidify the polymer to proserve
{he moulded shape, The green compacts obtainced
are subseqguently processed to remove the binder m
the debinding stage in a controlled atmosphere and
then subjected to sintering to obtain a higher density
product.

Componont development involves first preparing a
zolid maodel to determine the gating system of the die.
Mauld desipn parameters for the green compact such
az shrinkage value. gating & ¢jection are taken nto
consideration al this stage. The shrinkapge lactor (Y.

n 311 - Cenlral Mechanieal Engineering Research Institurs:

makerial choice depends on the antlcpated number of
moulding cycles and the required woear resistance. The
ool set comprises the rogquizile cavity and the cavity
pathway and ejectors for extracting the components
From the cavity. The dic eavily caprures the component
shape and is intenliomally mainlained oversized Lo
account for component shrinkage durng sintering,
The location of the parting line, sizc and placement of
the runner and design of the gate are izsucs important
for successful moulding. The empirieal equation used
in analyzing the diameter of the runner is given by
Eguation (2):

N=NC 4 WA

Where A = Total surface area of product (Mo ol project
area’ mm® N & € are empirical factors and for wall
thickness = 2 um, G = 0.284 and N= 0.6 (For Pelymer
+ lubricant)

The gate leading into the die cavity resides al the end
af the runner, and is basically 4 small opening designed
to freege before the cavity, runner of spruc froezes, 4
solidificd gate allows removal of the machine pressure
while the mass in the cavily cools, Gates are usually
around 3.5-4.5 mm 10 diameter. The actual gate siee 15
determined by two Factors: the filling shear strain rate
and the section thickness, For the gate 1o [reeze hofore
the compact, a thickness between 10 and a0% of the
compact thickness 1 reguired.




Mould Cavities

The maximum number of mould cavities follows from
the rutio of shot weight 3 and weiphe of moulding W
ueluding the spruc and the runners. Equation (4) helps
to deterimine most economical nurniber of cavilies to PUL
inta varinus moulds.

(RT/ESC) v . (i
Where Q= total number of parts to be produced
R= hourly rate of moulding machine
T= evele time, in seconds
E= officiency of moulding machine
C= estimaled cost per cavity
H= seconds per hour

BElectrodes for the cavities are machined from CEOpRCE
and graphite and cavities are penerated by Eloctra
Mischarge Machintng (KD

NozzleDesignand Manufacturing

The required [low pressire from the baree] to the cavities
is determined following study of the characteristics of
the feedstock flow with the use of the exporimendal
mould. In the experiments conducted at CSTR-CMERL,
the nozzle was designed for a 30 Ton Injection Muoulding
Machine and manufactured from the Fn-39 Grade, Two
types of standard moulds were manufaciured for being
accommodaled in the injection moulding machine and
cavities for components were Rttod inside. The galing
and ejection systems were checked mitially  with
polymer. Mast of the toal compoments being available
as pre-machined packages, anly the cavity necded Lo
be custom machined, Coolingtheating networks were
further designed within this geometry to control the
mould lemperature.

The feedstock flows from the moulding machine nozzle
ta the mould cavity suceessively thruugh the spruc, the
runner and the gate. The flow path is surrounded by
varieus clamping plates, alignment and locating pins
and gjeetor companentis, Alipnment of the eomnponeantis,
proper sequending and smeoth motion are cxtremecly
important for successful filling and lormation of the
green compacla. A number of trials were initially
carried out to check the feedstack fow and to determine
the effectiveness of ejeciion svatems.

Temperature and pressure were varicd during the

injection moulding cycle to deliver the teedstock to the
die. This usually begins with melting of Lhe feedstack
in the heated barrel of the moulding machine. A
reciprocating serew was used to pack, homageniae
and pressurize the mixer. The injection temperature
and injection prezsure of feedstock woere aptimuzed by
repeated trial and error,

Feedstock Preparation

The experimental work was carried out initially by
using imported 4140,316L,420 fecdstock from Advanced
Metalworking Works Ine.. USA. Exporiments were
alzo carried out to design the binder for stainleas steel
powder 316L, and feedstock of $16L prepared by m ixing
powder with binder in a 60:40 volume ratio. The mixing
of the powder and binder was done using a Sigma Blade
Mixer for 60 minules at a temperature of 130°C, The
blended lump was then removed from the mixer. cacled
and granulated inte feedstock .

Thereafter, indigenous fecdstock was developed by
mixing of fine 41140 stecl powder (with particle size not
exeeeding 10 micron) and an organic binder cunsisting
of LDI'E, PW wax und stearic acid and by mixing the
powder and the binder in a 60040 volume vatio. As in
the previous ease, a sigma blade mixer was used for
the mixing and the temperature during mixing was
maintained at 120 150°C, As hefpre, the blended
lump was then removed from the mixcr, coaled and
granulated into feedsiock.

Manufacturing of Green
Compacts

The standard mould along with mould cavity poertaining
to the product was assembled in an Injection Moulding
Machine. During muoulding f{eedstock pellets  are
converted Lo paste in an injection moulding machine
under the application of heat. The foedstook paste
was Injected inside the mould eavity under pressire.
While there are muny variables that control MIM
process, monld filling is the most eritical phase for
manufacturing of compement, Sink marks, viids, weld
line and density variations are amang Lthe conseguences
of improper specification of moulding variables and tool
design. Unless taken care of in the very beginting,
these defects are not amenable o eovrections in the
subscquent steps of product development. The success
of moulding depends not only on the rheology of the
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mixture but also on the design of the mould cavity
and the choice of the process parameters of injection
moulding like injection temperature, filling time. ete.
Manufacturing of green compacts was carried out by

using 30 ton and 40 ton Plastic injection Moulding
Machine, Figure 3 illustrates the SEM micrograph of a
sample thus moulded.

Figure 3 SEM micrograph of mouwlded spectmen

Debinding

Removing the binder without disrupting the particles
is a delicate process and is achieved in several small
steps. Initially the binder holds the particles together.
When the hinder is heated it softens, when it fails to
withstand the shear stresses from gravity, thermal
sradients or internal vapour pockets. Hence to reLain
the proper shape. an inherent particle-to-particle
friction iz needed, The binder is thereflore extracted
from the pores as a fluid (liguid or vapour) without
diztorting or contaminating the compact.

The SEM photographs of dewaxing and thermal
debinding are shown in Figures 4 and 5 respectively.

Fi ke 4 .P?'I'Zl";‘.l'{-'HSJ:I.-'E refol al of binder l:-lli-'..l"l'-”,‘-i"
2 (;
thermal dewoaxing

CSIH - Central Mechanical Engineering Research Instinate

Figure 5 SEM photographs show the
progressive removal of the binder diring
thermol debinding
The moulded components were placed on a ceramic tray
using fine ceramic powder as wicking media. A suitable
combination of the three parameters including furnace
atmosphere, heating rate and debinding temperature
produces a defect-free part. Wicking process that
extracts the binder through capillary action has several
advantages. It provides additional support. better
thermal uniformity, reduction in partial gas pressure
pradients at the surface of the part and homogeneous
wicking out of the binder throughout the part. Green
bodies are in the Auid state at the very beginning of
debinding. In addition, the thermal expansion of
the liquid binder induces hydraulic pressure in the

capillaries which enhances binder removal rate.
Volatile bindeyr was

thermal degradation and evaporation and debinding

removed  step by slep by

temperatures  were  determined  based  on the
Thermogravimetric Analysis (TGA) curve, The TGA
analvsis indicates the changes in weight as a fu netion
of temperature over time. These changes usually occur
as a loss in weight, but a gain in weight can be seen
if the sample goes through adsorption (i.e oxidation).
The TGA curve helps to control furnace atmosphere,

heating rate and debinding temperature.

Sinee multicomponent  thermoplastic  binder  was
designed, a two-step debinding process was followed,
Paraffin wax and stearic acid was removed by solvent
debinding and  pelvethylene

debinding. The solvent used here was n-hexane, It was

removed by thermal
abserved that no distortion takes place during thermal
debinding il 80% of paraffin wax and stearie acid E
remaved from the companent,

Sintering

Sintering, constituting the final procedure in Metal
Injection Moulding, is an irreversible step which leaves
no chance of curing defects introduced in compacts




during mixing, moulding or debinding, The debinding
and sintering processes are performed in a single step
sintering cyele using inert datmosphere, The debound
components arve placed inside an alumina tube on a
refractory base, with the tube communicating with an
inert gas eylinder, Sintering is indicated by the density
achieved in the MIM components. After debinding,
components are often near 60% dense, while the final
density approaches 45 to 969, Proper tool design and
close tolerances require reproducihle and homogeneous
shrinkage. Since shrinkage is inversely dependent on
the green density, it is desirable to maintain a high

and uniform powder packing density. A high packing
density svstem can be obtained through the selection
of equiaxed (near spherical) particles with graded
particle sizes or broad particle size distributions.
Surface diffusion often dominates at lower sintering
temperatures. Slow heating consumes the driving foree
for sintering without densification of the compact. Rapid
heating at low temperatures followed by slow heating
in the intermediate temperature range with a final
short term high temperature hold is suggested where
densification is active while grain growth is retarded.
Sintering cycle for 4140 is shown in Figure f.

—

Tem perature(°C)
-858888

Sintering cycle for 4140

T 8 8 1 11 12 13
Time

Figure 6: Sintering evele for 4140 feedstock:
including debinding
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MICRO PART HANDLING SYSTEM USING IPMC

Micro system engineering facilitates the assembly
operation of very small mechanical components using
miniature actuators. Emploving soft lonic Polymer
Metal Composite used for making fingers or grippers
the actuators make possible the performance of
functional tasks such as grasping, micro manipulation,
ete. A component of the research carried out under
the network umbrella of Modular Reconfigurable
Micro Manufacturing Systems was directed to the
development of a micro gripping and manipulation
svstem  for facilitating  assemhbly  of amall
mechanicallelectronic components like micro pins,
LEDs, resistors, capacitors, ete. The major ohjective
was to evolve a novel design for a micro gripping

very

system with an integrated micro manipulator for a
micre factory test bed offering flexibility in handling of
a peg and its manipulation within a larger work space,
The handling of peg-in-hole constitutes quite a difficult
tazk in micro assembly.

In performing these tasks, the micro manipulator
comprises an essential ool in an industris] environment
for miero assembly. An integrated micro manipulating
system including a micro gripper iz required for easy
implementation in a “Micro Factory test bed”, An ITPMC
actuator 1s used for development of micro gripper
which provides the facility to handle the components
without any conventional motor. [t is operated by only
a 0-3V signal. An electromechanical characterization of
IPMC has been carried out for load lifting capability,
A novel micro manipulator has alzo been designed and
developed. The system has been demonstrated for pick
and place of miniaturized pins in the bread board. The
micro manipulator covers 100 mm work space within
B1 positions as shown in Fig.l (a), The kinematic
behaviour of the micre gripper is shown in Fig 1(h}. The
electromechanical characterization of [PMC is carried
out az shown Figure 1) and (d).

ﬂ C8IR - Central Mechanieal Engineering Besearch Institute
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The multi micro manipulation system covers the
design and development of four svstems on a single
work bench to achieve the manipulation task in a large
work space. The CAD model of assembly operation is
shown In Figure 2a. As handling of micro parts is a
challenging issue in a large work space of an assembly.
a Bl hole grid pattern (9X9 square pattern of hole)
1z considered in the design. The total size of 81 holes
grid pattern is 100 mm X 100 mm where the distance
between two holes 12 10 mm. The grid pattern i= divided
into four zones for smooth and proper handling of parts
as shown in Fig. 2b. In this design, each zone covers
16 (4X4) holes in the grid pattern, thereby rendering
the total travel distance of one manipulator 40 mm.
To increase the work space for achieving 81 holes in
assembly (as one manipulator can perform operation
in two different zones), four micro manipulators were
mounted i different positions i.e. M, M, M and M,
{Figure 2b). In this approach, four micro manipulators




were developed and integraled orthogonally in a single
work bench. The manipulation task iz achieved by
coordination of each manipulator. Figure 2¢ shows the
desired position of the ohject whereas Figure 2d shows
the performance of the joint.
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Figore 2: Mulli micen manigalation systemas
[IPMC was studied
where the

The big-mimetic behaviour of
EMG

transferred to a single link micro robotic arm (Fig. 3),

through signal, movement  was

ADC/DAC ™ PXISystem [~ IPMC controf circuit

A
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= Jj

J

Thick IPMC
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Thiin IPRC

\/
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Fixed Holdsr

Figure 3: Lavout of single IPMC mrero
robatic arm actuated through muacles

The signal generated during movement of the forearm
in different angles was transferred to the IPMC that
allows hending (Fig. 4). This bending behaviour is
utilized for micro manipulation, The performance of the
micro robotic arm shows reasonable lifting capahility,
Voltages ranging upto =5mV is acquired through the
motion of a human forearm via EMG signal for actuation
of the |IPMC, After data acquisition, the voltage signal
15 amplified up to £3V with & reazonable amplification

Figure 4: Stages of aciivaiton of IPMOC throwgh
ol muscles vic EMOG signal

factor (450-650) through PXI system and supplied to
the [PMC bazed lifting arm for manipulation, The
IPMC based micro robotics arm moves in a manner
similar to that of a human forearm with a displacement
up to 14 mm,

A novel IPMC micro gripper emploving three fingers
was also developed as a part of the project. The fingers
connected to a ‘wrist’ made of perspex sheet and were
individually activated., The wrist along with all the
fingers was connected to a single IPMC based flexible
micro robotic armeas shown in Fig 5. During operation,
the three IPMC baszed fingers woere used to grasp an

Figure & Design of IPMC based micro
gripper for RO gssem bl

object while the micro robotic arm lifted the object in
the assembly. Hemote centre comphance (RCC) based
micro gripper was developed to facilitate the insertion
of peg-in-hole (PIH) cperation for micro assembly, and
the performance demonstrated through a prototype.
Suitability of RCC compliance assembly during PIH
operation iz shown in Fig, 6.

Agsembling parts of sub-millimetre size is important
for Microsystems fabrication and
micre robots, The most useful task 18 the grasping
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Micro gripper with
IPMC based robotic
anm

Figure 6 Testing of theee finger based
mucro gripper with ROC gssembly

eloctronic

and manipulation of mechanical and
components, hybreid’ parvts, 1.e; objects made of different
materigls  (silicon, metals, polvmers) for different
functions (structural. acluation, sensing, processing).
These components can be assembled by automated
procedures for mass manufacturing, or by manual
procedures for small-seale manulacluring/prototvping.
Micro manipulation systems have been developed for
assembly lines and are extensively used in industry
{e.g. the watch industry). U is demonstrated that
handling of ministure part 15 possible in & micro
factory test bed through flexible links: The technology
for development of micro end effectors using [PMQC has
further been demonstrated. TPMC based micro-gripper
has compliant beams that allow the gripper tips to bend
for holding the micre objects, and these have been found
to provide reliable actuation and reazonable energs
consumption, A comphiant gripping system along with
micro manipulation syatem was also developed where
the fingers were mimicked through electrical actuation
instead of comventional motor. Each finger was actuated
individually so that dexterous handhng 12 possible,

m (S1R - Central Mechanieal Engmeering Resdarch Institute

allowing precise end-effector positioning. When in
operation, the maximum displacement of the fingers is
in the range of & mm. The maximum jaw opening and
closing positions for micro gripper were found to be 5
mm and 0.5 mm respectively, The fingers can hold an
object having a weight up to 10 mg. The micro gripper
has demonstrated handling capabilities for micro
components like pin in a bread boavd, The devies has
exhibited acceptable handiness, and has the potential
of handling numerouzs millimeter seale components,
requiring complex fabrication and assembly.

Micro system technology leads to the development
of miniature parts applicable in automotive. space,
medical, space and process contral industry, ete. In
terma of flexibility, conventional mechanisms suffer
from a number of limitations 1n handling miniature
parta. Various tvpes of actuators and szensors like
shape memory alloys (SMA), silicon, piezoelectric, lonic
polvmer metal composzite (IPMC) and other electro
active polvmers (EAP) are available globally, Among
these, [PMC actuators hold significant promise for
development of end effectors having grasping capahility
of mimature parts. The actuation of micro gripper is
controlled by a customized control system to provide
uniform grasping force over the surface of the jaws.
The effect of temperature on [PMC, as observed from
cxperimental analysis, suggests that the svstem s
capable of bending even in normal room temperature,
which hold considerable promize for affording savings
in downsized production systems in terms of energy.
space and resources as also for integration of micro
gripper with micro manipulation for the pick and place
operation in bread board.




NANOMATERIALS AND NANODEVICES IN HEALTH
& DISEASE MANAGEMENT

Development of nanodevices and nanomaterials for
applications in health science has tremendous potential
since it offers fundamentally different approaches to
treat and prevent dizseases, The multi-functionalities
azsociated with nanostructures allow  development
of complex therapeutic vehicles with specilicities
requires  the

and  efficiencies. Nanobiotechnology

integration of technologies from various disciplines of

S&T for its application in human health and disease.
The Project targeted biointerfacing of nanodeviess such

as cantilevers, semi-conductor devices, development of

drug delivery syvstems, ete. through the efficient and
integrative use of knowledge existing amongst various
chemical, physical, electronies, material science and
biological sciences laboratories of CS1H, The Project
had as its basic objectives the following:
suitable

porous
engineering applications

biodecradable/
scaffolds  for

*  Developing

biocompatible RELIITE

*  [abricating monolithic or compozsite seaffolds
by attempting several technigues hke rapid
prototyping and gel casting or combining the
gel casting & polvmer sponge techniques

¢ Introducing  scaffold seeding technigues to

realize the concepl design and formulation of

surfaces for studving the behaviour of tssue
engineering and to develop suitable scaffolds
for repairing the hone

biomimetic  hone  replacement
hydroxyapatite (HAp) and collagen bio-material is an

expanding field of research for application in tissue

Development  of

engineering and waste water treatment for heavy metal
removal. HAp is synthesized from different biological
sources like fish seale, egeg shell, cow bones and
simplified SBF whereas collagen can be extracted from

fish waste material in a cost-effective and eco-friendly
manner, The phase purity and crystallinity of different
calcined HAp powders were determined by XED and
FTIR analvaiz. Thermo Gravimetrie and Differential
Thermal Analysis (TG DTA) was carried out to exhibit
the thermal stability and chemical deposition of the
HAp powder. Collapen was characterized by FTTR, and
CD Spectrozcopic analvses. Cytotoxicity evaluation of
HAp powder was carried out in RAW macrophage like
cell line media for an incubation period of 72 hours,
Porous scaffolds (Figure 1) were developed using HAp
Ti0), composite by polvmer sponge casting technigue;
mechanical  characterization  for
engineering application was also undertaken,

further Lissue

Frariore 10 (A) Polvmer sponge geleaated Porows
Hydroxvapatite Scaffold for o implant (B} SEM
photomicrograph of seaffold sueface (0} SEM micrograph of
Deprotetnized Fish scale surface which is ntilized as a source
af HAp production.

Enzyvme technology is expected to play a sterling
role with the rising need for bioremediation and
Momonitoring of phenolic contaminants. Polvphenol
oxidase (PPO) iz an oxido-reductive enzyme that can
efficiently oxidize a large group of phenolic components
and can be utihzed for the detoxification of phenol from
industrial waste water. For this purpose, the principal
requirement is PPO enzvme. Keeping in view of the
usefulnessof PPOfor various industrial purposes, CSIR-
CAMERT took up the task of devising analyvtical methods
for the extraction of this enzyme in a high-vielding and
eost efficient manner. Responsze Surface Methodology
(RSM} (Figure 2) was used for the study of the effect
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of six independent variables, namely extraction buffer volume of PP extracted from potato peel. PPO was
concentration, pH of extraction bulfer, extraction time, isolated from potato peel using optimized protocal,
extraction temperature, PMSF  concentration and

100 gms of potato peel was blended with
phosphate buffer (100 mm & p " of 4.5) containing
5 mM PMSF and 1% Triton X-114

The extraction was performed for 12 hours under
continuously stirring using magnetic stirrer

Each mixture was centrifuged at 18,000 rpm for 20

minutes at 4-C and the supernatant was filtered
through filter paper

The filtrate was taken as crude enzyme extract
and it was stored at -402C

Extraction was taken at different conditions and
finally optimization for maximum PPO isolation
was done

Figure 2: Response Surface Methodology wsed for the study of the effect of variables
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APPROPRIATE AND ADAPTABLE AUTOMATION
FOR PRODUCTION OF PROCESSED & SEMI-PROCESSED
FOODS IN LARGE SCALE

There 15 a necessity of elevating the status of many the
ethnicftraditional Indian foods and for promoting such
tood as healthy substitute of junk-food flooding the
markets. The major bottleneck in the mass production
of healthy indigenous food 15 the requirement of skilled
manpower and drudgery involved in pre-processing.
Thiz mitiative was undertaken o standardize and
mechanize the production svatem assomated with

selected indigenous [oods through the development of

appropriate food machinery for small scale industry,
Under this activity, primarvily three machines with
their sub-components have been identified for design
and development, These are:
1. Cereal Cake Making Machine, comprising
sigma mixer, extruder, cut-to-length machine

and sutomatic packaging machine

2. Laddo

machine

making machine, Coconul  grating

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

Cereal Cake Making Machine

The Sigma-mixer is required for proper mixing of dough
out of highly viscous food material such as corn Aour,
with moisture content around 82 to 10 percent, Two Z
shaped blades are made to rotale in a chamber with
a clearance of fow millimeters (more than the grain
size) from the wall, Rotational speed 18 around 60 to

100 rpm. The machine prepares uniform dough out of

corn-flour, honey, essential o1l, zalt/sugar, coco powder
put together in predetermined guantities. The dough
ig then fed to an extruder to produce cake bars at the

output. A automatic cut-to-length mechanism produces
uniform rectangular bars, which are then packed
using a horizontal How-wrap machine with automatic
packing and printing of the manufacturing date. The
bar has a shell life of three months, The machines are
designed in such a way that no sharp corners, lissures
or eracks exist where food particles might adhere even
after washing. Appropriate hygiene is guaranteed in
the choice of the construction material.

LLadoo Making Machine

A machine for grating coconut has been designed and
fabricated for making laddo out of coconut pulp. The
Coconut Grating Machine employs a circular blade
movement, The blade module consistz of three parts
made in the shape of a quarter of an ellipse and are
placed at 120 degree angular separation. During
rotation, they together make half of an ellipsoid, where
the ratio of the minor axis to the major axis is lesser than
that of any coconut, so that it can make contact with any
part of the inner surface of one half of 4 coconut, This
shape ensures that no kernel i= left over after grating,
irrespective of the shape of the coconut. Initially, the
blade iz positioned at the centre of 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 with the help of a prossure sensor,
The moment it senses the hardness, the blade deflects
in the reverse direction on the X axiz by 0.5 mm. This
deflection is measured with the help of a linear position
sensor. The whole process is controlled by a micro-
controller. After the reverse movement of the blade,
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the motor 15 commanded to move the blade forward

along the Y axis and towards the center of the coconut

by 0.7 mm so that a fresh contaet iz established with
the uncut portion of the kernel. This process is repeated
till grating of one half is completed. The extent {lateral
depth) to which the eoconut 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 whileness of the grated output can be controlled by

()

the user (in terms of percentage) dependine on speofic

requirement.

The gripper arm movement is in opposite direction with
respect to eutter blade rotation and its speed is half
of that of cutter blade. Thiz helps in faster operation
and uniform grating in much smaller picces (grains)
compared to other machines available in the markes
The developed machine is capable of grating 120 hall
coconuts in an hour, Hence a total of 14400 coconuts can
be grated in three shifts of' a day (throughput fefficiency)

if)

Figure 1: () Sigmea Mixer (b) Extroder and (o) Edible O Storage with Pemp for Cereal Cake Machine (d) Automatic Coconut
grofing machine. (e) Laddo Making Machine under fubrication () Schematic of Petha making Machine
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A NOVEL ENDOSCOPIC DEVICE USING ULTRASONIC DETECTORS

Minimally invasive surgery has been well accepted
in the society since it involves less operative trauma
in comparison to an equivalent invasive procedure. It
causes less pain and scarring, aids faster recovery and
reduces post-surgical complications. An endoscope is
considered as one of the most powerful disgnostic and
therapeutic toal for dealing with abnormalities inside
the human body. Steering and guiding a conventional
endoscope in a patient’s body has been a challenge for
doctors for many vears now., Prevailing technology
allows passive bending of the endoscope by one or more
cables attached to the tip where the bending motions
are controlled from outside the body by wire traction.
Therefore, precise operation of the endoscope is difficult
in areas of complex shape such as in the inlestine.
Furthermore, patients suffer pain during a procedure
with an endoscope. For instance, if a conventional
endozcope 15 being inserted into the colon by simply
pushing it forward and steering the tip (the only
steerable part), the shaft pushes against the colonic
wall until the colon and its surroundings provides
sufficient counter pressure to force the shaft to bend.
In practice, this means that the colon is often stretehed
suhstantially. This fregquently leads to formation of
loops in the flexible endoscope shaft and colon, which
can hinder further advancement of the tip and can
cause considerable discomfort for the patient.

.ﬁlli

() ]

Figure I Endoscopy of large intestine

According to a study, each year more than 20% of
Indian population have digestive problems and are
hospitalized for related treatment. BEarly diagnosis
and detection is fundamental in the treatment of these
problems. Conventional endoscopic procedures are some
of the preferred diagnostic and therapeutic techniques.
However, these technigues do not permit investigation
of most of the s1x meters of the small intestine due to
difficulty in controlling and manipulating the scopes,
Also, the associated pain and discomfort renders this
procedure unpopular,

this, Dr. Gavriel lddan, an JTsraeli
phvsician, developed an ingestible capsule containing
a miniaturized video camera, light, transmitter and
batteries, which makes possible investigation of the
small intestine. However, such a method fails in the
colon orin the stomach, The method further suffers from
limitation in its field of view and ils motion cannot be
controlled by the physician, Therefore, this technology
fails in the disgnosi= of many digestive ailments since
some lesions may go undetected because of the random

To mitigate

camera orientation.

Methods  like computed magnetic
resonance imaging, fecal oceult blood testing, capsule

endoscopy and a combination of the above have been

tomography,

tried by researchers as alternatives to screening and
diagnostic procedures. However, these alternatives do
not entirely replace conventional endoscopy as they
lack the therapeutic means thal a conventional scope
provides. If abnormalities are diagnosed, conventional
scopes are still required for biopsies or for trealing
abnormalities by supplyving medicine directly to the
affected part of the human body.

The Cyvbernetics Group at CSIR-CMERI, Durgapur
undertook a research programme for the development
of a prototype robotic arm capable of following complex
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trajectories which navigates through different parts of
the human body, The tip of the device is designated to
carry an ultrasonic trans-receiver which makes possible
judging the current state of the tissue by analyzing the
reflected component of the sound wave. In many stages
of diagnostic procedures, it is important to know the
depth of an organ tissue which 1s damaged at any stage.
For example, the extent of damage of a heart after a
carvdiae arrest can he estimated by measuring the
thickness of the damaged tissues on the heart wall. The
same applies to Hver tizsues also in case of a prevailing
aillment.

The prototype is proposed to be machined in
Teflon initially. However, in the final device, some
biocompatible material has to replace Teflon. Numerous
segments of the prototype would be connected to one
another with ball and socket joints. Three SMA (Shape
Memory Alloy) wires will be attached between adjacent
blocks equally spaced around a circular periphery and
at 120 from each other. Figure 2 below shows the three
segments connected with a ball and socket joint,

Figure 2: Solid Model of SMA actuoted segments.

SMAs generate extremely large forees if any resistance
is encountered while transforming from the martensite
to the austenite phase. This phase change can be
produced by heating, This property of SMA can he
utilized to develop a powerful actuator for performing
useful work with a high work-to-volume ratio. As
illustrated in Figure 2, the attached wires pull hack the
individual block on top when heated. The cumulative
bending effect of all the blocks allows the device to
follow complex trajectories in 3-D space. Figure 3 helow
shows a mechanism of 2.0 bending of the top block

- CSIR - Central Mechameal Engineertng Research Inatitute

when one wire is heated to a temperature above the

-

austenite finish,

Figure 8 Bending mechanism of endoscope segments

As mentioned above, bending motion of the prototype
i5 possible when the SMA actuater pulls the attached
blocks only when the wire shrinks in length or forms a
loop or when it bends, There arve various wavs of getting
loops or bends in the parent shape. The required parent
shape from a SMA block iz obtained by wire EDM, or
by a suitable photo-chemical process or else by using
commercially available straight parent shape wire and
changing the parent shape by annealing,

Figure 4 shows diffevent loops that can be tried out to
generate the appropriate foree and decrease in overall
lemgth of the SMA wire.




Figure 4. Alumintum blocks annealing SMA wire.

Nitinol wire that uses nickel and titanium renders
the resistivity very low {Austenite- 100 micro-ohm em
and Martensite-80 micro-ohm em), which ultimately
results in lncrease in time or current to heat the
wire to austenite temperatures by Joule’s heating
theat supplied = P"rt, where 1 15 current passed, r is
the resistance of wire and t iz the duration for which
current is passed). Passing uncontrolled high current
will raize the wire temperalures above Austenite and
may result in permanent (plastic) deformation in the
wire. Controlled heating of the alloy is very important
200 that the temperatures are maintained within limits,

A heating circuit needs to be designed to produce
Width Modulated (PWM) current using a
microcontroller to control the current passing through
the SMA wire, The duty eycle of PWM signals would

Pulse

decide the response time of the device and the bending

angle,
Mathematical modelling of the deviee

discrete points the tip of the device can reach in a 3D

maps the

space, Depending on the application, the operator can
drive the device by selectively heating the SMA wires.
It is also possible to independently trigper different
segments for the device to follow a given prefile of the
track in 3-13 space,

A generic algorithm also needs to be developed for
the traversing of the device. Such algorithm would
address the issue of complications in maneuvering an
endoscope through complex interior structures like
that of an intestine and also the very important issue of
navigating the scope out of human body.
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AIRCRAFT VALVE DEVELOPMENT : ACCEPTING A MAJOR
CHALLENGE

In a technologically competitive world, countries that
have their own alveralt industry arve alwavs placed in
a position of advantage. Many developing countries are
now dezigning and building civilian aircraft to achieve
economic growth and competence 1n the field of high
tech engineering. Development of aerc industries in
these countries 12 expected to create flerce competition
among the aircraft manufacturers for selling their
products in the rapidly expanding Asian market. The
ambitious SARAS Project undertaken by CSIR has
firmly placed India in the global map of aero industries,
and India iz poised to further consolidate its position in
the near future,

Tt an aiveraft, the svstemafsub-syatems alone comprise
almost 30% of the overall aircraflt cost. As of now, the
indigenous programme for developing civilian aircraft
15 totally dependent on using costly systems and
subsystems imported from technologically advanced
countries, Those svstems, mostly developed using off-
the.zhell components used in other alreralt, do not
exactly mateh the requirements of aiveraft designed in
India and necessitates modification that, in its turn.
adds to the developmental cost. rendering the aireraft
price exorbitantly high. More importantly, the need for
modification and necessary retrofitting lengthens the
delivery schedule. It s therefore diffieult to develop
a cost competitive aireraft indigenously after paying
heftv prices for the bought-out items. Though 1t is
prudent to use proven and certified systems initially for
a newly designed aircraft, indigenous serial production
capahility of systems and subsystems is absolutely
eazential for reducing the overall aireraft cost. System
development and equipment development are thus as
important as the capability of designing and integrating
the complete aireraft in order to make significant
progress in the area of civilian aireraft development.

m CELIE - Centreal Mechanieal Engmeering Research Institute

Sinee the price of the aireraft is the ultimate determining
factor for sale, significant benefit can be acerued if the
bought-out systems and subsvatems can be procured at
a cheaper rate by producing them locallv. Every new
atrerall manufacturer is now striving to insource the
systems/subsystems from within their own tereitory Lo
make the final product cost competitive. This holds true
even for developing nations like Brazil & China.

The reason for Indian companies lageing behind in the
manulacture of aireratt related systems and subsystems
could be attribuied to the absence of an indigenous civil
aireraft development program preceding SARAS and
lack of know-how for the critical components. High-
temperature & high-pressure valves comprize one such
critical component inan atreraft environmental contral
svatem (BCS3). A similar eritical component for airerafl
tuel system iz the highly reliable valve having redundant
drive. Due to intense competition among international
manufacturers, the technology for manufacture of
aircraft walves remains strategic and there is no
chance of acquiring it from outside. To bridge this gap,
CSIR-CMERT has taken up the challenge of designing
the following three eritical aireraft valves from first
principles under the network project Spearheading
Small Civilian Aircraft Design, Development and
Manufacture with CSIR-NAL az the nodal laboratory:

1. Pressure regulating and shut-off valve (PRSOV)

2. Ball type motorized fuel shut-off valve (FSV)

3. Butterfly type non return valve (NRV)
Indigenous design and development of these valves is
expected to lead to a cheaper product within a relatively
short time frame, The advantage of designing and
developing from first prineiples is that accommodating
necessary modifications to suit the requirement of any
other aireraft can be accomplished easily. Indigenous




technology is expected to enable Indian companies
to produce these eritical wvalves and to stimulate
indigenous development of complete BECS/fuel aystems
optimized for iIndigenously built arcraft, with a view to
achieving zelf reliance in aireraft svstems development,
therehy
developad aircraft and enhancing the export potential.
The course eventually will lead to complete sell reliance

boosting  marketability  of  indigenously

for atreraft development in India,

Testing of the valves for the acceptance for its intended
function and qualification for aibrworthiness is an
integral part of the developmental process. [t requires
desipn and establishment of suitable test rigs. CSIR-
CMERI has taken the initiative to set up a state-ofart
valve development & performance testing facility for
all civilian airerafts under a 11th five yvear plan project
entitled “Test Faclities for Special Purpose Valves for
use in Civilian Aiveraft”,

Valve Description

Pressure Regulating & Shut Off Valve (PRSOV):
A typical Pressure Regulating & Shut-off Valve used
in the bleed air regulating system of small civilian
aireralts and ig basically an electrically actuated inline
prneumatic valve having a nominal diameter of 50 mm,
The PREOY is mounted within the engine bay and is
designed to operate independent of the altitude, Tts
purpose is to regulate the pressure or shut off the air
flow of engine HP bleed to the environmental contral
system (KCS). Tt operates over an upslream pressure
range of 205-755 kPa and when open under sufficient
maintains  the
pressure to 220 420 kPa,

'I.,I.Eilﬁt.l"{"-'.l'l"l'l Prossure, down stream

Fuel Shut Off Valve (FSV) : This component unit is
a Ball-type Shut-off valve, nominal size 5/8", which is
normally opened with an electric motor operated 1/4
turn actuator and is provided with a pair of end stops
to limit the maximum opening, as well as end position
micro-switches. The valve unit is located in the piping
connecting the engine fuel main header of the fuel
feed cireuit to the fuel tank downstream of the nacelle
firewall, The axis of the valve is kept vertical while in
installation, though the valve is designed to work in any
attitude. The valve routinely opens when the engine
is about to start before the flight and closes when the
flight is over and the engine is stopped. It may also

operate in such emergent conditions as when the engine
15 required to stop while in flight. The operational mode
of the valve is selected by the pilot through electrical
controls. The unit allows fuel fow only when opened
with the actuator running forward and closes when the
actuator iz reversed. The valve acluator is driven by
two micro-motors in parallel, so that the valve may be
operated with either of the two motors, as also when
both motors are running. This provides redundancy of
operation on the fuel system, which is eritical from the
safety point of view,

Non Return Valve (NRV) : This component unit is
a double-flap type non-return valve, nominal size 47,
which normally remains shut with a torsion spring
and is provided with a pair of over-centre stops to limit
the maximum opening. The unit allows air low only in
the forward direction and automatically prevents the
reverse flow. The valve unit iz located in the ground
connection atr ducting conveyving conditioned air from
the ground connection to the cabin, thereby preventing
air. How from the cabin inlet to the ambient, while
admitting air from the ground connector into the cahin.,
Theaxiz of the valve is kepl vertical though it 1s designed
to work in any attitude. The unit consists of two spring-
loaded faps which repose on two D-shaped openings
and are provided with flal valve seats. The hinge of
the flaps 1= thus at right angle to the direction of {low.
The valve opens automatically when the thrust arising
out of the pressure difference between the two sides
excecds the spring load and the flaps are displaced. The
flaps close automatically when the pressure drop across
the valve falls below the opening pressure or reverses,

The Design Approach

Theoretical design of valves ; By design PRSOV is an
assembly of three separate valves — namelv the main
valve, the reliel valve for datum setting and a solenoid
valve, When the solenoid is ON, the valve works as a
prassure control valve and when it is OFF, the valve
stops air flow from HP bleed and acts as a Non-Return
Valve preventing reverse air flow. The datum setting
velief valve controls the pilot chamber pressure and the
main valve spool moves in the appropriate direction by
the action of the differential pressure. As a result the
flow area of the main valve changes and the desired
output pressure is maintained. Figure 1 shows the
internal construction of the valve,
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Figure ! Schematic of pressure reguloting

and shut-off valve

The working prineiple of the valve has been determined
from the pressure halance of the spool as:

(P, — P2)Td2 = (572 m(d, + t)t

Where, P, iz the outlet pressure, £ is the inlet pressure,
* iz the pressure at pilot chamber, £ is the thickness of
pilot chamber wall and I} is the shding diameter of the
piston,

The FSV is designed asz a Hanged valve assemblv that
15 to be inzerted between two pipe Hanges of size 45 mm
square on the 58" 0D piping and held by means of a set
of holts & nuts, The actuator s mounted by means of a
v-hand elamp over the ball valve subassembly for easy
removal and quick replacement without disturbing the
piping on which it is mounted. Twe O-rings are placed
in the grooves provided on the two faces of the valve
flanges to ensure leak-proof fitting. The Ball Valve body
1= made from a light alloy, housing a hollow stainless
steel ball held between two valve seats of PEEK. To
apen the valve and ensure fuel flow to the engine, the
hole in the ball should align with the axis of the piping.
The motion of the valve ball through 90" iz achieved
through a differential gear train and a gear box with
a large speed reduction coupled to two permanent
magnet DO Micro-motors, Two fixed stops are provided
to arrest ball displacement bevond 90°. Two pairs of
micro-switches are provided to transmit electrical
z1gnal positions, When rotated
through 90, the ball shuts off the fuel flow. The valve

of walve limiting

also has an integral relief valve. The ball and the seat
on the upstream side are kept floating and are loaded
by means of a set of Belleville springs that makes it act
as a relief valve by passing fuel upstream to the Tuel
tanle, when the downstream pressure increases due to
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thermal expansion of fuel trapped in the downstream
piping. When the valve is opened or closed with dual
motor operation, it takes less than 2 8 to complete the
motion, which when operating with a single motor
completes the motion in 4 2. The actuator works on 28
V DC supply. The valve is also fitted with two pairs of
micro-switches to monitor opening and closing of the
valve with either motor. The interconnecting circuitry
betweesn the two motors 1s also buill in within the valve.
The actuator includes EMI filters to ensure immunity
from audio and radio frequency disturbances,

The NRY iz dezigned a= a sandwich tvpe assemblyv tobe
inserted between two pipe langes of 37 dismeter piping

Figure 2: CAD model of fuel shut-aff valuve,

and held by mesns of a V-band Clamp, A locating pin
provided in the valve prevents fitting in Inappropriate
attitudes, Two fixed stops are provided to arrest flap
displacement heyond 907

Design Verification through
CFD analysis

In a PRSOV pilot chamber pressure is maintained
by a separate control circuit, which varies with inlet
pressure in a predetermined fashion. CFD analysis
has been carried out to validate the theoretical design.
Primary air flow takes place through the wvariable
orifice formed by the valve body and the spool inside
the valves, It has been modeled hy 2D axisymmetric
geometry as shown in Figure 3. Opening of the orifice
varies with the movement of spool, depending upon the




inlet pressure and thus constant pressure is obtained
at the outlet. A secondary flow of air from upstream of
the variable orifice takes place through a small fixed
orifice incorporated into the pressure control circuit.
Depending on the relief valve setting. this eircuit
regulates the pressure inside the pilot chamber, Pilot
chamber pressure acts on one side of the spool head
and pressure downstream of the variable orifice acts on
the other side, thereby eausing the spool to move in the
appropriate direction. Pressure at the pilot chamber
has been caleulated offline. The movement of the spool
has been simulated with the help of UDF in FLUENT
software for dynamic mesh. Analysis to capture the
How characteristic in 31 is under way,
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Figure 3- Avisymmetrie 20 flow region of PRSOV.

Figure 4; Modeling of flow zone of PREOV in 301

Design Verification by
kinematic & dynamic analyses

FSV is a combination of a specially designed ball valve
with thermal relief and an electro-mechanical rotary
actuator with redundant drive for additienal safety,
Kinematic and dynamic analvses of the combined
svstem have been carried out in ADAMS software.
Analysis for single motor and dual motor operation has
heen carried out to check the motor torque requirements
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obtained by theoretical calenlation. Concepl of rigid
multi-body dynamics has been utilized for simulation

of the quarter turn actuator and valve body,

Weigh optimization by FEM
analysis

A detailed stress and deformation analysizs has been
carried out in ANSYS to minimize the weight of the
PRSOV. The valve has been analyeed for 755 kPa and
A60°C — the maximum pressure and temperature it will
he subjected to during service life. A thermo-structural
coupled analyeis using 10 node tetrahedral element of
size 1.8 mm has been used to generate the 30 mesh.
Sectional views of the deformed valve body have been
shown in Figures 7 and 8. Maximum outer diameter of
the spool has been determined from the analysis to avoid
distortion jamming inside the pilot chamber, Result of
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Figure 72 Transverse sectional view of deformed
valie hody,

Figure & Axial sectional view of deformed volue body,

finite element analysiz has been verified by comparing
with the theoretical value of hoop stress at the outer
shell of the valve body,

Testing

Developed valves are to be subjected to acceptance tests
and gualification tests. In order to carry out thesze tests
a state-of-art facility is being created at CSIR-CMERI,
which is unigue in the country, It will cater to the needs
of the civilian aircrafts being manufactured in India
Figures 9 and 10 show the basic lavout of the test rigs
for PRSOV and FSY respectively.

Acceptance tests:

Various acceptance tests to be carried out for valves are;
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s Pressure controller bench test
*  Internal leakage tests
s  Flow rate measurement at GLC

*  Normal working under proof pressure at room &
high temperatures

*  Durst pressure test
*  Thermal relief setting test {for fuel line valve
anly)
Qualification tests:

The valves are to be tested for airworthiness as per
RETCA Do-160F standard as follows:

» Altitude Test

*  Operating Low Temperature Test

¢ Operating High Temperature Test

o Humidity Test

*  Operational Shock Test & Crash Safety
* Vibration Test

s Lxplosive Atmosphere

+  Waterproofing Test Fluids Susceptibility Test
* Sand & Dust-proofing

*  Fungus Resistance Test

* Salt Fog

*  NMagnetic Effects

¢« Power Input

* Voltage Spike

»  Audio Conducted  Susceptibility-

Power Inputs

Freguency

* Induced Signal Susceptibility

« Radio Frequency Susceptibility (Hadiated and
Conducted)

*  Emission of Radio Frequency Energy

s Lightning Induced Transient Susceptibility
s Lightning Direct Effects

¢ |cing Test

*  Blectrostatic Discharge

*  Pire, Flammability

o [indurance Test




Figure 10 Lavout of FSV test rig,




DESIGN OF AIRCRAFT LANDING GEAR AND SHIMMY ANALYSES AT
CSIR-CMERI

Aircraft Landing Gear and Its
Design Requirements

The landing gear is one of the most important and
complex systems in an aircraft. According to some
statistical studies, it is perhaps the most fatlure-prone
svstem tor many commercial transport airerafl. The
design requirements on the landing gear are generally
very stringent. Some of these are:

* Inllight, the landing gear adds to the total dead
weight of the aireraft. The mass of the landing
gears Lypically varies between 6% and 10%
of the aireraft mass. The acrodvnamics of the
atreraft should not be disturbed by the landing
gear; thus the size of the fairing should be as
small az pozsible to minimize the aerodynamic
drag. Also a complicated retraction mechanism
s required to retract and lower the landing
gear during take-off and landing respectively.

*  Inmany aireraft, the main wheels of the landing
gear need to be located close to the center of
eravity in the longitudinal direction. Sufficient
load on the nose landing gear has w be provided
to prevent alt-tipping of the aireraft, In addition,
requirements may exist regarding the aireraflt
static attitude to provide the corvect angle of
attack during take-off.

#  The landing gear should be able to abzorh the
energy of landing impact up to descent velocities
of about 4 mi=. This requires a shock absorber
with a considerable stroke in order to limii the
Inads during landing 1mpact, On touch-down,
the wheels have to be accelerated very fast.
This phenomencn, called apin-up, results in
very high loads on the landing pear structure.
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The landing gear should therefore be designed
b sustain these loads.

The wvertical loads on the aireraft tires are
generally very high. To minimize the damage
to the runway and to have acceptable ground
floatation characteristics, the tires should have
# large contact area and consequently, the tire
deflection will be very large. The combination of
heavy loading, high deflection and high speed
makes the operating conditions of aircraft tires

VEDY S0VETE,

The landing gear should be free from excessive
vibrations Induced by the brakes, possiblv
in connection with the anti-skid svstem and
dynamic instabilities. Normally, the tires are
not balanced or are balanced in a very limited
way only, They can be sources of vibration also.
Finally, shimmy can alse result in undesirable
vibrations of the landing gear structure,

Main romponents of o twin-wheeled, cantilevered,

wing-mounted londing gear




Shimmy of Landing Gears

Wheeled vehicles, including automobiles, pulled trailers,
motorcyveles  and  aireraft  occasionally  experience
self-excited, lateral oscillations due to a varietv of
flexibilities invelved in their design, The phenomenon
— conventionally relerred to as shimmy — results in
the wenar and tear of related mechanical components
and hence is undesirable for the smooth operation of
a vehicle, The motion typically has a frequency in the
range of 10 to 30 Ha. In extreme conditions in the case
of an aircraft the induced vibration can be so violent as
to limit the pilot’s ability to see and read the imstrument
panel. It can even result in severe structural damage
and landing gear collapse. Shimmy can occur both on
nose and main landing gears, However, the occurrence
18 rare in the case of main landing gears,

Different types of Analyses with
Landing Gears

The following types of analyses can be performed with
landing gears:

¢  Finite Element Analvsis: This is needed for
welght and strength optinazation of the landing
gear,

¢ Retraction Analysis: This is necessary for
an aceurale determination of the size of the

actuator which enables gear retraction inte the
wheel well in a short time,

s  Rebound Analysis: This 2 done to calculate

loads on sudden extenzion of the shock strut
during take-off.

¢ HKinematic Analysis: This checks the
trajectories of components during retraction and
extension to assure that there is no interference
hetween
structures along the entire path.

twn components or with adjacent

¢  Performance Analysis: This includes analysis
to ascertain whether the gear will shimmy
during high-speed roll.

Work at CSIR-CMERI

CSIR-CMERI  shall  shortly  be  undertaking =a
performance analysis wherein a dedicated shimmy
study will be conducted for the landing gear of the
O-geater National Civil Afreraft (NCA-90), which is
being developed indigenously, To start with, simple
models to analvze shimmy will be introduced. This will
lead to the development of analvtical expressions for
shimmy stability az a function of tire and geometrical
parameters of the landing gear. These methods will
then be applied to study a twin-wheeled, cantilevered
landing gear and an enhanced model shall be developed,
Subsequently, s baseline configuration shall be
identified for facilitating stability analyses, Parametric
studies to optimize the baseline configuration will then
be conducted. Introduction of special features like
shimmy damper, tuned masses will be taken up and
studies conducted. Finally, the role of different tire
models proposed by several researchers on shimmy
stability will be taken up briefly.
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LOOKING AH

NEW VISTAS FOR ADVANCED MATERIALS PROCESSING AT

CSIR-CMERI

The Center for Advanced Materials Processing (CAMI)
at the CSIR-CMERI was erested in 2005, As part of
its mission, CAMP engages in the state-of-the-art
multidizciplinary research at the intersections of the
fields of materials, electronies and biology. CAMP's
vision is to solve complex scientific and engineering
challenges in the area of advanced materials including
nano/biomaterials. This division also  serves the
industrial interests by forming industrial partner groups
and seeking opportunities for sharing discoveries with
the commercial sector, The Center hasz four scientists
working on the above aspects; in addition, graduate
students, faculty on sabbatical or
undergraduate and high school students work at the

summaer visits,

center through various internship programs,

Nanoparticles are particles that have one dimension
that is 100 nanometers or less in size. The properties of
many eonventional materials change when formed from
nanoparticles. This s typieally becausze nanoparticles
have a greater surface area per weight than larger
particles: this causes them to he more reactive to
certain other molecules. Nanoparticles are used, or are
being evaluated for use in many fields,

Magnetic nanocomposites

Nanocrvstalline materials can possess bulk properties
guite different from those commonly associated with
conventional large-grained materals,  In addition,
magnetic nanocomposites have been found to possess
properties which are similar to, but different from,
the properties of the individual constituents. New
magnetic phenomena, unusual property combinations,
and both enhanced and diminished magnetic property
values are just some of the changes observed in
magnetic nanocomposites from conventional magnetic
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materials, These obzervations are assisting the rapid
development of ultrachigh density magnetic recording
media, high temperaturo retrigerators,
next-generation  hard and  soft ferromagnet=, and
controllable magnetic switches. Various novel magnetic

magnetic

nanocomposites are being synthesized mmcluding soft,
multiferroics with enhanced properties
lkecping in mind the vazt area of applications.

hard and

D maotor based on permanent mognet

Semiconducting oxide
nanoparticles

Among the inorganic materials,
metal oxides such as TiO,, “n(),
Mg and CaO are of particular
interest as they are not only stable
under harsh process condifions
but are alse generally regarded
ax zale materials to human beings
and anmmals.  Among
¥nl) has a wide and direct band
gap and is probably the most
investigated metal oxide due to its
attractive and versatile properties

nthers,

for electronics, optoelectronics,




chemical and biological sensing, and renewable energy
applications, Presently synthesizing 4n() nanoparticles
are being synthesized with different shapes and size
in hath pure and doped forms for different potential
apphcations. Zn(} occurs as white powder known as
7ine white or as the mineral zincite. In nanocrystalline
form, it can produce various colours by the changes
in band gaps and luminescence properties due to the
defects inside the Zn0 nanoparticles.

Naturally resourced
Hydroxyapatite for Health and
Environmental Application

research  activity mainly  emphasizes on
characterization  and

porous  hyvdroxyapatite (HAp) in

Prosent
development,
chromatographic
analvsiz of collagen (protein) and polyphenol oxidase
(PO, waste water treatment and most extensively for
hard tizsue engineering. HAp from different bio sources
hilke fish scale, ege shell, bovine hone and simplified
SBF have heen synthesized and characterised in

application  of

4 major threat to mankind, these studies may help
prevent such problems. On the other side HAp and HAp-
PPO conjugates can be a useful tool for bioremediation
of agqueous environmental pollutants which will help
provide sustainable source of pollutant free water,

Functional Ceramics

Thousands of engineering components have benefited
J_ITLI]'_I'j :{[li’ﬂl]_lc{-!fl f:i_'!'i'el'l'l"lt'l" Hi]ll]t‘f{'l]"lf‘-f f:]r' Wedr, l:f}l‘t"ﬂﬁil}ll
providing
lifetime increases over conventional metal components,
Althoughit isnotalwavs possible to provide theoptimum
design solution, advanced ceramics are frequently used

and thermal resistance, considerahle

as direct replacements for existing designs. Typical
components include wear plates and thermal harriers,
bearings for high speed and high stiffness spindles,
bushes, gesars and many others. Zirconia. aluminium
like minerals are available in plenty in India which
ean be utilized for development of high performance
ceramics. If proper mechanical property can be achieved
after optimization and experimentation, these ceramics
can be used in different wear resistant applications

(A) Crystal structure of Polyphenol Oxide (B) Hydroxyapatite scaffold (C)SEM structure of developed HAp (1)

Artist Impression of Scaffold applicaiion

a cost effective and eco [riendly manner. Porous
scaffolds were developed by polymer sponge casting
technique  and  mechanical
for tissue engineering application, Cell

characterization was
performed
culture studies showed positive and very promising
result indicating biocompatibility without any divect
toxic effect, Treatment and removal of both organic
(specially phenolic compounds) and inorganic (specially
hazardous heavy metals) pollutants have been carrvied
out successtully using HAp and HAp-PPO conjugates.
Extraction methodology of PPO has been statistically
optimized using response surface methodology and
isolated enzyme has been biochemically characterized
by spectrometric and chromatographic analysis, As

skeleton and bone related disorders ave becoming

like cutting tool, valve sheet, pump components, ete,
Alumina ceramic inserts are now replacing traditional
carbide tools for high speed machining application due
to their superior mechanical and chemical properties
like high hardness. high toughness, high temperature
resistance and inertness toward machining part.

Yttria  hased tetragonal zirconin  polyvervstalline

in ALO., ceramic cutting inserts was developed
by the chemical process route, Several machining
experiments were perflormed and mathematical models
for Hank wear, force. roughness of the workpiece,
ete, have been postulated by using Hesponse Surface
Methodology (REM),Taguchi Method, Artificial Neural
Network (ANN) and other solt computing technigues.
Performance of the developed insert is also compared
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Figure {a) ZTA Ceramic tool fitted in a lathe (6} SEM image of Developed
ZTA nano composite (o) Flanh wear of cutfing tnserf after § minutes

aperation (vd) Relation of fank wear with ather aperating parameters

te other standard ceramic and coated carbide inserts
with respect to tool wear, cutting forces, chip reduction
coctficient and surface finigh of the work,

Future plan

In future, thiz Group will concentrate in some of the
upcoming areas of advaneced materials and technology
which have an immense impact in the society, These
include
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Hyvbrid scaffold for soft and hard tissue
generation.

Multiferroic Nanocomposites: Novel materials
for emerging technologies.

Biosensing and biodegradation of  agueous
phenolic contaminants from industrial waste

waler.

Development & performance study of cross-
flow nano-functional porous ceramics for water
Lreatment.




SIMULATION & MODELING AT CSIR-CMERI: NEW HORIZONS

Forays in the field of
Computational Fluid Dynamics

CSIR-CMERI  professes  a

Computational Fluid Dynamies
involves numerical simulation of fluid How phenomena.
In addition to high profile manpower, CSIR-CMERI
iz equipped with high end workstations with Intel
and C++ compilers and ANSYS-Fluent
Aow simulation software, The Simulation & Modelling
Group of CSIR-CMERI further possesses the requisite
zkill in the development of Navier-Stokes solvers
suited for specilic applications. The developed solvers
are based on varied technigues mncluding the lattice
Boltzmann method, finite volume and finite element.

major strength  in

# discipline which

Fortran, C

Within the short period of the Simulation & Modelling
Giroup coming into being, a comprehensive numerical
model based on finite volume and lattice Boltzmann
methods has been developed which 1s useful in phase-
change processes commonly encountered in casiing,
forging, steel making, semiconductor cryvatal growth

and other modern manufacturing processes such as
laser cutting, laser drilling or laser surface alloying.
Fundamental studies on characteristics
of flow over blufl bodies undertaken by the Group
finds application in heat exchangers, space heating.
cooling towers, electronic cooling, flow around arrays
of nuelear fuel rods and heat losses from high-rise
buildings and chimnewys.

thermal

Some of the ongoing and
proposed research involves flow and thermal modelling
of magnetohydrodynamic and  electrohydrodynamic
micropumps used for transporting liguids through
miniaturized svstems. Thizs is an important field due to
its potential application in biotechnology, microchemical
analysis, drug delivery svstems and chip-integrated
cooling systems. A related filed of activity is the study
of wall bounded magnetohvdrodynamic flow, where a
conducting fluid interacts with an externally applied
magnetic field, This happens in handling of liguid
metal in metallurgical processes, coohing cireuits of Fast
fission reactors and in self-conled hlankets of fusion
reactors, where a liquid metal is used both as a coolant
and a breeder material.

00

35553555550

KL

Figure ©: Left column - vorticity plot for flow over bluff obstacles; Middle and right

- Simulaled dendritic morphologies in the

ahzence of fuid low during ceyatal growih, corresponding to o thermal undercooling of 10K Middle - Dendritic envelopes with
decciivated thermal nolse mechanisms, Right - Solidified phase fraction distribution with thermol noise mechanisms activated.
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been a  Aurry  of
multidisciplinary research centred round biolugical
systems. A proposed project which will be one of the
major activities of the group in the future is aimed at a
deeper understanding of the dynamics of biological cells
in micro scale conduits in response to either a chemieally
changing envirenment or shear stress imparted by the
background flow, Scientistz involved in this project
will also be focussing on modelling and simulation of
microbial enhanced oil recovery (MEOR). The ultimate
goal of this latter direction is to improve the recovery
of oil entrapped in porous media, increasing economic
profits, The numerical approach will be to solve a set
of coupled nonlinear parvabolic differential equations
including equations for the rate of diffusion of microbes
and their capture by the porous medium and difforential
balance equations of nutrient transport, including the
effect of adsorption. The bacterial growth kinetics
will be based on the Moned equation. Artifieial neural
network modelling will be used for the description of in
situ MEOR processes,

In recent  times  thers  has

In any complex fHow scenario, vortices play an
important role, The Simulation & Modelling Group ia
invalved in the study of vortices in both incompressible
TEETImEs
numerical techniques such as the compact and high
order MUSCL schemes for evaluation of the convective
devivatives and spectrally optimized multistage Runge-
Kutta time integration schemes, Investigations on
innovative use of boundary conditions have led to the
numerical simulation of an solated vortex subject
to background shear in a relativelv small numerical
domain, A pressure-veloeity [formulation has been
emploved for this study, Research 12 alao undertaken
on zolving similar problems using a stream funetion
and wvorticity approach. The high accuracy schemoes
mentioned before are reguired to capture these vortices
and their interaction with the surroundings, leading
to growth of smaller vortices — features which are
difficult to resolve using standard schemes at high
Reynolds numbers. These fundamental studies cquip
the numerical analyst with much needed insight as
he encounters more complex fow configurations. The
CSIR-CMERI-built autonomous underwater wvehicle
AUV provides an excellent opportunity for utilizing
the innate numerical ekills in accurately predicting the
lift and derag forces on the AUV, This project, currently
underway, gains more importance as the AUV proudly

and  compreszible flow using  advanced

aims at diving to greater depihs below the sea surface.
When the meoming flow hits the vehicle at a large
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angle of attack, the AUV would be shedding vortices
sidewaya. The fundamental studies on 1solated vortices
form the platform based on which these real life
situations can be carefully assessed. Capturing these
vortices would require careful grid generation, an area
where the Simulation & Modelling Group members
have adequate background. Though it is possible to
design a vehicle baszed on available theoretical and
empirical data, well validated numerical tools lead to a
more reliable design — one with lower factors of safety
and therefore, capable of handling its power resources
more efficiently. Using numerical tools, the designer
can estimate the performance of the vehicle in off-design
conditions. Compared to experiments, these numerieal
data come at a significantly Tower cost. In future, the
plan is to estimate the hydrodynamic coefficients using
CFD simulation, Full six degrees of freedom motion
studies of the vehicle can then be conducted using these
coefficients in the governing equations.

Arrcratt and missiles fly at apeeds where the Mach
number is high, necessitating use of compressible flow
solvers, There are several classes of numerical schemes
for use in compressible solvers developed across the
world over the past few decades. Interprotation and
implementation of the achemes need simple numerical
set-ups where the baszic flow features are present. In
a recent collaborative research effort involving the
Simulation & Modelling and the Thermal Engineering
groups of CSIR-CMERI and IIT Kanpur, a shock tube
generated vortex has been studied numerically and
experimentally, This research also led to the study
and implementation of advanced boundary conditions
designed for unsteady compressible Hows. The primary
objective of this study was to understand evolution of
shock tube genersted vortices and their interaction
with trailing Kelvin-Helmholtz instahility generated
vortexlets. To complicate the situation, the primary
vortex has embedded shocks. The shoek waves and
the cores of vortices are regions of sharp gradients of
How variables, and one needs to cavefully adjust the
numerical dissipation of the scheme such that it is
neither too high to remove flow details, nor too low so
that the solver blows-up’ during time teration. In g
related study, a moving shock is allowed to diffract
over a wedge leading to a tip vortex which interacts
with reflected shocks. This study employvs fifth order
MUSCL interpolation schemes for the conveetive terms
with a six stage Bunge-Kutta time integrator. The
resulting vorticity field is shown in Figure 2. A three
dimensional version has also been developed to study




mixing characteristics of air injections in a supersonic
stream behind a backward facing step. This effort is
likely to culminate in the development of an indigenous
solver eqguipped with several advanced turbulence
models for seramjet combustors, calering o the needs
of the defence sector of the country.

t = 249.4 pa
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Figure 2: Vortex evolution in ahock diffraction over o wedge -
hnown as the Schardin problem.

Hypersonic wvehicles operate at even hicher Mach
numbers. handle
dissociation of the component gazes of air. Elfect
of incorporation of an equilibrium  air-chemistry is
dizplaved in Figure 3. This solver. developed by a
member of the Simulation & Madelling Group, is based
on unstructured grids, enabling it to include multiple
bodies in the computational domain with ease compared
to a multi-block structured solver. The contour plots
show that the shock loeations [or the perfect gas and
equilibrium chemistry models under the same free
stream conditions arve different. The shock location
in equilibrium chemistry model 1s closer to the body
compared to perfect gas model, The density ratio across
the shock is considerably higher in the former model
and since the shock stand-off distance varies inversely
to the density ratio, the shock is closer to the body,
The difference in pressure ratio in the two models is
marginal but the temperature in equilibrium chemistry
model is much less. The differences mereaze with flow
Mach number.

The numerical  solver has  to
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Figure 3 fa) Densitv, (5) pressure, (o) iemperature and (d)
Mueh number condowrs over o semi-cireular body af Mach 10
perfect gas model (upper) and equilibrivm chemistry model
{lawwer).

In simulation of fow over bluff obstacles, often it is
assumed that the body is rigidly fixed in space. In an
mteresting study, a fimte element based How solver
has been employved by a group member to observe the
vortex shedding pattern behind a eyvlinder in forced
vibration. Figure 4 shows the resulting vortex shedding
pattern, This study will be extended to investigate more
complicated fuid-structure interaction (FSI) problems
in future,

In the field of Computational Fluid Dynamics, The
Simulation & Modelling Group is looking forward
to applving various fHow simulation techniques in
fundamental studies as well as practical applications.

Computational Solid Mechanics

Another component activity of the Simulation and
Modelling Group (SMG)  targets research in the
field of computational solid mechanies, especially in
the area of developing new robust finite elements
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that are immune to distortions. Such distortions in
elements are often unavoidable due to meshing around
sharp corners that occur in many problems of stress
analysis. Isoparametric elements are sensitive to such
distortions and vield results of considerable ervors in
the estimation of stresses near sharp edges.

Recent research work in error analysis of finite
elements at CSIR-CMERI has Fiven rise to new and
tmproved class of parametrie finite elements that are
immune to distortions. These elements automatically
satisfy the best-fit paradigm of computation. The
ethicacy of performance of the recently  developed
one-dimensional, quadratic, three-noded parametrie

element under distortions (arvising from the offset of
the internal node from the element centre) has been
demonstrated, Research is being conducted to develop
robust two- and three-dimensional distortion immune
elements for various fields of engineering and physical
sciences,

Together with the Product Design and Simulation
Divisgion, the Simulation & Modeilmg Group is also
involved with some R&D activities for industrial
requirements. These include the development of design
procedures and dynamic stability analvais of aireraft
landing gears, and the design and stress analvsis of
composite eyhinders subjected to high pressures.

Figure 4: Vortex shedding pattern behind a vibrating cylinder. Top- The 2P mode of shedding wfwn the forcing
frequency is one-third of Strouhal frequency, Bottom- The 25 mode of shedding when the forcing frequency is equal to
the Strowhal frequency.

- 81K - Central Mechanical Eug‘ineeﬁng Research Instituls




LOOKING AHEAD

EXPERIMENTAL INVESTIGATION OF FLUIDIZED BED GASIFICATION

The need for conserving limited supply of fossil fuel,
elimate change and mereazing concern over global
warming have prompted seavch tor new and cleaner
methods  of power generation, particularly  from
renewable  energy sources, Amongst  the different
renewable sources, biomass appears to be the most
promising source. India has substantial biomass
rezources in the form of agricultural residues that are
currently used as domestic fuel. However, the process
of utilization of biomass in the domestic sector is guite
inefficient, and such utilization contributes te pallution
from  inadequately  controlled  gasecus  emissions.
(GGasification of biomass — basically thermo-chemical
conversion of solid biomass into fuel gas containing
mainly hydrogen, carbon monoxide, carbon dioxde,
methane and nitrogen — probably constitutes a more
efficient way of bomass utilization, The product gas
[rom the reactor also contains some contaminants ke
char particle, azh and some higher hydrecarbons or tar.
A limited supply of oxyveen, air, steam or a combination
of these serves as gasifyving agent. Biomass gasification
by using air produces a gas with a lower Calorific
Value (4-7 MJ/Nm*), whereas gasification with steam
and oxygen produces the gas having medium to
higher Calorvific Values (10-18 MJ/Nm*. In biomass
gasification, fuidized bed technology is widely used
due o the advantages of high heat transfer, uniform
and controllable temperature, [avorable gas-solid
contacting, ete.

At CSIR-CMERI. Durgapur experiments are heing
conducted in a laboratory scale hubbling fluidized bed
tor devising efficient wavs of hiomass utilization (Figure
1}, The inner diameter of the lab-scale gasifier is 50 mm
and the length 1200 mm. Rice huskisused asthe hiomass
fuel for the current investigation. Superheated steam
at 200% C 15 introduced at the bottom of the gasitier.
The steam is used both as gasifying and fuidizing

STEAN OQEMERATOR @

Actual photograph of the gasifier

Figure 1: Bubbling fluidized bed gusifier

agent. Rice husk is fed mto the gasifier through a
water-conled screw feeder with a variable speed drive.
Sand is used as inert bed material due to the non-
granular and Haky nature of the rice husk. The pasifier
15 placed inside an electric furnace to provide the heat
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required for gasification. Temperatures are measured
with R-type Platinum-Rhodium thermocouple and hot
gas escaping from the gasifier is cleaned and cooled
before being analysed in a Gas Chromatograph. The
Gas Chromatograph is calibrated in the range used
belore analysis, Experiments for different temperature
are carrvied out by initially keeping the S/B fixed and
then by wvarving the S5/B keepimg the temperature
fixed. The resulting product gas compositions are
studied. The results of variation of gas composition
with reactor temperature and steam rate arve shown in
Figures 2 & 3.

Gas Composition Vs Reactor Temperature
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Figure 2: Gus composiiion with lemperature
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Figure 3: Gas compogsadion with steam rate

To avoid the external heatl source, a dual Auidized bed
gasifier is developed as illustrated in Figure 4. This
dual fluidized bed gasifier comprises two interconnected
veactors, one of which acts as the gaszifier while the
other acts as the combustor, The heat required for
gasificatiom — which iz supplied from the electric
furnace in the present investigation — is replaced by
the continuous transfer of hot bed material from the
combustor, thereby dispensing with electrical energy.
A cold model study of the dual flidized bed gasifier
has been undertaken, The study includes the effects of

m CSIR - Central Mechanical Enginecring Research Institute

axial pressure drop. axial voidage and solid cireulation
under different operating conditions.

P Air

Combustor

&
—t 5
/ I Air
A 5
Air gl

Figure 4: Twan luidized bed gusifier

CFD simulation of fluidized bed
hydrodynamics

Computational Fluid Dwynamic (CFD) can be used
as a powerful tocl for understanding the complex
phenomena of interaction hetween the gas phaze and
the particle phase in a luidized bed svstem. In general,
two different categories of CFD models — the Euler-
Fuler Model and the Euler-Lagrange model — are usad
for luidized-bed simulation. In the Euler- Euler model
both the gas and the sohid arve treated as a continuous
phase. On the other hand, the Euler-Lagrange model
treats the gas as continuous and the solid as diserete
phases and the motion of each particle is tracked. The
Fuler- Euler model has been selected for the ongoing
study to understand the hyvdrodimamics of the 2-1
bubbling fluidized bed reactor with Geldert B particle.
In the Euler-Euler approach, the different phases are
treated mathematicallv as interpenetrating continua
and conservation equalions for mass and momentum for
each phase are derived separately. Coupling is achieved
through the interphase exchange coefficients and the
solid phase properties are obtained by the application
of the kinetie theery of granular flow (KTGF)L The
physical madel of the reactor is shown in Figure 5 and
the system property and the initial condition for the
present simulation are provided in Table 1
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Table. 1. System property and initial condition

Width of bed (m) (L155
Height of bed (m) 0.4
Particle diameter (um) A0
Particle density (kg/mi) 2500
[nitial bed height (m) 0.2
Initial solid volume E'ract_ion 0.4
Hestitution cocfficient (.99
W‘Hlmfit.y {misec) | 0.587

Figure 6 shows the bubble formation with time
obtained from the simulation. It shows that
initially there iz slug formation of a large bubble
due to the sudden inlet gas flow into a stagnant
hed. Small bubbles form in the bed after the slag
{formation of large bubbles breaks up.

0.55 sec 0.7 sec

1.1 sec

Figwire 6 Bubble formation in o bubbling fluidized hed reaetor
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EMERGING PROSPECTS IN SURFACE ENGINEERING & TRIBOLOGY

The better of [riction, wear and

lubrication leads to superior products and processes,

understanding

Frictional interactions in small zcale are becoming
increasingly important lor the development of new
products in mechanics, chemistry, electronics, life
sciences, sensors, and by extension for all modern
technology related to microsystems engineering, The
word Tribology derives from the Greek “tribo)” meaning
“to rub,” and “logos,” meaning “principle or logic.”
Tribology is thus the science and technology of
interacting surfaces in relative motion. Tribalogy
includes research with and apphication of the principles
of friction, wear and lubrication. Surface Engineering
indead is an interdisciplinary area in materials science
that deals with the surface of solid matters. Surface
engmneering technigues can be used to develop a wide
range of functional reguirements, including phyvsical,
chemical, electrical, electronic, magnetic, mechanical,
woar and corrosion properties at the required substrate
surfaces. Almozt all types of materials — including
metals, polymers, ceramics, composiles, blomaterials
and nanomaterials — can be coated on similar or
dizzimilar materials.

Research in Surface Engineering and Tribology at
CEIR-CMERI, Durgapur is primarily focused on the
understanding of a range of azsociated phenomenon,
and 15 aided by well equipped state-of-the-art and
unigque experimental facilities, mostly designed and
developed  in-house. The current research domains
include Micro-Seale Air, Foil and Magnetic Bearings,
Micro-Mechanical Machiming, Nano-Lubrieation and
Cooling, Nanocomposite films for wear resistance,
Nano-Seale Surface Texturing and Manipulation for
improved tribological properties, Experimental and
Theoretical understanding and prognosis of fatigue
life of rolling element bearings, and ¢ nhancement of
residual life of machine elements using various signal
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conditioning and improved noise reduction algorithms.

pAir, pFoil and pMagnetic Bearings: Under the
Eleventh Five Year Plan, CSRI-CMER] extensively
worked towards the development of p Air Bearing
along with extensive theoretical and experimental
studies to generate comprehensive knowledge in these
areas. The development of externally pressurized amr
bearings and porous air bearings arve notable among
these with applications in High Speed udir Spindle
and plinear Stoge with submicron accuracy. Also
waorthy of mention 12 the development of pTurbine
with successful demonstrated running speed of 275000
rpm maximum. These are critical technologies needed
for development of p-manufacturing machine tools
and products. As evident, understanding the inherent
physies of bearings holds the key to the successful
development of turbo-machinery, with the experiments
providing advanced information for conversion to high
fidelity products.

2.758 Lacs rpm

Bremonstrated Microturbine running af 275000 rppm

MNormally, an indirect method 12 used for measuring
various dynamic coefficients pertaining to bearings.
However, by introducing innovative loading decoupling
mechanism, a test rig has been successfully developed
for determining air bearing dynamic coefficients,
Study of foil bearings with the target of applying the
technology for spinning spindles or turbines has also
been  undertaken, Development of micro-magnetic




bearings having typical application in ventricular assist
devices, artificial heart pumps. ete. 1s also an area that

15 receiving attention.

Imnovative Gas Bearing Test Rig for directly

evaluating dvnamic coefficients of bearings

uMilling: An interesting facet of ongoing research 1s
the development of a five axis micro milling machine,
which probably iz the first indigenous development
and the machine is currvently being calibrated and
experimented on. The developed micro milling machine
has a work volume of around 20 mm x 20 mm x 30 mm,
with 50 nm minimum resolution, and with minimum
steps along the A & C axes of the order of = 0.002%, and
a spindle speed of around 80000 rpm. The gantry type
machine has improved stiffness and better accuracy,
Twao tvpes of controllers were developed comprising the
National Instruments’ LabView bazed Controller and
the Delta tau controller. Extensive experiments were
conducted Lo investigate the coating of different micro
cutting tools and to find the optimal cutting conditions
of different advanced materials such as INCONEL
718, Titanium alloyz, ete. Development of novel cutting
fluids is being pursued right now,

Five Axis pMilling Machine designed and

develaped by this group, First (s ind in Todio

Nanotribology: The use of traditional additives
in automotive and industrial lubrication leads to
substantial toxicity and pollution. Gas emissions
engendered by these additives are harmful for the
environment: moreover. the slow degradation of the
additives adversely affects the tribological properties.
Initiatives are being taken to develop a new generation
of lubricants based on the additives using layered
nanoparticles. Conventional heat transfer fluids such
as water, minerval oil and ethvlene glyveol play an
important role in power utilities, as also in chemieal,
air conditioning, transportation, and microelectronics
industries, The heat transfer properties of these
conventional fluids can be significantly enhanced by
selective dispersion of nanometer-sized sohid particles
and fibers (ie. nanoparticles) in Auids. lonic liguids
(1Ls) in principle are a diverse group of salts which are
liguid at ambienl temperatures and offer a very wide
range of properties as non-volatile plasticizers, thermal
and hvdraulic fluids, high & low temperature lubricants
and electrolvtes for electrochemical cells and devices.
lonic lguids are becoming increasingly important and
of particular interest because they have a number
characteristics negligible
volatility, non-Aammability, high thermal stability,
low melting point, broad liguid range, and controlled
mizeibility with organic compounds, In particular focus
is the use of water ag a carrier for industrial cooling and
lubrication.

of  matchless mneluding
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Predictive Maintence Through
Used Oil Analyis:

What is blood to humans is circulating oil to machinery.
Like blood, lubricating oil carries substantial levels of
information about the machinery in which it circulates.
Wear of moving parts, for instance, produces a good
amount of minute particles, which are carried by the
lubricant., These minute metal particles invisible to
the naked eye can provide precise information about
the machine elements that ave being worn out and can

be detected by using ferrography. The lubricant itself

can produce or contain contaminants - wear, sludge
{deterioration of the oil), soot, acids (oxidation of the oil,
sulphur from fuel), temperature changes or extremes,
fuel, anti-freeze, deterioration of packing and seals
{e.g. deteriorating through the action of synthetic oils
ar brake fluids), ete.

Oilanalyvsis (OA)isthe sampling and laboratory analvsis
of lubricant properties, suspended contaminants, and
wears debris. OA iz performed during routine preventive
maintenance to provide meaningful and sccurate
information on lubricant and machine condition. By
tracking o1l analvsis sample results over the life of a
particular machine, trends can be established which
can help to eliminate costly repairs. OA can be divided
into three categories:

1) Analysis of o1l properties including those of the
base oil and its additives,

21 Analysis of contaminants,
31 Analysiz of wear debris from machinery,

Several methods are used to analvze oil condition,
contamination and wear debriz, These include viscosity

m CSIR - Central Mechamieal Engineering Hesearch Institute

analysis, total acid number (TAN) assessment, total
base number (TBN) assessment, particle counting,
analytical ferrography analysis as well as detection of
contaminants and degradation of lube oilz like =oot,
water, niteation, oxidation, sulfation and antiwear
depletion using Fourier Transform Infrared (FTIR)
Spectroscopy,

Frin

Lifirasonic Nano Particle Analvzer

Pin-on-Disk




TAN/TEN Analyzer

Anto Vise

laed O Analysis Instruments and
Fucilities ot SET Groug

(CSIR-CMERE= oil analysis service detects abnormal
equipment condition before that equipment runs into
costly repairs, with time to schedule corrective action.
This reduces the cost of the repatrs. Problems are caught
early, minimizing unscheduled and costly downtime.
Physical and chemical properties are determined using
sophisticated SpectroVISC Q™ vizcometer, PerkinElmer
100 series FTIR Spectrometer and 877 Titrino plus
TANTBN analyzer. Fluid and machine destructive
contaminants are detected by particle size analvzer
{(fetasizer nano 2590 by Malvern) which measures the
particle sizes ranging from 1 nm to & micron as well
as FTIR and partly by TAN/TBN analyvzer. Infra Red
Analyais (FTIR) determines basic physical composition
(hase stock and additives), additive chemistry and
their effectiveness, contamination including oxidation,
sulfation, nitration, water, antifrecze and soot and lube
degradation. The nature, severity and root cause of

a machine wearing problem iz detected by analyzing
the wear particle morphology, color, size, reflectivity,
surface appearance, edge detail, angularity, ete. using
analyvtical ferrography.

Predictive Algorithms & Filter
Design:

Working with industry and responding to the innovation
needs of industery constitutes another area of research.
Development of tool wear monitoring svstem for wire
drawing process has been well recognized inindustry due
to ever increasing demand for high gquality production
improvement, More specifically,
increasing market demands on productivity and
aceuracy of wire drawing process renders monitor wear
nocessary. Wear monitor has been extensively studied

and productivity

by the manufacturing industries for over three decades
and no accurate and reliable product for measuring
tool wear has been developed yet. As of today, no
commereinl tool 12 available for monitoring the wear of
wire drawing die. CSIR-CMERI iz currently working on
development of innovative die wear monitoring aystem
based acoustic signal analysis and Altering algorithms.
Future Research: under XII five vear plan, 1t 1s
proposed to work on fontier technologies such nano-
seale surface texturing, nano-scale positioning syvstem,
nano-composite, lubrications for MEMS devices, ete,
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LOOKING AHE

THE WORLD OF MICRO-NANO SYSTEMS ENGINEERING

A Brief Introduction

Micro-nano systems engineering (MNET) is the science
of creating, designing, integrating and manufacturing
miniature components, instruments and systems having
feature dimensions in few nanometers to few microns,
The world of micro-nans svslems enginecring involves
multidiseiplinary approaches, integrating mechanical
and electronic elements with computational, chemical,
biological and optical elements, and a wide range of
materials, The ability to create structures and patterns
on microscopic and  sub-microscopic length  scalos
has triggered a wide range of scientific investigation,
leading to development of novel miniaturized devices
and svstems for transporting and manipulating Quidic
aamples in a rapid, efficient and controllable manner,
The applications are many in diverse high-technology
areas including  biotechnology  and  biomedical
engineering, inkjet printing, thermal management
of electronic devicesfzystems, ete. However, it needs
to be appreciated that microsyvstems does not become
functional by itself’ but requires a strong interfacing
with advanced miniaturized fabrication protocols to
make the devices and systems functional and elfective.

CSIR-CMERI Focus

Sinece 2006, researchers at CSIR-CMEEI are
continuously striving towsards engineering ol syvastems
and machines involving electronic, mechanical and
chemical elements and for multiple functions on the
dimenszional scale of 10 nm to 500 pm. The research
focus meludes:
¢ [Fundamental understanding of mechanics, heat
transfer, fluidies, electronics, chemistry, optics,
energy conversion  and storage technigues in
MICro-nano systems enginesring

m CRIR - Central Mechanical Engineering Research Tnstitute

o Multi-material micro-nano scale manufacturing
science
of integrated micro-machines,

svatems and devices

e Development

o DMicro-machine  elements  including  micro-
bearings. high speed spindle and micro-nano
tribology, ete,

o  Lab-on-chip devices for bio-diagnostics

o  Bio-inspired actuators and sensors

The First Milestone

During the XIth five-vear plan period, CSTR-CMERI was
charged with the nodal responsibility of implementing
a network project on Modular Reconfigurable Mult
Material Micro Manufacturing Systems (MEMMS) [or
Desktop Manufacturing Capabilities in collaboration
with three other CSIR laboratories. The abiding efforts
of six research groups across the four laboratories
led to the successtul demonstration of four micro-
machines, Over the last few vears, these teams have
made significant contributions and many of the studies
performed in CSIR have been attempted for the fivst
time. The key achievements made under this network
project include:
1. Design of and development first generation

Micro Machines

s Micro — EDM machine

*  S-axis micro milling machine

e  Micro-scale laser processing machine
(under

¢ Reconfigurable micro-factory testbed

development)




2. Development of process technologies and a

few important scientific investigations

e  Platinization of Nafion polymer for developing
[onmic Polymer Metal Composites for actuator
applications

o Parallel spark across muluple clectrodes in
w-EDM: the concept towards enabling batch
production capabilities

o  Selective laser (micro-laser) sintering of Cu
powder <10 um particle size

# Synthesis of 30 nm scale Alumina powder hy
solution combustion method

3. Development of micro machine elements and
subsystems

e High Speed Spindle (160K rpm) for
machines

H1LET

o Linear stages with magnetic bearing

¢ Prototype software svstem for part familv
formation and  operation
reconfigurable micro manufacturing svstems

clustering in

Current Capabilities

Micromachines and multi-material micro
manufacluring process technologies with following
operational capabilities:
e Micro milling of A1) features
o Channels : 100 pm, holes:150 pm diameter in
1 mm thick plate
o  DMaterial: Metals, polvmers, green ceramics,
metallie glass, et
e DMicre EDM-milling of 3D features
s  Channels and holes : 20 pm on Copper, 50 LLITE G
aluminium

s  Pulsed Laser Ahlation
s 50 pm size 21 features with complex geometry
up to an aspect ratio of 200

o Microfluidic structures on PIMS substrate

Micro-Fludic Devices

Integration of the these mechanical based micro-nano
scale fabrication have unigue advantages of process
repeatability, capability of structuring three dimensional
micro-nano scale features over multi materials and
provision of cost effective solutions for bulk integration,
these have limitations with

Hf}“’l‘.“i{"!‘, Processes

respect to the minimum feature size and surface finish
comparing to conventional micro [abrication processes
like lithography, etching. ete. At CSIR-CMERI,
researchers have made use of these characteristics to
develop chip based micro-fuldic devices — specifically for
micro mixing, cell separation, cell sorting, ete, which are
primarily required for lab-on-chip bio-diagnostic devices.
Here researchers have used patternsfmolds fabricated
using micro machining technigques (laser ablation, micro.
EDM and milling) to replicate the desired =tructures on
bivcompatible Polvdimethylsiloxane (PDMS).
1 shows sample micro channels structured with micro
pillars of 100 pm generated on PDMS using a copper
mold machined by nano-second pulsed Nd-YAG laser.

L
Figure

Micro pillars in POMS channel

Micro gel particles
generated in PDMS fluidic

channels

Lo mm o dia impellers fabricated
naing FOMS

Figure 1: Microffuidic devices

Future Directions

In summary, current capabilities of generating micro-
nane scale 30 features and design and development
of Micromachines to perform these operations have
created wide opportunities for future research., While
the research focus during the 11th Five Year Plan was to
develop the process technologies and machines capable
of generating micro-scale (100 - 500 um) features on
multi-materials, the researchers across the CSIR family
intend to collaborate for developing Micromachines and
process technologies to generate nanostructures having
features <100 nm over larger areas. In addition, these
teams by combining the multi domain expertise of
microfludics, micro systems design and fabrication are
also aiming to develop intelligent sensors, actuators and
bio-diagnosis systems in coming vears,

Annual Beport 20010-11 E




LOOKING A

NEW RESEARCH IN SURFACE ROBOTICS

Surface Hoboties 1= one of the major areas for Hé&l) in
CSIR-CMERI and invention and innovation arve the core
ethos with which the Surface Robotics Group functions,
where researchers from varied disciplines are invited
to participate for providing appropriate R&D solutions
to myriad problems, The major and subsidiary areas of
research undertaken by the group comprise:

a, Deliberative model based navigation

b, Behaviour based Roboties with Reinforcement
Learning with
- Commeand & Control Architecture

e Integration and fusion of Multiple Sensory
Information including Computer Vizion

Past and present activities of this group under various
funded programmes culminated in the sucecessful
indigenous  development  of All Terrain,
Serpentine and Amphibious robots which were designed
to augment preparedness for mission reguirements
related  to  disaster management and mitigation.
Inspection, law enforcement, security and surveillance

Aerial,

are also areas which stand to benefit immensely from
these developments,

All these navigating robots essentially make use of
terrain modeling and sensor fusion involving various
pstimation theories. While deliberative model-based
navigation takes up the kinematic andior dynamic
contral of the svstem. the sensor model detects the
environmental changes so as to collaboratively perform
navigational and exploration tasks. Behavior-based
navigation, on the other hand, does not require a model
for the system ar environment and essentially uses
direct sensor Lo actuator mapping, which does not rely
on the explicit world model and path planning used in
the other approach. Owing to its inherent approach
using direct action for sensory stimulus, behavior-based

m CSIR - Central Mechaniesl Enginecring Research Institute

robotics 15 also veferred to as reactive robotics, Though
such an approach on navigation cannot be considered as
an optimal one. yvel this approach perhaps provides the
best possible action given a set of sensory stimulus from
its spatial neighborhood, Such action is obviously sub-
optimal, vet arguably more rational for navigational
tasks since in the case of ohstacle free path planning, the
neighbouring objects have more influence than obstacles
or ohjects located far from the robots. Reinforcement
learning iz a svstem-environment interaction relying
on the reward’ punishment methodology against a
previous action executed depending on the previous
state of the syztem, This helps the robot to act more
rationally and in a more subjective manner even when
the environment changes in a completely unknown!
unpredictable manner,

Generalized Multi-agent Q-learning for a svatem. The
system is divided in two main parts: different agents and
the coordinator. Svatem inleraets with the environment
with the help of coordinator

Applying vizion senzor for robot navigation and map
building is the core driving force behind the initial
growth of vision research, which in course of time
has evolved and given way to the pursuit of invelved
research in the field of image processing and computer
vision. Research in the field of vision was promoted




from the fact that sight — a major source of sensory
information for human beings — can result in the
achievement of visual automation for a very hroad
range of applications when provided to machines, The
following broad areas within the domain of computer

vigion are finding major attention in R&D as of now:;

o Design and development of multipurpose seale
space filtors
s Ohject

asearch space

detection  using  a  multi-parametric

o  [esl time panorama

o  Object tracking

o  Face recognition algorithms tackhng multiple
variations

e Apge estimation using gender information

o Recognition of faces altered by plastic surgery
[rom pre-surgical data

¢ Race information and expression recognition
from face images

o  Hand gesture recognition for sign language

o  Visual ingpection of Braille print quality

Research in robotics is being diversified and bolstorad
to be at the forefront in Indian scenario, and a few
new concepts and ideas are being proposed for more

commercial viability, These areas embrace:

o Mobile robots with enhanced capability for
security and survelllanee applied to various
areas such as border patrolling, mine detection,
[ED) detection & handling

o Study of the feasility of robotic applications in
underground mines

»  Capability building in rover technology for
planetary explorations

e Development of service robot for building and
other structures

The approach as  outlined above leads to the

segmentation of each project into three sub tasks,
each of which has the common aim of developing
a  decentralized

cooperative  exploration

svatems.  The

strategy
further
enhances decentralized cooperation and convdination

with multi-agent approach
mechanizms across multiple robots, ensuring more
efficient exploration, avoidance of spatial conflicts
and cost effectiveness, and can be achieved through
cooperative behaviour within a elass of robots, which
share common information, use complementary sensor-

sutte and avoid unnecessary duplication of sensors.

Even when the sensory svstem for each robot differs
widely in nature and perception range, the concept can
be extended to cooperative behaviour between different
classes, thereby giving rise to a system where each
activily merges the acquired information in a global
map of the environment increasing final accuracy,
quality of localization and reduction of the sccurrence
ot spatial conflicis,
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Robotic activities at SRLab:

The experinental serpentine robof Cserp. X Rotary Winged Flving Robot (RWFR)
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Outcloor Mabile Robot (OMR ¢ 2.0}

Suh-terrain Robot Befiaviowr based robot ARBIB- !
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ARTIFICIAL MACHINES WITH EMBEDDED BIOLOGY: THE ROBOTICS
OF THE FUTURE

You have guessed it right: technology is scaling new
heightz, where it 15 now possible that a machine
component will behave like a human limb. To be
more precise, technology is bringing o biological
properties within man-made machines. Thizs 15 not
simple replacement of an ergan with an artificial one:
the robustness, reliability and efficiencey of an actuated
mechanical device for performance of specific tasks
incorporating biological principles iz being greatly
enhanced. which would not have been possible otherwise,
These mechanical
devices include leg
or arm prosthetics,
mechanical
power  amplhifyving
devices like
exoskeletons and
even an advanced
household assisting

Stiffness variability mafkes o robot, or a robot
boxing Jab more powerful, surgical device,
What biological

principle iz actually involved, one may ask, Every
human and every muszeular animal makes use of the
mechanical stiffness variability in the joint actuations
through the compliant musculoskeletal svstem  for
performing each and every mechanical task. Imagine
a painter absorbed in his creation
to execute long gross strokes with a thick brush, he
keeps his shoulder, elbow and wrist joints light and
compliant; when he creates fine and intricate curves
with & thin brush, he works with the wrist maintained
in a =tiff position. Belore unleashing a knock-out punch,
a hoxer stores maximum energy in bis muscles and
releases the largest part of that stored energy to render
it compliant at the hit; as a vesult the muscle stiffness
gradually reduces aiding maximum transfer of kinetic

when he needs

m CSIR - Central Mechanical Enginecring Resenrch Institute

energy at the moment of impact. The new generation
of machines which are meant to interact with humans
andfor augment human efforts ave all making use of
this property of variability of mechanical stiffness for
their functional requirements; this can generally be
referrisd to as mechanical impedance variability,

Most of the
actuated by motors, and motion

tranafer takes place through a
transmission or coupler to the

machines are

output Iink. Future machines tor

A lingar helical coiled
tension spring as
against a rubber

interactive work will no longer
be rigid. Compliance and its

nand having variability in the Llransmission
nonlinear stretch shall impart Hexibility in  the
properties. same manner in which a biological

muscle acts. One may wonder
(‘ how wariability in compliance
produces work. Let us think of a
helical coiled spring, as we =ee it everywhere around
us. [t haz a spring constant, which can nol be varied.
Let us now take instead a rubber band and stretch it
The rubber hand gets stiffer as we continue to stretch

it: this is exactly what happens in a hiological muscle.

\rekaed) '|II

Biceps and Triceps co-ordination in |
mowving elbow and varying elbow l\
stiffness. Stiffness Increases as muscle U
fibres are stretched like a rubber
band,




The new generation actuation system makes use of
a transmission element that is similar in nature to
the rubber band which has properties of hoth motion
transfer and stiffness varialion.

But this again is not the
whole picture; one
te control both the motion
and the stiffness, entailing
two control nputs or two

needs

motors, In a musculoskeletal
system of the animal world,
a minimum of two muscles

actuate 1 single joint: just
consider the function of the
biceps and triceps that allow
the movement of the elbow,
In a perfectly coordinated
manner these two control both the motion and the
stiffness in response to the specific demand of the task
(painting, or, boxing). Similarly, in aroificial deviees
also a minimum of two inputs or two motors per joint
shall be needed to produce motion and stiffness.

A Robot Hand-Arm system
with Impedance/Stiffness
Varability (DLR, Germany)

Dustput Shaft an Angular
Contact Bearing with —__ ,mwmm
Capstan Pulley - ot T

Mon-finear Spring units «._

Viardahle Impedance Actuator
heing developed af CMERT

Considerable research attention 15 being divected to
develop such ‘machines with embedded biology™ at
CEIR-CMERI. Durgapur. For example. elforts are

being made to develop an
artificial prosthetic leg (e.g
knee and ankle proztheses)
which in view of its operating
on  biological  principles
shall be friendlier to the
user, offering an increased
degres of comfort. Once such
developments are possible, a
handicapped person such as
an amputee will be able o
adapt to varted terrains and
hard and soft surfaces with more natural gaits much
like # normal person. The next generation medical

Virriahle Stiffness Ankle
Prosthesis

surgery can truly be revolutiomized by the use of robots
under where the surgeon operates
remotely and a robot actually performs the operation
on the patient. The variable stiffness actuation will
provide feedback to the surgeon enabling realistic feel
of 1 soft tissue or a hard surface in a virtual reality
deviee, Nature optimizes its energy consumpiion and in
muscular actuation, stiffneas variability actually helps
n saving the net energy consumption, such as when a

teleaperation,

human being runs steadily. Similarly, fishes use this
energy optimal technigue during steady swimming by
tail (cavdal) fin sinusmidal movement: CSIR-CMERI
has mitiated activities to understand the swimming
mechaniam of fishes in order to develop artificial
underwater swimming vehicles for varied underwater
applications.

Bivmimetic Underwater Vehicle / ariificial fish.
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LIFE ASSESSMENT OF POWER AND PROCESS PLANTS

CSEIR-CMFERI, Durgapur has credibility and con-
siderable experience in the feld of Residual Life
Assessment and failure analysis of different process and
power plant components, which contribute directly to
significant improvement in individual component lives,
The institute has a strong interface with various power
plants over a long period of time, and Life Assessment
related activities have continued to remain in its thrust
areas, USIR-CMERI is aceredited as a Well Known
Remanent Life Assessment organization by the
Central Boiler Board, Government of India,

1t is an established faet that the Residual Life
Assessment route is economical, viable and the most
effective means Lo improve the overall availability of
the ageing power plants in India, which continue to
operate with a high degree of obsolescence. Belore
any renovation and modernizationn [ life extension
programme, 1t 13 mandatory to conduct Residual Life
Assessment (RLA) study of all critical components of
a power generating unit, which brings into notice for
mandatory replacement / maodifications necessary Lo
guarantee a minimum 75% plant load factor and 85%
plant availability.

In zpite of the best efforts of design engineers and
material scientists, engineering components fail in
service, In some cases failure may lead to serious
consequences like huge financial loss, environmental
contamination and even loss of life, In the event of a
failure it is therefore essential to investigate the root
causge of failure in terms of design, quality of material
and fabrication procedure and most importantly toavoid
the recurrence, The NDT & Metallurey group of CS1E-
CMERI 1z actively engaged in failure investigation as
a part of the RLA services. Thiz has led to minimized
foreed outages, thereby affording substantial, if indirect
savings of the national exchequer.

m CEIR - Central Mechanieal Engineering Research Institute

This article highlights two important case histories
related to failure investigation that were successfully
addressed by CSTR-CMERIL The first one relates
to a platen superheater header (Figure 1) which
fatled during zervice probably due to the combined
contribution of start-stop  transients,
fluctuations during operation (minor in magnitude,

t!?mi'.lf'!!".‘:] ture

but large in number), izolated but severely abnormal
thermal shocks, leading to the formation of thermal
fatigue cracks in the ligament region. The second, even
more severe and causing huge loss to the ONGO, was
the typical failure of a Mast structure of a Drilling Rig,
The rig mast eollzpsed suddenly while 1 operation,
causing severe twist in the middle section (Figure 2).In
both these cases probable causzefeauses of failure were
duly identified and preventive guidelines framed for

Figure 1: Failed superheater outlet header
after being removed from service

= =

Figure 20 Failed mest strecture of deilling
Fig-6 of ONGC, Bokara,




temperature damage mechanisms of exis

avoldance of such faillures in lature.

Apart from various BLA and failure investigative
works, NDT & Metallurgy group of CSIR-CMERI

considerable  research on  high

and

nir
ng

50 +0, atmospheres, The izothermal corrosion studies
at three regions of the elements at 973 K for 2.25Cr-
1Mo steel in 80+ O, environment show difference in
corrosion rate at the three regions of base metal, HAZX
and weldments, Some recent advancements have been
planned under the fortheoming five yvear plan period to

advanced materials used in thermal power plants.
Extenzsive work 15 being careied out to investigate high
temperature corrozion behaviour of 2.25Cr-1Mo and
GCr-1Mo steels used in thermal power plants under

develop nano-structured composite coatings for high
temperature applications

parts for petrochemical, aerospace and electronic device

in turbine blades, engine

industries,

1/nm
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RHEO PRESSURE DIE-CASTING

Aluminium allov is used abundantly as material of
construction in the automobile, defence, aerospace,
packaging, infrastructure and housing industries
because of s heht weight, high strength-to-weight
ratio and resistance to corrosion properties,

Conventional processing  techniques for aluminium
are carried out either in fully hguid {e.g., sand casting,
diecasting) or in fully solid (e.g. forging, extrusion)
states, Solidification in the fully hquid state is dendritic
m nature and the growing dendrites form g continuous
solid network in the solid-liguid zone that stiffens when
the volume fraction of solid exceeds approximately
(.2, Thereafter, the partially solidified metal cannot
be  deformed homogeneously  without cracking the
netwaork. This inhomogensous deformation of dendritic
network leads to macrosegregation in the components,
Pouring of hguid metal in this process further induces
turbulence in the mould causing porosity in the
cast, In case of solid-state application, the plasticity
regquirement is mandatory. Since the raw material is in
the fully =olid state and therefore less deformable, this
process demands high pressure and consequently high
energy. Therefore, there has been a constant search
for overcoming these difficulties of the conventional
casting and forging processes,

It has been discovered that when metal allovs are
vigorausly apgitated during solidifieation. the solid
which Torms has a special globular and non-dendritic
structure surrounded by nearly eutectic liguid. Due
to thiz microstructure, the partially solidified metal
slurey exhibits a significantly low viscosity and deforms
homoseneously, which leads to a new manufacturing
technology termed Semisolid Manufacturing, This
new technology is now widely accepied for production
of commercial components of extremely high integrity
castings enjoving excellent properties.

m {ISIR - Central Mechanical Enginesring Hesearch Institute

Semisolid processing:
Advantages

There are several advantages of semisolid processing
over conventional alloy casting processes, the major
being:

¢ Less shrinkage and porosityv: In liguid alloy
casting, one of the major drawbacks 15 the
formation of =olidification shrinkage leading to
macroporosity, Porosity is also facilitated by the
turbulent filling of die, causing air entrapment,
Nearly all these drawbacks can be overcome in the
case of semisohid die filling,

¢« Formability of thin-walled parts: As the
viscosity of semisolid material 12 sigmificantly
higher than that of superheated liguid metal,
filling velocity can be high even at a low Reynolds
number (e, without turbulence). With a high
filling velocity and easv metal flow, thin walled
parts can be cast with excellent consistency and
integrity.

¢ Superior  mechanical  properties:  The
mechanical properties of semisolid cast parts
are generally superior to those produced by
comventional  casting  with  the =ame alloys,
primarily because of the non-dendritic and defect-
free microstructure. Published literature revesls
that there is around 25% increase in elongation,
30% increase in impact and 7-10% increasze in
[atigue strength, As a result, semizolid parts lead
to considerable weight redueection,

* Reduction in machining and tooling costs:
Semisolid parts can be cast in the near-net-shape
form, as the surface finish iz excellent and the
shrinkage minimum, As die filling temperature is
lower and the heat content of the metal less, less
thermal shoecks are experienced and the tool lives
ArE more,




Applications

These features of advantage make the semisolid
forming process ideally suited for producing a wide
range of components for automotive, acrospace,
defence and structural applications. However, because
of lower production volume and more processing costs
as compared o parts made by conventional methods,
semisolid forming 1s generally adopted for special parts
demanding high integrity, consiztent gualivy, inereased
strength andfor  elongation,  increased  pressure
Lightness, thin walled sections and parts which are
safetyv-critical. Some such parts manufactured through
the 55 route include brake callipers, cluteh evlinders,
suspension arms, wheels, pistons, knuckles, engine
mounts, pulleys, rocker arms, bell covers, motor
housings, space frames, etc,

A major disadvantage of rheocasting is consistency,
as the guality of the final product depends divectly on
the slurry produced beside the die-casting machine,
For the process to be successful, it is important to
develop a process of slurry making which can easily
be standardized and commercializved. CSIR-CMERI,
Durgapur is carrving out rescarch primarily in this
area.

(Global R&D Trends

The focus of the foundry industry is gradually shifting

to modern casting processes to meet the requirement of

volume manufacturing of high performance components.
China is the largest casting manufacturer, leading even
the USA by a fair margin. Indian casting industries are
not equipped enough to adapt to rapid changes 1in the
production technigue in terms of knowledgebasze and
preparedness. Among the new casting technologies,
rheccasting process is being considered as one having
the maximum promise and considerable research is
being carried such institutes such as the MIT and the
Metal Processing Institute of the USA, the Aachen
University of Germany, the University of Shefield,
UK, the National Research Laboratory of Thixoe/BRheo
Forming, South Korea, the Alean Ine, the Aluminium
Technology Centre (ATC) of the National Research
Couneil of Canada. the Shenvang National Laboratory
for Materials Beience, China, ete. In India, except the
Mational facility for Semisolid Forming at the [1S5c.,
Bangalore, no major initiatives are discernable. There
18 a pressing need for developing a national level facility
for R&D) work on rheceasting technology to taroet
production in industrial environment. .

Current R&D Focus

R&l at CSIR-CMERIL Durgapur is focussed on the
design of a rheo dic-casting system to be developed

by integrating and synchronizing a semi-solid slurry
processing unit with a high pressure die-casting
machine. The schematic disgram of the proposed rheo
die-casting system 1s shown in Figure 1.

Figure 1: Schematic dingram of

the Wheo die-casiing svatem

The semi-aolid slurry processing unit consistz of a
resistance heating furnace to melt alloys, a cooling slope
to form equiaxed globular grain by breaking the long
columnar dendrites in the semi-solid region (between
hquidus and zolidus line) and a holding bath which
contains the semi-selid slurry for feeding the slurey
in the preszsure die-casting machine in a predefined
interval, A zemi-solid slurry transferring syvstem is
integrated with the holding bath to feed a metered
quantity of slurry in the die-casting machine.

The production of globular fine eguiaxed grain
structure depends on several parameters such as
length, angle and temperature distribution along the
cooling slope. Pouring temperature is also an important
parameter for controlling the globular fine equiaxed
grain structure. The semi-solid slurry is collected in
the holding bath for transferring quantity slurry to the
pressure die-casting machine. As the semi-solid slurry
iz poured into the bath continuously and a metered
quantily 1s transferred to the die-casting machine in a
predefined interval, the semi-sohid slurry needs to stay
in the holding bath for some duration. During the stav
of the semi-solid slurey in the holding bath, re-melting,
nucleation and grain growth may take place. To keep
the desived solids fraction by minimizing re-melting,
nucleation and grain growth in the holding bath a close
control of the process parameters is required, A svstem
of transferring semi-solid slurry needs to be developed
for feeding metered quantity at a predefined interval,
During mould  filling in the pressure die-casting
machine, changes in solids fraction and casting defects
may cceur and therefore process parameters such as
injection temperature, pressure, mould temperature,
ete. needs to be studied in detail.

A Eulerian multi phase flow numerical model iz to
be developed to simulate formation of equiaxed grain
in cooling slope, condition in holding bath and mould
filling behaviour of the semisolid slurry in the die-
casting machine.

Annual Report 2000-11 m




POWER ELECTRONICS RESEARCH AT CSIR-CMERI

Grid connected smart
Photovoltaic inverters

Grid econnection  of Photovoltaic (PV) svstems s
accomplished  through clectronic  inverters,
which convert the de power generated from PV modules
to ac power used for utility power supply for electrical
cquipment. Some of the important functions of these

o

inverters include maximum power point tracking
(MPPT), grid svnchronization of induced currents at
an appropriate power factor (0.9-1), anti-islanding and
maintenance of high power quahity of induced currents
in keeping with international standards.

Grid connected PV based distributed generation
inverters form the vital part of the future “smart grid”,
acting as crueial load levellers at various parts of the
power network, which can provide ancllary services
in addition to de-to-ac conversion, Such inverters
can incorporate energy management functions and
may he called upon by control stations at appropriate
instants to provide ancillary services like reactive
power compensation, active harmonic filtering, ete, in
maintaining the overall health of the grid. Incorporating
these functions also improves the utilization fctor of
the solar inverters which are otherwise idle during
nights and cloudy days.

The very process of incorporating ancillary features
ensures that the topology needs minimum {or no)
modifications other than that of its application asz an
energy extraction device. Only the control architecture
needs to be changed which can easily be achieved by
reconfiguring the codes in signal processors.

Microinverter Technology

Building Integyated Photovoltaics (BIPY) comprises
PV materials and systems thal replace conventional
systems in parts of the building, thereby providing
savingasinmaterialzand electricity costs. Conventionally
PV panels in BIPV are connected Lo a grid using a
centralized mnverter, which converts into ac the de sum
of the valtages of all the PV panels connecled in series.
Such a svetem suffers from dizadvantages of less-
than-optimal energy harvest, lack of flexibility, danger
of de arcs, ete. Microinverter technolopy consists in
integrating individual de-de boost converters and de-ac
inverters to each and every PV panel. The output of
these individual de-ac inverters is at the grid level and
these are connected to the grid in parallel to cach other,

The main challenge in the design of such microinverters
liein the fact that de-de boost converters need to hoost
the voltage from a level of 20V {individual pansl) Lo
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Figure I: Phase modululed converter lopolagy of microinyerter
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230V (grid level valtage in India). This process should
be efficient and should also comply with international
standards. The vesearch emphasis at CSITR-CMERT 1=
on the design of phase modulated converter topology,
which has inherent isolation in the form of high
frequency transformer, high power density resulting
from high switching frequencies and high efficiency
afforded by incorporation of zero voltage based switching
of MOSFET's in the converter. Once this challenge is
met. de-ae inverters will have the challenge of efficient
design of single phase locked loops (PLL} to achieve
grid synchronization. Figure 1. illustrates a typical
phase-modulate topology for microinverters.

Sliding mode current control of
BLDC motor

Brushless de (BLDC) motor speed control schemes
usually have two loops, i.e. the outer speed control loop
and the inner current control loop, as shown in Figure
2, The outer speed loop provides the torgque/current
reference. which is to be tracked by the inner current
loop. The inner current control loop has three phase
currents as states and corresponding phase voltage
switching functions as their control inputs. Fast and
accurate tracking of reference currents generated by
the cuter zpeed loop iz very important, as the outer
loop is designed assuming the inner loop to be fast and
accurate.

Many schemes basedon PLD controllers are traditionally
hoing used to obtain the required control specifications,
In the design of these schemes the diserete time-variant
power electronic inverter is converted into linear time-
invariant structure using the state-space averaging
method, Assuming application of efficient filtering

schemes, the chattering associated with the switching
is neglected while designing the controllers, While one
ean obtain constant frequency switching using this
method, it is difficult to consider the vamable structure
model of BLDC motor due to continuous commutations.
Ina 120" conduction mode of the inverter used for BLDC
current control scheme, only two phases conduct at a
time. However, owing to inherent phase inductance,
all the three phases momentarily conduet together
during commutation from one phase to another. This
problem can be overcome by using a variable structure
controller like hysteresiz controller, which is very
robust and insensitive to parametrie disturbances. But
it has dizadvantage of variable frequency which makes
filter design dilficult.

For the variable structure svstems sliding mode control
— which works on switching from one structure to
another structure — may be better suited to maintain
the state on the desired sliding mode surface, At CSTR-
CMERIL, research is being carried out to design sliding
mode contraller for the current control of BLDC motor
taking into consideration the above nonlinearities,

Power Electronic Interface for
Battery-Ultracapacitor Hybrid
Energy Storage System

Hvbrid energyv storage svstem is a combination of
Lwio o or more energy  sources with E:L'ﬂﬂph‘.l'lﬂ*.ntzir}'
characteristics  designed  to provide solution to a
particular energy problem, Battery, together with
ultracapacitor constitutes an excellent hybrid storage
svstem for electric vehicles. However, proper interface
electronics and control is required to obtain the desired

=

o P st e

Figure 2 Closed loop speed control of BLDC moior showing inner current control loop and owter speed control loop
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benefits hike longer driving range, hetter acceleration
performance, controlled regenerative braking, smaller
battery pack and longer battery life. Research at CS1R-
CMERI targets minimizing stresses on battery that
surface during periods of acceleration and braking
of PMDC traction motor through selective addition
ol ultracapacitor in parallel to serve as an auxiliary
power source. Unidirectional and bidirectional de-de
converters are used with battery and ultracapacitor
respectively to ensure proper energy flow to and from
the motor during different atages of the driving evele.
The power management algorithm intelligently divides
the current demanded by the motor between battery
and ultracapacitor currents. The control scheme is

an appropriate combination of linear and non-linear
controllers. Pl controller for outer speed loop and
hysteresis controller for the inner current loop. Bode
plot based design technique is used to design the speed
controlles.

A complete  topology  and  corresponding  control
alporithm was tried out with a PMDC motor and
simulated in MATLAB/SIMULINK. To validate the
simulation results a PC based experimental setup was
devised and experiments carried out on a RL (resistive
& inductive) load and an appropriate PMDC motor.
Figure 4 shows the proposed circuit topology, while
Figure 4 provides a view of the experimental set-up.
Figures S(a} through 5ic) show the results obtained.
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RADIO FREQUENCY QUADRUPLE (RFQ) LINAC.

The high energy Radicactive lon Beam (RIB) plays
an important role in R&D in nuclear phyvsics, nuclear
astrophysics, material science, biology and medieal
science, The technology needed for developing RIB
facility 15 extremelv complex and requirves extensive
Ré&D in the field of particle accelerators, ion sources,
instrumentation and manufacturing technology,

To carry out this challenging task, the Variable Energy
Center (VECCO).
Energy, Kolkata has signed an MOU with CSIR-
Central Mechanical Engineering Besearch Institute,

Cyelotron Department of  Atomic

Durgapur for collaborative work in svstem design and
development of Radioactive lon Beam (RIB) tfacility at
VECC, Kolkata.

The conceptual and system design from accelervator
physics  and
done by the scientists of VECC, Kolkata, CSIR

CMERID Durgapur and YECC, Kolkata have worked
callaboratively for engineering design, svstem analyvsis
for the development of Hadio Frequency Quadrupole
(BFQ) Linae along with Electron Cyelotron Resonator
(TCR) as= its ion source and Beam Rebuncher ( Linac-
KRB for rebunching its mediom energy output ion beam.

beam  dynamies principles has  been

(Figure-1).

Figure- {- BRI faeility lovout and eperational BEG
LINAC at VECC.

The first half-scale 2k'W prototype with vane length

Cs1R - Central Mechanical Enginesring Res

ch Institure

1.7 m (input energy 1.68 Keviu and output energy 29.5
Keviu) was designed. developed and tested back in
September 2005 for optimizing the design parameters,
After studving its performance the final 40kW RFQ
Linac with 3.2 m vane length (input energy 1.658 Keviu
and output energy 57.5 Keviu) was designed, developed
and tested i 2008 with design modifications. This
facility 15 only the second one in Asia, the first one
being in Japan, Very fow countries in the world have
this capabilityv, After achieving this feat India joined
the club of USA, Canada, France, Germany, [sracl,
Japan and Russia for indigenous development of this
highly guarded technology.

RFQ i1s a linear accelerator (Operating Frequency -
35.7 MHz in this case) of very pure copper that houses
four {quadrupole) precisely sculpted vanes (electrodes)
which take care of the acceleration, bunching and
RFQ Linacs are now
widely used asz injectors for linear aceelerators and

focusing of the ion beam.

svochrotrons, and also in ion-implantation systems
as stand alone accelerators. The advantage of REFQ 15
itz high heam transmission efficiency for low velocity,
high ecurrent beams, and it 18 the optimum cholce as
a single structure is used for bunching. focusing, and
acceleration of radisactive 1ons, Depending on the tvpe
of ions and the energy regime of interest one chooses the
structure of the RFQ. Owing to the inherent complexity
of the structure — especially in the machining of the
electrodes — design and construction of an REFG becomes
an onerous task involving substantial R&D efforts.

In the 4-rod RFQ resonant structure, sach diagonally
opposite pair of vanes (electrodes) is supported on
alternate posts while the whole assembly reposes
on # base plate as shown in the Figure 2. The basic
rf cell can be viewed as a A2 resonator of resonance
frequency (=14LC, onginating from the capacitance C




of the vanes and inductance L of the posts, The vanes
are given a modulation along the length creating an
axial electric field which accelerates the ions. At an
excitation snapshot when a positive ion enters the first
cell, it sees a net negative potential on the axis and gets
accelerated. By the time 1t reaches the next cell, the
next cyele begins and again acceleration takes place,
There is therefore a continuous aceeleration and the ion
travels along the axis ¢ through the RFQ. (Figure-2).

Figire -2: RIFQ Operation principle.

The present design splits verv long heavy-ion RFGQ
vane (3.2 m) into smaller segments of approximately
1 m ensuring full funetionality (Figures 3 and 4),
This directlv eliminates the requirement of special
and expensive 31 profile machining, This design was
previously tested in the 2 KW (1.7 m) RFQ prototype
and its performance monitored, After fine tuning some
design parameters, this scheme was implemented in
the final 40kW, 37 MHz, RFQ Linac (3.2 m) where 80%
- B5% tranzmission efficiency was obtained,

a L] -a

Figure -4: Inside view of 40EW RFGQ.

The new segmental vane architecture design improves
geometrical aceuracy of the modulated profile for
individual vanes, and makes handling and replacement
much
sell' aligning, renders high stiffness and keeps the
cooling channels inside the vanes without using the
conventional eut-&-cover technology which is highly

easier. Moreover, the architecturs  allows

suseceptible to leakage under high vacuum environment
in the order of 10-7 tor (Figure 5). Further, the brazing

Figure -a: LOW transfer mechanism

process — which produces thermal distortion and may
generate micro cracks in the brazed seam due to flow
imduced vibration - gets completely eliminated. The
micro cracks develop as a result of the vibration caused
by the continuous turbulent How of cooling water at
pressure 10 kglem®. The most significant aspect of the
design is its self alipnment and the stable quadruple
symmetry (within 50 p during operation) of the entire
vane within the reguired limits during assembly and
operation.

The accelerating unit consisting of vanes and posts
comprize the most eritical area from the design and
manufacturing points of view. Thevane parameters have
been optimized for achieving stability of transverse and
longitudinal motions for the beam particles, The beam
dynamics simulation codes GENRFQ and PARMTEGR
were used for the caleulation by the VECC, The goal
was to achieve the desived acceloration with maximum
transmission efficiency, minimum vane length, and a
modest intervene voltage.

The beam dynamics output of the vane modulation
data, which is basically the grid of spatial coordinates
with longitudinal and transverse modulations, was
refined to the extent possible to take eare of the
point density in an adaptive way for the tancential

|

increrant

Figure -6 Noise in & incremend,

section, the tip curvature section as also for smooth
transition from one to the other. Several iterations for

Annual Report 2010-11 m




the Z-inerement along the beam axis were performed
to achieve a near-constant value in cell lengths in the
beam entry and radial matching zones. The variation
in the Z-ncrement in the input data sets iz shown in
Figure 6. The noises (erroneous and repetitive points)
in these huge data setsz have been eliminated by using
an adaptive filtering algorithm, Extreme care has to be
taken in this step in selection of filtering techniques to
eliminate the noise so that the original data integrity 15
not compromised mainly on the peaks. The distribution
of residual error after filtering hes well within +o (o =
0.04) and this iz depicted in Figure 7.

am am £ 4 -] W -] o am

Figure -2 Residual Lrror,

The cooling behaviour of the RI'Q structure due to
the thermal loading has been investigated with Finite
Element Method, The cooling phenomenon haz been
modeled with eonvective heat loss due to the flow of the
cooling water through embedded channels in the vanes
and the posts (Figure 8), Investigation shows that at
steady state condition and with constant heat-flux laad,
the maximum temperalure rize iz in the post-base plate
interfaee region, specifically in the region nearer to the
cavity wall. Mathematically the temperature range is
caleulated to be 6OP-TOMC,

Figure -8: Heal distribution

The modal responze of the acecleration structure has
been analyzed and found very interesting. The unit
is susceptible to both harmonies and its submultiples
which was not clear during the initial phaze and later

m CSIR - Central Mechanical Engineering Research Institute
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Figure -9: Correlation of natural frequencies and power
apectrim plof,

found on experiment, (Figure 9)

Most of experiments conducted till date foeuzes on the
aspects related to materal science, In this domain using
RFQ. one can implant radioactive tracers at controlled
depths, introduce time dependent chemical changes in
the sample. and study in-gitu the lattice environment
of the implanted probe. The implanted nuclel interact
with the electric or magnetic fields of the surrounding
lattiee structure and the emitted radiation (v or B) act
as information carriers.

One of the significant experiments done by VECC
seientists using beams from HFQ was aimed at
studving  room  temperature
spintronics material Zine Oxide (Zn0). This material
potentially has interesting deviee applications due lo
its combined semiconductor and magnetic properties.
7Zn0) iz predicted to show ferromagnetic ordering at
room temperature if doped with few alomic percent
of transition metal ions such as Mn, Fe, Ni, ete. In
the VECC studv, Zn) was implanted with 1.63 MeV
a6Fef+ beam from the RFQ. The amount of saturation
magnetic moment in implanted Zn0 was ohserved to he
two arders higher than that in chemieally prepared Mn
doped Zn0) =ample. This chservation is significant and
mav indicate preferential filling up of vacant lattice
sites created in implantation process by Fe rather
than by Zn atoms, More experiments are underway for
further studies.

ferromagnetism  in
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SOLECKSHAW: A GREEN CSIR 800 INITIATIVE

Soleckshaw, a Pedicab, is an optimally-designed,
pedal-operated, motor assisted, zero-carbon emission
urban transporl vehicle, The zoleckshaw iz a major
programme under the Flagship CSIR 800 initiative,
which aims to make available the Fruits of cutting-edge
science to improve the avality of life for 8300 million
Indians residing the bottom of the “pyramid of quality
of 1ife”, The concept of Seleckshaw vwes its genesis to
the realization that the dignity of human labour needs
to be upheld while ensuring sustainable environment
and that all devices must be designed to decrease
human strain and also greenhouse gas emission,

Backdrop

Tricyveles and auto rickshaws provide a major mode
of transport in the busy streets of cities in the South
Auto  rickshaws, driven by
foasil fuel, produce extensive emissions and cause
substantial environmental pollution. In contrast, cvele
rickshaws, which are manually driven and provide
excellent transportation in busy, narvvow urban by-
lanes do not contribute to any kind of pollution.
However, the effort demanded for manual steerage
iz very high, which routinelv leads to serious health
1zaues for the ill-paid rickshaw pullers. Considering the

Astan subcontinent.

climatic changes engendered by widespread pollution,
introduction of green vehicles has become important,
and it is in this context that CSIR 800 has come up
with the Seleckshaw, which basically iz a Solar
Powered Motor Assisted Pedicab developed to atford
the twin advantages of green transportation for the
urban passenger and mitigation of health hazard for
the rickshaw pullers.

Soeleckshaw 1z a novel motor-assisted three-wheeled
rickshaw or pedicab. The acronvm Seleckshaw is

derived combining SOL of Solar, E of Electric and
CKSHAW of Rickshaw. This vehicle is amenable to
both manual and electric steerage, When engaged
electrically, the steerage 1z provided by a resident
battery charged using solar energy. In comparison
trr a normal rickshaw, the Soleckshaw requires lesser
driving effort on the part of the rickshaw puller since a
part of the effort is provided on demand by the electric
motor, Electric locomaotion in the Soleckshaw affords
traversing longer distances compared to its manual
counterpart, which translates into increaszed earnings
for the rickshaw pullers. On the other hand, the
option of reverting to manual sieerage ensures lesser
depletion of battery in comparizon to electrically driven
pedicabs, and thus more distance can be covered in a
single charge. Henee, Soleckshaw optimally utilizes
both human effort and electric power, and potentially
constitutes a very useful green vehicle for tomorrow’s
world.

Soleckshaw Design

Figure 2

Figure 1
Figure 1 represents a schematic concept diagram of
soleckshaw and Figure 2 shows the 3D CAD model of
the entire vehicle. As depicted in Figure 2, a flexible
hood [1] is hinged to the body [2], which iz mounted on
the main chassis [3] of the vehicle. The body has been
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designed to comfortably accommodate two passengers. This mechanizm helps in speed adjustment of the rear
The driver's seat [4], adjustable in height, iz mounted wheel during turning of the vehicle,
on the main chassis,

Figure 4

Two ditferent models of SOLECKSHAW, as developed
at CEIR-CMERI, are shown below:

Mrgure 3

Figure 3 represents the 20 drawing of the mam chassis
of the pedicab. The base frame [5], on which main body
iz mounted is fabricated with struetural angles. The
vertical frame 6] 15 a structure welded out of MBS pipes;
The front fork [7] and handle [8] are attached to the
fromt of vertical frame through thrust bearing (9] and
controller box [10], The front wheel [11] along with a
BLDWC hub mator [12] i3 mounted at the bottommaost end
of the fork. This motor is directly coupled to the front
wheel through spokes and is controlled by a throtile
[13] through an electronie controller residing within
a hox [10]. The motor 15 provided with proper braking
svatem operated by the right lever [14] mounted at the
center of the hub, The motor iz driven by a 36 V-18
AH lead acid battery placed in the main body under
the passenger seat. On the other hand, the rear axle
15 driven manually by the driver through pedal erank
|15], chain [16] and driven sprocket [17]. The driven
sprocket s mounted on an override mechanizm [18].
For proper adjustment of the speed of wheels during
turning, the rear axle is split in two parts — the right
axle [19] and the left axle [20]. The right wheel [21] and
the left wheel [22] are attached to axles through right
[23] and left |24| brakes operated by the left lever [25]
on the handle. The entire rear axle drive mechanism
is attached to a machined structure |26| for proper
alignment of the axles. The transmission syastem iz

attached to the main chassis and is deseribed in Figure
4, representing the speed override mechanizsm (shown
as item 18 in Figure 3). in detail in the 3D CAP model.
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Technical Specifications of
BLDC motor based vehicle

Power source Electric and human

Muotor
{hvbrid)

Type of drive assisted  pedal  driven

BLDC Hub Motor (240W, 36Y)
mounted on front/rear wheel

Electric motor

Charging Batteries may be charged from
solar charging station or from
mains power supply zource by
battery swapping mechanism

Battery Deep discharge tvpe lead acid

batteries
Transmission

Brakes

Chain & sprocket drive

Drum and shoe brake on both
Brake on maotor
drum on front wheel

rear  whoeels,

Axle

The entire rear axle svstem is
mounted on a separate structure

to ensure better alipnment of

both the axles

Pay load » 210 Kg
passengers)

(driver and two

Societal Impact

The Chief Mimster of Delhi, Smt. Sheila Dikshit,
ceremonially  launched the first TDP (Technology
Demonstration Project) of Soleckshaw on 2nd October,
2008, (commemorating Gandhi Javantl) at the Chandni
Chowk Metro Station in the august presence of Shri
Kapil Sibal, the eratwhile Union Minister of Science,
Technology and Karth Sciences and the then Viee-
BIR and Prof. Samir K. Brahmachari,
Director General, CSIR was among the other dignitaries
present on the occasion.

President,

At Chandni Chowk, regular operation was attempted
with a fleet of 7 wehicles, & amongst which were
manufactured by CSIR-CMERI and rest supplied by
M/is Modular Machines, Faridabad, one of the earliest
licensees of the technology. A model solar charging
station, manufactured by M/s Central Electronics
Lamited {a public sector entity administered by the
Department of Science & Technology, Government of

India) was also installed at the Yudhbir Singh Park
at Chandni Chowlk for charging of the batteries. The

responsibility of operation was entrusted to Mis Centre
for Rural Development, an NGO represented by Dr,
Pradip Sharmah. The TDP continued =zuccessfully for
2 vears and the feedback of the operators was collected
for destgn validation and improvement,

Figure 3 Demonstration of BLDC hased
SOLECKSHAW af Chandei Chowd, New Delhi

Thereafter, the Department of Science and Technology
(ST, Government of Chandigarh expressed their
eagerness to operate Soleckshaws in Chandigarh in s
bid to promote solar energy usage, and went in for the
purchase of 10 vehicles from Mis Modular Machines,
Faridabad (a CSIH-CMERI Technology licensee), and a
solar charging station was ordered from the CEL. The
Department of Science & Technology, Government of
Chandigarh, however, opted to individually distribute
thevehicles toa few identified drivers instead of following
the earlier model of entrusting the responsibility to a
NGO, Ignorance of the technical aspects zave rise to
technical snags which could not be properly addressed
by the individual rickshaw pullers, In addition, a major
obstacle was prezented in accesasing the solar charging
factlity since 1t wasz installed on the roof of a fire service
station and was out of bounds for the general public.
The problem was further compounded by the absence
of a zsecured parking place for the vehicles leading to
subatantial damage of the vehicles by miscreants.
All these resulted in the rickshaw pullers becoming
disinterested in the operation of the vehicles, and finally
the entire scheme came to a halt. The Government
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of Chandigarh subsequently attempted to have the
vehicles repaired but the supplier (M/s Modular
Machinesz), for zome unknown reason, refused to do
it even at an additional cost. The operation remains
guspended fill date,

Based on feedbacks, a fresh attempt was taken to
develop and try out a number of improved variants and
to rectily the defects of the first base model. The main
focus was on longer operation for gathering reliable
feedback of the technical, economical and social aspects
of Seleckshaw deplovment. The overall business
model for the proliferation of this new technology has
to be different from the existing pattern. As the unit
cost of Seleckshaw is substantially high compared a
conventional rickshaw and as in the absence of a well-
conceived business plan there remains considerable
uncertainty of revenue generation by  individual
rickshaw pullers, individual purchase of the vehicles
12 nearly ruled out as of now. It 1z felt that the best
market dynamics can be obtained through the
intermediate involvement of a management entity in
the form of a finanecier, 8 community based organization

or a consortium to support and sustain the activity,
where the presence of a proper management entity
enaures availability of adequate number of vehicles to
identified “operators” and quality after-sales service
secured entity directly from the ‘manufacturer’. These
three components must be brought together to ensure
“Sustainable Operation”, as depicted in Figure 6.

Figure - Model of Soleckshaw Deployment and Operation

Under normal circumstances, particularly in case of a
matured technology, it i3 not so difficult to get inanciers,

- CSIR - Central Mechanical Engineering Research Institute

or CBOs or private entreprensurs, Unfortunately, in
this casze, the technology has not traversed the time
curve needed for its maturity, which, in its turn, leads
to the difficulty of receiving private or consortium
finance. The best option, however, may be offered by
direct involvement of government welfare agencies
or public sector entities with defined corporate social
responsibilities as intermediariez. There, however,
remains the issue of whether the activity of promoting
Soleckshaws through corporate intervention iz in
conformity with individual CSR policies that helps in
creation of brand images for individual PSU entities.
Thi: hest aption is therefore afforded by the involvement
of state or central governments through their varvied
aovial wellare schemes. On oan earlier occasion, the
Government of Chadigarh came forward fo act as the
financier but ne specific operator could be identified
and therefore the asctivity could not be sustained. The
vehicles procured were also technically not reliable
enough to sustain the operation. In the absence of a
reliable manufacturer, it 15 also not possible to attraet
the government agencies to invest in the project. Based
on all these considerations, 1t was decided to generate
extensive market feedback data in order to refine the
technology as well az identify the problems of market
penetration,

Two alternative sources of financing could be worked
out: 1) Full funding by CSIR-CMERI (from their newly
approvad project on market seeding) and 2) Joing
funding by CSIR-CMERI and identified agencies of
state or local governments. However, in both these
cases, only a one-time funding in the form of capital
investment (primarily the cost of the Soleckshaws
and the solar charging station, if any) is possible. The
operation and maintenance (O&M) expenditure of the
project must be raised by the “operator” through a
suitable revenue model and all identified “Operators”
must agree to this pre-condition. Taking into aceount
the overhead expenditure of the operator and the cost
of maintenance of the vehicles, maintaining a mimimum
fleet of 15 vehicles is required for sustainable operation.
Having 50-100 vehicles per fleet would further help in
improving the efficacy of aperation,

Baszed on the user's feedback and ready availability
of interested operator in the form of either NGO or a
start-up company, following locations have been chosen
for the operation of Soleckshaws:

1y Gurgaon: 2) Jaipur: 3) Faridabad; 4) Kolkata: 5)
Durgapur; and 8) Ajmer. NGOs [ start-up companies/




organisations who have agreed to take part in these
programme are; 1) “Uthhan” at Gurgaon; 2) M/s Solarick
Tourism at Jaipur; 3) *Umeed” at Faridabad; 4) Bengal
FEngineering and Science University at Kolkata and 5)

at Durgapur, So far, 50 of Soleckshaws have been
procured from different licenszees (Manufacturer) and
distributed to operators at five different loeations. The
detatls are given below: -

Swami Vivekananda Vani Prachar Samity (SVVPE)

Operator &
Fleet Size

Location Financier Manufacturer

Remarks

From Stilam: 5 January 2011 and is
HBL From HBL: 10 continuing presently
Gurgaon From Modular M/ICs: 8  with 15 units. 8 more
23 Vehicles units have been
Modular received by the
Machines operator
Faridabad
Fandabad Tourism February 2011 and is
ks continuing presently
Faridabad Municipal Modular Umeed The site has been
Corporation Machines 10 Vehicles selected and operation
of Faridabad is supposed to
commence soon. The
entire proposal
submitted by CSIR to
the Municipal
Corporation of
Faridabad is under
active consideration
Kolkata CSIR-CMERI Dean Bengal Demonstration is
Systems Engineering continuing at the BESU
Kolkata & Science Campus
University
1 Vehicle
Durgapur CSIR-CMERI Dean SVVPS Under operation within
Systems Durgapur Steel Plant
Kolkata 8 Vehicles Township and Waria
Ajmer India Post Kinetic India Post Successfully running for
Motors the last three months at
Pune 5 Vehicles Ajmer
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Postal Soleckshaw

CSIR and M/is Kinetic Motors, Pune have collaborated
to pul into the streets a variant of the Soleckshaw
for use in postal debiveries, 5 units of this Postal
Solechshaw have heen procured by the India Post
from M/s Kinetic and formally launched at Ajmer
on 17th January, 2011 by the Hon’ble MoS, C&IT,
Shri Sachin Pilot. Currently the vehicles are being
used by identified postmen on a regular basis at Ajmer
under the administrative supervision of the Senior
Post Master, Head Post Office, Ajmer. Full technieal
support is being provided by the representatives of M/s
Kinetic Motors. Feedback from the operators is being
documented on a daily basis for further improvement!
modification of the vehicles as well as their operation.

Remarks

Bused on the feedback of the different Technology
Demonstration Projects launched at different places
af India, it has been [ound that the Seleckshaw
variant emploving both front and rear wheel drives
manufactured by M/e Hyderabad Batteries Limited
(HBL) 15 running successfully on a self-sustainable
basis under wvery good maintenance and service
support ol the manufacturer, Adeguate infrastructure
and manufacturing facility at the disposal of M/fs
HEL enzures and  delivery of &0
units within a space of six weeks only. M= HBL
has recently secured an order of 500 Soleckshaw
units trom the UP government. The selling price
per Soleckshaw, supplied at Guregaon TDP by Mis
HBL. is approximately pegged at Hs 45,0000 per unit.
Prosently these Seleckshaws are generating for the
rickshaw puller an average revenue Ra 450/ per day
as against Hs 200/ of a common rickshaw.

manufacture

The specification of the HBL make Soleckshaw is as
follows:

Power source : Eleetric and human

Motor assisted pedal driven
(hybrid)

240W, 36V mounted on front/
rear wheel

36V, 40 AH (2 sets per vehicle
is recommended)

Type of drive
BIL.DC motor
Battery

Average range 50 Km per charge

Pay load 210 Kg (driver and two

passengers)

- CSIR - Central Mechanieal Engineering Research Institute

However M/z HBL iz also capable of manufacturing
SOLECKSHAWS: with higher powered motors (350 W)
and higher battery capaeity.

e |t 15 recommended that suitable Technology
Demonstration Projects (TDF) for Seleckshaw
should be initiated at different locations in

Kolkata in order to create proper awarenoss

among the uzers about the benefits of the new

technology

s As mentioned earlier, each TDP needs to he
initiated with a fleet of at least 20 Soleckshaws
in close amongst  a  licensee
{manufacturer), an interested operator and users
(Rickshaw pullers),

association

*  The manufacturer should provide regular after
sales service and necessary training to the users
and operators.

e Soleckshaws are more suitable at places where
the average distance between destinations s
more than & Km and roads are less congested, like
in Rajarhat, Salt Lake of Kolkata, ete

¢ Initially the financial back up may be provided
by The Covernment of West Hengal or any other
agency identified by the Government,

s NGOz (operators) should be gelected locally by the
Government of West Bengal

s Hickshaw pullers should be selected locally by the
MNGOs
Soleehshaw technelopy has alveady been transterved
to the following industries:

1. M/s Stilam Automobiles Pvt. Ltd.,
Plot No -18, Sector- 27 C,
Industrial Area Faridabad-121005, Haryana
Ph: +91-0129-4135200, 4136200,
M: +91-9910339976,
FE-Mail : rapv.vashishra@stilam. net.
Website: www stilam.net

b

Mtz Madular Machines

/2, Karkhana Bagh, Mathura Road,
Fandabad (Harvana) - 121 002 .

Fax No: 0129-22270749 .

Mohile No: 09210829404

F.mail: modularmachines@gmail .com/
avbhatnagari@yvahoo.com

3. Mis HBL Power Systems Limited,
A-2.601, Road No 10, Banjara Hills,




Hyderabad - 500 034 E.mail: deanOl&venlnet / deansystems 1
Mobile No; D9958798546 email.com

E.mail: anilsahooi@hhl.in 2 s 2 - 3
e 5. Mz Kinetie Motors, Kinetiec Motor Company

4. Az DEAN Systems Limited, Pune, Maharashtra,
New Green Park, Narvendrapur E-mail:sfmickineticindia com,
Kolkata 700103
Telephone: 03324773375, NRDC has been provided authority to transfer the
Fax No: 0338-24770627 technology to Indian entrepreneurs on a non-exclusive
Mobile No: 09331841091/ 9432745125, basis.

Solechshaws manufactuvred by M7 s Stillam, Faridabod deploved ot Gurgaon and Japuer by M7 s
Uthaan, an NGO

Lounching of Postal Solechafowr af Ajmer
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CSIR-CMERI FOOTPRINTS IN THE NORTH EAST

Backdrop

Thermal Engineering is one of the core activities of

CSIR-CMERIL and constitutes a major division which
conducts R&D i the field of Energy, Process Plant
Technology, Post Harvest Processing, etc. The group
is active in the broad research feld of Thermal &
Fluid Engimeering comprising activities on fluid How,
heat transler; combustion, gasification, fluidization,

renewable energy, waste management. dryving, ete.

In the area of Post Harvest Technology the group has
been warking on drving for more than a decade, during
the course of which the Group has designed improved
Tray dryvers, Mixed flow LSU drvers, Fluidized bed
dryvers (batchf/continuous), Spouted bed dryvers (hateh!
continuous), Column drvers, Microwave dryers, ete. for

different agro crops and seeds,

Recently the Government of India has placed major
emphasis on making available technologieal solutions
to the people of North East India through the provision
of research outputs for typical issues related to the area,
and also on their implementation so that the region can
emerge as a strong economic entity. Ginger, turmeric,
chili, eie, are typical cash crops of Mizoram and the

m CSIR - Cencral Mechanical Engineering Research Institete

Arunachal Pradesh, At present there 15 no 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 erops are normally being sold immediately after
harvesting, the poor farmers receive a pittance for their
produce. CSIR-CMERI has been working for the last
fow vears for providing proper technological solutions
for preservation and processing the agro produce and
adding value to these produce by mnereazing their shelf-
life, all of which has translated to signficant inerease in
earnings of the farmers. Enthused by the response this
effort 15 receiving from all quarters of the society, CSIH-
CMERI has established two Centres for Post Harvest
Technology, one each at Mizoram and Arunsachal
Pradesh.
are fast becoming a major hub for fostering economic

[t iz heartening to note that these Centres

activity in the state, particularly for the youth of the

region,

Land development at CSIR Centre for Post

Huarvest Proceassing & Hesearch at Mizoram




Efforts

As a part of the North East imitiative, CSIR-CMERI
established post harvest processing centers at Mizoram
and Arunachal Pradesh for processing ginger, turmerie,
chili and other spices. The centers, along with their
outreach counterparts, is working continuously on the
drying, grinding and packaging of ginger, turmeric and
chilies. Problem-specific research t= carvied out at these

centers on post harvest processing of various agro erops
in the north-east states of Mizoram and Arunachal
Pradesh.

[rn the course of this work, 1t 1z proposed to evolve
addition through the
deplovment of low-cost, stand-alone agro-processing

a generic model of  value
units in different parts of the disadvantaged states
with the ultimate ohjective to augmenting the economy
of rural people. To start with, CSIR-CMERI proposes
the establishment of local level centres in each of the
districts of Mizoram and Arunachal Pradesh, which
shall be run and maintained by NGOz / SHGs, later
extending the scope to cover the entire state, CSIR-
CMERI has made a significant mark in these two

north-castern  states through the establishment of

poat harvest processing centers and a comoutment for
strong economy in the coming vears.

Diviers far Ginger / Turmerte 7 Chill

Ginger / Turmerie

Ginger 7 Turmerie Woshing DUnit

Slicing Unit

Intervention

To facilitate the evolution of a generic model of
value addition through the deplovment of low-cost,
stand-alone agro-processing umts, CSIR-CMERIL in
collaboration with Community Development—Action &
Reflection (CDAR), an NGO based at Aizawl, has come
out with a complete technological solution to help the
farmers of Mizoram. The technology package consists
of the following:

Rotary Drum Washer: Freshly harvested ginger!
mud/dirt
attached with it. It is first washed with water jet in a
rotating drum.

turmeric from field contains substantial

Slicer: Washed gingerfturmeric 13 sheed to 2 to 3
mm thick chips for faster, more uniform and efficient

moisture remaoval.

Cabinet Dryer: Slices of freshly harvested ginger/
lurmeric contains about 90% water, which if not dried
within 2-3 davs leads to bacterial attack and mould
formation. Slices are dried to 8- 10% moisture level with
hot air by electrical heater. Suction fans and zigzag
air How paths result in uniformly dried product. This
inereazes the shelf life of the agriculture produce and
leads to value addition of the product,

Grinder: Dried Slices of gingerfturmeric are then
ground to fine powder and packaged to market ready
product.

The final product is a complete organic one, The
technology helps the farmers Lo receive proper value
for their produce.
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Clentre fur Post Horves! Processing and

Research, Atz

Training of Rural Tribal Youth by CSIR-CMERT

roned Diiversity of New Sonth Woles, Australio

Construction of CSTR Rural centre at Aizuwal,

Mizoram

Construciion of USHR Centre for Post Horvest Processing anad

Research, Jengging, Upper Shiang, Arunachal Prodesh

Ruiral Peaple at work in CSIR Centre for Post

. : Kite selection at Poshighat, Arunachal Pradesh for the
Harves! Processing & Research, Mizoram o5 ' '8 ' e

CEIR Centre for Post Harvest Processing and Research

ﬂ CEIR - Central Mechanieal Engineering Research Institute




Tribal vouth working in CSIK Rural Centre, dengging, Arunchal Pradesh

Outcomes

Site selection, procurement and development of land
have been completed at two sites, The main processing
unit at Twirial haz been completed, along with the
establishment of the Traming Centre for the rural
vouth, Prototypes of the sub units of the processing
plant have been fabricated and installed at site, and
technology has been transferved. At the moment, self-
help groups are being organized with the assistance of
a community based organization, The processing centre
18 fully funectional, and is providing livelihood to 30
farmers and their familics. So far 2000 man days of
employment has been generated in Mizoram and

G000 farmers £ entreprenewrs already registered
with complete data of their land. In Arunachal
Pradesh, 40 man days of employment has been
generaled daily and the process of farmers /
enfrepreneurs registering with complete data of
their land is under progress.

Based on the inputs provided by the local farmers,
CEIR-CMERI iz now designing improved and more
efficient versions of the sub processing units in order
to ensure faster drying, reduction in the labor cost,
maintaining hygienic conditions of production with
uniform guality, ete. Efforts are also on for obtaining
necessary certificates for organic production so as to
increase the product value in the market.
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INNOVATION PROMOTION

TePP Outreach Centre

The mandate of the CSIR-Central Mechanical
Engineering Research Inatitute, Durgapur is to conduct
rezearch and development in mechanical engineoring
[ndia’s dependence on foreign

collaboration 1= substantially reduced in the strategic

technology so that

and ceonomy sectors, In addition o this, CSIR-CMER]
15 mandated to facilitate innovations and inventions for
establishing the claims of Indian talent in international
fields where Indian products shall finally compete.
It was with this objective that the TePP Outreach
Centre at CSIR-CMER] was estabhished in Seprember
2008 which became Tully flunetional from 2009,
The TePP
12 a flagship programme for innovalion promotion
administered by  the Department of Science &
Technology, Government of India and comprises the

Technopreneur Promotion Programime

largest network programme supporting indepondent
innovatora. The network — now with its 30 Outreach
Centres across the country — provides grants, technical
puidance and
mnovators belonging to the informal and formal sectors.

mentoring  support  to  independent
The purpose of thiz support 15 to enable Innovators
emerge as entrepreneurs by incubating their ideas
and enterprise, The support 12 extendad in two distinet
phases: the first phase is directed towards inmnovation

mmcuhation, and  the second towards enterprise
incubation. Over the vears, TePP hasz emerged in a

network mode as a unigue framework with contribution
from vartous players involved in the scheme, To date,
Tel’P has accessed over 7000 ideas and zupported
in excess of 300 innovators. TePP hasz successfully
demonstrated that once the necessary opportunity and
support is extended, the vast multitude of independent
innovators would rise to provide and devise solutions
and opportunities to commercial entities,

IR CEIR - Centeal Mechanical Enmineering Hesearch Institute

Since its incepltion in September 2008, TUC-CMER]
has received funding from the DSIR for six innovations,
Three are in various stages of consideration for funding,
Ohat of the six. two projects have been successfully
voncluded, with one poised [or entrey into the TP Phase
[1 stage. Two projects are almost near completion, while
two are in the midway,
The completed projects are:

o Self-propelled three row potato seeding deviee

s Electricity from tidal waves
Projects nearing completion are:

« Portable Microscope Slide

Aad)

Projector  (Teaching

* Solar powered DO/BLDC motor cperated kerosene
dispensing unit with bilometrichar-code access
control

Ongoing projects comprise:

o [ow specific-cost solar parabolic dish concentrator
svstem
o Alternate  growth medium  for  increasing

mushroom cultivation.

1 = »
CSIR-NIF Innovation Fellowship
initiative
The CEIR-NIF Innovation Fellowship Scheme was
instituted with the objective of strengthening R&D
linkage between various scientifie institutions under
the umbrella of the CSIR and grassroots innovators
and traditional knowledge holders in a nd to promote

commercial of
green grassrools innovations, Since the inception of

and non-commercial  applications
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' B, O TR < ) - Lattice Boltzmann simulation of [ BEOMEDICAL
; Dipankar Chatterjee, Sakir S ; "
8 oeeninng thermofluidic transport phenomena in a DC
ERE magnetohvdrodynamic (MHD) micropump
Effect of excited state redox properties of dye | CATALYSI1S
9 Debabrata Chatterjee gensitizers on hydrogen production through phote- | COMMUNICATIONS
splitting of water over TiO2 photocatalyst
10 Dipankar Chatterjes, Lattice kinetic simulation of non-isothermal
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HIGHER QUALIFICATION ATTAINED

Chusdifieaninn Avoarelee

1. | Ph.D from BESU Dr. Amp KEr Nandi,
Experimentation, Modeling and Optimization of Flexibie Polymeric Mauld Sandor Scientiat
Characteristics Using Foolutiongry Algorithms

% Ph.D. from ITT, Guwsahati Dr. Swarup Er Laha,
Analysiz of Stability & Unbalanced Reaponae of Flexibie Rotor supporied on Scientist
Bydrodynemic Porous Journal Bearing

3. Fh.D. from IIT, Kharagpur Dr. Budip Kr Samanta,
Multiphose flow numerical Modeling for Simulotion of the Injection Stage of Principal Scienti=t
Poueder Infection Moulding (PIM)

4. | PhIy from 11T, Kharagpur . Br. A K Lohar,
FProucessing and Characterization of Aluminium-Scandium Alloys and Principal Scientist
Compogites

X P]l.ﬁ- frnm Jadavpur University, Kolkata ) Dr. Lal Gopal Das,

An Investigation on Performance Choracteristic of Vertical Submersible Slerry | Senior Scientiet
Humps

6. | Ph.D from II'T, Kharagpur Dr. Himadri Roy,
Monetforic and Cyclic Frecture Behaviowr of AISE 30415 Stainless Steel Scientist

7. | Ph.D from UT, Kharagpur Dr, Pabitra Halder,
Analyrie of some High-speed Compressible Flow Problems Using Flux Splitting Scientist
Algorithm

8. | Ph.D from BESU o Dr. Arpita Mukherjes,
Nynamic State Estimation in Presence of Uncertointy gHF

' CELR - Central Mechanical Enginecring Bescarch Insnituta




AW

ARDS/RECOGNITION

.-’u Wa I'd E{l"RE cogn ition

Awardee(s)

LET Young Engineers in Computer Engineering dizcipline for the Session 2010-11 Mr Subhra Kanti Das,
Seientist
2, BOYSCAST Fellowship 2010:11 Dy, Himadr Roy Seientist
3. Prestigious J.C. Bose National Fellowship Prof Gautam Biswas,
Director, CSIR-CMERI
4, Member of the Editorial Beard of the Indian Journal of Engineering & Materials Sciences | Prof Gautam Biswas,
(TIEMS) by Research Council of the National Institute of Science Communication and Director, CSIR-CMERI
Information Resources (NISCALR)
5. | Appointed as OSDY Acting Director in the interim AcSTR Prof Gautam Bizwas,
Director, CSIR-CMER]
6. | Nominated as s CSIR member in Indian Member Committes of the World Federation of Prof Gautam Biswas,
Engineering Orgamsation ( WFEQ) during April, 11 Director, CEIR-CMERI
T Mominated as a3 member of the Working Group on S&T Human Resource Development by | Prof Gautam Biswas,
Planning Commission Direetor, CSIR-CMERI
| 8 | Nominated as & member of working group of the steering committes on Science and Prof Gautam Biswas,
Technology for formulation of Twellth Five Year Plan Director, CEIR-CMERI
g, Raman Hesearch Fellowship for the year 20112012 De. N € Murmu Principal
Helentiat
10, Expert Member-Ministey of New and Renewable Energy (MNRE), Government of India in | Dr. Biswasit Euj Principal
Biofuels Divigion Scientist
[11. | Best Paper Award in the National Symposium on Innovative and Modern Technologies Dy, Erishnendu Kandu
for Agricultural Productivity, Food Security And Environmental Management held at Senior Scientist
Mangalore during 22-23, duly 11 { paper : Algal Bindiesel- Futore Prospects And Problems )
| & Best Paper Award in International Conlerence on ARTCaom 2010, Kettayam, Kerala, 15-16 | Ravikant Jain Senior
Oet 2000 Paper Title: Bio-mimetic Behaviour of IPMC Artificial Muscles using IPMC EMG | Seientist
Signal
13, | A Book Entitled "Biomass Gasification- Thermo Chemies] Fluidized Bed Gasification of D, Malay Karmakar,
Boimass” published by Lambert Academic Pablishing GmbH & Co. KG. Germany [15BN: Scientist
9783843375773] Dr. P.K.Chatterjee, Chief
Seientist
D, Abhi Bhusan Datta
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Name

DEPUTATION TO

DURATION

n CSIR - Central Mechanical Engineering Research Institute

16 Shri Dip Naravan Ray China for participating in the IEEE International Conference | 14/12/2010 to
" | Scientist on Intelligent Computing & Intelligent Systems -2010 18/12/2010
17 Shri U, 5. Patkar Big Sky, Montana, USA, for participating in 2011 IEEE 080312011 1o
" | Senior Scientist Aerospace Conference 0372011

Dr. Debabrata Chatlerjee = T gl - 03042011 to
13, Henior i’t'inf:i]‘.--*‘l_| Suientist Visiting the UCI, Frvine for Collaboration Programme 16/04/2011
19 Dy, Debabrata Chatterjee Visiting the University of Maine, Orono, USA for 01/05/2011 to
" | Senior Principal Scientist Collaboration Programme, 15/05/2011
20 Dr. Banajit Ghosh | Visiting Seholar, ULC, USA, Indo-US Centre for Research [ 15/05/2011 ta
* | Seientist Excellence on Fabrionics 15/08/2011
21 Ms. N.5. Lakshmiprobha Vaneouver, Canada for International Conference on Computer | 01/06/2011 to
© | QHF (Trainee) Vision 062011
99 | Dr. Sarita Ghosh University of California, Todne, USA Joint Collaboration in DLAOEE01T 1o
| Scientist Fellow Electroactive Polymers OLA0E/2011
93 D, Debabrata Chatterje Erlangen Univ. for joint programme, Erlangen-Nurnberg, O5/06/2011 to
| Benior Principal Scientist Germany LOV0E2011
24 Mr. Atanu Maity Tallinn, Estonia for 16th International Conference on 20006207 ta
== | Principal Scientist | Advanced Robotics 2G0T
T Saint Petersburg, Russia on invitation to deliver key note AT
25, Ellsz::}:uE:;Rﬁsb{:]{}ti lecture in the Indo- Russia Warkshop on Topical Problems of g%r};;;h} i v
. o Solid & Fluid Mechanics koAt
\ Las Vegas, Nevada, USA to participate in the Conference on o
/ ] . i 2 3 D i BT H
Eam e m ']‘fn?ﬂ J Image Processing, Computer Vision & Pattern Recognition ,1 qmi; i
GHF{Trainee) POV : 21072011
— . Kuala Lumpur, Malaysia for presentation of paper in 26th S T
2T .'",h Aldin M mr._»_,.. International Conference on CAD/CAM, Robotics & Factories ,g{.’,':“ :."%F” 1 to
Principal Scientist 28052011
of Future
—— i | Kuala Lumpur, Malaysia for presentation of paper in 26th i
R L Ny B International Conference on CADICAM, Robotics & Factories | 20/07/2011 to
Seientist : il ; ZROTI2011
of Future
gg | Mr. Samik Dutta Indonesia for International Conference on Future Materials | 04/08/2011 to
| Seientist B Enginecring & Application OGE20T1
* Mr. 8. Nandy, Principal Scientist v : i : ; P
B s : Bejing, Chaina for presentation of paper in International 070872011 to
B - Mr. Srinivas Reddy N Conference on Mechatronics & Automation 10/08/2011
* Ms. Shikha Jain QHF Trainees N A s
51 Dir, Satya Prakash Singh Dalian, China for participating in 2nd International O5/0W2011 to
“' | Senior Scientist Conference on Computational Methods for Thermal Problems | 07/09/2011
3:“' .'m_"'l'_.d}rl?hl ],‘:;‘Ifn.w]”}"l Bevilard, Switzerland for training on High Precision CNC 2082011 to
32. | Senior Principal Scientist Lath 19/09/201 1
Mr. Pranabendu Sahs, TO. - R
33. | Dr. Himadri Roy University of Bayreuth, Germany for BOYSCAST Fellowship | 29/08/2011 o
Seientist of Advanced Characterization Techniques 28082012




FOREIGN DEPUTATION

SL. | Name

Mrs. Abhilasha Saksena
Senior “1[11I111‘~[

=hri H.p.uh Chowdhury
Principal Scientist

DEPUTATION TO

Tohoku University, Japan for pursuing PG Study

China to participate in Research & Application seminar

DURATION

1TOAMA200 0 o
TR0 |
19/04/2010 to
28042010

Q1052010 to

[ 8. Dr, M K Karmakar Pontificia Hninmiﬂnq University, Colombia

Eenior Seienlist SOR20 10

4. |'Shri K. J, Uke UK for presentation of paper in the Tth International Conference on 2A0BIA010 1
Senior Seientisl Condition Monitoring & ".lnf_h:ml:y Failure Prevention Technologies 2400672010

8 Shri M. C. Murmu UK for Oral Presentation in International Conference on Condition 22/06/2010 to |
Principal Scientist  Monitoring & Machinery Failure Prevention Technologies 2EAGE010

6. | Shri Debashis Ghosh University of Surrey, Guilford, England for presentation of paper in 5th 2ROGR00 o
Principal Scientist International Conference on High Temperature Defects in Metal 2HMB20110

1. Dr. Nagahanumaiah Alaska, USA 2EMOG/2010 to
Senior Principal Scientist 207072010

8. | Bhri Ravi Kant Jain Pretoria, South Afriea, for participating in the 25th International 13072010 to
Senior Beientist Conference on CAD/CAM, Robotics & Factories of the future (CARsFOR 16072010

2010)

8, | Shri Atanu Maity Istanbul, Turkey for Technical paper presentation in the 2010 IEEE 10/10¢2010 to
Principal Seientist International Conference on Systems, Man and Cybernetics 13/10W2010

10. | Shri Dip Narayan F{m Xipmen, China for participating in the IEEE International Conference an | 29/10/2010 to
Seientist Intelligent Computing & Intelligent Systems -2010 BLIN2010

11, | Dr. P. K. Chatterjes | Czech Republic for Joint Projeet on Plastic Wagte Disposal & Generation | 3001002010 to
Chiel Seientist | of Synthetic Natural gas 07112010

12, | Dr. Biswajit Buj (zech Republie for Joint Project en Plastic Waste Disposal & Generation | 3001002010 to
Principal Beientist of Syrithetic Natural gas (7112014

183 | Dr. Ranjit Ray Magsachusetts, USA for participating in the 15th TASTED International | 01/11/2010 1o
Senior Scientist Conference on Robotica & Automation 051172010

14, | Dr, B N, Mondal University of Limoges, France for participating in 3rd International 131402010 to
Senior Principal Scientist Conference (ICRACM]}, 2010 15/12/2010

15, | ShriArup Kr. Nandi University of Limoges, France, for participating in 3rd International 1371272010 to
Senior Scientist, Conference (TCRACM), 2010 151212010
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Frofl Amitabha Chattopadhvay, Oulstanding Seientiat, CSIR- D, Senpuy Kumar speaking on ‘Plan? processes thal need
CUME, Hyderabad, enumerating on "Current Exeltements and Technological Interventions
Chollenges in Membrane Biology" ol the Workshop

FProf. Sudip Chattopadhyay of NIT, Durgapur spealing an the Prof. Sudit Mukhopadhyay of NIT, Durgapur during the
theme Light-Controlled Arabidopsis Seedling Development lecture on “Introduction of Life and Life Engineering”

Prof. Ron Kapito being felicitated by Prof. Andtabhi Prof, Amitabha Chattopadhyay being felicitated by Prof,
Chattopadhyay Gt Biswas, Divector, OSIR-CMER!, Durgapur

m CBIR - Central Mechanical Engineering Research Tnstitute




Light controls growth and development throughout
the plant life eyele. In unfavourable environmental
conditions, an intact and healthy seed remains dormant
in a dry state. A wide spectrum of light, in particular
far-red, red, blue and ultraviclet (UIV) light induce
photomorphogenesis. It i therefore not surprising
that plants have adopted the ahibity to sense multiple
parameters of ambient light signals, including light
gquantity  (fuence), gquabicy
and duration. Light signals are perceived through at
least four distinet families of photoreceptors, which
include phytochromes,  cryptochromes,  phototropins
and unidentified ultraviolet B {(UV-H)} photoreceptor{s).
Prof. Sudip Chattopadhay of the NIT, Durgapur and
his team had been investigating the molecular basis of
light-mediated seedling development in a model plant,
Arabidopsis thalinna, and was successful in cloning
and functionally characterizing
proteins signaling that light plavs an important role in
Arabidopsis seedling development. The team had recently
demonstrated the genetic interrelations of ZBF1 with two
well-characterized negative regulators of light signaling,
COP1 and SPA1L, in photomorphogenic growth and light
regulated global gene expression, Thiz very interesting
vista was expoged to the workshop participants through
the lecture of Prof, Sudip Chattopadhay of the NIT,
Durgapur on the theme Light-Contralled Avabidopsis
Seedling Development.

{wavelength),  direction

several  regulatory

The workshop participants were then taken through
an Introduction of Life and Life Engineering by Prof.

el has 2 distingt and
T Sthucture

Prof. Ron Kopito, Undversity of Stanford, U7SA, speaking on
‘nality Contral in the Protein Assembly Line’

Sudit Mukhopadhyay of the NIT, Durgapur, wherein
he outlined the basic idea of Genetic Engineering along
with the scope ol engineering in biologv. Life was fivst
manifested in unicellular form, which, in the process
of evolution became multicellular. The journey from
unicellular to multicellular forms of life — ncluding
animal and plant lile —was quite distinet in their features
and differed from others. But the structure, functions
and hischemical composition of nucleic acid (DNA. RINA)
—the genetic material of life - was exactly same n all the
lives on earth,

Scientists have unveiled the structure, function of the
genetic material and are teving Lo decode the genetic
language. Biologists are now creating genetically modified
life of laboratory animals for understanding human
diseaszes az also for drug discovery, Thiz technology,
called Biotechnology has enormous application in every
aspects of human civilization. Now genetically modified
plants have created which arve insect and other pathogen
resistant, drought resistant and salinity resistant,
Genetically
animals have been produced successfully. Geneticslly
modified microbes are using for removal of different
pollutants, Brocengineering has evolved as a dizcipline,
where engineering knowledge is being used to develop
artificial tizsues, artificial organs ete. for trestment of

modified  diseaze  resistant veterinary

human discaszes.

Prof. Ranga Narovanon, University of Florido, (VSA, apeaking

on "Osctllatory Flows as o Means of Separation of Species” al
the Warkshap
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Chattapadadhvay - CSTR-CCMB, Hyderahad, Prof
Sudip Chattopadhyay - NIT, Durgapur, I'rof. Debashish
Bhatlacharya - CSIR-IICT, Kolkata, Dr. Sanjay Kumar -
CSIR-THET, Palampur, Dr. Sudit Mukhopadhyay - NIT
Durgapur and Prof. Pradyumna Ghosh of the Banaras
Hindu University, Varanssi.

The Workshop

In his seminal address entitled Guality Condral in the
Protein Assembly Line, Prof. Ron Kopilo of the Tniversity
of Stanford. T'SA outhined the problem of protein fulding

the process by which linear polvpeptide chainz are
assembled into the correct precise three dimensionat
structurcs that are essential for the performance of
varied functions. In contrast to the “folding problem”

hitherto traditiomally the domain of biophysicists
and theoretical biclogists — Prof. Kopito and his group
at the Stanford University, USA are (ocusing on areas
thal Le at the interface belween human genetics and
cell biology, In the course of the workshop, Prol Kopito
discussed Lhe majority of genelic mutations that cause
devastating inherited brain diserders, like Parkinson's
and Huntington's diseases, interfere with the procces
of protein folding, leading to the production of proteins
that, if not rapidly desiroved, become toxic to brain
cells. Prof. Kopito and his co-researchers, on loarnt, are
trying to undersiand how brain cells arve ahle Lo make
the decision to deslroy these aberrant proteins and
why lhese processes sometimes lall, with devastating
CORSRUENCES.

Speaking on his chosen theme Ouscillatory Flows as a
Means of Separation of Spoecies, Prof. Hanga Narayanan
of the University of Florida, US4 succinelly explained
how oscillatery flows In tubes can be used as a mechanical
means to partially separale specics and increase mass
transporl. The thoory behind the phenomenon can be
traced to the Tayler dispersion in tubes, The ides of
spocies separation, he illuminated, originaied with
hyperventilabien in lungs and has since been applied
to separation of species in the gas phase, In his lecture,
Prof. Ranga Narayanan cxplained in detail the physics
of mass transfer in ozcillatory flow, and thereafler
proceeded to outlining the application to separalion of
species in the gax phasc through the presentation of
comparing experimeaents to theory, Future applications of
separation in the Hquid phase were also discussed along
with potential problems and vpportunitics,

B CELE - Central Mechanieal Enginecring Roceanch lastitute

Biological membranes are complex assemblies of lipids
and proteins that allow cellular compartmenialization
amd  act as  the interface, through which cells
communicate with each olher and with the exlernal
milicu, The biclogical membrane therefore constitutes
the site of many important cellular functions invalving
transfer of information from outside to the interior of Lhe
cell, Inm physical terms, membrancs can be treated as g
complex oriented fluid which 15 4 weakly coupled, non.
covalent and ansotroptc assembly of molecules in two-
dimensions {and can therefore be treated as soft matter).
Membranes are helerogeneous in the context of a wide
range o spatictemporal scales, A unique aspect of such
an assembly 1= its dynamics spanning a large range of
time seales. which supports a wide vancty of biologiea)
processes, necessary for cellular funetion. Monitoring
membrane dynamics with all ils complexities continues
to be s challenge in contemporary membrane biophysics.
A fundamcntal issue of biologica] relevance is how cell
membrane dyoamics could be related tocellular signaling,
Another important omerging area is the role of cellular
membranes in the entry of pathogoens to host cells. These
insights emerged from the extremely Jucid presentation
of Prof. Amitabha Chaltopadhyay, Outstanding Sciontist
owing alftliation to the CSIR-COMDB, Hyderabad as he
enumerated the Current Excitements and Challenges
in Membrane Bislogy and provided a broad pverview of
these issues with examples taken from literature as well
as his own work.

Dr. Sanjay Kumar of the CSTR-THBT, Palampur lelt
that there was a need to autemate measurements on the
visible characlerislics or phenotype of the plants which
inglude measurcment of leaf growth, leaf architecturs,
surface characteristics, photosynthetic characteristics,
leal temperature, binmass, cvapo-transpiralion, water
uze efficiency, discase symptoms, ele. These traits. he
fclt, need to be moniivred in a high throughput and
non-invasive meode at various slages of growth and
development of a plant. Dr, Kumar's deliberations on
Plant processes that need Technological Inlerventions
opered up the very interesting possibility of automating
measurements for estimating metabolites {critical for
medicinal and aromatic plants), protein, TYNA, RNA, and
nitrogen content, The rool zone of a plant, he surmised, is
vet another important area that could utilize Non-invasive
methods to monitor root growth, soil characteristics, soil
volume, water potential, all being  eritical parameters
determining plant performance. Modules should be
developed to validate thes: parameters for measurements
under contrelled as well under feld conditions




WORKSHOP ON "BIOLOGY LEADING TOWARDS BIO-INSPIRED
ENGINEERING"

The Background

In engineering, all devices are synthesized by assembly
of dizerete and often pre-existing components unlike
the naturally-grown, fully-integrated biological systems
whose function drives the evolution of form at all levels
Better exquisite
poerformance of these integrated hiclogical systems

simultaneously, understanding  of
over many hierarchical levels is the key to emulate
their functionality 1 an enginecred system. This new
and emergent discipline applies biological principles to
devilop new engineering solutions, and 1z broadly known
as Biomimetics or DBiologically Inspired Engineering,
Biologically inspived enginecring encompasses specialty
arcas in biology, engineering and the physical sciences,
and aims to revolutionize the underlving principles of
aynthetic desipgn through radical thinking, Even though
the field of Biomimetics has just started developing,
gome tangible applications are on the horizon. The
extremely high-density nano-wires have the capability
of acting as high-density storage media due to enhanced
ferromagnetic properties,

Nature uses fewer materials to create a variety of life
forms, and the same material is used in many different
wavs to meet various needs, as can be seen in the case
of collagen, Natural materials are mostly constituted
arganic,
Biomimetics iz a discipline addressing the

trom inorganic  crystals  and  amorphous
phases.
desipn and fabrication of synthetic materials using the
strategies adopted by living orgamsms. The organic!
inorganic composites synthesized by the principles of
living organisms often display unigue and desirable
morphological, structural and mechanical properties,
and represent informative models for the synthesis and
design of complex functional materials, Self-assembly
syvnthesis of self-generating,

of  materials includes

hierarchical, multifunctional, nonlinear, composite,
adaptive, self-repairing and bisdegradable behaviour of
materials, For example, bones slowly add or lose mass
and change their form in response o modifications of
applied stresses. Being subjected to cyelic loading in-
vivo, it changes and thickens with an inereased applied
load. 1fit is kept continuously under lower than the usual
load, it thins and reduces in density and weight. This
phenomenon is indicative of the ability of bone to adapt
itsell’ to the changing demands of the levels of applied
load. In this respect bone is a smart material even though
the response time is longer. Current interest of many
branches of science ranging [rom electronies to molecular
creation of complex,

biology 15 the heterogeneous

atructures of well-controlled architecture and unction.

The Motivation

[n wview of the immense potential Bliomimetics or
Biologically Inspired Engineering holds in store, it was
appreciated that CSIR scientists have the responsinbity
af integrating Biology with the Physical, Chemical
and Engineering Sciences so that the capabilities are
fused coherently in order to evolve relevant and useful
devices., And as a primer, CSIR-CMER] organized a
waorkshop covering the gamut of biomimetics under the
auspices of the generie theme Biology Leading towards
Bio-inzpired Engineering during April 1819, 20011 =i
CMERI, Durgapur. The moot purpose of the workshop
was initiating enginecring-scientists and physicists ona
track so that they comprehend and recognize the scopes
of enriching Biology and find out a Pareto-Optimal

way of integration. The workshop accommaodated
invited lectures by zuch eminent expertz as Prof, Ron
Kopito of the Stanford University, USA, Prof. Ranga

Naravanan - University of Florida, USA, Prof. Amitabha
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Prof. Gautam Biswas, Director, CSTR-CMERT deliberating on Nobe! Lawreate Prof, Johann Deisenhofer closing the barrel’
the R&L aotivities af CSIR-CMER] during his lecture

FProf, Gaulam Biswas, Dhrector, CSTR-CMERT facilitating Prof, Gautam Biswas, Nrector, CSIR-CMERT focilitating

Frof. Johann Deisenhofer Prof. Kirsten Fischer Lindahl

CSIR - Central Mechanical Engineoring Research Instituts




VISIT OF NOBEL LAUREATE PROF. JOHANN DEISENHOFER

Prof, Johann Deisenholer, who, along with Hartmut
Michel and Hobert Huber, received the Nobel Prize for
Chemistry in 1984 for their determination of the structure
of a membrane-bound complex of proteins and co-factors
that iz essential to photosynthesis visited the CSIR.
[nstitute,
Durgapur to deliver an erudite lecture on Structural
Biology - Achievements and Challenges. The vizsil of
Prof. Deisenhofer was facilitated by Prof. R.N. Roy and
Praf. Pratima Roy of the Drury University, Springfield,

Central Mechanical Engineering Research

Montana, USA. The occasion caused much enthusiasm
amongst the members of the CSTR-CMERI family and
the academia az well as 2tudents of Durgapur, who
turned out in numbers to attend the programme on the
wintry evening of December 14, 2010.

At the outsel. Proll Gautam Biswas, Director. CSIR
CMERIL, Durgapur weleomed Prof. Johann Deisenhofer,
Prof. Kirsten Fischer Lindahl, Professors RN, Rov and
Pratima Rov and other dignitaries to the programme, and
subsequently led the audience through a journey of the
research areas that are crystallizing at CSIR-CMERI.
Hiz short but succinet presentation served as the ideal
backdrop for the en=suing lecture by Prof, Deisenholer
on the achievements of and challenges to the field of

structural biology,

Prof. Deisenhofer started hiz lecture with the work of
Britizh biophyzicist Rozalind Flsie Franklin who was
part of the discovery of the structure of DNA. Then he
discussed briefly the work of James Watson and Franeis
Crick that revealed a fundamental mystery about living
organisms. He went on briefly explaining the work
of Max Ferdinand Perutz, who shared the 1962 Nobel
Prize for Chemistry with John Kendrew for the studies

of the structures of hemoglobin and globular proteins,
He narrated the work of Aaron Klug, the winner of the
19582 Nobel Prize in Chemistry for his contribution in
crvatallographic eleciron microscopy and his discovery of
hiologically important nucleic acid-protein complexes.
Nigel Unwin’s work on electron Microscopy to analyse
the structures of protein received a special mention in
hiz talk., Hiz discussions then entered the paradigm
of DINA manipulation, heterogeneous expressiom of
Proteins, X-ray crvstallography, dedicated svnchrotron
and MAINSAD phasing. He showed the hydrophobic
and hydrophilic surfaces of protems, and talked about
the generie approach for the selective extraction of
detergents from mixed detergent/ ipid/ protein mice. He
explained that photosynthetic reaction centre proteins
are main protein components of plants, He went on Lo
explain how lerrie dieitrate complex enters the periplasm
where it binds to a transmembrane protein, He finally
eommented on two routes for future structural biology,
namely, normal mode analysis and molecular dynamics
caleulations. Molecular dynamics approach is facing
massive computational challenges, he added.

Prof. Deisenhofor's detailed exposition helped in opening
up a fascinating vista of structural biology and gave
hirth to a number of gquestions. which he, along with
Prof. Kirsten Fischer landahl addressed during the
lively interactive session that followed. He welecomed
gueries [rom g number of high school students, and was
extremely patient in answering these, while helping the
person with the query to better formulate the question
itselll After about forty minutes, the curtains came down
on the programme as Dr. D), Chatterjee, Scientist, CSI1R-
CMERI proposed a pithy vote of thanks.
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Dy, Lawrence Kulinsky, Sct., BioMEMs Research Group,

| The Brave New World of Electroactive
Polyimers

10022011

Entomology : Suggestions for Micro
Mechaniams

11.02:2011

Intelligent Additive Manufacturing : Part
Recovery, Reconfipuration & Fabrication

17.02.2011

High Temperature Corrosion Behaviour of
Cr-Mo Steel Weldment

17.02,2011

Manufacturing of Porous Nickel W;ck
Using MIM route

17.02.2011

17.02:2011

Metallic Manoparticles in Catalysiz and
Biomedical Application

2202201 ]. [

Invited Talk on CRIR-CMER!] Foundation
Dy

The problem of singularity in Impacting
Mechanical System

26.02.2011

26,002,201 I_

Green Energy and Sensor Systems

| 01.03.2011

Development of New Lithium-lon Batteries

03032011

Magnetic Particle-based Microfluidics

21.03.2011

Value Fducation and Management

S1.03.2011

Light-Controlled Arabidopsis Seedling
Development

12.04.20711

Plant Processes that need Technological
Interventions

18.04.2011

Application of Bio-inspired Engineering in
Snake Bite Management

18.04.2011

Introduction of Life and Life Engineering

Current Excitementz and Challenges in
Membrane Biology

15.04.2011
19020011

Separation of Species via Oscillating Flow

19.04.2011

Quality Control in the Protein Assembly
Line

Recent Advances in Diagnosiz of Diseases

19.04.2011

11.05.2011 |

Enhancement of Heat Transfer using
Streamwize Longitudinal Vartices

05.06.2011

MNano-Devices for Enhanced Thermal
Energy Storage, Cooling and Sensing

09.06.2011

Experimental Study of Flapping Flight
Aerodynamics using PIV

13.06.2011

Spinal Problems and their Biomechanical
Hemedies

22.06.2011

Computational Mechanies of Mechanieal
Syetems

19.07.2011

Our Cosmie Connection

27.07.2011

University of California,
21, | Professor Lakshmi Narayvan Mandal, Principal, Suri
Vidyasagar Collepe
22| Professor Jyoti Majumder, Robert H Lurie Professor of
Engineering University of Michigan, Ann Arbor
23. | Mr. Debashis Ghosh, Scientist, CSIR-CMERI, Durgapur
24. | Mr. Prosenjit Das, Scientist Fellow, CSIR-CMER], Durgapur
25, | Mrs. Henal EHL&H, Seientist Fellow, CSIR-CMERI, Durgapur
26, | Dr, Nripen Chanda, Department of Radiology, University of
Mizzour, Columbia, USA
27, | Dr. Arunangshu Ganguly, Senior Interventional Cardiologist
& Vice-Chairman, Mission Hospital, Durgapur.
28, | Protessor Soumitro Baneree, Tndian Institute of Science
| Education & Research, Kolkata
| 28, | Professor Hiranmoy Saha, BESU, Shibpur, Howrah
30. | Dr. 8. Gepukumar, Scientist, CSIR-CECRIL, Earaikudi
31. | Professor R. Ganguly, Dept, of Power Engineering, Jadavpur
University
32. | Professor (D) Amalendu Chakraborty, Former Head,
Department of Philosophy, Presidency College, Kolluata
33. | Professor Sudip Chattopadhyay, J.C. Bose National Fellow,
NIT, Durgapur
34. | Dr. Sanjay Kumar, CSIR-IHBT, Palampur
45, | Dr. Debasizh Bhattacharva, CSIR-11CB, Kolkata
36.. | Dr. éil.uj..i-{ﬂ'ﬂ;khupadh}’u}} NIT. Durgapur
37. | Professor Amitabha Chattapadhyay, CSTR-CCMB, Hyderabad
28 | Professor Rangs &HI'H}'HHE{H. University of Florida, USA
39. | Professor Ron Kopito, Stanford University, California, USA
40, | Prolessor Ajoy Kumar Ray, Vice Chancellor, HE:’:}U, Slﬂ-jlz}i}ur
41. | Professor Gautam Biswas, Director, CSIR-CMERI
42. | Professor Debjyoti Banerjee, Mechanical F:r:gér]eering
Department, Texas A & M Hniversity, USA
43. | Professor Debopam Das, Aerospace Engineering Depariment.
Indian Institute of Technology, Kanpur
44. | Mr.Partha Sarathi Banerjee, Scientist, CSIR-CMERI,
Durgapur
5. | Professor P. Seshu, Set-in-Charge, COMMACS, Bangalore
46. | Professor Alok Chakraborty, Variable Energy Cyelotron
Centre, Kolkata
47, Professzor Krishna Shena, University of Toledo, USA

| Large-Scale Sensor Networks and Robotic

Surgory

n CSIR - Central Mechanical Engineering Resourch Institute
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ERUDITE LECTURES BY EMINENT FACULTY & SCIENTISTS

Name

Development & Technolagy, Tata Steel

5. Protessor Ramesh Kumar Singh, HT. Mumbai Laser Associated Micro Manufacturing 07052010
2 Professor Ashok Mallik, Former Professor, IFT A Backward Journey from Mechanics to 11.05.2010
Kharagpur Creometry —
3. Professor Bhaskar Dasgupta, 1T, Kanpur » Robot motion Planning Methods 18- 19052010
* The Augmented Lagrangian Method for
Optimization: Formulation & Application
4 Mr. Ajow Patra, GE Infra Energy Pvt, Lid, Ingtability of Ultrathin Viscoelastic Films 0.0, 2000
5 | Professor G. Reader & Prof. N. Biswas, University of | Faeilities & Scope of Collaboration with Windsor | 01-02.06.2010 |
| Windsor University
| 6 Prafesszor A. K. Nath, [IT, Kharagpuer Laser Processing of Materials | (1,07.2010
T Profeszor (O K, Das, Materials Seienee Centre, 11T, Use of MWCKNT & Modified MWCNT in Polymer | 19.08.2010 [
Fharagpur Blend Nanocompoaites
8 Dy, Somnath Roy, Louisiana State University Large-eddy Simulation of Stirred Tank Flows 2010520110
a Dr. E. Natarajan, Anna University Splar Photovoltaic System 08.09.2010
10, | Professor (. K. Ananthasuresh. [[Se, Bangalore Biological lssues lnvolving Mechanies 26.09.2010
11. | Podmashri Professor N, K. Gupta, Henry Ford chair Plasto-Mechanies of Large Deformation— 260820110
Emeritus Professor, 11T Delhi Phenomenologieal Perspective
12. | Dr. Parimal Maity, Post Doc, CVRC in deptt., of Mech, | Bio-mimetic Design of Composite for air & 29.08,2010
Engg., Michigan State Univ,, USA ground vehicle & dielectrie behaviour of Epoxy-
Alumina Composites
18. | Professor T K. Bose, 11T, Madras Real Gas, Propertics of Gas, Gasz Radiation 07.08.10.2010
14. | Professor P, 1. Reddy, Technical Dirvector, Molecular Moleeular Assays for Cancer Diagnosis & 01.12:2010
Disgnnsties Lab., Medical School, University of Chicage | Treatment
16, | Professor Dipankar Bandvopadhyay, Assistant Dynamies of Thin Films: A Journey from 09.12:2010
Professor, IIT Guwahati Random to Ordered Microstructures
16. | Profeszor Johann Disenhofer, Noble Laureate Structural Biology-Achievementa & Challenges | 14,12, 2010
17. | Praofessor Amiva Bhusan Ray, Jadavpur University Mathematics: Study of Quality. Structure, Space | 27.12.2010
& Change CPYLS
18, | Professor Sreenanda Kundu, Saha Institute of Nuclear | Surface & Thin Film 95.12.2010
Phwsics, Kolkata CPY L=
19, | Dr. Dehashis Bhattacharjee, Group Divector, Research, | Frontiers of Research in Stesl Technology 06,01.2011
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Tests are conducted simulioneously on all the ten test riga. The

aulomated control system continuoisly monitors the various
parameters of the bearings, The following parameters are
conaidered fur the bearings:

The test rigs are stopped for [urther analvsis as soon
as the pre-set parameters approach the predefined
threshold values, The oil from the test rig is taken out and
wear debris analysis is carried out utilizing Ferrography
methods. The hife of a particular bearing is determined
hased on these results,

m CSIR - Central Mechanical Enginecring Research Institute

#

!

Test Monitoring

Scope for future work

Theestablishment of National Testing Facility for General
Purpose Rolling Flement Bearings at CS1R-CMERI 15 a
major leap forward and it opens up a wide scope to study
various aspects of rolling element bearings. The test rig
provides the Facility to vary the load as well as the speed
of the test bearings, the maximum load and maximum
speed being limited by the strength of the respective
components of the structure, while the geometry of the
machine remains the same. It also helps in the study of
temperature-signature of the bearings. Thus the test rig
is useful for condition monitoring of bearings.

The facility ean be used for condition monitoring and
evaluation of the journal bearings, It can also be used for
evaluation of friction force between the journal and the
bearing at various loading and at various rpm. Also the
same facility can be used to evaluate the comparative
contact area between the journal and the bearng to
estimatle the bearing ratio graph,




Technical Specifications

40 kg - 2000 kg
Upto 1500 rpm

Radial Load

Rotational Speed

20 mm - 4 mm

Bearing Inner Diameter

Bedring Outer Diameter [ 45 mm - 40 mm

The time duration s programmable and different lubricants
can be used,

Mechanical System

Bearings for testing ave mounted on a shaft and are
supported by the two support bearings. The support
bearings are placed on pedestals fixed to a surlace
plate, The main shafl 12 connected to a motor through
flexible coupling. The load is applied through a lever by
a centralized hydraulic loading svstem and lubrication iz
provided through a centralized auto-lubrication system.
The test bearing 15 housed in the bearing housing. An
accelerometer i fixed to the bearing housing to detect
and record vibration spike energy values. A revolution
counter 1s placed near the motor to record the total
revolutions of the bearing’s inner race with respect to
the outer race. The surface plate 18 placed over another
base plate with a facility that allows movement in
horizontal direction. This lacility iz provided to correct
any misalignment of the test rig. The whole mechanical
svstem is mounted on oan elevated concrete pedestal
and the molor is placed on another foundation to avoid
vibration transmission from motor to test rig,

Hydraulic Loading System

The hydraulie loading system comprizes a 10 liter tank
connected through tubes to all 10 points of a plunger,
which, in its turn, applies load on the lever. By using
the pump, the pressure can be varied from atmospherie
pressure to
maintains constant pressure throughout the testing
perind, which actuates the motor once the pressure is
reduced during the loading period and adjusts it back to
the pre-set value. The rig also accommodates provisions

1500 har. An automated control console

for manual leading and unloading.

Auto-Lubrication System

The Lubrication system has a 5 liter tank to store the
lubricants. This system is connected to the individual
lubrication points of the ten test rigs. Pressure s
maintained at its preset value to supply the lubricants
at the test rig points, The system further has a provision
to regulate the flow of lubricants at the end of test rig.

Electrical & Instrumentation
System

A BHP induction motor, driven and controlled by
a frequency drive system, is installed to drive the
main shaft of the test rig at & maximuam of 1500 rpm.
Vibration signals are detected by the accelerometer
and are transmitted to the signal-processing unit that
utilizes the envelope technigue for determinming the
vibration parameters. The value of spike energy — the
single useful parameter (better known as g5E value)- is
abtained from the processing unit, A proximity sensor
measures the total number of revolutions and the
signals are sent to the controller. When the pre-set value
of either revolutions or gSE (whichever oceurs earlier)
approaches, the controller sends the signal to the drive
to stop the motor, The bearing undergoing testing is then
12 taken out for investigation,

Testing Technique

Rolling Element Bearings is
influenced by vartous factors that inelude Huid flm

The  performance  of

dimensional variation, radial clearance,
production lot, manufacturing process, ete. Hence, a

thickness,

single experiment may not suffice for determination
of itz performance, The performance of the bearings is
predictod by statistical methods, TS0 281 (1990) suggests
the use of Weibull Distribution for endurance limit
prediction while the tests are condueted in accelerated
condition.
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M/, Indian Ordinance Factories,
Tehapur, 24 Pres.

Mis, Heavy Engineering Corpn. Ltd., Ranchi
Mis. National Toest. House, Kolkata

/s, Central Tool Room and Training Centre,
Kolkata

M/s. Durgapur Prajects Lid., Durgapur
Mz, BTQC Directorate, KTDC, Chennai

Mis, NTPC- SAIL Power Ca. Pwt, Ltd, Durgapur,

AYs. ERTL (Kast), Kalkata

Miz, Alstom 'rajects India Led., Thurgapur
M=, Jindal Stee] & Power Litd, Raigarh.
Mis. Usha Martin Industries T.ed., Banchi

M5, P.I Indusiries, Udaipur, Rajastan; Panoli,
(Ginjarat

Mtz MeNally Bharat Enge. Co. Lid.,
Kumardhubi, Dhanbad.

Mie, Durpapur Cement Works, Durgapur
Mfs. OCL India Limited, Rajganjpur, Orissa.
M/z. Nutech Calibrators & FEngg., Kolkata
Mis. XPRO India Ltd., Bankura

Mis, ASKIP Engineers Pyt Lid., Kolkata,
M{s. Hastern Calibrators, Kolkata

Ilis. Purulia Cement. Put. [id., Purulia

/=, Laxmi Business & Cement Co. Lud.,
Hazaribagh

blfs. Kalyanpur Cements Lid., Bohias, Bihar
Mie, Techno lndia, Howreah

Mfs, PAL Seienlific Enterprise. Agarpara
M{s. Bova Ispat Allovs Ltd,, Durgapur

M/s. Paharpur Conling Towers Ltd., Kolkata
M/s:. ALKALAB Pyt Lid,, Jamshedpur

M/s. Ultra-Tech Cemco Ltd., Rajbandh

Mis, Jaganaths Blip Gauges & Co. TLtd., Kolkata
Mis, Guindy Technoerals’, Kolkata.

Mis, Test Mech, Kolkata

Mis. Maithan Ceramie Lid., Jharkhand.

Mis. Enslern Calibrators, Kolkata

371 Mis. Ambuja Cement, Farakka Unitl
38y WMis Exide Industries Lid.. Kolkata
A4y Ms, Asbesco (India) Pvi. Ttd., Kolkata

40 M. Young Engg. & Calibration Services Pyt
Lid., Howrah

41) W Gammaon [ndia Lid., Jalpaiguri

42y Mfs. RN Dutta & Co., Durgspur

43y  Al's. Ranswarup Nirmaan wires, Rajbandh
44y Mz Durgapur Chemicals Litd., Durgapur
45y Mfs, Technomeasure, Howrah

4Ry M Laxmi Business & Cement Co (F) Ltd.,
Hauvaribagh

471 M/s. OCL [ndia Limiled, Rajganjpur. Orissa
48 Mis. Associated Cement Co, Lid., Fuerulia.
49 Mis. Indian Explosive Lid., Bokar,

B0y Bz, Bibali Insiruments Works, Howrah,
51} Mfs. Berger Paints India Ltd., Howrah.

51y Mis.Indian Hare Farths Ltd.. Orriss.

53y Ms Maithan Ceramic Lid.. Jharkhand.

34y Alfs. CHEMIN C&T, Bankura,

aht  M/le ACC Limited, IMurulia

National Bearing Testing Facility

Antifriction bearings are very important componcnts
of all machines aod equipment as their malfunetioning
very adversely affecte the performance of the systom,
Therefore, understanding and evaluation of the lite of
rolling element bearings is of great concern. In rosponae
to this need, CEIR-CMERI has established a National
Test Facilily for General Purpose Rolling Elemont
Desrings at its premises in Durgapur in enllaboration
with Tata Bearings, a division of Tata Steel Limited.
This facility, a unigue one o this country, accommodates
len test rigs designed and developed at OSIR-CMERI
and can carry out accelerated life testing of bearings
under controlled conditions, The lead and lubricants are
chosen in 8 manner to relain 1 minimum lubricant film
thickncss to avold the melal-lo-metal contact during the
test run,




Fimure 5: —Sphysmomanomeler calibration in process caltbraior

The facilities are being utilized for hgh-tech R&D
assipnments and ealibration work for in-house and
external  customers. The Metrology  department  is
providing veoman service to industries by providing
advanced facilities for calibration and measurement.
On an average, the Metrology Laboratory issues more
than 300 calibration reports per vear for external
customers, A= per Mutusl Recognition Arrangement
of TLAC/APLAC, the SI unit of measurement and
internatiomal traceability in dimension, mass, volume,
pressure, vacuum and surface are being maintained in
this laboratory and calibration and inspection service is
being provided to numerous customers,

Major clients:
1) M/x. Indian Oil Corporation Ltd,
2 M=, Steel Authority of India Lid,
a, M/s. Durgapur Steel Plant, Durgapur
b, M/s, Allov Steels Plant, Durgapur.
c. Mfs, Indian Iron & Steel Co. Ltd.. Burnpur
d. M/s. Bokaro Steel Plant, Bokaro

) Mz Senior Quality Assurance Establishments
(Armus.), Cossipore, Kolkata
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ADVANCEMENT OF METROLOGY FACILITIES

New infrastructure has been added to the Metrology
Laboratory of CSIR-CMERI in the field of surface,
form and contour measurement and 31 topography
measurement by Talveurf CCl Lite. Besides, CCD
camera and lighting set-up has been created to develop
a modern research facility in tool condition monitoring.
Environment of the laboratory 1s being upgraded for
preventing temperature Huetuation during calibration
with cleanliness of elass 1000 az per NABL requirement.
NABL has accredited 58 fields/ parameters (including 6
in-situ fields) and industries in the eastern regon are
extensively using these facilities for calibration of their
equipment and gauges.

The main purpose of enhancing the calibration and
measurement  facilities in dimensional metrology,
surface metrology, pressure metrology  and  mass
metrology is to provide service to Indian industries
catering Lo traceability of measuremeni as per
International standards.

CSIR-CMER!T added the following upgrades in the
Metrology Laboratory:

*

Sophisticated Metrological instrument - Talvsurf
CCL-Late Non-contact, Automated high resolution 31
profiler for surface topography studies and ealibration
of surface roughness standards

Universal length measuring machine Labconcept for
measurement of Length bars. thread gauge, anap
dial gange

-

One High range processz calibrator for positive
pressure  calibration of Gauges, Vacuum, Blood
pressure

» L2-class weights for mass calibration

* Image processing toolkil (CCD camera with telelens,
polarizers, fiber aptic guided lights, Sapera processing
software

H CSIR - Central Mechanicil Engineering Research Institute

Figure: 2 -Analvsis report of 30 surface
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Milestones achieved in
development of Cotton Picking
Head

Study of existing cotton picking mechanisms:
A thorough study was undertaken to understand the
tunctionality of commercially available machines and to
identify the trend of design across the globe. Hundreds
of designs of cotton pickers patented viz, mechanical
svstems consisting of brush type, saw tvpe. spindle Lype,
necdle tyvpe and strippers for complete removal of bolls
from the plant; suction/pneumatic tvpe. electrostatic
chareing tvpe, intermittent/pulsed vacuum type, and
spindle tvpe pickers have been studied and the inherent
advantages and disadvantages of each design identified.
A hand picking machine for picking cotton, now
commercially available in India, was studied, tested at
CICR farm as well as in faymer’s field in order Lo assess
its performance against manual picking. It was found
that the machine can cover an area of 1 hectare entailing
|44 man hours as against manual picking entailing 144.5
man hours with per day output of 2282 kg and 3267 kg
respectively, Presently research efforts in India are in
preliminary stage of mechanization of cotton picking,
Operational and funetional requirements studied
& selected: Operational & functional requirements for
the svstem wore selected. These describe capabilities
and characteristics required for the proposed system.
Finally the mechanism that best addresses the present
capability gap and its functional requirement was
devisloped,

Suitability testing of some Indian compact
genotypes by commercially available two row
spindle type mechanical cotton picker: Suitability
of plant characteristics amenable to mechanical picking
was studied with 10 commercially grown  Bt. Cotton
hvbrids, namely Gold Mine, Dhanno, MRC 6025, MRC
G304, Ankur 651, Ankur 3028, Shakti 9 Bt, Bunny
Bt., VICH-5 and VICH-15 planted at CICR, farm with
plant geometry 90x45 em. Six lines of each variety were
planted in an area of 0.5 ha with long length of run of
67 m in each row. To study the operational parametoers
and working principle a two row John Deere cotton
picker was lested lor mechanical picking of cotton at
the CICE farm. Four lines of varieties Gold Mine, MEC
6304, Ankur 651 were harvested with the picker while
two rows of each hybrid were harvested manually for
comparizon against manual picking. The % boll bursting
15 also an effective parameter for the performance of
machine which may decide the harvesting stage of
the crop, It has been found that the plant geometry of

crop including plant height affects the picking drum
dimensions, The performance results of the machine
having forward zpeed, effective field capacity, fuel
consumption, total harvesting loss, mechameal pieking
efficiency and picker efficiency were 2.20-3.38 km/h,
0.278-0.563 ha/h, 22.0 - 24.0 L'h, 14.29-31.74 %, 55.6 -
H3.1 % and 68,3-85.7 % respectively,

Plant characteristics studies of cotton varieties &
hybrids of central India with their amenahility to
mechanical picking: A review of plant characteristics
of various genotypes planted in Central India was
undertaken from the vear 2000 till date has been
undertaken, Experimental studies were conducted to
evaluate the effect of closely spaced rowe for Bl and non
Bt. Cotton hyvbrids. Interplant spacing influences plant
height which in turn influences hranch length in which
cotton hells lie because change in interplant spacing
alzo changes the height of uppermost and lowermost
boll, NHH 44 was found to be more spreading across
all the spacing as compared to PKV 081, CNH 123 was
found to be compact with most of the bolls lyving within
B0 cm from the ground and 30 cm from the row.

Design of cotton picker head model; Kinematic
model of picker mechanism was developed and detailed
design of cotton picker head was undertaken leading o
full scale CAD model, Drum assembly provides requirved
spindle speed of 2700 rpm and imparts rotary motion o
the drum through a set of spur and bevel gears, This
ensures engagement of plant having cotton bolls with
the machine. removing cotton and finally traversing
Lowards the doffer, Cam follower assembly controls Lhe
orientation 1.e. advance and retardation of apindle for
efficient cotton pickup as engagement time of spindles
with the cotton boll is maximised. A suitable pearbox
was designed to transfer PTO power to drive the drum
assembly and spindles.

Figure Full seale mode! of cotion

npicker headd
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Figure Electrostatic nozzle test aefup

Figure Faradav's Cage

Milestones achieved in
development of Inter-Row
Rotary Cultivator

Design of inter row rotary weeder has been finalizod
based on existing information. Procurement of state of
the art machine from ltaly is in progress.

Design Specificalions:
s Ground Clearance, mm: 600 or more
s Depth of working, mm: 50-75
s Bite length, mm; 50-75

s Working width, mm; 500-530

Bow spacing, mm:

Sugarcane: Cotton:
BT5-900; G75-900;
Cabbage: Potato:
A00-500; AOD-500:
Brinjal: 400500,

. CHEIR - Central Mechanical Engineering Research Institnto

Figure CAD Mode! of Protatype

Milestones achieved in
development of Irrigation

Scheduler

Development of Controller: A controller with
Printed Circuit Board (PCH) including pump control
unit, power supply, extended memory, and driver
circuit 1s designed & fabricated. Extended Memory
has been integrated in the electronic circuit for menu
driven programming.

Lab & Field Testing: Accelerating ageing test for the
system has been completed at C-DAC, Mohali, Field
testing of the protovy pe has been started for eight valves
iry the open field with Drip Fertigation at the Centre for
Protected Culfivation Technology (CPCT), IARI farm.
Field testing has been undertaken for a single valve,
two valves and all the eight valves simultaneously.
Pressure and discharge of drip syvstem and laveral
lines are being monitored for system evaluation, The
prototype cost is approximately Rs 15000/ which is
quite affordable for a farmer,

Figure Scheduler connected  Figure Automatic Irrigated
field with the developed

canfroller

fo trrigation & fertigation
systema




Milestones achieved in
development of Precision
Planter for vegetables:

a  lxisting planters have been evaluated sand
design brief has been prepared
s [Design of Two Bow Precision Planter has been
completed
s Fabrication of Two Row Precision Planter
Prototype are under way
s Planting Depth Study and Survey of Planting
Practices in North India have been carried out
Design Specifications

s [ractor range ! 35-45hp

w 95-99% singulation

s Less than 2% misses & 3-4% multiples (incl
doubles)

s Depth adjustment - 1mm step

w  [low spacing range: 20— 120 cm

s Plant spacing range: 3 — 60 em

Option for elimination of multiples

s Planting spead @ 4 - 5 km'h
s Suitable for majority of vegetables
s Modular design

s Utilization by unskilled farmers

s Total cost { preferably <1 lakh),

Figure CAD Model of Precision Planter
FPrototvpe

Fiaure Plonter Calibration Test Rig

Milestones achieved in
development of Electrostatic
Nozzle

B Design & development of electrode for induction
charging
Fabrication of Electrostatic nozele
Assembly of sprayver equipment
Testing of UV, supply. electrometer, nozzle with
HY
»  Field Testing of Klectrostatic Sprayer for its
conventional

efficasy  and  comparison  with

sprayvers

# Design and Development of Faraday's Cage
HY. COMRECTOR GROUND COHNECTOR
[COPPER) RN}
ISTAMNLESS STEEL} g’ =
) YD e
-~ . e COMNECTOR
Tic)
HOIZLE TP
IPLABTIC] T T
=t

Figure Induction charge based Nozzle
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Metallurgical analysis of blades: Material
compositions of the blades of reputed brands
were procured and test for their composition.
A comparative study was conducted along with
the hardness of the blades,

Optimized design of Rotavator: A casting
route for the manufacture of Rotavator blades has
been selected. Aluminium patterns have been
made and the casting dies machining completed,

The task of blade development has been taken
up at the Foundry facility of CSIR-CMERIL

INfferent tvpe of blades

Ihes for the ADT casiting

H CSIR - Central Mechanical Engineering RHesoarch Institute

Milestones achieved in Offset
Rotavator development

| 3

Field performance evaluation of offset
rotavator: Field performance evaluation of an
indigenous offset rotavator done by PALU has
been reviewed. One offset rotavator from ltaly
and one indigenous offset rotavator have been
purchased

Operational requirements of the rotavator
to be studied and selected: 35-15 hp tractor
will be required
Hydraulic shifting will be provided for offset.

for the prototvpe design,

Initial conceptual design of hydraulic shifting
mechanism has begun

Design concept: The rotavator can be laterally
displaced by means of a parallelogram mounted
on the mast. The lateral displacement is achieved
by a hydraulic evlinder which is controlled by an
adjuatable feelerfsensor through a distributor,
which ensures that the
around trees without damaging them,

rotavator tills soil

A = Space reguiretd to run

the tractor
= Width of implement

O = Working width of

imiplenent

Figure Conceptual drawing of an

affset rotavator working in orchard

Figure lsometrie view of an offset

rotauator




GB Pant University of Agriculture & Technology (GBPUA&T), Pantnagar
Central Institute of Cotton Research (CICR), Nagpur
Centre for Development of Advaneced Computing (CDAC), Mohali

|
|
>
e International Tractors Limated, Hoshiarpur
»  MNational Agr Industries, Ludhiana

-

AMAR Agri Implements, Ludhiana

Initial Projects

The proposal, to begin with, included eight projects which are lizted below:

Projects I Networking Partners _ Agricultural Operation
154 Rotavator: refinement and further PEU,.-CMERLGUEFM- & Tillage
development GBPUA&T
2. Offaet Botavator: Design & CMERI-CoEFM, PAU & Tillage & inter culture
Development GBPUA&T
a4 !“i‘nel_mmc.jc precision planter for CMERI-CoEFM & IARI Planting
Cvegetables
4, [‘-:].L-".L,‘T-l.‘i.';:%tﬂt'it‘. nozzle: Design & CMERI-CoEFM, CS10 & PAU Plant protection
Development -
By [nter-row rotary cultivator PAU & CMERI-CoEFM Inter culture
B, Irrigation Scheduler: Programmable | TARL CDAC & CMERI-CoEFM [rrigation
Systems
7. | Cotton Picking Head: Basic Studies | CICR, CMERI-CoEFM. & PAU Harvesting
& Desipn
8. | Basic Facilities | CMERI-CoEFM j

Research Facilities

*  Multipurpose Test Bin ! Tillage & planting studies
*  Automated Patlernator & Nozzle Test setup : Plant protection

s Doezign & Analyais Facilicy : CADCAEICAM

s He-engineering Lab ; CAMM /3D Beanning

e [Information Resource Centre : Repository of knowledge

«  Small Field Lab ; On-field studies

» Instrumented Tractor i On-field studies

PRD.’ECT DETAILS Puddling Index (I’I), Infiltration Rate (1R} and
Fuel Consumption (FOC) W type is best suited
for puddling,

Milestones aChIEVEd in Rotavator [ Wear studies of rotavator blades: Wear

Refinements studies have been done on the basis of Lest
reports of 14 rotavators tested by the Testing

»  Fieldperformanceevaluation: Theevaluation center, PAU, Ludhiana by Gravimetrie method
has been carried out with three rotavators of i.e., by measuring the weight loss after long run

different blade tyvpes (C, J. L) for the puddling
having parameters as Power Regquirement (PR),

bivsl,
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CENTRE FOR PRECISION & CONSERVATION FARMING MACHINERY

Backdrop

After the Green Hevolution, the countrv zaw food
abundance until vecent years when grains were
required to be imported to feed the ever-increasing
population and shrinking cultivable fields resulting
from rapid urbanization & industrialization brought
about a severe shortage in green production. Owver the
last fow decades, the impact of seience & technology on
speiety and ecosvatem has intensified the deterioration
af the ecosystem, leading to depletion of biclogical
resources. The agriculture of the forties, which was
eeo-friendly, is now fully dependent on the use of
chemical fertilizers., 1f this trend continues. then in
the near fulure agriculture is likely to face tormidable
challenges to provide adequate nutrition to the people,
[t is high time that proper decisions he taken for
inereasing  agricultural  productivity, as  developing
countries have the lowest productivity for most of the
food crops. It 1z obvious that unless the latest tools of
science and technology are applied for sustainable and
equitable distribution of the natural resources, poverty
and hunger will persist in the country. Novel and
innovative technologv-intensive options therelore need
to be implemented, which might succeed in harnessing
newer possibilities in managing the farm zector, These
should complement
the traditional methods for enhancing productivity

technology-aided  interventions

and  quality  instead of  replicing  conventionsal
methods, which have evolved over hundreds of vears.
In the light of today’s urgent need, there should be a
pervasive effort to use new technological inputs for the
development of our society so that the Green RHevolution
merges seamlessly with an ‘Evergreen Hevolution'. The
concepls of Preeision Farming & Conservalion
Farming hold these innate promises. However, their

implementation requires al the outset extensive hasic

. CEIR - Central Mechanieal Enginecering Research Institute

mechanization in agricultural felds, following which
the principles of Precision & Conservation farming can
be applied in stages,

Intervention

Ensuring food security for the country through
appropriate intervention in agriculture at the moment
occupies a verv high priority in the national S5&T
agenda, and rightfully finds a major place in the IRHPA
{Intensification of Research in High Priority Areas)
scheme of the Department of Science & Technology,
Government of India, Under this programme, the DST
has sanctioned a Networked Project entitled Centre for
Precision & Conservation Farming Machinery to
CSIR-CMERI Centre of Excellence for Farm Machinery
(CSIR-CMERI CollFM), Ludhiana for a duration of
& vears to explore novel and innovative technology-
driven avenues for ncreasing food produection in the
country. Mechanization of agriculture forms a primary
component of this programme. It is well known that
agricultural mechamzation iz a complex technology
collaborative  efforts of
from such diverse domains as agricultural science
& engineering, electrical
CTEINCeTIng, mdusatry
and the agricultural community, A network of R&D
organizations { Agricultural Universities [ Industry has

that requires seientists

mechanical  engineering,

mstrumentation, automation,

thus been forged and formal understanding has been
established through Moll to support the programmes,
The participating Institutions in this venture are:

»  CEIR-CMERT CoEFM, Ludhiana

Agmcultural

» Punjab (PATD,

Ludhiana
= CS1R- C210), Chandigarh

»  Indian Agricultural Research Institute (LARID,
Mew elhi

University




the scheme in 20045, CBIR-CMERI has been actively
mvolved in providing the necessary research inputs for
upgrading i number of mrassroots innevations toentities
having commercial value, Till date, CSIR-CMERI
has upgraded six products innovated by different
grissroots iunovators, and as per the mandates of
the Mol! existing between Lhe U5IR and Lhe National
Innovation Foundation have transforred theae to the
NIF for commercialization. The six produets to which
value have been added comprize:

* Mlotorcyele driven plough

s Auto comprossion aprayer

s Manually Operated Pulse Thresher
v Shivea) Mullipurpose Agricultural Equipment
* Hand Operated Water Lifling Devico

» Siddhant Self Propelled  Windrowoer  Reaper
(Attachment part)

Three further value additions are being atlempled now,
comprising the following machines:

« Indigenous Sugarcane Harvoester
o Indienous wind acluaced waler pumping aystoem

« Houna mat making maching.
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PAPERS PLUELISHED 2010

CHOURNAL Details

S| Author

4. K. Tripaths, Biswarup Effocts of thermal annealing on JOURNAL OF MAGNETISM AND :
26 | Saipati, Maciej Oskar Liedke, structural and mapnetic propertias of Pt MAGNFETIC AND MAGNETIC MATERIALS
A, Gupea, and T. Som Cr/Co Multilayers Vol 322 [esue: 21 pp. 1464-3469
Rala Murugan Gop:-ﬂ:sam}'. Experimental investigations while hard THE IN;I'E.RI\ATIGNfﬂ. :IU!T-}{NAI_::
97 Biawanath Mondal, Sukamal machining of DIEVAR tool steel (50 OF ADVANCED MANUFACTURING
Ghosh, Kristian Aencz and HRC) mng TECHNOLOGY, Vol 51, Numbers 8-13, pp.
Fritz Klocke B53-565
: o I Design of an SOT-MEMS High JOURNAL OF MICROSTSTEM
2g | Kalvan Kr Mistry, Swamy K. | Rocqlution Capacitive Type Single-axis | TECHNOLOGY, Vol 16. Nussber 12,
St Arcelerometer P20 T- 2066 _ ]
. . . Mixed eonvection heat tranafer from ] - - T :
ag ]1__':'1pzj_anéugﬂi?hnnmr]ee. Shyuma three heated square cylinders in cross- iiEﬁTl {"kl‘; n ?;E;;Eﬁ;ﬁi{iAINSFER, Vol 46
s " fipw at low Reynolds numbers sele bl ub _ N
20 8 Mondal. 3 Mahata, 5 Prixessing of natural resourced ADVANCES TN APPLIED CERAMICE, Vol
Kundu, Biswanath Monadal hydroxyapatite ceramics from figh scale 7 108 Mo 4 pp-234-239 )
g |Malay Kr. Kurmaker, A.B. | Hydeodynamics of  duel fluidized bod ADVANCED POWDER TECHNOLOGY
Datta gasifier fol. 21, Issue 3, 2010, pp. 5321-528
Prathap's best-fit paradigm and optimal INTEB&”""TIGNM‘ .I(‘.i[]li‘N;'u:L Or
ag Somenath Mukherjes, P strein recovery points in indeterminate I"!UI":ILRI("“"L T"EETHDDE’ IN BIOMEDICAL
Jafarali fapered bar analysis using linear LNGINERERING
element ’ Val. 26, Tasue 10, pp, L246-1262
Analysis of Impact Responee and
a5 | 8 Kumar Damnags in Laminated Composite STRUCTURAL ENGINEERING AN
P Cylindrical Shelle Undergoing Large MECHANTCS, Vol. 35, No. 3, pp. 349-3h4.
Deformations
Aditva Kr. Tohar, Biswanath | Effect of Mg on the microstructure and JOURNAL OF MATERIALS ENGINEERING
34 | Maondal, nechanical properties of Al0.38e0.18Z | AND FERFORMANCE, Vol 210, INo. 15, ph.
3.C. Panigrahi (Ti22)p composite 2135-2111.
Atanu Saha, Investigation jnto the probable canse of .
35 | Himadr Roy. failure of economizer tube of a thermal ;,%gﬁ;&#lﬂif{?;{ }éREbTF?LYS&%,fI;‘%
Awadhesh Kr. Shukls power plant o PR & b B )
8, Nechoodhury, Yaishali Design of medium energy beam transport
56 Maik, Manas Mondal, line between the RFE} and the Einac PrAMANA, 2010, Vol 745, Number 3, pp.
Hemondra Kumar Panday io the radioactive ion beam facility at 4235459
and Avik Chatlerjes, &t al. YECC, Kolkata _
Iﬂ*;ﬁ?ﬁ:;ﬂ:]]‘i“fmmg Bebaviour | |NTERNATIONAL JOURNAL OF HIGH
37 { Debashish Ghosh & 5 K Mitra . all tuhes b .2 | TEMPERATURE MATERTAL AND
and Hematite Mixture under Solid-Solid | ppoypgsxs, vol, 28, No 6. pp. 109114
and Gas-Solid Raaetion states ’ P T R
Debashizh Ghosh, Himades High temperature Corrosion fBilure of a | INTERNATIONAL JOURNAL OF HIGH
33 | Roy. secondary Superheater tube in Thermal | TEMPERATUEE MATERIAL AND
Awadhesh Kr Shukla Powar Plant Boiler PROCESSES , Vol. 25, Na.1, pp. 108-114
a9 Elimadrei Roy. 8. Sivaprazad, | Crack tip damege machanism under KEY ENGINEERTNG MATERIALS Vol
8. Turafder and K. K. Rav menatonic and cyelic loading conditions | 417-418 pp 105-104
A Dobabraty Challerjen, VR Removal of Some Commeon Textile Dives L;‘%Il{?&gliﬁiﬂé l[l)hﬁffl‘licﬁhﬁﬁrinlssue 12
Patnam, A Sikdar, SK Moulik | from Aqueous Solution Using Fly Ash | oo Lonn S, T . - PP
' Determination of optimum amownt INTERNATIONAL JOURNAL OF
41 | Arup Kr. Nandi, J¥ Davim lubricant in drilling using soft-computing | MATEREALS & PRODUCT TECHNOLOGY,
_ tools: desired surface roughnons Vol, 37, Issue t-2, pp. 102-115
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PAPERS PUBLISHED 2010

SL.

Author

Delabrata Chatterjee, KA

ITilh_-.

[BuMIT){edta T2V () mediated

JOURNAL Details

DALTON TRANSACTIONS, Vol 39, lssue 7,

Roy Choudhury,; Abraham, A

Classification Using Short -Time Fourier
Transform and Support Vector Machines

43 : i £ oxidation of hydroxyurea with H{230(2), i .
Nayak, E Ember, R van Eldik, R ENE
yak, E Ember.R van Eldik Kinetic and mechanistic mvestigation bp. 1635-1635
: ’ ; Kinetics and mechanism for oxidation | JOURNAL OF COORDI NATION
Debabrata Chatterjee, U7 Pal, : (o s
Rl cbabiata Chatierice, U Pa of fRuIDedta)(HEZYON () with CHEMISTRY, Vol. 63, Issue 14-16, pp.
| 5K Ghosh 2 : ; df
peroxyvdisulfate in agueous medium 2H88-2604
Enhancement of Acenracy of Multi-
| axis Machine Tools theough Error MAPAN- JOURNAL METROLOGY
44 Swapan Barman, Ranjan Sen | Measurement and Compensation of SOCIETY OF INDIA, Vol 25, No. 2, 2010;
Errors using Lazert Interferometry pp. 78T,
_ Technique
Himadri Roy, HN. Bar, 8, Acoustic emission during monotonic and | INTERNATIONAL JOURNAL OF
45 | Sivaprasad, S.Tarafder & evelic fracture toughness tests of 304LN | PRESSURE VESSELS AND PIFING, Val,
il KK Ray - weldments, 87, Izsue 10, pp. 543-549
Debashizh Ghosh, Himadri | Failure investigation of platen TRANSACTIONS OF THE INDIAN
|46 oy, T K. Bahoo and superheater tube in a 210 MW thermal INSTITUTE OF METALS Vol. 63, Issues
Awadesh Kr. Shukla power plant boiler 1-2. pp. GBT-680 ,
47 =. Kumar 'Dhjevt.-Driente_d Finite Klement Analysis {.QII)]E’:};I;’J{H];’I{E}L];{T:Ij;]h ];?x(:. lf? tf:H e
: of Metal Working Processes :3'.-'2.:3?5 . o .
Suman Saha, Saptarshi
Das, Ratna (Ghosh, g i e . R A
Rhaswats Coswai. | Fractional order phase shaper design THE INTERNATIONAL SOCIETY OF
Sl v brinanian A K | with Bode's Integral for iso-damped AUTOMATION (ISA ) TRANSACTIONS
Olhiaaden: Bhantunn s control svstem Vol, 49, [ssue 2, pp. 196-206
Amitava Gupta
. . Characteristics of noise produced during | INTERNATIONAL JOURNAL OF
Thangadural Murugan, hate £ 7 e
49 ; impingement of a compressible vortex AERDACOUSTICS, Vol % Numbher 6.
Debopam Das : G
| ring on a wall pp 549-858
Palash Kumar Maji. Partha = . L INTERNATIONAL JOURNAL ELECTRIC
80 | Sarathi Banerjes, Amit Joyti f;:f_mr]if PNt aRsiRc bedal spyen ANDYHYBRID VEHICLES
Banerjes, Sihnath Maity ciiess Val, 2, Na, 3, 2010
o1 | Uma Daua, € Kundu, 8. iffj’:‘“;zi:ﬂ*i‘s “*k{;?n‘;i towed | SENSORS AND TRANSDUCERS
% | Kundu s L e JOURNAL, Vol. 118, Issue no.7, pp. 87-100
Environment
Suman Karmakar , Rudra ;Ti’.?;:;?ﬁfr‘nﬂq:ﬂ;‘:" 1?E“ﬁ‘:e INTERNATIONAL JOURNAL ON
R Fraend Chttoryee; Lia l_lis:am:el:i : IZ ” tm' E‘;:n 7 | ENGINEERING, SCIENCE AND
Dutta L e TECHNOLOGY, Vol..2: Nov.1; pp. 95:48
Calibration
Monotoring Performance of CNC
S Svisan Barmiss, Ranisn Sen Coovdinate Meaguring Machine by Laser | JOURNAL OF THE INSTITUTION OF
: ik e A RAMAN SEN | Interferometry Technigue and Error | ENGINEERS (INDIA). Vol. 91, pp. 3-8
Compensation
§ Samal, Debashish Ghosh: | Liect of cystal structige on high STEEL GRIPS -PROCESS TECHNOLOGY
54 =i = temperature oxidation behaviour of SR N
and 5 K Mitra ¥ : ; Vol. 8, pp. 138-135
commercial pure von, copper and zing
. y & : i 1 ; E [CCS 2010 - INTERNATIONAL
| uoha Banti Das, Sankar. (MBS SO0 SIS GRRBMSIE S () iR ENCE ON COMPUTATIONAL
558 Nath Shome, Sambhunath architecture towsards realizing overall [P e
4 ; ; ; [ SCIENCE. FROCEEDINGS, Vol 1, [ssue 1,
Nandy, Dibyendu Pal dynamic behaviour of an AUV T,
. 258-268
Baneroe. T e, S Jomich L‘;"::fﬂe?‘*“"‘m“;f e i SOFT COMPUTING MODELS IN
0 et e e A B PR SR INDUSTRIAL AND ENVIRONMENTAL

APPLICATIONS, Vol. 73, pp. 219-225
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Book Chapter

L

. Soumic Sarkar, 5. N, Shome & 8. Nandy,

5. N. Bhome, 5. Nandy, 5. K. Das. D. Pal, B. Mahanti,
Y., Kumar., R. Bay and I, Baneri,
Underwater Vehicle for 150m Depih-Development
I'hases and Hurdles Faced®,, FIRA 2010, COIS 103,
P A9-57, 2010,

"Autonomous

8K Das, T1 Pal, & Nandy, V. Kumar, 5 N. Shome,

B. Xahanti, “Control Avchitecture for AUV-150 A
Systoms Approach” FIRA 2010, CCIS 103, pp. 41-48,
2010,

"An
Intelligent Algorithm for the ’ath Dlanning of
Autonomaous Maobile Robot for Dynamic Knvironment”,
FIRA 2010, CCLS 103, pp. 202-209, 2010,

1,

Ranjit Ray, Dikash Bepar and Subbasish Bhaumik,
“On the Developmend of an Intelligent Mobile Robotic
Vehicle for Stair Navigation”, Intelligent Autoncmous
Systems: Foundation and Applications, VK. Pratihar
and T.C. Jain (Fda ) Intelligenl Aulonomous Syatems,
SC1 275, pp. 87122, 2010

. Bikash Bepari, Ranjit Ray and Subhasish Bhaumik,

“MNon Contact 20 and 3-D Shape Becognition by Vision
Svstem for robotie Prehension”, Robol Vision, Ales
Utle {Ed.), pp. 231-260, I-Tech, Vienna, Austria. 2010

CArup Kumar Nandi and Shubhabrata Datta “Multi-

Objective Optimization of Particle Beinforced Silicone
Rubber Mould Material for Soft Tooling Proceas”
Lecture MNotes in Computer Seience. 2010, Valume
#457, Bimulated FEwolution and Learning, [Pages
414-423
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OUTSIDE TRAINING SCHEDULES ATTENDED
BY CSIR-CMERI PERSONNEL

TRAINING PROGRAMME ON PARTICIPANTS

1 Befresher Programme for the Section Officars o
2, '|_'L'-:'];:ul'tf:g_\ Ll E':]'I.Ll"l."|.:lr‘l'1‘.ll:"I.l!'.‘w]'l.'i.|_.l ]-
3. Scope & Prospeet in Reliability Engineering i |
4, Planning for Life after Retirement | 2
B, Induction Training for newly recruited Scientists ‘B’ & ' 2
. Entreprencurship Development Programmee L 3
i Revalidation of UT Level I Certificate 1 |
&, Basies of Computational Fluid Dynamics & Software |
0, ]_Hefrf,;sher Programme for Ee_i,:t_i_un Officer 3 |
10, Ramwater H u::.n’;*m& .-‘.'LL.*.I:i'riu_'ial- ]‘1.1.‘.(:[.1;11'_&:' 1
i1, Purchase Effectiveness 1 !
12 H_-..E:':E:J i;:'njnc: Management |
1%, |. Internal GQuality Audit for Laboratories as per ISOMIEC 17025 ) .
[ 14. | Competeney Development for Technical Officers [ 2
[15. | Computational Fluid Dynamies on Graphics Processing Unils 1
16. =olf Effectiveness at work place B 1
17. | Micro Scale Engineering i T | g 1
15. H.t_'!il..lrdﬁ Management '.-.'lJllJ-'.-le] ]"t'_'m'_[‘.iumrd {.J'ffit'{-:':; 2
19. ] Noise & ‘b‘lihﬂitiun_ o i W I
20. | Scanning I'Ei.a.-ttrun Microscopy for Beginners i
| 2L | Competency Development for Technieal Officer 2
22, | Coventor Ware 2
| JEI._ I Protein Sequence Analysis &5tructure Prediction = =T 1
24| Bmotional Intelligence for Managerial Efficioncy ;

VISITING FELLOWS

SL. | NAME OF PROGRAMME PARTICIPANT

1: V. Raman International Fellowship Mz, Angela Mispha

Prof. Ranga Naravan,

2, CSIR-CMERI vigit Under DFE scheme University of Florida

Research/Fellowship on Indo-US Fabrionics
Rescarch

Mr. Kumar Pallah

Mpy. Prazun Das,

4, Dimensional Metrology Tnspectot(QA)

m CS1R - Central Mechanicsl Enpineerning Researeh [nstiture




WORKSHOPS/SEMINARS/CONFERENCES ATTENDED
BY CSIR-CMERI PERSONNEL

PARTICIPANT/S
FROM CMERI

NAME OF PROGRAMME

1 | International Conference on Recent Advances in Mechanical Engineering (ICRAME -2010)
B National ‘-‘-.-’;r:uri-:s]‘o.p an J.{&c.{_-nt Trends in Object-Oriented Soft ware Testing fH-'l'ULEET] 1
3. Workshop on Effective Implementation of RTT Act 2005 g 1
8 1 ‘ual wnal Conference on Nirman Saamagrivan: Vision 2030 2
E :'_'|th'1. term C‘.uurefn?- on.__g_"_;@_yanmd Topics of Digital Signal P‘m:essin_g_ 1
6. | Virtual Powertrain Conference & Exhibition b
i "vutudl Powertrain E'_qu'ﬂrpm e ani Exhibition 2
8. \]s]ﬂ ication Oriented Training Course in COMSOL 1
Ei Course on Ha.‘;]l.h of computational Fluid Dynamics and Software 1
I 10, Ath [ntt‘-rnu:;umll i"nuﬁ*rvrat:r on Industrial & Information Syvaiem { 1
11 Training on Me:,hanu al Maintenance of Equipments | 2
[ 12, Seminar Le cchire on Uze u['_"kTI;l.-‘-'n:E \T rm[] madified "'ﬂ‘lr‘l.:f”:\::]: LE i.-’nh rmer Blend Nanocomposites 10 =
13. | Beminar Lecture on i.ﬂrgo eddy Simulation of Stirved Tank Flows | 10
14. Workshep on Interface between Water Technology Developers & {]'Thf‘l‘_ﬁh‘akt‘hn]ﬂﬂri 1
15: 7th International é};.rit:n.a.r;a-r.:ce on Computational Intelligence, Robotics and Autonomous | 2
16, Inh rnational C nnterenre on Computer and Communications lan;hnulug'w 1
”]"'F... h.qtmnal Seminar on Recent Advances in PIE & Remote Sensing Technologies for Nuclear Fuel | 2
. 15, | Wearkshop on Bioinformatics in Genomics, Proteomics and Metabolomics [ S
j 19, In.:,zl.-i;-.lnnm-al.i:}n Initiative Regional Fair- Eastern Region 2
E. | Conference on Advances in Recent Technologies in Communication & Computing 1
21, Delhi International Renewable Energy Conference 1
22, - lntumltmlml-;umreruamenn Recent Trends on Material Science & Technology (TCMST) 2010) I
23, | Workshop on Advances in {mnpumimlml Optimization & Applications 1
24, . Training Programme on Competency Development for Technical Officers 1
25. | Advances in Automotive Technology IWAAT-2010) 1
24, General I'.h]nn’oment Programme for Middle & Senior Level anﬂn Srientists 1
a7, .j.Sth international Conference on Simulated Evolution & Learmng 1
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NAME OF PROGERAMME

PARTICIPANT/S
FROM CMERI

Seminar on Frontier of Science

Tih Inter ndtiﬂ]m_.f‘_unferenw on Indusatrial Tribology 2
!_?":]'. 4th International Svmpo&mm on Advances in Fimtm{,h:,mn,al Shienie & I‘ef_hn-:lugv (ISAEST-9) 1 i
I_LHJ. Structural Characterization nfjnxuhﬂ ituted Nanoerystal h-ne fnouzing HRETEM & SANS 1
' 31. | International Conference on Development. & Applications of Statistics in Emerging Areas of i
Science & Technology
: 42. | Frontiers in Inorganic Chemiztry (F1C-2010) 1
| 3. | International Conference on Nanomaterials & Nanotechnology i 1
34, | 3rd Im’ea n’jrimml & 24th AIMTDR Conference - 2010 1
a5. | 8rd Internatmndl &. 24th AIMTDR C onference - 2010 1 :
ﬂ Cenforence on AIMTDR -2010 1 ]
a7. i E‘mﬁamnm—‘- on Vibration Engmeermg & Technology of Ms.ohuwru 1
|48, | Conference on Wireless communication and Sensor Networks 2
.'.Jr_E]'. . 4th IEEE Internal,iunaTSvmpﬂsium on Advﬂnred Networks & Telecommunications Systems 1 ]
A International Conference on Swarm Lu:-]utmnﬁn & Memetic Computing 1
41. | Conference on Fluid Mechanies & Fluid power 1 =
42, | Conference on Fluid Mechanes &-i';l.uirl .puwm' 1
43. | Conference on Fluid Mechanics & Fluid power 1
| 4. Conference on Green Energy, Computing & (,ummummtmn I
| 45. | IEEE INDICON 2010 Conference an Green Energy, Computing & Communication 1
46, Conference on Green Energy & Communication 1
| 47 Conference on Green Energy & Communication 2
48, | Conference on Indian Congress on Quality, Environment, Energy & Safety Management Systems 1
19, | International Conference on Computer Appfi::atim.'lm ].
50, | Conference on Theoretical, Applied, Computational & Experimental Mechanies L
51. | 3rd International Conference on Electronics Cu;;ﬁuter Technology (ICECT-2011) 1
52, | 4th Electricity East 2010 | 4
53, | Workshop on Pressure, Mass, Volume, Density, Foree & Dimension Metrology 3
I- 54, | International Svmposium on Facets of Weak Interaction in Chemistry 1 |
&5, "-.'»erninm' on Concrete Sustainability thraugh [nn{:-van:.ve ‘I-;Iazeriﬁla & Technigues = 1
_.'_:ﬁ. C |:-nfr=r|—*m e on Tissue Engineering PI’H’I"—;LH—"[ I & Challenges 2
&7 GIS & Remote Sensing Technigues for Water Hewurcea Assessment Using Open Source Tools 1
58. | National in 59th Indian Foundry Congress @
59. | International Conference on Green Productivity for Sustainable Energy & Environment b _
60| 22nd Annual General Meeting, Materials Research Soviety of India (MRST) 1 |
61. | 1st National C-unf:.—:_rence on Advances in Metrology (AdMet-2011) 1 |
62, | Advances in Metrology (AdMet-2011) @ _
63. | International Conference on Sustainable Water Resources Management & Climate Change 2
64. | National (‘nnf’erﬁ]!ce on Industrial Engincering {N("IF‘-:‘-{-]_I 1'| - _!
65, Subtﬂlnﬂblﬂ Watpr Resource Mﬁnagemﬂ-nt & Climate Change Adaptation I - 1
66. | X1l IEEE International Vacuum Electronies Conference 2
67. | International Conference on Condition Monitoring tlIII‘CM 2011) 1
hﬁ [International Swmposium on Energy Materials Onnnrrumtlm & t’"ha]]ongoq (I‘&E".I 2011) _;2
:.HH. Energy Materials: Opportunities & Challenges (ISEM- 2“] 1) = 2
1

CEIR - Central Mechanical Engineering Researvch Inztimate




PARTICIPANT/S

NAME OF PROGRAMME FROM CMERI

T1. | Recent Trends in Condensed Matter of Physies(RTCMP-2011) 1

72. | National Seminar on Recent Trends in Condensed Matter Physics (RTCMP-2011) e

T3, Znd International Conference on Recont 'T'i'enc.]a i Information, Telecommunication & |

Computing (I'TC-2011) B

T4 Electromagnetic Non Destructive Evaluation (ENDE-2011) 2 .
75. Senzors & Actuators ;Science to Technology ) N 1

76, Prospects of Nuclear Power in India 1

7. Live '.l"nlpmu_'n}w Waorkshop 2

T8. lnt,ematmnal f_.clnierence on {‘antlﬂl Robotics & Cybernetics (ICCRC - 2011) 2

T4. '\.mmna’rmn in T}"IF HLUL‘];;-.;'&:PHH nar on Metallurgical Enginesring 1

A, drd Tnternational Conference on Electronies Lu:urﬂputer Technology (ICECT- 2011) 9

81. National Conference on Design and Manufacturing (Nal nnmuum I

82 _Na.Lmnal Conference of Unean Emu::l:et} of India (DSICON'11) 1

83, International Conference on hu~.tnnmh§+> Energy & 1|11,réﬂ]gL,nL Syatem SEISCON- 2011 1 =1
I 24, Lecture Series on Advances in Lithium Batteries 13
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IN-HOUSE TRAINING PROGRAMMES ORGANISED
FOR CMERI PERSONNEL

TRAINING PROGRAMME ON

PARTICIPANTS

1: Power BElectromes | 17
|2 Finite Volume Method (FVBM) for solution of Transport Equation 9
3. | Mechanics of Materials 14
4. Computational Fluid i'.!ynmni{.-s 25
& Kinematios Design of Roboties av
6. I “.:‘uivanum] G(um_m] Svatem with special emphasis on Ui;—;il_'a] Control 20
_T_ . Soft Elastic Films and Stabality 15
8. Finite Difference Method 2B
a, ' Micro System T‘fu‘.}nh‘.-]t.h?.{y 7

M.Tech Programme in ."r“lee_ha_n_-g'mzius {Two Years)

Collaboration

Objective Eligibility

Bengal Engineering

& Seience University
(BESIN, Shibpur with
CMERI-Durgapur, CEERI-
Pilani and CS10-Chandigarh

DATELINE CSIR-CMERI

SL.

DATE

* To provide multidisciplinary real-life experience
to the students on running projects at the CS1K
labaratories for their project and thesis work * The number of intake students is

* Ta create skilled multidizciplinary manpower (o * The B. Tech students from various
facilitate the prezent need of the country dizgriplines with preferable GATE

acore can apply and after selection
subsequently join in this course,

approximately 20 per bateh,

* The level 15 very good and comparable
with any standard national level
institute,

PROGRAMME NOMENCLATURE

Technology Dav Celebration

Hindi week

CEIR Foundation Day Celebration

Wizit of Naobel Laureate Prof, Johann Deisenholar

CSIR Programme for Leadership of Youth in Science
CEIR Technotest 2000

Prideof India Ediibition

Launching of Postal SOLECKSHAW

iz £ May 11, 2010
i 2_ September 14-29, 20000
3. | September 26, 2010
4. I'Jm,--:—-ml?w 14, 2010
5 December 27-28, 2010
8. November 14-27
T- Janus ryv -7, 2011
8. January 17, 20 I_|
o, Fn-ﬁ.rum'y 26, 2011
10. | February 28, 2011
11. | April 1819, 2011
12, | May 11,2011
164

CMERI FOUNDATION DAY Celebration

Natonal Science Day Celehration

Workshop on Biology Leading to Bio-inspived Engineering

| Technology Day Celebration

CBIR - Central Mechanical Engineering Research [nstitute




SCIENTIFIC MANPOWER PROFILE

S.No.

Name

Junior Scientist

1. Shri Privabrata Chattopadhyay
2. Shri Satanand Mishra

4. Shri Jagdi=sh M

4, Sh. Srintvasan. N

A, Shn Abhijit Das

Secientist

6.  Dr. Debashis Das

7. Shri Virendra Kumar

&, . Lalgopal Das

9, Dr.Malay Ky, Karmakar

10.  8hri Abhijit Mahapatra

11. Shri Dibyendu Pal

12, Shri Dip Naravan Ray

13,  Shri Nilrudra Mondal

14.  Shri Rajesh Prasad Barnwal
15. Shri Subhra Kanti Das

16.  Shr Chanchal Loha

17.  Shi Rudra Prasad Chatterjee
18,  Shri Binod. Kr. Saha

18, Dy, Pabitra Haldar

20, Shri Samik Duita

21,  Shri Vineet Kr, Saini

22,  Dr. Himadri Ray

23.  Shri Man Singh Azad

44, Sh. Ajav Yadav

25, Dr. T. Murugan

26, Sh. Hanumath Prasad Tkkurtl
2. Sh, Buman Saha

Group Affiliation

Product Design and Simulation Division
Information Technology
CMERI-COEFM, Ludhiana

Cyvbernetics

Surface Roboties

Material & Structural Evaluation
Hobotics and Automation

Process Plant Engineering

Thermal Engineering

Virtual Reality & Virtual Prototvping
Robotics and Automation

Surface Hobotics

Centre for Advanced Materials Processing
[nformation Technology

Robotics and Automation

Thermal Engineering

Electronics and Instrumentation
Product Design and Simulation Division
Simulation and Modeling

Metrology

Technology, Publication & Patent
NDT & Metallurgy

Microsystems Technology
CMERI-COEFM, Ludhiana

Thermal Engineering

Drives & Control

Dvives & Control

Annual Report 2010-11 m




28, Dr. Privabrata RHanjan Basu Mandal
29, Dr. Privabrata Banerjee

30, Dr. Sivaprakash. 8

31, 8h. Saniu Kumar Giri

32.  Dr. Pranab Samanta

33 Dr. Swuarup Kumar Taha

34, Dr. Banajit Ghosh

48 Shvi Manoj Kr. Hawai

6. Dr. Bittagopal Mondal

Senior Seientist

47,  Shri Swapan Barman

38 Shri Amit Ganguly

39, Shri Kamalkishor J. UKE
a0l Shn Atanu Saha

41.  Bhrt Ashok Kr, Prasad
42, D, Aditya Kr, Lohar

43, Bhri &, K. Debharma

44.  5hri Thlip Kumar Biswas
45, 5h. Kalvan Humar Mistry
46. D Satya Prukash Singh
47, Dr. Sudipta e

48,  Dr. Dipankar Chutterjee
49.  Dr. Ernshoendu Kundu
A Sh. Siva Bam Krishna Vadali
51. Dr. Rashmi Ranjan Sahoo
52, D Arup Kumar Nandi
3.  Bhri Subrata Mondal

4. Shri B. B. Ghosh

5353, Bhr Ravi Kant Jain

66. Dr. Ranjit Ray

57. Bhr Anupam Sinha

58.  5hri Palash Kr. Maji

58,  Bhri Pradeep Rajan

60. Ms. Abhilasha Saksena
61. Shri R. K. Bharilva

82,  Shn Rajpal Singh

£3. BhrT. 5. Patkar

Principal Scientist
G4. Shri 8. 5. Mojiz
65.  Dr. Arup Mitter
66. Ma Maw Nandi Sarkar

Product Destgn and Stmulation Division
Chemistry and Biomimelics

Process I’lant Engincoring

Electronics and Instrumentation
Tribology

Condlition Monitoring

Centre for Advanced Materials Processing
Process Plant Engineering

Simulation and Modeling

Metrolopy

Horticulture and Institule House keeping
Condition Monitoring

NDT & Metallursy

Manufacturing Technology

Foundry and Heat Treatmeni

Research Planning and Business Development,

Technology Tnnovation Centre

Surface Robolics

Simulation and Modeling

Simulation and Modeling

Simulation and Modeling
CMERI-COEFM, Ludhiang

Robotics and Automation

Tribology

Advanced Design and Optimization
Advanced Design and Optimization
Advanced Desipn and Optimization
Dresign af Mechanical Svstems

Robolics and Automation

Produet Dresign and Simulation Division
Product Nesign and Simulation THvision
CMERI-COEFM, Ludhiana

Emhbedded Svstem

Design of Mechanical Svstems
Manufacturing Technology

Degzign of Mechanical Svstems

CMERI-COEFM, laudhiana

Research Flanning and Business Developmont

Frocesa Plant Engineering

m CSTR - Centenl Mechanical Engineering Ruesasrch Institute




&7,
g5,
5128
T
71.
T2
T,
74.
Th.
FLES
77.
78.
TH.
a0,
21,
22,
54,
&4,
Ba.
Ba,
a7,
88,
34,
W
81,

Ms. Anjali Chatterjee
Shri U 5. (zhoszh

Shn P. 5. Bancrjee
Shri B. XN Singh

Ms Sarbar Duita

Shri Pankaj Roy

Dr. Atanu Maity

Shri Ashwam Kumar
Dir. Mrinal Pal

Shri 8. N. Nandi

Shri Tapas Gangopadhyay
Shri Rajesh Kr. Chak
Shri B, D. Bansal

Dyr. Biswajit Euj

Dr. Surendra Kuamar
. Recta Das

Shri GG, 5, Reddy

Dy, Asit Er. Batabwal
Ms. Manju Singh

D, Naresh Chandra Murmu
Shr Biplab Choudhary
Dy, Sudip Kr, Samanta
D, Debashis Ghosh
Shri Bankar Karmakar

Ly, Soumen Sen

Senior Principal Scientist

82,
43,
B
05
Ho.
97,
9&,
99,

100,

101.
1a2.
1a3.
LiH.
104a.
108,

Shri A K. Shukla

MMs. Uma Dutts

Dr. B. M. Mandal

Shr K. K. Biswas

Shri Amitjoyoti Banerjee
Shri A K. Chowdhury
Shri Abhijil Chatlierjee
Shri Tapas Sarkar

Shri Soumya Sen Sharma

Shri P. K. Sen

Dr. Nagahanumaiah

Shri Dehojyoti Banerjee
Shri Tapan Kr. Paul

Dr. Partha Bhattachanee
Shri Joydev Ray Chowdhury

Cvbernelics

Human Resource Development & Library
Produet Design and Simulation Dhivision
NDT & Metallurgy

Surface Robotics

NDT & Metallurgy

Advanced Deslgn and Oplimization
CMERI-COEFM, Ludhiana

Centre for Advanced Walerials Processing
Bobotics and Automaiion

Product Design and simulation Division
CMERI-COEFM, Ludhiana
CMERI-COEFM, Ludhiana

Thermal Engineering

Producl Dezipn and Simulation Division
Thermal Engineering

Material & Structural Evaluation
Quality Management and Heliability Engineering
Foundry and Heal Treatment

Surface Science and Tribology

Thermal Engineering

Foundry and Heat Treatment

KDT & Metallurgy

Manufacturing Technology

Raobotics and Antomation

NDT & Metallurgy

Electronics and Instrumentation

Cenlre for Advanced Matevials Processing
Condition Monitoring

Manufaciuring Technology

Foundry and Heat Treatment

Material & Structural Evaluation

Quality Management and Reliability Engineering

Technology, Puklication & Patent Drives & Control System
Technology TePP Outreach Centre

Process Plant Engineering
Microsystems Technology
Robatics and Automation
Condition Monitoring
Cybernetica

Embedded System

Annunal Beport 2010-11 E




137, D, T3, Chattorjes
108, Shri Avik Chatterjec
108, Dr. Somenath Mukherjee

Chief Scicntists
110, Dr. Somayyeti Majumdar

111, Shri 8. M. Shome

112, Dir. Shibnath bMaity
113, Shri V. R. Dahake
114. Dr. P. K. Chatterjec
115. D, Ranjan Sen

Quick Hire Scientist

Dir. Ujjawal PPal

Dir. Sarita Ghosh

5h. REavi Kumar Arun
Sh. Praveen Kumar Singh
Dr. Arvpita Mukherjes
Mrs, SBarika Bharilya
Ms. Sikha

Sh. 31 Phani Kumar
Sh. Amil Knmar

Sh. Abhiram Hens
Sh. Prosenjit Das

Mz, Henal Shah

- N

=l ae -

o
b

Chemistry and Biomimetics

Virtual Realily & Virtual Prototyping

Simulation and Modeling

Surface Bobotlcs
Desgn of Mechanical Systems
Information Technology

Rohotics and Automation
School of Mechatronics

Technology Tnnovation Centre
CMERL-COEFM, T.udhiana
Thermal Engincering
Metralogy

Chomistry and Biomimoetics
Chemistry snd Biomimelics
Microsyalems Technology

CMERI-COREFM, Tudhiang

Electronics and Instrumentation

Advanced Design and Optimization

Robotics and Automation

Surface Science and Tribolomy

Virtual Reality & Virtual Frotolyping

hlicrosystems Technology
Foundry and Heat Treatment

Microsvstems Technology

m CSIE - Central Mechanica) Foginerring Hescarch Tnstitute




MEMORABLE OCCASIONS: A PHOTO TOUR

CSIR Foundation Day, September 26, 2010

U ]\_F'L

N DAY | Blﬂlll 2010
e Septemiser 22000
S e CHANICAL EHGIHEERIHGM&REH INSTITUTE , DURGA
B =
Professor Gawlam Biswas, Director, CSIR-CMERT delivering Professor (7, K, Ananthasuresh, Indian Institide of Science,
the Tnougiral Speech Bangalore delivering the Eminent Lecture on “Biological

lisues Involuving Mechanics”

TR VI TN v e bt

Padma Shri Professar N, K. Gupta, Henrv Ford Chair Shri A K. Shukla, Chairman, CSIR Foundation Day
Emeritus Professor, IIT Deli, delivering Foundation Celebration Commitiee 20100, presenting vote of thanks to
Ihay Lecticre an “Plasto-Mechanics of Large Deformation. all the dignitaries, guests and members of CSIR Celebration

Phenomenologionl Perspective” Crornrnittee 2010

Annual Report 2010-11




CSIR Programme on Youth for Leadership in Science (CPYLS 2010)
December 27-28, 2010

e
FProfesaor Amiva Bhusan Ray, Jodavpur Universioy, Kolkata, FProfessor Srecnanda Kuendw, Saba Insiitute of Nuclear
during the lecture on "Mathematics: Study of Quality, Physics, Kolkata, speaking on the theme “Surfuce & Thin
Structure, Space and Change” Film”

CSIR Technofest, November 14-27, 2010

A view of digntfaries vistiing Soleckshaw during the CSIR A view of dignifaries visifing Soleckshaw during the CS5IR
Technaofest 2016 Technnfest 2010

CSLKE - Central Mechanieal Engineering Research Institute




A view of Pastal Soleckahow Launching of Postal Selechshai of Afmer on Junuary 17, 2011

CSIR-CMERI Foundation Day, February 26, 2011

oy

Or. Arunangshu Ganguly, Sevior Inferventional Cardiologis! FPrafessor Gantam Biswas, Divector, CSIR-CMERI delivering
& Viee-Chatrman, Mission Hospital, Durgapur Lighting the the Inougwral Speech

Ceremonial Lamp

Dr. Arunoangshu Ganguly, Senior Interventional Cardiologist Professor Soumitro Banerjee, Indian Institute of science

E i . AT, gt e fitasa 7 s 4 y oo s

d&e Vice-Chairman, Mission Hospital, Durgapur delivering the Education & Research, Kolkata delivering the Foundation Dey
Inuvited Tall: Lecture

Annual Report 2000-11 il




National Science Day, February 28, 2011

Professor Hiranmaoy Soha, BESU delivering the Nationa!l Science Uay Lecture 2011 on

“Ureen Energy and Sensor Svafems”

National Technology Day, May 11, 2011

Prafessar Ajov Kumar Rav, Viee Chaneellor, Bengal Engineering & Science University,
Shibpur and Professor Gautam Biswas, Divector, CSTR-CMERT were present on the dois
during the National Technology Doy 2011

Professor Ajov Kumoar Ray, Viee Chancellor, Bengal Engineering & Science Universiiy,

Shibpur delivering the Technology Doy Lecture 2017 on “Hecent advances in dicgnosts of

dizeases

E CSIR - Central Mechanical Engineering Research Institute




ERUDITE LECTURES

D, Somnath Roy, Loutsiana Stafe University speaking on the
theme * Large eddy Simulation of Stirred Tanl Flows"

Professor TK Hose 1T Madras apeiking on "Real gas,
EProperties of gas, gas radiation”

Professor CK Das Materials Seience Centre, IT, Kharagpur
delivering the lecture on Use of MWONT & Modified MWCNT
in Polvener Blend Nanocomposiles

I|
Professor Dipankor Bandyopadhyay, Department of Chemieal

Engineering, [T Gwwalall speaking on “Dynamics of thin
Films: A jowrney from Random to Ordered Microstructures”

Dy, Lenprence Kulinsky, Scientist, BioMEMs= Research Group,

University of Colifornio during the lecture on “The Brave New

World of Electroaciive Polyviers”

Professor Lakshimi Naravan Mandal, Principal, Suri

Vidvasagar College speaking on the theme “Entomalogy:
Suggestions for Micro Mechanism”

Annual Report 20000-11 m




Professor Jyoti Majumda Bobert H Lurie Professor of

Engineering University of Michigan Ann Arbor delivering the

Professor Debjvoti Banerjes, Mechanical Engineertng Department,
Texas A&M University delivering the lecture on “Nano-devices for

tecture on Intelligent Additive Manufacturing: Part Recovery, enhanced thermal energy storage cooling and sensing”

Reconfiguration and Fabrication

¥

.
2|

Professor Debopam Das, Aerospace Engineering Department, Frofessor P Seahu, Setentist-in-Charge, CMMACS, Bangalore
Tricdian Insiitute of Technology, Kanpur delivering the lecture on :

“lxperimental Study of Flapging Flight Aerodviamics using POV

speaking on “Coempuiationa! Mechanics of Mechunioa! Systems”

E— |

[ —
—_—=

Professor Krishna Shenai, University of Toleds, Toledn, 1784

Professor Aloh Chalraborty, Variabie Energy Cyelotron
delivering the lecture on “LargeSeale Sensor Networks and

Cenire, Kolkata, enwmerating on "Our Cosmic Connection”
Robatic Surgery”

n CBIR - Central Mechanical Engineering Research Institute
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VALUE OF PROJECTS IN HAND [Rupees in Lakh]

11521.74
10676

8592 9368

2007-08 2008-09 2009-10
sl Contract Research i Other Network Projects
b Institute Projects il Major Laboratory Projects
b Network Projects e Supra Institutional Projects
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