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Memorondum of Undersionding (MoU)
Belween

Boord of Reseqrch in Nucleqr Sciences, Deporlmenl of Alomic Energy (DAE),
And

Bhobho Atomic Reseorch Cenlre, Deporlmenl ot Alomic Energy (DAE),
And

lndiqn lnslilule of Technology, Khorogpur
For

"Esloblishmenl of qn Advqnced Reseorch Focility for EB Welding ond Process
Developmenl Relqled lo Progroms of lnleresl lo DAE"

This MoU is enlered into this _doy of _ 2005 between Boord of Reseorch in Nucleor
Sciences of Deporlmenl of Atomic Energy (DAE) [hereinofier colled BRNS which expression sholl
include its successors-in-interest ond ossignsl siiuoted of Tromboy. Mumboi-400 085 on ihe Firsl Porl,

Bhobho Aiomic Resecrch Centre (BARC) siiuoted ol Tromboy, MumboF4OO 085 (hereinofter colled
BARC which expression sholl include its successors-in-interesl ond ossigns) on lhe Second Pqrl,
And

lndion lnslituie of Technology, Khorogpur [hereinofter colled llT- KGP] which expression sholl include
its successors-in-interest ond ossigns] on the Third Pod.

PREA'VIBI.E

Whereos ihe Boord of Reseorch in Nucleor Sciences {BRNS) is on Apex Body of ihe Deportment of
Atomic Energy (DAE) for promoiing colloborotive R&D acliviiies in the oreqs of interest to DAE ond
olso for developing high quolity technicol ond scientific monpower required for the vorious
progrommes underloken by DAE- BRNS olso supporl ond encouroge, ocodemic
insliiuiions/universities/notionol loborolories in promoting inleroclions through symposio leoding to
ihe formulolion of Reseorch ond Development octivities in oreos reloled io the mondote of ihe DAE.

Whereos BARC is o premier multidisciplinory R&D orgonisolion under the Deportment of Alomic
Energy, Govt. of lndio, engoged in reseorch wiih the objective of generoling knowledge ond
lechniques for nucleor power produciion, odvoncement of science, use of rodioisolopes in industry,
healih ond ogriculture os well os reseorch in frontier oreqs of science ond technology. BARC hos
groups of experls ond hove developed o numberof sophislicqied insiruments ond processes, which
ore of multi-disciplinory nolure. One such octivity sponning four decodes is lhe development of
Electron Beom (EB) technology suitqble for thermol opplicotions such os welding, meliing ond
evoporoiion. li hcs supplied o number of such systems to vorious users within DAE ond outside DAE.
A list of units developed by BARC is given in Annexure - I. ln the EB welding opplicolions, BARC hos
nol only contributed to the development of syslems bui olso developed EB weld process for vorious
metol ond olloy combinotions. ll hos provided welding solutions for users bo+li within on8 outside
DAE. Some of the jobs conied out by BARC ore enumeroled in Annexure - ll. ln order lo cololyse
furlhet developmenl of the Science, Technology ond to promole developmenl of odequclely
lroined HRD in this importonl lechnology regimen, os well qs lo prepore lhe ground lo toke up lhe
mojor chollenging EB Welding lqsks qssocioled wifh the ongoing ond fulure progrommes ol DAE
(occelerolors, ADSS elc.), BARC fell il essentiql lo eslqblish on Advonced Reseorch Focility for EB

Welding ond Process Developmenl in on lnslilulion thol provides o conducive ombience for
ocodemic qs well qs R&D Aclivilies.

Whereas llT-KGP is one of ihe foremost ocodemic insiituiions in lndio, ond hos oll necessory
infrosirucfure in lerms of iroined monpower {including siudents). occess to compuiqtionol resources



ond o long troditi<in of reseorch ond developmenl. There is o reody pool of experts ovoiloble oI l!T-

KGP in ihe field of welding. metollurgy, moteriqls Science, production processes ond vocuum
engineering meeiing the high stondords expected by BARC/BRNS lo fulfill the requiremeni of the
objeciives of ihe MoU.

Whereos BARC is desirous of ovoiling ihe expertise ond services of IIT-KGP for the eestoblishment of
qn Advqnced Reseorch Focility tor EB Welding qnd Process Developmenl, dediccrled lo opplicotion
orienied reseorch (os detoiled in Section 2 ond 3 under the Heoding Ob.ieciives ond Scopes of
Work) io provide systemolic scienlific, lechnicol ond HRD inpuls to progroms of inierest to DAE ond
llT-KGP hos ogreed io do the some. lt hcs been ogreed by oll ihe three porlies lhot the budgel
ollocoiion for ihe design, developmeni, procurement, instolloiion ond commissioning of ihe Electron
Beom Welding Mochine will be provided by BARC. The budget ollocotion under the heodings stoff
solories, technicol ossisionce ond consumobles, coniingencies ond overheods will be mode by
BRNS- Now ihe cbove three porties ogree to enler into on MoU os follows:

l. This MoU supersedes oll previous conespondences ond discussions in lhe m(rlter.

2. OBJECIIVE:

Estqblishment of on Advqnced Reseorch Focility lor EB Welding <rnd Process Developmenl consisling
of on 80 kV, '12 kW Eleciron Beom focility for studies reloied to EB welding of metols ond super olloys
ond demonstrotion of somple product welding of components of inlerest lo DAE. ln the first phose of
ihe proiect (lo be counied os 3 yeors from the doie of regisirolion of lhe project with SCRIC. llT-KGP)

development of welding process for superconducting Niobium Covilies required for vorious
occelerotor progrommes of DAE will be loken up. The exocl scope ol reseorch oclivity would
include welding process developmenl, chorocledzolion of weldmenls including microslruclures,
numericql simulqlion ol weld dynomics, developmenl of prediclive lools ond lheir volidolion. On
successful completion of phose I of lhe project other componeni specific welding process

development for melol syslems like Zircoloy ond Moroging sleels will be tqken up. At o loier stoge
ihe focility would be used for exploring EB ossisted clodding processes. This locility when fully
funclionql will be used to corry oul suiloble welding jobs/underloke developmenl work lor meeling
lhe requiremenls of lhe DAE unils os well os to develop on exlensive dotobose for speciolized
welding ond surloce engineedng opplicolions ol EB Technology which ore ol lnleresl lo DAE.

tn oddilion, BARC ond llT-KGP would use lhis fccility lor gener<rfing high quolfi lrolned HRD for
meeling lhe EB Technology requiremenls ossocicrled wilh lhe vorious developmenl progroms ol DAE.

3. SCOPE Or WORK

The scope of work under lhe MoU sholl be qs detoiled below.
3.1. Design, fobdcolion, procuremenl, inslollalion qnd commissioning of on Eleclron Beqm

Welding Mochine wilh lhe lollowing specificolions.
. EB Gun: An EB gun of copociiy 80 kV / 12 kW would be instolled copoble of welding up to 10

mm thick copper.
. Work Chomber: A chomber size of 600mm x 600 mm x 800 mm would be insiolled
o Vqcuum System: A vocuum system for the gun ond work chomber would be designed to

ochieve o vacuum level of 3x '10-6 mbor in ihe EB gun chomber ond I x l0 s mbor in ihe work
chomber. The pump speed would be designed to ochieve lhe required vocuum levels in the
gun ond work chomber within I hour from cold siort of ihe vocuum pumps.

. Work hqndling system: A 3- oxis motion controller would be designed to corry o poylood of 100

kg. The trovel length in X- oxis would be 200 mm. The trovel lengih in Y-oxis would be 200 mm-
The system would be designed lo ochieve the required co-ordinqte position wiihin 50 pm.

3.2. Sysiemclic sludy of lhe welding process for similqr qnd dissimilqr melols ond super olloy
syslems of inlerest lo the nucleor fuel cycle.

The sludy of EB welding of lhe following metals and olloys is of inferesl fo voious DAE programs



ct. Niobium io Niobium
b.Zircoloy to Zircoloy
c. Zircoloy io stoinless steel
d.Moroging sieel lo Moroging sleel

Superconducling Covities for occelerotor progroms of DAE
Nucleor Fuel Cycle componenis
Nucleor Fuel Cycle components
Nucleor Fuel Cycle components

However, considering the scope of work ond lhe.period of MoU, Ihe systerns of ilems (o) and (b) will
be loken up lor detoiled study and data genercIion, resulling in successful developmenl of vtelding
procedures ond qualified welding of somple Niobium Cavity dudng the fiIst phose. The Mdtdging
sfeel ond dissimilor melol welding ol ilems G) A @) wrfl be token up loter.
Suffcienl quanlity of somp,e Niobium cavily togelher wilh lhe welding fxture is fo be rnode
avoilable to IIT KGP by lhe uset unil of DAE

3.3 Syslemotic sludy refened lo <rs qbove will consisl of lhe following work componenls:
. Welding of the specified somples ond weld chorocierizotion in terms of physicol ond

metollurgicol properties (refer Annexure- lll).
. Monitoring ond volidotion of the welding process.
. Esioblishing weld microstructure-properly reloiionships through prediciive codes to determine

weld properties from knowledge of composiiionol ond process poromeiers of room
lemperotures (refer Annexure- lV).

. Development of compuier simuloiion of the welding pool (refer Annexure- Vl
3.4 Gener<rlion of D<rlobose qimed o{ focililoting EB welding oi EARC:

r llT-KGP would generole welding dotobose opplicoble wiihin lhe limitqtions of lhe mochine on
the obove sysiems ond supply it io BARC.

3.5 DAE Jobs:
. Welding jobs thoi ore of dimensions commensurole wiih lhe copocity of the Focility will be

token up os and when required by DAE.
3.6 Ttcining of Mqnpower
. HRD is on importqni componeni of this MoU. Efforls would be mcde to involve ond troin

siudents os well os reseorchers in EB Technology. As ond when necessory, reseqrchers from ihe
focility would work in colloboroiion wiih ihe BARC group oi BARC. The focility will be used 1o
iniliote reseorch projects for BARC engineers to work in colloborqlion with llT-KGP foculty. Short
term lroining progrqmme modules on eleclron beom welding plocess ond opplic<rlions will be
designed ond offered for ocodemic institutes ond induslry.

3.7 EB qssisled Surloce Engineering:
. Using the some focility for surfoce Engineering cpplicotions i.e. EB ossisied clodding for thermol

Bcnier ond conosion resistonl opplicotions will be porl of the exlended future scope of ihis
fociliiy.

4. PERIOD OF MoU AND ITS E)fiENSION

This MoU comes inlo effect from the dote of its signing ond will remoin in force for five yeors or rrnlil
the lerminotion of the pro.ieci. The initiol sqnction will be for lhree yeors. lls volidity sholl be erignded
bosed on the recommendotions of the User Commiitee ond by mutuol ogreement between the
porties, so thot the vorious short ond long term objeciives of ihis MoU qre served sotisfoctorily.

5. DEIIVERAEI.ES

The fociliiy will be used by BARC ond olher DAE Units os well cs by llT-KGP to generote the following
deliverobles:

5.1 . Design, developmenl ond commissioning of the 80 kV 112 kW EB welding mochine ol llT-KGP
os per ihe plon of implementotion lisled in Section 6 of this MOU.

5.2. Anolysis of weldobility, weld chorocierizotiory experimeniol doto ond opiimizotion dqtq for
product specific welding of similor os well qs dissimilor metols ond super olloys os specified
(in order of priority) in Setiion 3 of this MoU. The first phose of ihe projectwill tqrgei ihe super
conducling covities required by DAE.



5.3. Development ond volidolion of Predictive codes for evolving weld chorocterislics - pro.ess
porometer conelolion for metol systems os specified (in order of prioriv) in Section 3 of this
MoU

5.4. Developmenl of welding procedures ond welding of components for DAE Units those ore
ploced in ihe neighborhood of llT-KGP cnd qre of dimensions commensurote wiih the
copocity of the Focility os per recommendolions of ihe User Commiitee constituied under
this MoU.

5.5. Submission of joini (llT-KGP ond BARC) guorlerly progress reports covering ihe progress mode
on criiicol stoges ond objeciives of the focility, highlighting lhe results.

5.5- Consolidoied lecture noles of lhe short ierm lroining modules conducied under this
progromme will be provided to BARC.

5.7. A consolidoted doio bose ond report detoiling the lechnicol work will be submiiied oi ihe
end of the Third Yeqr of the MoU period. For the 

.bubsequent period, the User Commifiee
constituied under this MoU shoil submii on Anhuol Report to BRNS. And necessory
mechqnism for the continued utilizqtion of+n6 fciCifity beyond ihe ihird yeor sholl be worked
oui by llT-KGP in consulioiion with:BARClond BRNS. Such o mechqnism, os envisoged in the
Ob.igciives of ihis MoU, sholl be formuloied lo focilitote susioinobility ond smooth rendering
of services by this Focility io the DAE Uniis.

6. MODE OF tMpt EMENTAT|ON: 
. . " .. ii.i,-.
a' ,i. ..

The mode & implementolion of ihis projeci will involve lhe follqwing sleps,qs indicqted in the Toble t.
6.1 Technicol Projecl Report: 1 -... :

'; .'.TheTechnicolProjectReporiwjl[consisiofihefollow.lriQ:]''.
. De{cription of the ports of Jh€ EB gun column. The'riiechonicqt iobricoiion'drqwings would be

oppended qt ihe')end of f66 seciion. :-r:. ' '-

. $ Speiificolibn of the power source required io energise the EB gun wolrl{ be detoildd.

. 'The mqchonicol qnd electricol specificolion of o 3-qxis work hondling system would be,.
menfidned. '::: :l

. The design drqwing of the work chomber would be given.

. A line drowing of lhe vocuum sysiem wiih deioils of lhe pumps ond volves wouid be
enumeroted. The eleciricol specificolion of ihe vocuum coniroller would olso be includbd ih., .,:
this seclion.

. Accepiobility tesis for ihe sub sysiems os well os ihe EB welder.

. Auxiliory syslem requirement (woter / power / compressed oir) ond on sile civil works required
would be enumeroted.

. Detoils of lhe torgeied end products for ihe firsi phose
quolificotion norms.

. Product derived guidelines on the moteriqls thot would
criierion would be mentioned.

. Deiqils of the lechnique io be used for code development, soluiion procedures including
inpuls 1o ond oui puts from the respeciive codes.

. Delqils of somples io be welded. welding siondords. physicol os well os meiollurgicol
properties to be determined with chqrocierisotion lechniques to be used.

. Welding of somple produci, coviiies in the firsi phose, ond demonstrofion of the mochine -copcbilities.

. Detoils of monitoring ond diognosiics experimenis including hqrdwqre qnd sofiwqre.

. Detqils of lhe projecled dotobose on the specified moieriol. This would include siructure.
formoi ond exienl.

6.2 Monuloclure ol EB Welder

The subsystems of the EB Welder would be fcbricoled os per lhe specificctions mentioned in
the Project Report. The vendors for the vorious sub-sysiems would be finolized by BARC ond
will be briefed io llT-KGP. Boih llT-KGP ond BARC personnel would work in close colloborotion
for cll ensuing iechnicol discussions, stoge-wise inspeciion ond the finol inspeciion of the

ond iechnicol specificoiions of ihe

be welded ond weld quolificolion -



6.3

6.4

6.5

vorious EB welder sub-sy'stems.
Plqn of lnslollqlion / Commissioning

. The vendors would corqz oul the insiqllotion/ commissioning of lhe vorious sub-systems. llT-KGP
qnd BARC penonnel would inspeci / supervise such wo*. Any persons / helpers required for
lhis octiviiy of temporory noture would be ononged by llT-KGP. The vendors would not be
responsible for weld triols.

Plon of Weldobilfi lriols

. BARC personnel would corry out initiol beom/ weld iriols conforming lo the occepiobiliiy iest
mentioned in lhe Project Report. BARC penonnel would sort out problems if qny in presence
of IIT-KGP personnel, before formolly honding ihe EB system to lIT-KGP for weld triols. llT-KGP
would corqz out lhe weld triols os menlioned in lhe Projeci Report.

PIon of Expedmenls ond Developmenl of Simulalion Code

. The plon of experimentol qnd simuloiion work will be discussed by lhe working group on both
sides ond detoiled in ihe technicol report. The plon for welding dummy producis mqde in
some sunogote moieriols will olso be discussed qnd o roodmop will be drown in ochieving the
quolified welding of the end product. Doto from weldmenl chqrqcterisoiion would be used io
volidoie the numericol simuloiion of weld dynomics thot would be initioted ol llT-KGP
immediolely. The proposed soft predictive model code is envisoged io conelote the process
porometers to the weld chorocierisiics.

Mileslones

. The milestones for lhree colendor yeors fiom slorl of work hove been worked out wilh reqlistic
figures of time ond presented in Toble I

6.6
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7.ROI.E AND RESPONSIBITITIES OT BARC

BARC ieom would be moinly responsible for design, fabricoiion. instolloiion ond commissioning of
lhe EB focility ot llT-KGP. ln qddition, BARC will be ovoilqble for irouble shooting, troining of the sloff,
colloboroiion on code developmeni ond diognostics eic. A yeor wise breok up is provided below.
lsl Yeor:

. ldentifying ihe producis of interesi ond their welding loyouis. Esioblishing user defined
quolificoiion norms.

. Design of the subsystems of EB Fociliiy: The subsystems include, Wo* chomber ond work
hondling sysfem, Vocuum system, EB power source qnd conirols, E gun ond focusing column.
A Project Report will be prepored.

r Testing of the subsystems oi vendor's siie before dispotch. E gun ond focusing column will be
delivered ot BARC ond iesied before shipping to lII. This cciivity moy spill over lo 2nd yeor.

. Troining of personnel from ll'I-KGP in operolion of ihe fociliiy will be conied oui on BARC
focility. .

, . Procuremenl of moleriols forwelding ond supplying some io llT-KGP os when need
llnd Yeor

r Assembly of oll the subsystems ot llT-KGP ond Commissioning of lhe focility by BARC
engineers.

. Procurement of ihe dummy product somples from lhe users clong with welding fixtures.

. Operoiion lriols oi roled specificoiions.

. Troining of llT-KGP reseorchers in ihe system
lllrd Yedr:

o Porticipoiing in welding of somples for chorocierizoiion os per ihe metol systems defined in
seciion 3.

o Porticipolion in esioblishing welding procedures for the end product ihrough welding of
dummy somples.

. Porticipoiing in Diognostic Experimenls ond Development of soft compufing models on
weldobiliiy prediclion.

8. ROI.E AND RESPOI{SIBITIIIES OT IIT.KGP

. llT-KGP. will be responsible for providing oll infroslruclurol focilities ond monpower needed for
ihe insiolloiion ond running of the EB focility. lt will be responsible for corrying oui welding
lriols, weld chorocterisoiion ond evolving o doiobose. ll will provide leodership in developing
fhe prediclive codes and diognoslic techniques. li will olso ioke leodership in HR
developmeni in EB technology.

lsl Yeoc

. Prepcrotion of lhe Technicol projecl report specified in Section-6

. Liferoture survey ond creotion of doio bonk using ovoiloble published works.

I . Developmenl of computer codes on weld dynomics
. Procurement of Welder sub q/stems, componenis ond consumobles for Electron Beom

Welding Focility os per the specificoiions meniioned in the Proieci report.
. Fomiliorizotion / troining of lff-KGP personnel in the operofions of on EB welding syslem oi

BARC.
. Porticipoting in the iesiing of sub sysiems reody of vendor's site.

llnd Yeon

' Procuremeni of remoining subsystems for EB Welding Fociliiy, ossembly ond commissioning.
. Conduciing weldobility siudies ol llT-KGP on metol systems meniioned in section 3
. Study on effect of process porometers on metollurgicol ond mechonicol properfies.
. Conduciing weldobility siudies - preporing welded somples for metollurgicol chorocterisolion

(using SEM, imoge onolgzer, opiicol microscopy) and deierminotion of mechonicol properties



(strength, frocture ioughness, fotigue) on similor ond dissimilor moteriols by vorying i) EB
power, ii) Trovel Speed, iii) Type of moleriol ond iv) Thickness of moleriol.

lllrd Yeor:

. Continuolion of generoiing doto on weldobility siudies

. Preporing weldobility chorts / nomogroms.

. Developing of sofl-computing models on weldobiliiy prediciions.
ln oddilion, short term courses on EB welding ond reloied technology will be incorporoted in to the
yeorly wo* schedule.

9. IMPIEMENTATION, PROGRESS REVIEW AND MONITORING

9.1 Projecl lmplemenlolion Commiilee (PlC)

. A Proiecl implemeniotion committee (PlC) consisting of Members os follows sholl be
responsible for oll the ociivities of lhe projeci. The PIC sholl coordinote octivilies such os the
inslollqtion of the Eleclron Beom Welder ond troining of ihe llT-KGP personnel. ll would olso
provide technicol inpuis pertoining 1o the weld studies ond lhe development of soft-
predictive model. The PIC will be responsible for reviewing ond expediting lhe technicol
progress of the project. The PIC will olso qssess oll ospects of lhe proposol io be covered
under on oddendum io ihe MoU, Mid-course coneclions, defining ierms ond conditions of
releose of poymeni, review of odditionol monpower requirement qnd moke iis
recommendolion lo the Proiect Review Commiflee (PRC).

PIC from DAE PIC from llT-KGP Teom
Dr. A. V. Bopqi, Coordinotor
Shri Mortin Moscqrenohos. Co Coordinolor
Dr. J. Choudhury, Member
Dr., G. K. Dey, Member
Dr. A. K. Dos, Member
Dr. G. Gouihomqn, Member
Dr. J. Krishnon, Member
Dr. Trilok Singh, Member
Dr P.P.Chondrochoodon, BRNS, DAE

Prof. G. L. Dotio, Principol lnvestigotor
Prof. l. Monno, Principol Co lnvesiigotor
Prof. D K Prolihqr, Member
Prof. (Ms) J Dotio Moiumder, Member
Prof. Sumon Chokovorty, Member
Prof. G. G. Roy. Member
Prof. S. Roy. Member
Prof. S. B. Singh, Member
Prof. K. Biswos

The individuol/group responsibilities of the invesligotors from llT Khorogpur ond BARC ore lisied in
Annexule - Vl.
9.2 Projecl Review Commillee (PRC)

. Project sholl be reviewed by o Projecl Review Committee {PRC} io see thol lhe ociivities of
ihe Projeci ore well direcied towords lhe objectives. The Pro.ieci Review Commiitee sholl
consist of the following Members:

S.No. PRC Members
I Director. Beom Technoloqv Developmeni Grouo, BARC-Choirinon
2 Director. llT KhoroopurCo-Choirmon
3 Scienlific Secreiory, BRNS, DAE-Member
4 Choirmon ATC. BRNs-Member
5 Heod, Loser ond plqsmo Technologv Division-Member
6 Heod. Deot. of Metollurqicol ond Moieriols Enqq. lII-KGP -Member
7 Heod, Depl. of Mechqnicol Engg. llT-KGP - Member
8 Proieci Pl from llT, KGP qnd Proiect Coordinqior from DAE-Member



. The projecl funds wili be relecsed on o yeorly bosis on opprovol by the PRC. The PRC sholl
monitor ihe progress of the pro.iect every six monihs (preferobly, June ond December), ond
suggesi woys ond meons for speedy implementotion of ihe project. After the December
review, it will recommend lo BRNS for releose of gronls for the next finqnciol yeor. lt will olso
review the poyment lerms, ond recommend requiremenl of odditionol funds io BRNS. pRC will
olso review ihe oddendo lo the MoU olong with lhe repori of ihe PlC, ond will recommend
ihe funds to be disbursed by BRNS ond/or ociion io be ioken by llT-KGp. Towords the
concluding phose of lhe ihird yeor, ihe PRC sholl <rlso constiiute o User Commillee (consisiing
of represeniolives of llT-KGP, BARC ond other DAE user groups) in ploce of lhe plc. The pRC
ossisied by ihe User Commiiiee sholl be responsible for utilizoiion of ihis focilily seiup under
this MoU for lhe remoining period of the MoU cnd iis extended periods.

IO.RESOURCE REQUIREMENT, FINANCIAI. TERMS AND MODE OT PAYMENT

The funds of 9Q lokhs required for lhe design, developmenl ond procurement of the Electron Beom
Welding Mqchine will be provided by BARC. The scope of this Purchose Order sholl include spores
necessory for'rouline mqintenonce of this mochine for lhe period of lhis MoU. Tendering, vendor
development ond plocemenl of ihe purchose orders wiii be hondled by BARC with knowledge of
lIT-KGP. Ereciion, commissioning ond performonce iesling of the mqchine will be jointly hondled by
BARC ond llT. KGP. The ownership of ihe Eleclron Beom Welding mochine sholl remoin with BARC
for the MoU period ond oll its subsequent exiensions. llT-KGP will ulilize lhe mochine for R&D ond
monpower iroining ociiviiies.
The oiher finonciol components necessory lo execute lhe projeci qre indicoled in ihe Annexure -
Vll. These funds will be releosed by BRNS. The terms ond conditions of BRNS will opply.
Slofl
For corryzing oui the reseorch ociivity ii is estimoled thot iwo SRF would hove io be employed.
Compelent stoff would be employed by llT-KGP to run the syslem. Exisling technicol sloff would be
employed on o port lime bqsis for vorious ociivities like welding preporotion, sompling preporoiion
for meiollogrophic study ond operoiion ond mointenqnce of ihe equipmenl. The stoff solory
required hos been estimoted occordingly.

Trovel
The projeci requires close inleroction between llT-KGP ond BARC. Regulor lrips by lhe llT-KGP
foculty ond Project stoff will be esseniiol for lroining / dotq verificoiion ond volidotion of soft-
compuiing model for this. The trovel funds required hqve been occordingly estimoled. The irovel
expendiiure of DAE personnel, for lhe inlegrolion, iesiing, commissioning ond iroining of llT-KGP
personnel will be borne by the respective units of DAE.
Technicol Assislonce qnd Consumobles
Expenses towqrds mointenonce of the EB welder and miscelloneous hordwore required ore
included under lhe heod Technicol Assistonce ond Consumobles. Vorious fenous {high olloy) ond
non-fenous moieriols including filler metols for conying oul the weldobility siudy will be procured
under this heod. Diffusion Pump oil, RP oil, electronic componenls, swilchgeor componenls, meters,
filoment moieriol etc which ore required to moinioin the EB welder in operoting condilion wili be
procured under lhis heod.
Continqencies:
Chorges for fcbricoiion, preporoiion ond iesting / chqrqcierizotion of somples ore included under
ihis heod. Oiher incidenlql expenditure os ollowed by the BRNS lerms ond conditions will be met
from the contingency funds.

I I.NO I.IABIIITY CI.AUSE

BARC sholl noi be responsible for ony loss or domoge whoisoever, resulting due to implementotion
of the iechnology ot the premises of the IIT-KGP.

I 2. CON FIDENTIATITY CI.AUSE
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llT-KGp underlokes with BARC ond BRNS noi to lronsfer for ony consideroiion to be received by it,
the know-how/doto obtoined from BARC ond BRNS through this MoU, to ony other porty in ony

monner whofsoever without the prior written opprovol of BRNS whether wilhin ond beyond the
period of this MoU. llT-KGP sholl toke qll necessory meosures to ensure ihol ihe knowledge/doto
obioined under this MoU is not possed on or disclosed-

l3.PUBuCAT|ONS

prior publicoiions will be ovoided where o potent or potents moy possibly be token. Publicoiions, if

ony, of the know-how jointly developed by the two porties sholl be in the nomes of lhe invesiigotors

from boih porlies. Reseorch work conied oui by either group seporotely during the course of the

pro.jeci moy be published seporolely in open technicol Iitercture, subjeci lo the obove constroints.

,qnv po* of ihe work ihoi hos been conied oul jointly by lhe two porties will be suiiobly

ocknowledged.

I4. PATENIS & PAIENT INFRINGEMENT

lf the know-how developed os o resull of the joint development progromme leods 1o o potenl or

potents being ioken. ihe porties herelo sholl mutuolly ogree wheiher or noi to opply for o
polent/poten'is ond if so in which couniries. Potents ioken. ii ony, sholl be in lhe joint nomes of the

two porties. The cosi of toking oui o poient / potenis sholl be shored by the two porties, in the

proportion 1o be muluolly decided by BARC ond llT-KGP.

in ihe evenl of ony cloim or qciion being broughi ogoinsl either porty lo this MoU olleging

infringement of o potent of o third porly. the porlies herelo sholl muiuolly decide whether to

defeiO the cloim or not. The cost of defence ogoinsi ony such cloim or oction sholl be born by lhe

iwo porties hereto, in the proportion muiuolly decided by BARC ond llT-KGP'

ti is understood thoi BARC ond llT-KGP will jointly own ihe IPR ior the sofi-compuling model

developed under ihe BRNS component. This meqns ihoi either porly hos free use of lhe soft

.on1priing models for ony technicol work of its own for ocodemic ond indusiricl reseorch,

puoticotio-ns, projects, oni consulloiive work. However. ihe softwore, even in on oddiijonolV

developed form,-connot be fully or portly eilher given or sold io o third porty for o period of five

yeors ofier ihe completion of the project excepi with the wriilen permission of both BARC ond llT-

kCp. t+\vi be within the righls of boih the orgonisotions to cloim equol port of the proceeds of ony

such tronsoclions during ihe soid period.

Regording IPR Thetl
ln cose ony ihkd PortY is found
projeci, llT-KGP ond BARC moy
consuliotions).

io be illegolly using lhe process code developed under MoU

toke legol recourse eiiher iointly or seporotely {wilh mutuol

I5.INSURANCE

The colloboroting porties sholl offeci insurqnce Jor their own penonnel ond property. Such

insuronce by one-porv sholl include o wqiver os to ony insurer's oction ogoinsi the oiher-

16.MoU AND ITS AMENDMENTS

This MoU sholl be ihe sole repository of lhe lerms ond conditions ogreed io omong the porties ond

no omendment thereof sholl toke effect or be binding on the porties unless such omendment is

outhorised by ihem ond is recorded in wriiing ond signed by the duly outhorised representotives of

oll the three porties.

I7-ASSIGNMENT
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This MoU sholl not be ossignoble by ony of the three poriies without ihe prior written conseni of ihe
oihers excepi lhoi ihis ogreement sholl be oulomoiicolly binding upon ond inure lo ihe benefii of
ony successor of ony of the porties.

I S.TERMINATION

ln cose it is found by ihe two porties thot the desired objectives connot be ochieved due io ony
reoson(s) wholsoever, lhis MoU will be heoted os ierminoied by o muiuolly ogreed procedure
wifhout ony liobiliiy on ony of lhe three porties.

I9. FORCE MAJEURE

Neither porly sholl be held responsible for non-fulfilment of their respeclive obligotion under ihis
ogreemeni due lo ihe exigency of one or more of ihe force mojeure events such os bui noi limited
to Acts of God, Wor, Flood. Eorthquokes, Strike(s), Lockoui{s), Epidemics, Riots. Civil commoiion elc
prgvidefl on- roccurence ond cessotion of such evenis, the porty offected by ihese sholl give o
notice in wriling io ihe oiher porly within one month of such occunence ond cessotion. lf the
mojeure conditions continue beyond six monlhs, ihe parties sholl ihen mutuolly decide oboui the
fuiure course of qciion.

2O.ARBITRATION

lf ony dispute orises omong the porfies to this MoU regording implemenlotion of lhe ierms of ihe
MoU or ony olher motier incidenlol 1o or connected with lhe subject molter of the MoU, such
dispute sholl be resolved os for os possible omicobly by mutucl consultotions. foiling which, o
reference moy be mode by lhe porties lo ihe Secretory, Deportmeni of Aiomic Energy,
Governmeni of lndio os o meosure of losl resori. The decision sholl bind the porties finolly ond
conclusively ond the porties will shore equolly lhe cost of orlcilrotion os intimoted by the orlcilrotor.

This MoU will be effective from the doie when oll the porties io the MoU hove signed ii. ln witness
whereof, the porties hereio hove executed this MoU through their oulhorised represenlotives.

FOR AND ON BEHALF OF
BHABHA ATOMIC RESEARCH CENTRE

sisnoture S]ih,a-*- Ae,,r+t4 is
Nime ..SAf.Ks/.tK4*...Bnry.d*zce
Designolion.....D !. AEsT.or}.............
Ploce ..... lSk*v.=f.itr+,.............
oole .... /.6..V-r:v ..?-ea s..... . . .. .. ....

FOR AND ON BEHALF OF
INDIAN INSTIUTE OF TECHNOLOGY, KHARAGPUR

Signoiure

'S!*rfdr{6ntt*

NOme ................................:..... Tz.if o4
Designotion......
P]".." . .. .......u|$et.FrRn.6rn

Witness:
1.._.._..._. (!:! 1ryn) frR.r.(

tt Rffi
11106 E|tcb
|rtklNft*dtr{

iiiii. intiii' ir Toctruqv
2
FOR AND ON
BOARD OF

OF

"IN

(3nBe

'.Ri4lfra* 2.

72



Annexure - |

s.
No

Type of
Eouiomenl

Speciol Feolures llsers

I Melling
5 kw, 15 kv

Melting of refroctory ond reoctive
meiols Butions, fingers ond rings, 0.5 kg.
Of To in one chorge. Beom Spol
diometer- l2 mm

NML. Jomshedpur
Mel. Divn. BARC;
AFD, BARC;
NAL. Bonoolore.

2. Meliing
2.5 kw, 15 kv

More compoci power supply thon
qbove Bor feeding onongement
incorporoied, monufoctured q1 IBP

under technoioqv tronsfer proqrom.

NPL. New Delhi

Melting
15 kW, l5 kV

600 mm diometerTc rings of 25 mm
cross-seciion could be produced. Gun
chomber seporoiely evocuoted.
Beom diometer- l8 mm

NFC. Hyderobod

4. Melting
l5 kw. l5 kv

Smoller work chomber thon obove.
Bor feed ond vibrotory febd wiih
reirocioble crucible for ingot cosiing,
monufociured oi IBP under lechnology
ironsfer proorom

Met. Divn. BARC;
IGCAR Kolpokkom

Welding
6kw.30 kv

High vocuum welder. No seporote gun
pumping. Welding of reoctive ond
refroctory metols. Beom diometer* 3
mm

Wiihin BARC for Weld
development

6. Welding
r0 kw.40 kv

Welding oi l0-2 mbor. Weld heod
roioied over ihe joint for tube-to-tube
sheet weld. Beom diometer - 2mm

Wilhin BARC for Weld
developmeni

7. Welding
6 kw. r50 kv

Welding ol 10-2 mbor. I m xl m xl .5m
work chomber. Power supply modified
in '1987. New workioble insiolled in
1995.

Within BARC for Weld
development/inlernol
use

8. Evoporolion
t0 kw,40 kv

Beom bent io 45 degree. Evoporoiion
of vorious reociive meiols. Tungsten
evoporotion rote ot 5 kW - l5
mo/sec/cm2

Within BARC for
evoporoiion studies

9. Meliing
80 kw,30 kv

Melting of refroctory metols- lngot size
up io 40 mm diometer

Within BARC. Met.
Divn-

r0. Evoporotion
30 kw, 30 kv

Beom benl io 45 degrees. Operoted
up 1o 20 kW.

Within BARC for
evoporoiion sludies

lt Welding
5 kw. l50 kv

Work chomber 1.5 mx 1.5 mx2 m
operoiing ol high vocuum of l0-5
mbqr.

MTPF, Ambemoth for
coronei welding

12 Evoporoiion
t0 kw. l0 kv

Beom beni by 270 degrees. Gun
mounted below copper crucible.
Operoted up to 5 kW.

Wiihin BARC..
Developmeni of new
cootinqs

13 Evoporqtion
200 kw, 60

Beom bent by 270 degrees. Strip
beom 200 mm x 5 mm.

Within BARC for
evoporotion studies

14 Welding
4 kw, 120 kv

Refurlcished 150 kV EB welder. Welding
conied out ct l0's mbor

M/s Sidhhi Engg Co.
for indusiriol utilizotion

t5 Welding
80 kv. 24 kw

WorkChomber2mx2 mx3 m.
Weldinq conied oui of l0-5 mbor

Within BARC. CDM
Divn.
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Sl. No. Nome ol Job Maledql Welded Users
L Eleclrode Modules SS - Porous Nickel Heovy Woler Boord
2. Toroidql Deleclor Assembfu 0.lmm SS

3. Rololinq Anode Cu-SS
4. lineol Accelerdlor Covily Cu-SS
5. Rolor Morosinq sleel
6. Coronel Moroging sleel Minislry of Delence

Annexure - ll: Welding Jobs

Annexure - lll q
Weldmenl Choroclerisolion: Melollurgicol & Mechqnicol

'sl. Chorocierisiics io be studied Tools to be used

I Mocrosiructure [y9. Opiicol
2. Microstructure OM. SEM, TEM, XRD

Micro composiiion EDS, WDS, SIMS
4. Segregoiion EPMA
5. Mechonicol Properl'y Hordness, Bending Tesi,

Reioined Siress
6. Physicol Contour, shope
7. Thermol Dilolomelry
8. Texture
9. lnierfoce ond HAZ
t0. Deplh profile

Annexure lllb
Microslruclurql Choroclerizqlion of Fusion Welding by Elecfuon Beom

Fusion welding in butt joint configurotion involves portiol meliing of two contqcting surfoces
followed by solidificolion by self-quenching. lntegriiy ond strengih of the joini primorily dependsupon the thermol history, ihermo-physicol properties (of the weldments), ond
heoi/mqss/momenium tronsfer within the meli pool ond hence lhe resuliont microstructure ond
composiiion profile evolved ccross the joint. While mothemqiicol modeling by numericol simulqfion
con predici the thermol hisiory including lemperoiure profile, heoling/cooling rote, thermol
grodient qnd solidificolion velocify, microstructurol chorocierizolion including composilionol
microonolysis is essentiol io esloblish the mechonism of joining, degree of bonding or strength, ond
couses of defects/foilures. Furthermore, microsiruclurol chorocterizolion provides suiioble
volidqtion of ihe numericol prediclions concerning weld pool geometry, contour, crystollite size,
compositionol profile cnd mechqnicol properiies. ln brief, microsiruciurql chqroclerizoiion is
obsolutely essentiol io determine ihe optimum conditions ond micro-mechonism for successful
welding.

ln the proposed work conceming electron beom welding of (o) Zircoloy lo Zircoloy, (b) Moroging
steel io Moroging steel ond (c) stoinless sieel lo Zircoloy the mojor process porometers idenlified
ore:

- Lineor troverse speed of ihe work piece
- Power density (in ierms of opplied volioge or cunent)

- Locoiion of beom focus w.r.i. the somple surfoce
- Welding pressure in ihe chomber
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- Plote ihickness or pool profile (deep or portiol penetrolion welding)
In oddilion, the influence of {o) filter moieriol ond {b} osciltoiion or deflection will olso be
considered.

For o complete microsiructurql chorocierizoiion, the overoll scheme of invesligotion will include
(bui be not limiled lo) studies on:

{o)_Solidificotion mocroslructure by visuol inspeciion, non-desiructive tesiing (NDT) ond jow
mognificotion microscopy to deiermine the size, disiribution ond width of chilled/columnor groins
ond defects (porosiiy, bulging, shrinkoge, crocks, etc.), if ony.

(b) Microslruclure by opticol {OM), sconning (SEM) ond tronsmission eleciron microscopy (TEM) to
deiermine the shope, size. disiribuiion ond volume frociion of ihe phoses evolved. In oddiiion, X+oy
diffrociion or selecied oreo diffrociion (SAD) wiih TEM will be employed to ideniify ihe phoses
formed in the weld pool.

(c) Composilionol microondlysis will be conied oui by energy (EDS) or wovelength dispersive
speciroscopy (WDS) in selected regions of the microstruclure to determine composiiion of o given
phose, spol, oreo orline io supplement microsiructurol investigoted by SEM ond TEM.

(d) Segregolion profile will be deiermined for elemenls of interest (C, S, N, Al, elc.) olong inter-
dendritic spoces or beiween directionol groins. Segregotion is mostly undesiroble os il leods io
evolution of undesiroble phoses ond premoture mechonicol/electro-chemicol fsiture.

(e) Thermol properlies like coefficienl of thermol exponsion, tronsformqlion temperoture ond
entholpy/heot chonges will be evoluoted by dilalomeler, differential thermol onolysis {DTA) ond
differeniiol sconning colorimeier {DSC), respeciively. These porometers ore essentiol for design ond
life prediction of components ond coneloiion belween microsiruclure cnd mechonicol properlies.

(f) Mechonicol properlies like microhordness profile, tensile/bending shenglh, lensile/bending
elongotion, ond foiigue/froclure strength will be evoluoted in selected number of somples in -oppropriote geometry/configurotion. Mechonicol properties will be the uliimoie criierion for
ossessing occeptobiliiy of ihe welding roulines.

ln oddiiion to the obove, oitempls will be mqde to sfudy ihe (o) texture {prefened orienfoiion)
evolution, (b) residuol stress pottem/mognitude, ond (c) physicol shope/coniour of ihe weld.
Furthermore, microstruciurol investigotion of oppropriole sections (longiludinol ond lronsverse) ond
depths (from ihe top surfoce) will ollow reconstruclion ond development of microslruciurol
descriplion of lhe welded joinl in three-dimension. These doto will provide voluoble inpul io results
of numericol simulotion ond modeling,

It moy be noted thot microsiructurol siudies include speciflc invesiigotion relqied lo heot offecied
zone (HAZ) ond solidJiquid inlerfociol zone os well.

ln generol, the overoll oim of ihe microstruc+urol chorocierizqtion exercise. os described qbove, will
be 1o estqblish ond opproprioie microslructure-properiy-process porometer conelotion.

Addilionol Benelils qnd Fulure Plon: -
I . Mon power trqining for doctorol, mosters ond bochelors level sfudenis ond lheir iheses including
engineers/scieniisis from BARC.

2. Shorf term courses for teochers, engineers ond scientists from insiilulions/orgonizoiions olher thon
ljT-KGP ond BARC.
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3. Supplemeniory octivities ond projects on e-beom ossisled clodding ond surfoce engineering of
componenis/moieriols of interesi to BARC.

4. lncorporotion of onJine ond in-situ diognostic ond moniioring iools like infro red temperoture
deiectors, thermo couples, high speed comero ond sensors to genercle rore ond voluoble doto on
ihermol ond liquid pool chorocteristics for ihe moteriols of interest during welding {ihrough
seporote projects).

5. Creotion of on extensive dqiqbose ond hondbook for welding of difficult io weld metols cnd
olloys ond interesi to BARC/DAE. Fuiure qctivities (beyond the cunent MoU) moy extend ihe scope
of work to meiois ond olloys nol included in ihe present study.

Time schedule of oclivilies giving mileslones:

ACTIVITIES
lST YEAR 2ND YEAR 3RD YEAR

Q1 Q2 sl.l Q4 QI Q2 Q3 Q4 QI Q3 Q4

l. SETTING UP Of E.BEAM
WEI.DING TACII.ITY T I

2.
PRETIMINARY TRIATS WITH
SMATI. COUPONS AT BARC I

3.

VISUAI AND
MICROSTRUCTURAI.
CHARACTERIZATIOlT BY

OM. SEM AND XRD

IT

4.

MICROSTRUCIURAT
CHARACTERIZAIION BY

TEM AND COMPOSITIONAI,
PROTITING

I
5.

ASSESSMENIIESIING OT
MECHANICAT. PHYSICAT
AND THERMAT PROPERTIES

I
6.

SIUDIES ON INTERFACIAI.
STRENGTH AND OTHER

PROPERTIES
I I

7.

STRUCIURE-PROPERIY.
PARAilIETER CORRETATION
AND VAI.IDAIION OF

SIMUIATION AND
MODEI.ING

I T

L FINAI. DOCUMENTATION I I
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Annexure - lV
Diognoslics ond process volidolion:

Temperoture profiles on lhe surfoce of the melt pool will be iroced using o suiioble CMOS sensor.
Temperoiure profiles will help io copiure the inilioiion of ony keyhole during ihe welding process.
The meosured lemperoiure profiles will be very useful doto for metollurgicol onolysis. li will olso be
required for volidotion of the computer model of the mell pool.
A high speed CMOS cqmerq wiih frqme grobber cord mounted in o PC will be used to copture
video imoges. The video imoges will be converted io iemperoiure profiles using suitoble softwore.

Annexule V
On-line Conlrol ol lhe Process: Using Solt Compuling Tools

To outomote o process, ils inpui-ouiput reloiionships ore io be known beforehqnd. Knowing the
inputs, lhe ouipui{s) of o process con be deiermined by using some stoiisticol methods, such os
regression onolysis, response surfoce meihodology. ond oihers. On the other hond, it could be
difficult lo selecl the proper combinolion of different input poromelers, to obioin o set of desired
ouiputs, porticulorly by using ihe stotisticol meihods. li is so, becquse mohix inversion moy not
olwoys be possible in such coses. lt is interesling to noie ihot soft computing {i.e., geneiic
olgorithms, fvq logic lechnique, neurol neiworks ond lheir differeni combinotions) moy provide o
feosible solulion (within o reosonoble occurocy) io both the forword os well os bockword
moppings os mentioned obove.
To provide on online control of ihe Eleciron Beom Welding process. lhe following steps ore lo be
followed.

. ldentificotion of input ond ouiput poromeien of ihe process.

. Meosurement of the oulputs for o set of inpuls using ihe meosuring devices/senson.

. Implemenloiion of boih the forwqrd os well os reverse moppings using sofi compuling.

. Deierminotion of lhe enor in prediciion qnd the feedbock lo be provided.

. lmplementotion of ihe feedbock lo be given, for ihe soid purpose.

. Performonce testing.

Annexure - Vl
Simulolion of Weld Pool

The moin objeciive of ihe Compulolionol Fluid Dynomics (CFD) sludies to be execuied for this
project is to mothemoticolly model ond compuiotionolly simulote the lronsport phenomeno (heoi,
moss ond momenium ironsfer) involved in electron beom welding of melols, ond then link it 1o

predici ihe microstruciure formolion in the weld zone. The knowledge developed would be useful
for improving existing processes ond developing newer processes qnd moleriols with desired
properlies. As on oulcome of the numericol simuloiion, the following ore expected to be ochieved:
- Prediciion of lhermol profile
- Prediction of composiiionol proflle
- Prediction of microstruciurol feqtures
- Extend the onolysis 10 more complex binory metollic systems
- Experimentol volidotion of ihe model developed

17



Annexure - Vll
SHARING OT NESPONSIBITITIES ON BEHAI.f OF IIT KHARAGPUN

SHARING OF RESPONSIBITITIES ON BEHATF OT BARC

Aclivilies lnveslioolors
I lndenling, insiollqiion ond commissioning of

EBW mochine, procuremeni of consumobles
Prof, G.L. Doito

2 H.R-D Prof. G.L. Doiio
3 Experimenlotion ond deierminotion of

mechonicol properties of weldment
Prof. G.L. Dolto, Prof. K. Biswos ond Prof. S.
B. Sinsh

Dioonosiics ond orocess volidotion Prof. S. Roy
5 Melolluroicol chorocterisoiion of weldments Prof. L Mcnno ond Prof. J. Dotio Mqiumdor
6 Modelino of solidificotion ohenomeno Prof. Sumon Chokoborfu. Prof. G- G- Rov
7 Modeling. , of weld chqrocterislics using sofi

comouiino iools
Prof. D.K. Protihor

8 OverollCoordinoiion Prof. G.L. Doiio

Aclivilies lnvesliEolors
I lndenling, inslollolion ond commissioning of

EBW mochine, procuremenl of consumobles
A. V. Bopot/Shri M. Moscorenohos

2 H.R.D A. V. Bopqt, J. Choudhury, J. Krishnon
Experimentoiion ond determinotion of
mechonicol properties of weldment

A. V. Bopoi/Shri M. Moscorenohos

4 Dioonostics ond orocess volidotion A. K. Dos, A. V. Bopot
5 Melolluroicol chorocterisotion of weldments G. K. Dey
6 Modelinq ond Simulotion A. K. Dqs, A. V. Bopoi
7 User lnierfoce G. Gouihomon. J. Krishnon. J. Choudhurv
8 Overoll Coordinoiion A. V. Bopq+
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Annexure -Vll

Budget Amounts in Rupees (lokhs):

Poriiculors I Yeor ll Year lll Yeor Tolol

Sloff Solqdes:

SRF(2): 3.60

RA:

Temp. Stoff:

TechnicolAssislonce: 2.30
&Consumobles

5.10

Trovel Pl: 1 .80 1 .80

PCIDC: 0.60 0.60

Conlingencles: 3.50 5.50

Overheods: 2.00 0.50

5.10 12.so

3.00 6.60

0.60 1.80

I .50 10.50

3.50 5.00

3.50 4.00 11 .20

Toiql 13,80 17.10 17.70 48.60
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