Memorandum of Understanding (MoU)

Between

Government of India
Board of Research in Nuclear Sciences,
Department of Atomic Energy (DAE);
Bhabha Atomic Research Centre,
Mumbai-400 085

And

Government of India
Bhabha Atomic Research Centre,
Department of Atomic Energy (DAE);
Mumbai-400 085

And

Indian Insfitute of Technology, Kharagpur

For

“Establishment of an Advanced Research Facility
For
EB Welding and Process Development
Related To
Programs of Interest to DAE”

Year 2006



Memorandum of Understanding (MoU)
Between

Board of Research in Nuclear Sciences, Depariment of Atomic Energy (DAE),

And
Bhabha Atomic Research Centre, Depariment of Afomic Energy (DAE),
And
Indian Institute of Technology, Kharagpur

For

“Establishment of an Advanced Research Facility for EB Welding and Process

Development Related to Programs of Interest to DAE™

This Mol s entered Info this _____ dav of 2008 betwesn Board of Research In Muclkear
jciences of Department of Atomic Energy (DAE) [hereinofter colled BRHS which expression shall
include ils successors-indnterast and ossigne] sitvated at Trombay, Mumbai-400 085 on the First Part,

Bholzha Atomic Research Centre [BARC) siluoted at Trombay, Mumbal-400 085 (hereinaller called
BARC which expression shall include s successon-in-interes! and assigns| on the Second Pard,
And

Indian Institute of Technology, Kharagpur [hereinafter called M- KGF] which expression shall include
its sucoessor-n-nferest and assgns] on the Third Parl.

FREAMBLE

Whereas the Board of Research in Muclear Sciences (BEME i an Apex Body of the Depariment of
Aftomic Energy (DAE] for promoling collaborative BED activities in the areas of Inferest to DAE and
also for developing high qualty technical and sclentific manpower required for the various
programmes  uvndertoken by DAE. BRNS also support and  encourage. ocodemic
Irstitulionsfuniversities/nafional loboratores in promaoting inferactions through symposia leading fo
the formulatian of Research cnd Develepment acliviies In areas related to the mandate of the DAE.

Whersas BARC is o premier multidisciplinany RAD organizafion under the Department of Alomic
Energy. Govl, of India, engoged In research with the objective of generaiing nowledge and
techniquas for nuclear power production, advancerment of science, vze of rodicisotopes in indusiny,
healtn and agriculiure as well as research in frontier areas of science and technology, BARC hos
groups of experts and have developed o number of sophisticoted nstruments and processes, which
are of mulfidisciplinary nalure. One such oclivily spanning four decades is the development of
Electron Beam (EB) fechnology suitable for thermal appécations such as welding, melfing and
evaporafion. It has supplled a number of such syiterms 1o varous usars within DAE and culside DAE.
A list of units developed by BARC s given in Annexure - 1. In the EB welding applications. BARC haos
nal only confributed to the development of systems but also developed BB weld process for various
metal and alioy combinations. It has previded welding seiufions for users both within and outside
CAE. Some of the jobs comed out by BARC ame enumerated in Annexure - |1 In order to colalyse
further development of the Science, Technology and to promote development of adequately
trained HRD in this impordant technology regimen, as well as to prepare the ground to fake up the
major challenging EB Welding tasks associaled with the ongoing and fulure programmes of DAE
(occelerators, ADSS eic.), BARC felt it essential to establish an Advanced Ressarch Facllity for EB
Welding ond Process Developmeni in an Instifulion thal provides a conducive ambience for
agcademic as well as RED Activities.

Whereas IT-KGP 5 one of the foremost acodemic stitufions In India, and has al necessony
Infrasfruciure in ferms of frained mangower (Including stedents), oocass o computational resources
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and a long lradilion of research and develcpment, There s a ready pool of experts available af HT-
KGR in the field of welding, mefallurgy. malerials Sclence. production processes and vocuum
engineerdng meeting the high standards expected by BARCERNS to fulfil the requirement of the
objeclives of the Maol],

Whereas BARC & desirows of avalling the expertise and services of IT-EGFP for the eestabishment of
an Advanced Research Focllity for EB Welding ond Process Development, dedicated to applicalion
anented research (08 detalled in Section 2 and 3 under the Heading Objeclives aond Scopes ol
Work] to provide systemalic scientific, technical and HRD inputs to programs of Interest fo DAE and
IT-KGP has ogreaed to do the same. |t haos been ogreed by all the three parties that the budget
allocafion for the design, development, procurement, installation and commissioning of the Bectron
Beam Welding Machine wil be provided by BARC, The budget dllecation under the headings stalf
salares, technical assistonce and consumaobles, contingencies and overhecds will be made by
BREMS, Mow the above three porfies agree fo.enter into an Mol as follows:

1. This Mol supersedes all previous comespondences and discussions in the matter,
2. DBJECTIVE:

Establishment of an Advanced Research Facility for EE Welding and Frocess Development consisting
of an 80 kv, 12 kW Electron Beam facility far shudies reloted to EB welding of metak and super dlloys
ond demonstrafion of sample product welding of components of interest 1o DAE. In the fist phase of
the project {to be counted as 3 years from the dale of registration of the praject with SCRIC. IT-EGP|
development of welding process for superconducting Micbium Cavifies required for varous
acceleratar pregrammes of DAE will be foken up. The exact scope of research activity would
include welding process development, characterizalion of weldments Including microstructures,
numerical simulation of weld dynamics, development of predictive tools and thelr validation. COn
succesful complefion of phase | of the project other component spacific welding process
developrment for metal systems fike Zircaloy and Maraging steels will be faken up. Al a later slage
the faclity would be uwsed for exploring EB asskied cladding processes, This locllity when fully
functional will be used to cany oul suifable welding jobs/undertake development work lor meeting
the requirements of the DAE unils as well as lo develop an extensive dalobase for specialized
welding and surface engineering applicafions of EB Technology which are of interest fo DAE,

In addition, BARC and NT-KGP would vse fhis facility for generafing high quality froined HRD for
meeting the EB Technology requirements assoclated with the various development programs of DAE.

3. SCOPE OF WORK

The scope of work under the Mol shall be as detailed below.
3.1. Design, fabrication, procurement, installation and commissioning of an Eleclron Beam
Welding Machine with the following specifications.

« EB Gun: An EB gun of capacily 80 kY [/ 12 kW would be instolled copable of welding up to 10
mm thick copper.

s Work Chamber: & chamiber size of 400mm x 00 mm x 800 mm waould be Installed

« Voouum System: A vacuum system for the gun and work chamber would be deslgned fo
achisve a vacuum level of 3x 10+ mbar in the EB gun chamber and 1 x 105 mbar in the work
chamber. The pump speed would be designed fo achieve the reguired vacuum levels in the
grun and work chamber within 1hour from cold start of the vacusm pumps.

« Work handling system: A 3- axls motion controller would be designed to cory o payload of 100
kg. The fravel lengih in X- axis would be 200 mm. The travel length in Y-ois would be 200 mm.
The system would be designed to achieve the required co-ordnate position within 30 pm.

3.2. Systematic study of the welding process for similar and dissimiar metals and super alloy

systems of interest to the nuclear fuel cycle.

The study of EB welding of the following metals and alloys is of Inferest fo various DAE programs



1, Mighivm fo Hiobium asuperconducting Cavifies for accederalor pragrams of DAE

b. Zircalkay to Zrcalay Muclkear Fusl Cycle components
. lircalkoy to stainfess steel Muclear Fual Cycle compenents
d.Maraging stesl to Maraging steel  Muclear Fusl Cycle componants

However, considering the scope of work and the perlod of Mol, the systems of fems {a) and {B) will
be taken up for delalled study and dala generalion, resulfing in successful development of welding
procedures and qualified welding of sample Niobium Cavity during the first phase. The Maraging
sfeel and dissimilar metal welding of items [c) & (d)} will be faken up later.
Sufficient quandity of sample Nicblum cavlly together with the welding fixiure is fo be made
avallable fo IIT KGP by the user unit of DAE
3.3 Systemafic study refemred fo as above will consist of the following work components:
= Welding of the specified samples and weld charocterzofion in ferms of physica and
metaliurgical properties {refer Annexure- lIl).
= Monitorng and validalicon of fhe welding process.
= Establishing weld micrasireciure-property relafionships through predictive codes to determine
weld properfies from  knowledge of compaositional ond process pararmeters al room
lamperaluras (refer Annexure- [V].
= Development of computer simulation of the welding pool {refer Annexure- V)
3.4 Generation of Dolobase aimed of facilifating EB welding of BARC:

= [T-RGP would genaercte walding daidbate applicable within the imitations of the mochine on
the abave systems and supply it fo BARC.

3.5 DAE Jobs;

= Welding jobs that are of dimensiors commensurate with the copocity of the Faclity wif be
Taken up as and when required by DAE.

3.4 Troining of Manpower:

« HED B on imporont component of this Moll, Effors would be made o invelve and frain
studdends as wel as researchaers in EB Technology. As and when necessary, researchers from the
tacility would work in collaboration with the BARC group at BARC. The facility will be wed to
inifiate research projects for BARC enginesrs to work in colloboration wilh IT-EKGP facully. Shod
term braining programme modules on electron beam welding process and applications will be
designed and offered for academic institutes and industry,

3.7 EB assisted Surlace Englneering:

» Using the same locility for surface Enginearing applications i.e. EB assisted cladding for thermal
Bamier and comosion resistant applications will be part of the extended fulwe scope of this
facility.

4. PERIOD OF Moll AND ITS EXTENSION

This Mol comes inie effect from the date of s signing ard will remealn in force for five years or urrdil
the termingtion of the project. The indial sanclion will be for three yvears, its validity shall be extendad
based an the recommendations of the User Committes and by mutual ogreement between the
parties, so that the vadows short and kong fem objectives of this Maoll are served salisfactorily.

5. DELIVERABLES

The lacility will be used by BARC and other DAE Units s well as by IT-EGFP to generate the following
defiverables:
5.1, Design, development and commissioning of the 80 kV/ 12 kW EE wealding machine ot IT-kGF
s per the plon of implementation listed in Section & of this MOLL
5.2, Analysis of weldability, weld characterization, experimental dota and opfimizotion dota for
praduct speciiic welkding of similar as well as dissimilkar metals and super alloys- as specified
{in order of priordty) in Section 3 of this Mol, The fint phose of the project will target the super
conducting cavifies reguired by DAE.



3.3, Development and validotion of Predictive codes for evalving weid charocteristics = process
parameter comelafion for metal systems as specified [in order of pricety} in Section 3 of this
o fa ]

5.4. Developmen! of welding procedures and welding of components for DAE Unils those are
placed in the neighborbood of IT-KGP and are of dimensions commensurate with tha
capacity of the Facility or per recammendaficns of the User Committes consfitutes under
this Mol

5.5, Subrmission of joint [IT-KGF and BARC) quarerly progress reports covering the progress made
on chifical stages ond cbjectives of the facility, highBghting the resulls.

5.6, Consolidated jecture notes of the short term fraining modules conducted under this
programme will be provided to BARC.

37, A consclidated dala base ond report detailing the technical work will be submitled at the
end of the Third Yeor of fhe Moll perod. For fhe subsequent period, the User Committes
consfifuted under the Mol shall submit-an Anhwol Report to BRMS. And necessary
mechanism for the continued ulilizofion of the Facility beyond the third year shol be worked
oul by IT-KGP in consultafion with BARC ‘and BRNS. Such o mechanism, as envisaged in the
Objectives of this Moll, shall be forrmdated o faciitate sustainabity and smeoth rendering
of services by this Focility o the DAE Units.

4. MODE OF IMPLEMENTATION: 7 ey
The mode & implemeantation of this project will nvolve the ﬁ:-ﬁ;:wfng s'mps ;:;5 Indu:n’red in th= Table 1.
6.1 Technical Project Repor:

* The Technical Project Report will consist of the fulc-wn‘n-g By

¢ Dascripfion of the p-:rls of e EB gun column. The mechanical ﬁ;!lb"lr;‘.ﬂﬁ-ﬂ-l"l -:r-:wlng:: '-.-..-r_:uld ba
appended af the end of fhie section, :

= Aspecificafion of the power scarce required fo energise the EB gun wcruld |:I-E detailed.

& The mechanical and electical specification of o J-axis work handling system would be.

mentiGned,

= The design drowing of the work charmibar would be givan.

= A line drowing of the vacuum system with detalls of the purmps ond '..'r;:l'.res wﬂq_.ld be

snumerated. The electrical specification of the vacuum confroller would also be included if- -

this section,

» Acceptabiity fests for the sub sysfiems as wall as the EB walder.

» Auxiliory system requirement (water [ power / compressed oF| and on site civil works required
wiolkd be enumerated.

= Defais of the fargeted end products for the fist phase ond technical specifications of the
qualificafion morms,

+ Product derved guidelines on the materals thot would be welded and weld qualiicafion
criterion would be menfioned.

#» Dalails of the fechrnique 1o be used for code devalopment, solufion procedures inchluding
inputs to and out puts from the respecfive codes.

s Detals of somples o be welded, welding stondards, phyvsical as waell as metalurgical
properfies fo be determined with charocterisalion technigues o be used,

 Walding of sample product, cavifies in the fist phaose, ond demonstration of the machine
capabilifies.

= Details of menitoing and diagnosfics exgeriments including hordwere and saftware,

= Detalls of the projecled database on the spedified mateddl This would include struciure,
formal and extent.

6.2 Manufachure of EB Welder

« The wibswstems of the EB Welder would be fabricaoled as per the specificalions menfioned in
fihe Project Report. The vendors fior the various sub-mvstemns would be finalized by BARC and
will be briefed fo IT-EGR. Both IT-EGF and BARD pernonned would wark in close collaboration
for all emsuing fechnical discussions, stage-wise inspection and the final inspecticn of the
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4.3

8.5

6.6

viriows EB welder sub-systems.
Plan of instalialion / Commissioning

» The vendors woulkd comy out the installation) commissioning of the wariaus sub-sysiems. [IT-EGF
and BARL personnel would inspect §f supervise such wark. Any persons f helpers required for
the activity of termponary nafure wowld be aranged by IT-KGP. The wendors woukd not be
responsible for weld frials.

Plan of Weldability Trials

= BARC percnnel would camy out indtial beamy weld fick confarming to the acceptabilify test
manfionad In the Project Repor. BART pernonnal woldd sort out prabdams IFf any In presenca
of IT-KGP personnel, before formally handing the EB system fo [THRGFE for weld frials, IT-KGP
wolld camy oul fhe weld ficls as menfioned in the Project Beport,

Plan of Experiments and Development of Simulation Code

= The plan of expedmental and simulation work will be discussed by the working group on both
dddes and delailed in the fechnicdal report, The plan for welding dummy products made in
some sumagate matenals will olso be discussed and a roadmap will be drawn in ochieving the
qualified welding of the end product. Data from weldment charociersolion would be vsed o
validate the numercal sirmcdation of weld dynamics thal would be initialed al IT-EGP
immediately, The proposed soft predicfive model code is envisaged fo corelate the process
porameters 1o the weld charactensfics.

Milestones

» The miestones for three calendar years from start of work have been worked cul with realistic
figures of lrme and presented in Table 1



Igble 1 Schedule of Aclivities under the Mol

ACTIVITY QR CIR QR | QR CIE QR QR QR GIR (] G QR
5L no. I [} 1] I W Wi Wil gl [ " Xl Al
1 Pregaration of defoiled fechrical | X

spocifications for fenderng by BARC in

| consullation with IIT, KGP.
2 Prepargtion of deloled technical | X X

speciicafions. for soflware developmeni

ard experimentation
3 Siaff recrultment X ¥
4 Training of IT-EGF facuty and staff in | X 4 ®

camdng oul waelding and  fomiliorizalicn

with tha machine ol BARC
5 i_ode development In weld dynamics x A w x A b g W
b Piacing of Purchose order and ¥ » x ¥

procurement of varicws  sub-systems of the

welding maochine by BARC In considlalion

with |IT, EGP I
7 Svstem  Infegratlen of  IT-KGP  and b "

Commissioning (jcintly by BARC and T,

KGR
& Weld triols and experiments on welding of ¥ % X %

Miokium |specific to the end product] and

Zircaloy
G Welding chamctardzation ¥ X ¥ ¥
10 Validation of codes with expedmaeantal Data % ® W
1 Opfimization of Cperafing regime for best A b

weld chorocterisfics ond demonsirafion of

the foclity in successhl ond qualifled

welding of the end product
12 Data bose generafion and %
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7.ROLE AND RESPONSIBILITIES OF BARC

BARC team would be mainly responsible for design, fabrcation, instolofion and commissioning of
the EB facility at IT-KGP, In oddifion, BARC will be avaoilable for frouble shooting, training of the sfoff,
colaboration on code development and dlognostics elfc. A veor wise break up s provided below.
Ist Year:
v [denififving the preducts of nferest ond their welding layouts. Establishing user defined
gualificafion nomns,
o Design of the subsystems of EB Faciity: The subsysterns include, Work chamber and work
handling system, Yacuum syitem, EB power source and confrals, E gun and focusing coliemin.
A Project Report will be prepared.
= Testing of the subsystems at vendor's site before dispatch, E gun and focwusing column will be
deliverad at BARC and lested before shipping fa (T, This activily may sl over o 2rd yvear.
# Training of personnel from MT-KGP in operalion of the facliby wil be comied out on BARC
facility.
+ Procurement of matenals for welding and supplying saome to IMT-KGP as when need
lind Year:
« Assembly of all the subsysterns ot IT-KGP and Commissioning of the focility by BARC
engineers.
+ Procuremeant of the dummy product samples from the users along with welding fixhures,
= COwmerafion friak of raoted specificafions.
= Training of §T-KGF esearchers In the systermn

Ittrd Yoo
« Parficipafing in welding of samples for characterization as per the metal systems defined in
saction 3.
s Farficipafion in esfablishing welding procedures for the end product through welding of
curmry semiphes.

s Parficipating in Diognestic Experments and Development of soff compulting models on
waldabllity prediction.

8. ROLE AND RESPONSIBILITIES OF IIT-KGFP

s ([T-KP. will be responsible for providing all infrastructural faciifies and monpowaer needed for
the Instalation and running of the EB fociity. i will be responsible for camying oul welding
frials, weld characterisofion and evolving a dalabase. It will provide leodeship in developing
the predicfive codes ond diognostic techniques, It will also fake leadership in HE
development in EB technology.

Ist Year:

Freparation of the Technical project report specified in Secficn-&

Literature survey and creation of daba Bonk wing ovailoble published waorks.

Developrent of computer codes on weld dynamics

Procwement of Welder sub systerms. components and comnsumables for Eleciron Beam

Welding Facilily as per the specificalions mentioned in the Project report.

» Familiorzation / training of M-KGP personnel in the operafions of an EB welding system ot
BARC.

» Parficipating in the festing of sub systems ready af vandor!'s site.

" ¥ ¥ @

lind Year:

Procurement of remaining sulbsystermns for EB Welding Facily, asembly and commissioning.
Conducting weldabdity studies at IT-KGP on metal systems mentioned in section 3

Stody on effect of process parameters on mefalkrgical ond mechanical properties.
Conducting weldobity studies — preparing welded samples for metobrgical choractersation
(using SEM. image anabzer, opfical microscopy] ond determination of mechanical properfies

)



{strength, fracture toughness, fatiguel on simior ond dissimilar maoterals by vorying | EB
pawer. ] Travel Speed, il Type of maltenal aond iv] Thickness of materal.
flird Year

o Confinuation of generaling data on weldaobilty studies

» Freparning weldability chars [ normagrams.

» Developing of selt-computing models on weldabiity predicticns,
In addition, short ferm cowses on EB weiding and related technology wil be incorporated in to the
veorty work schedule,

7. IMPLEMENTATION, PROGRESS REVIEW AND MONITORING
2.1 Project Implementation Committes (FIC)

« A Project implementation committee [PIC] consisfing of Membern as folows shall be
responsitle for all the aclivifies of the project, The FAIC shal coordinate aclivities such as the
insiallation of the Baciron Bearm Walder and fraining of the IT-KGP personnel. It would also
provide technical inputs pertaining to the weld studie: and fhe development of sofi-
predictive model. The FIC wil be responsikle for reviewing arnd expediting the technical
prograss of the project. The PIC wil also asses all aspects of the propesal o be covered
vnder an addendum fo the Mol Mid-course comections, defining ferms and condifions of
release of payment, review of oddifional monpower regurement and moke il
recommendation 1o the Project Beview Committes [PRC).

PIC fram DAE PIC from IT-KGP Team

Or. A%, Bapal, Coordinatar Prof. G. L Datia, Pincipal Investigator
shr Martin Mascarenahas, Co Cocrdinater | Prof. | Manna, Principal Co Invesfigator
Or. 1. Choudhury, Member Prof. D K Pratihcr, Member

Or.. . k. Dey, Member Prof. (k5] J Dofta Majurmicer, Member
Dr. A. k. Dos, Member Prof. Suman Chalravarty, Member

Dr. . Gouthaman. Member Prof. (. G Roy, Member

Dr. J. krishnan, Member Prof. 3. Row, Member

Dr. Trikok Singh. Member Prof. 5. B, Singh, Member

Dr P.P.Chandrochoodan, BRHS, DAE Prof. K. Biswas

The ndividual/group respondbilifies of the investigators from IT Kharogpur and BART ara listed iy
Annexure = VI,
7.2 Project Review Commilee (PRC)

¢ Project shall be reviewed by a Project Review Commiftee [PREC) 1o tee that the activifies of
Ihe Project are well directed fowards the objectives. The Project BEeview Committes shall
consbst of the follbwing Members:

PRC Members
Direclor, Beam Technology Development Group, BARC-Chalman |
Direcior, IIT Kharagpur-Co-Chairman
Scientiflc Secredary, BRMS, D-"'.F-MEH'H:JEr
Chairman ATC. BEHS-M&MI:::EH’ _______
Head. Laser and plasma Tec:hndﬂgv Division-Member

FFima o omen s Tom ol e s = e %

Head, Dept. of Metallurgical and Materials Engg. IT-KGP -Membear

Heoad. Dept. of Mechanical Enga. IT-KGP - Member
Projesci Pl fr:::m IT, KGP and Project Cocrdinator from DAE-Member

LA
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» The project funds will be relecsed an a yearly basis on opproval by the PRC. The PRC shall
monitar he progress of the project every six months (preferably, June ond December], and
wogest ways and means for speedy Implementation of the project. After the December
review, It will recommend 1o BRNS for release of granis for the next financial veaor, It will also
review fhe payment terms, and recommend reguirement of addifional funds to BRRS. PRC wil
alio review the addenda to the Mol along with the report of the PIC, and will recommeand
the tunds to be disbursed by BRMS and/or aclion fo be token by ITKGP. Towards the
conciuding phase of the thid year, the PRC shall clso constitute o User Commiltee [consisting
of representalives of IM-KGP. BARC and other DAE user groups| in olace of the PIC. The PRC
assisted by the User Commities shall be responsible for utifization of this faciity setup under
this Mol for the remaining perod of the Moll and ifs extended periods.

10.RESOURCE REQUIREMENT, FINANCIAL TERMS AND MODE OF PAYMENT

The funds of 0 lakhs required for the design. development and procurement of the Electron Baom
WE-Jn:inq Machine will be provided by BARC, The scope of this Purchase Crder shall include spares
necessory for routine maintenance of this mochine for the period of fhis Mall. Tendering, vendeor
development and placement of the purchase orders will be handled by BARC with knowledge of
IT-KGP, Erection. commissioning and performance testing of the mochive will be jointly handled by
BARC and IIT, KGP. The ownership of the Beciron Beam Welding machine shall rernain with BARC
for the Mol perod and all its subsequent extensions. IIT-KGP will utiize the machine for RAD and
manpower training activifies.

The ather financiol componants necessary fo execute the project are Indicaled In the Annexure -
Vi These funds will be released by BRMS, The terms ond conditicns of BRM3 will apply,

Staft

For camying cut the research aclivity it & eslimaled that fweo SRF would have to be emploved,
Competent stalf would be employed by IT-KGP fo run the syslem. Existing fechnical siaff would be
employed on d part time bass for varous activities like welding preporafion. sampling preparation
for metakogrophic study and operafion ond maintenance of the equipmeni. The staff salary
required has been estimoted occordingly.

Travel
The project requires close interaction between IT-KGP and BARC. Regular fips by the IT-KGP

faculty and Project staff will be essenilal for fraining f dala venficafion ond validation of soff-
computing model for this. The traovel funds required have been accordingly esfimated. The frovel
expendiure of DAE personnel, for the integrafion. fesfing. commissioning and training of IT-KGF
personnel will be bome by the respective units of DAL,

T

Expenses lowards maintenonce of the EB welder and miscellaneous hardware required are
included under the head Technical Assistonce ond Consumables. Various femous [high alloy) and
non-femous materials incheding filer metals for carying out the weldability study will be procured
under this heod. Diffusion Pump o, BP all. electronic components, switchgeor components, meters,
filament material efc which are required o maintain the EB welder in operating conditlon will be
procured under ihis head.

Contingencies:

Charges for fobricafion, preparction and festing [ choroclarzation of samples are inchuded under
this head. Other incidental expenditure as allowed by the BENS terms and condiions will be mai

fram the contingency funds.

T1.NO LIABILTY CLAUSE

BARC shall not be responsible for any loss or damage whalsoever, resulfing due to implementation
of the fechnology af the pramises of the IT-EGP.

12, CONFIDENTIALITY CLAUSE
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IT-KGF undertakes with BARC and BRNS not to ransfer for any consideration to be recelved by it
the know-how/data obitained from BARC and BRMS through this Mol, to any other party in ary
manner whatoever withoul the prior wiitten approval of BRNS whether within and beyond Ihe
period of this Moll, IT-KGP shall iake all necessary measures fo ensure that the krewledge/data
ebtained under this Mol s net possed on or disclosed.

13.PUBLICATIONS

Priar publicaficns will be evokded where a patent or patents may possibly be taken, Publications, if
any, of the know-how jointly developed by the bwo parties shall ke in the names of the investigalons
from both parfies. Research work camed out by either group separately during the couse of the
project may be published separately in open technical iteralure, subject to the cbove corsiraints.
Any part of the work that has been cormled out joinfly by the two parties wil be suilalbly
acknowiedged.

14.PATENTS & PATENT INFRINGEMENT

It the know-how developed as a result of the oint development pregramme leads o o patent or
patents balng taken, the parfies herefo sholl mutvaly ogres whather or not fo apply for o
oatent/patents and if so in which couniries. Patents taken, If any. shall be in the joint names of the
bwo parties. The cosl of loking cut a patent / patents shall be shared by the two porties. 0 the
propertion fo be mutually decided by BART and IT-KGP.

In the event of any claim or acfion being brought against eilher party to this Mol alleging
infringement of a patent of a third party. the parties herefo shal mutually decide whether 1o
defend the claim o not. The cost of defence against any such claim or oction shall be bom by the
two parties hereto, in the proportion mutually decided by BARC and IT-RGP,

it Is understood that BARC and IT-KGP will jointly ewn the IFR for the soff-compuiing moded
developed under the BRNS component. This means that either party hos free wse of the soff
computing medels for any techrical work of 1 own for academic and industrial research,
pubications, projects, and consultative work. However, the softwore. even in on addifioncly
developed form, cannat be fully or parlly either given o saald to a third party for o period of five
wears after the compietion of the project except with the written permission of both BARC and IT-
EGP. It will be within the rights of both the organisations fo claim equal part of the proceeads of ary
such fransactions durng the said period.

Regarding IPE Theh
In cose any third party is found to be llegaly using the process code developed under Mol

project, W-KGP and BARC may foke legal recourse either jointty or separately [with muiual
consultalions].

15.INSURANCE

fhe collaborafing parfies shal affect insurance for ther own parsonne and property, Such
imsurmnee by one party shall nclude a walver as 1o any Insurer's action against the other.

14. Mol AND ITS AMENDMENTS
This Mol shall be the sole repasitony of the terms and conditions agreed to amang the porfies and
no amendment thereof shall take effect or be binding on the parfies unless such amendment &

authorised by them and is recarded In wrifing and sgned by the duly authorsed representatives of
all the fhree parfies.

17.ASSIGNMENT
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This Mol shall not be assignalie by any of the three parfies without the prior writen consent of the
aothers except that this agreement shall be aufomatically binding wvoon and inure fo the bensfit of
any mccessor of any of the porfies.

18.TERMINATION

In case- it s found by the two portles that the destred oblective: canmot be achleved due to amy
reasonis) whatsoever, this Mol will be freated as terminated by o mutuglly ogreed procedure
without any iaoility on any of e three partias.

19.FORCE MAJEURE

Meither party shall be held resporsible for non-fulfilment of their respective cbligafion under this
agreament due to the exigency of ane or more of the force majeure events such as bul not limifed
ta Acts of Zod, Wor, Flood, Barthguakes, Sinkels), Lockautis), Epidemics, Riots. Civil commofion etc
provided on occurence and cessation of such events, the porty affecied by these shall give a
notice inowriting to the other party within one meonth of such occcurence and cesation. If the
majeure conditions confinue beyond six months, the parties shall then mutuclly decide about the
future course of actlon.

20. ARBITRATION

if any dispute arises among the porfie: te this Mol regording implementafion of the ferms of the
Moll or any ofther matter incidental o or connected with the subject matter of the Moll, such
dispute shall be resohed s far ds posible aomicably by muteal consuitafions, failling which, <
reference may be made by the parfies fo the Secretory. Deporfment of Atomic Energy.
Govemment of India as o meawre of last resarl. The decision shall bind the pariss fingly ond
conclusively and the parfies will share equally the cost of arbitfrafion as infimafed by the arbiirator,

This Mol will be effective from the date when all the parties 1o the Mol have sigrned it In witnes
whereol, the parties herato have executed fhis Mol through ther authorsed representofives.

FOR AMD ON BEHALF OF FOR AND OM BEHALF OF

BHABHA ATOMIC RESEARCH CENTRE IMDIAN [NSTITUTE QF TECHNOLOGY, EHARAGFPUR
. __.-' ..‘_.__.-\.I

Signature Sﬁmﬂw% Signafure ... ;J..‘-' e ﬁd

Nome . SRAISYEEAE BANERIEE  HOME et 5 ........ B | &- gf’ O

Desi-gnuhun-.--b!.ﬁ-.lii.‘!.‘ml ............ (B T:1Ts |7 1T IO

Place ... /Sapyerfie,. . i e[ T dracRfT

Date ... La MNav 2006 ... VIR e r_wﬂ;ﬁ

wirnes: 4 '3:"':‘5 Diractor

W MY Barmr) AR s S s
--------------------------------------------------------------- mﬂm
R AND BN BEHALF OF L Dt 'fjg,"m?“m
EMERGY

Snoature, ]lmr £ .}L“J,_..t.-. oA

Nome  Jaa s FonA ,'23':‘*.'1“ ........ 1.
Desigrition. ASE0CLATE . L AECTR . 2
PRICE  cuconimiessin e A

Date .. MNodl . L& RO e

EOARD OF REE.E.-"HEH I HHCLE-'-.H SCIEMCES, DE E‘TM EMT
I
i 6] ¥ 4 (ﬁ V. dﬂﬁ-yjﬂni"_l A C
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Annexure = |

5. Type of Special Fealures Users
Ho Equipment . L
1 Melting Melting of refractony and reactive ML, Jamshedpur,
G kW, 15KV | metals Buttons, fingsrs and rings, 0.5 kg, | Met, Divn, BEARC;
1 Tain one charge, Beam Spot AFD, BARC:
diarmeter— 12 mm ) HAL, Bangalors,
e Melling Mare compact power supphy than MPL, Mew Delhi
F5EW. 15 kv | above Bar feeding amangemant
incamaraled, manufaciured of BP
under technology franster program.
3 relling &S00 mm diameter Ta dngs of 25 mm MFC, Hydenakead
15w, 15kY | crosssection could be produced, Gun
chamber separatedy evacuated.
Beam diagmeter - 18 mm
4 Melfing Smaller work chamber than above, Met, Divn, BARC;
13 kW, 15 kY | Bar feed and vibratory feed with IFCAR Kalpokkam
retroctable crucible for ingot casting.
manufaciured af IBP under technology
fransfer prograrm
LT Welding High vacuum welder. Mo separate gun | Within BARC for Weald
akwW, 30 EY | pumping. Walding of reactive and developmeant
refractory metals. Beam diameter—3
mm i
& Welding Welding at 10-2 mbar, Weld head Within BARC for Weld
10 kW, 40 BV | rotated over the joint for tube-lo-lube | development
shest weld. Beom diometer — 2mm
7. Welding | Welding af 10-2 mber. Im x1mx1.5m | Within BARC for Weld
& kW, 150 kV | work chamber. Power supply modified | development/internal
in 1987, Mew workiabie installed in UsE
1995,
B. | Evoporafion | Beam bent fo 45 degree, Evaporation | Within BARC for
10 kW, 40 kY | of vardous reactive metals. Tungsten evaporation stuclies
evaporation rate at SkW - 15
mafsec/omd
' kielting Melting of refroctory metfals. Ingot size | Within BARC, Met.
BO kW, 30 kY | up fo 40 mm digmeter Divr.
10. | Evaporafion | Beam bent to 45 degrees. Operated Within BARC far
30 KW, 30 EV | up fo 20 kKW, avaparaiion studes
1 Welding Work chamber 1.5mx 1.5mx2m MTPF. Ambemath for
& EW. 15FEY | operaling at kigh vacuurn of 105 coranet welding
mbar.
12 | Evaporafion | Bearn bent by 270 degree:. Gun Within BARC, .
10 kW, 10 EY | mounied below copper crucibla. Development of new
Cperated up fo 5 KW, coatings
13 | Evapcrafion | Beom bent by 270 degrees. Ship Within BARC for
200 kW, &0 | bedarn 200 mm x5 mim., evaporation shudies
kW
14 Welding Refurbihed 150 kV EB welder, Wealding | M/s Sidhhi Engg Co.
4 kW, 1230 EY | camied out ot 1075 mibsar For indusirial ulilization
13 Welding Wark Chamber 2mx 2mx3 m. Within BARC, CDM
B0 kY, 24 kW | Welding camised out at 105 mbar Bivn.
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Annexure - Ik Welding Jobs

5L No. | Name of Job Material Welded Users N
1. _Electrode Modules 55 - Porous Nickel Heavy Water Board
2 Totoidal Detector Assembly 0.1mm 55 ] :
- Rolating Anode Cu-5§ =
. linear Accelerator Cavity Cu-33 =
5. Rotor Maraging steel

b Coronet Maraging steel Ministry of Defence

Annexure — 1l a
Weldment Characledsalion: Metallurgical £ Mechanical

] Charocteristics to be studied Tools to be used
1. hMacrostruciure Eyve, Opfical
= Microstructure DM, SEM, TEM., XRD
3. Micro compasition EDS, WDS, SIS
4, sagregalion EFhA,
5 Mechanical Praperhy Horciess, Bending Test,
Eetalrmed Strass
& Phvzical Conlowr, shape
7. Thermicil Cilatarmetry
H Texture
2 Interface ared HATL
10, Depih profile

Annexure llib
Micrestructural Characterization of Fusion Welding by Electron Beam

Fusion welding In bult joint configuration imvolves parfial melting of twe contacting surfaces
followed by solidification by seff-quenching. Integrity and strength of the joint primarily depencds
upon the themnal history, thermo-physical  properfies  [of the weldments), and
heat/moss/momentum fransfer within the melt poal and hence the resultant microstruehse and
composifion profle evolved across the joint. While mathermatical modeling by numereal simulation
can predict the themal history including temperature profile, heating/cooling rote, thermal
gradient ond solidification velocilty, microstructural characterdization including compositional
microeanalysis i essential fo establish the mechanism of jeining, degree of bonding or strength, and
cawes of defects/ffailures.  Furthermore, microstructural choracterization provides  witable
validation of the numerical predictions conceming weld peol geomelry, confour, crystallife size,
compesifional profile and mechanical progerties, In bief, microstructural chardcterzation is
absolutely essenticl to determine the opilimum conditiens and micre-mechanism for successiul
walding.

In the proposed work conceming eleciron beam welding of (a) Ircaky o Troaloy, (0] Maraging
steel fo Maraging steel and (2] stainless stesl fo Tircaloy the major process porameters identifisd
cires:

- Linear fraverse speed of the work plece

- Power density (in terms of oppled voltage or curment)
= Localion of beam focus wort the sample suface
- Welding pressure in the chamber
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- Plate thickness or pool profile [deep or parial penetralion welding|
In addifion, the influence of [a| filter malerial and (b) oscllafion or deflection will oo e
consicerad,

For o complete microstructural characterization, the overall scheme of investigation will inchude
{but be not limited fo) studies on:

(@) _Solidiication mocrostructure by visual nspection. non-destructive testing [NDT) and low
magnification microscopy to determine the size. disfibulion and width of chilled/columnar groins
and defects (porasity, bulging, shrinkage, cracks. e, IF amy.

() Microslucture by opfical (OM). scanning [3EM) and transmisdon eleciron micrescopy (TEM) fo
determine the shape, size, distrioution and velume fraciion of the phases evolved, In addition, X-ray
diffraction or selected area diffroction [SAD) with TEM will be emploved to identify the phases
formed in the wald poc,

] Compaositional microanalysis will be camed out by energy (EDS) or wovelength dispersive
speciroscopy [WDS) In salecled regions of the microstructure to determine composifion of a given
phase, spot, area orline o supplement microstruchural investioated By SEM and TEM.

|d| Segregalion profile will be determined for elements of interest [T, 5 N, Al etc)] dong Infer
dendritic spaces or between directional grains. Segregafion is mostly undesirable as il leads to
avolution of undesirable phases and premature mechanical/eleciro-chemical failure.

{e] Thermal properdies Be coefficien! of thermal expansicn, transformation temceraiure and
enthalpy/heat chonges wil be evaluated by dilatometer, differenfial tharmal anabysis |OTA] and
differential scanning cdiorimeter (DSC), respactivaly. These parameters are essential for design and
life prediction of components and comelation between micrastuciure ond mechanical properties.

ifl Mechanical propeties lke microhardness profile. tensiiefbending strengths tensile/bending
alongafion, and fafigue/iraciure sirength wil be evalualed in selected number of samples in
appropriale geomelny/configuration. Mechanical properfies will be the ullimate crleron for
@sesing accephability of the welding roufines,

In oddition 1o the above, attempts will be made fo study the (o] tfexiure [prefered orentation)
evolution, (o] residual stress paottern/magnitude. and [c] physical shape/contour of the wald.
Furihaemore, microstructurd investigotion at oppropriate sections [longitudinal ond ransverse) and
depths [from the fop srfoce) will allow reconstroction and development of microstructusl
dascriplion of the welded joind In three-dimension. These dala will provide valuable input to results
of numerical simuation and modeling.

It may be noted that microstructural shudies include specific invesfigafion related to heat aoffected
one [HAZL and salid-liquid intefacical zone as well,

In ganeral, the overall aim of the microstroctural charactenzation exercise, as described above, will
be to establish ond appropricte microsructure-property-process parameter comelation,

Additional Benefils and Fulure Plon:

1. Man power fraining for docltoral, masters and boachelors level students and thelr theses including
engineers/scientists from BARC.

2 Short ferm cowsas for feachers, engineers and scientsts from institulionsforganizoticrs other than
M-KGP and BARC.



3. Bupplameniany octivifies ond project on e-beam assisted clodding and awfoce enginesning of
componants/materals of Inferest o BARC.

4. Incorparation of ordine and in-situ diognostic and menifcring focls like infra red temperahee
detectars, thermo couples, high speed carmerd and sensors 1o generate nome and valuable data on
thermal ond lguid pool charocterstics for the moferials of interest during welding [through
separate projects).

& Creation of on extensive daofabose and handbook for welding of difficult fo weld metals and
alloys and interest fo BARC /DAE. Future activities [bevond the curent Moll] may extend the scope
of work fo metak ond clloys not ncluded in the present stucly

Time schedule of aclivities giving milestones:

19 YEAR 2HD YEAR [0 YEAR
il i AR EE AR
. |semnG ue oF E-BEAM
* | WELDING FACILITY
, | PRELMINARY TRIALS WITH
SMALL COUPONS AT BARC |

VISUAL AND | | L =  — L=
3. MICROSTRUCTUR AL [

CHARACTERIZATION BY
| OM, SEM AND XRD

| MICROSTRUCTURAL
CHARACTERITATION BY
TEM AND COMPOSITIONAL
PROFILING

i | ASSESSMENT/TESTING  OF
5 | MECHANICAL  PHYSICAL
AND THERMAL FROPERTIES
STUDIES ON INTERFACIAL
&. | STRENGTH AND OTHER
PROPERTIES
STRUCTURE-FROPERTY -
FARAMETER CORRELATION
7. | AND VALDATION  OF
SIMULATION AND
| MODELING

B. | AINAL DOCUMENTATION




Annexure - IV
Diagnestics and process validalion:

Temperature profies on the suface of the mellt pool will b2 froced wsing o suitabds CTHWOSE sensorn
Temperature profies will help fo capture the inffiation of army kevhcle durdng fhe welding process.
The meosured temperature profifes will be very walul daba for metolurgical analysis. If will alse be
required for validafion of the computer model of the melt pool,

& high speed CMOS camera with frame grobber card mounted in a PC will be used o caplure
vides images, The video images will be conwverfed te temperature profiles using suitable scftware.

Annexure ¥V
On-fine Confrol of the Process: Using Soff Compufing Tools

To automabe g process, il inpui-output relafionships are fo be known beforehand. Enowing the
inputs the outputis) of o process con be determined by wsing some stafistical methads, such as
regression anabysis, response surfoce methodalogy, and olbers. On the other hand, it could be
difficult to select the proper comibination of different input parameters, to cbiain a set of desired
cufputs, parficuarty by wslng the stafisfical methods, It 5 0, becouse malrix inversion moy not
ohways be peossible in such coses. |t i interesfing lo nofe that soft compufing [ie. genelic
algorithrms, fuzzy logic fechnigue, newral networks and their different combinafions) may provide a
feasible solulion (within a reasonable accuracy] fo both the foreward a5 well o bockword
mappings as mentioned above.

To provide an ondine coniral of the Beciron Beam Welding process, the fallowing steps are 1o be
followed,

s [denfificafion of input ond output pararmeters of the proceass,

Measurement of the culputs for o set of inputs wing the measuring devices/sensors.
Implementation of beth the forward a8 well as reverse mappings vsing soft compuiing.
Determination of the aror in prediction and the feedbock io be provided,
Implementation of the feedbock to be given, for the soid purpose.

Ferlormance fasting.

Annexure - V|
Smulation of Weld Pool

The main objective of the Computaticnal Fluld Dymamics [CFD) stedies to be executed for this
project i fo mathematically model and computationally simulate the franspart phenomeana (heat,
rmiass and momentum transfer) invelved in electron beam welding of metals, and then fink it fo
predict the microstructure farmalion in the weld zone. The knowledge developed would be usehd
for Improving existing processes and developing newer processes and maternicls with desired
properties. As an outcome of the numencal simulation, the folowing are expected fo be achleved:
= PFrediction of themnal profile

- Prediciion of compaositicnal profile

Pradichion of microstruciural feaiures

- Extand the analysis to mare comptex binany metalic sysiems

- Experimental validofion of the model developed
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Annexure -

Wil

SHARING OF RESPONSIBILITIES OM BEHALF OF IT KHARAGFUR

Activifies Investigators
1 | Indenting, installabon and commisioning of | Prof, G.L Datta
EEW machine, procurement of consumalkles
2 | HRD . Pof GL.Dalta
4 | BExperimentation  ond delerminofion of | Prof. GL Datta, Prof. b Blewos and Prof, 5.
machanical properfies of waldmen| B. Singh
4 | Dicgnoslics and process validalion | Prof. 5 oy
5 | Metallurgical charactersafion of weldments Praf. I. Monna and Prof. J. Data Majumdar
& | Modeling of solidificafien phenomena Pref. Suman Chakraborty, Prof. G. G. Boy
7 | Madeling of weld characteristics wsing soft | Prof. DK, Prafihar
computing toolk -
B | Overolf Coordination Prof. G.L. Datla
SHARING OF RESPONSIBILITIES ON BEHALF OF BARC
Activifies Investigators
| indenfing, Installaflon and commissioning of | &Y. Baoat/Shri M. Mascarenahas
EBW machineg, procuremeant of corsumables
Z |HRD A. Y. Bapat, J. Choudhury, J. Erishnan
3 | Expermentation  aond deftermination of | ALY, Bapat/Shr M. Moscarenabas
mechanical properies of weldment
4 | Diognostics and proces: validation A. K, Do, AL Y. Bapat
3 | Metallurgical charactersation of waldments G. K. Dey
6 | Modeling ond Smulation &, K. Das, A V. Bapat o
i User inferface G, soulthaman, ). Ehshnan, J. Choudhury
8 | Overall Coordination AW, Bapal S|
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Annexure =Vl

Budget Amounts in Rupees (kakhs):

Farticulors | Year Il Year Il Year - “T-:-:n'r-::l
Staff Salaries:
SRF[2): 3.0 3.60 4.00 1.20
RA:
Temp. Staff:
Technical Assislance: 230 510 5.10 12.50
EConsumables
Travel Pl 1.eD 1.80 3.00 &.60
PC/DC: .60 0.60 D.s0 .83
Conlingencles: 3.50 5,50 1.50 10.50
Overheads: 200 Q.50 3.50 &.00
Tatal 13.80 17.10 17.70 48.60



