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|| ITER-India On CuCrZr material

NFTDC|
CuCrZr is precipitation hardened alloy and used as heat sink material in

Fusion applications

Present development is for Indian Neutral Beam Program.

Properties are function of heat treatment that the component undergoes in
it's entire life time.

Heat
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treatments for Joining processes -Ageing effects
getting desired => Degradation of -Creep effects
material properties strength => -Fatigue effects

regaining is

necessary
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|WER-indiall Material specs, Products and Processes

NFTDC]) Desired properties of CuCrZr
55316 CuCrzr P’°Perty

- E/ T UTS, Mpa ~400MPa
| YS, Mpa ~300MPa

T V e S = 15
1 e Lz Therm. Cond, >325
Shortest H-T-E 350 mm X 67 mm X 17 mm Wim C

Grain size <100um

- T

Longest H-T-E 890 mm X 132 mm X 17 mm

* Machining of long plates

* Electron Beam Welding ot
1. CuCrZr-Ni-SS316L (pipe to Pipe) Y
2. CuCrZr-CuCrZr(Pipe to Plate)
3. CuCrZr-CuCrZr( Plate to Plate)
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| The Development Program

To develop the capability

to produce CuCrZr Development of Indian CuCrZr
material indigenously to

cater the requirement

Folr?in’? + EEW 4 Single
ualification phase
a - Pre-series types

+ 2 Double

establish all process

parameters including
acceptance tests

related to fabrication

Passing all

High Heat

L0 weliEkie Flux testing

the design
concept

‘i‘l’-) S
[N FTD C Main series 3
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| Material Processing Steps
NFTDC)

Master alloys OFHC copper
+ CuCr +CuZr

Vacuum Induction

Melting
Billet size: ® 225 mm X 350 mm
Hot Work-
Extrusion 19mm X 87mm

Solution annealing +

Quenching 19mm X 87mm
28mm X 170mm
Cold Work ® 40 mm
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| ITER-India Pre-series phase: EBW characterization 1 of 2
NFTDC)|

Exhaustive coupon welding program : similar and dissimilar joints
ST _EB ST A EB
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Distance from Weld Zone, mm ST_CW_A_E B

Electron Beam weld cross section of Cu-1.0%Cr-0.1%7Zr Allav

Vickers Hardness plotted ag.ainsf the distance 220 200
away from the fusion line
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| HAZ material is equivalent to solution

soeistowes | " Annealed state and strength regaining Post
S e, R EBW Ageing treatment is necessary.

Series 2 : 2.5 mm away from the top bead
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| ITER-India Pre-series phase: EBW characterization 2 of 2

. et SEM HV. 20.00K/  WD: 16.2700 mm
SEM HY. 20.00 KV WD: 11.8370 mm I 2 .
Viewfield: 151 mm  Det: SE Detector 500 pm VEGAN TESCAN g ‘[’)‘5:”"51‘: 1?:;’2“7’:” Det SEDetector 500 pm N VEG““TIESC“N U
Dateimidiy): 11027107 Digital Microscopy Imaging n ate(midh) igital Microscopy Imaging

Location Weld Joint

1 CRZ/CRZ
2 CRZ/CRZ
3 CRZ/Ni
4 Ni/SS

SEM HY: 20.00 kv WD:16.7370 mm 700pm Electron Image 1
Viewfield: 1.68 mm  Det: SE Detector 500 um VEGAWTESCAN n’

Date(midy): 11/27/07 Digital Microscopy Imaging
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| ITER-India Problems & Solutions -Pre series Phase 1 of 3
[N FTD C]

One batch had grains of the order of
3 mm ! when during the time of welding.

Cracks were found in the welding \
Hence the batch was taken out from further

processes

1. Cracks and fissures in weld joints

Batch with grain size =65um

Strict quality control procedures employed in the Main
series and the grain size always remained < 90 uym

SOFE 2011, Chicago 29 June 2011 10



| ITER-India Problems & Solutions -Pre series Phase 2 of 3
[N FTD C]

2. He leak failure in dissimilar joint
~400ym (Ni and CuCrZr)

e —————— i
/R A
] 4 / i
; g 26.7 ;
I /
‘ 2 ¢
/]
Magnetic field due to Thermoelectric Eddy /
Currents generated during EBW, deflects the NE N (2
beam. — K:::::::::% 5

@ 233

Solution : Reducing the pipe thickness by 50 % y
-> Reduces thermoelectric eddy current density ®/
- hence beam deflection.

@ 26.7 -0.021
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| AITER-India Problems & Solutions -Pre series Phase 3 of 3
[N FTD C]

Machining of Long Thin Plates with very low Longitudinal Stiffness
Extensive Bend & Twist — (Relaxation of internal stresses)

Method of Intermittent Bend Removal & Machining — Material
Seasoning

Material softens while machining

Tool/Feed Rate Optimization to get a High Quali

For UHV Applications

SOFE 2011, Chicago 29 June 2011 12



| HITER-India

Acceptance tests

Helium Leak Test — 10 torr-lit /s
Pressure test ~ 15 bar
Thermal cycling after ageing treatment + Leak test

wile - nnnorm M.

H‘k""’*u..

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
2 N e 0 9 O Q O o © 9 O « ¥ o ¥ - ¥ o ¥ o ¥ v N NY N NDL AL oo
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
@ v B w v v v ¥ ¥ T JT T IT IO @ANANANNNAZ = = TTT S
mmmmmmmmmmmmmmmmmmmmmmmmmmmm

rrrrrrrrrrrrrrrrrrrrrrrrr

SOFE 2011, Chicago 29 June 2011 13



| WITER-India Deliverables of Pre-series

400 mm long H-T-E

4in no.s
890 mm long H-T-E

2 in no.s

SOFE 2011, Chicago 29 June 2011



ITER-India Quality Control Chart for Main Series
NFTDC =

I Homogenization |
l Requirement
I Test Report I Chemical Samples for (No. of plates of
e > > Jutting of pipes, ci pe of HTE.
Testing - Chemical iise;r:;x.l,co pipes each ty of HTEs
Analysis h B

Sub-cutting into
I cylinders and/or 4
blocks

Hot Work +
| Test Report I Quenching

I Hot Work Inspection Report

Tensile [*—] Machining of [* | Samples for -

Testing + tensile Tensile Testing

Metallograpy samples + Memallograpy Numbering of T
plates

| Hot Work Process Report |

Is Hot
Work
Acceptable?

~ 150 melts for the
production of all
elements. pe—

Ultrasonic Inspection Report s

Skin Cut, if required

I Cold Work Inspection Report I JL
Cold Work

I est Report I

Tensile Machining of Samples for l

Testing + tensile Tensile Testing

Metallograpy samples + Metallograpy Numbering of
plates

| Cold Work Process Report I

Is Cold
Work
Acceptable?

Skin Cut, if required I @

SOFE 2011, Chicago 29 June 2011




| Quality Control Chart for Main series
NFTDC]

A

-

Cutting & Numbering of
plates

I Ultrasomnic Inspection Report

i Machining |

t

| Dimensional Inspection |

I Di = 1 Insp = R. =
b 4
I To be corrected I Are
dimensions

Acceptable?

|c bined Inspection Report

For EBW

Yes

No. of
machined
plates = No.
of required
plates

> | Solidifs i & Casting Applications Lab I
S | Materials Testing Lab
. I Design & Precision + Metal working & Applications Lab |




| WITER-India

Chemical composition for all melts

vacuum induction furnace e St:':er furnace with inert gas purging
° R
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SOFE 2011, Chicago 29 June 2011 17




| WITER-India

NFTDC)|

Chemical composition for all melts
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| WITER-India

Strength data for all plates(For extrusion route)

NFTDC]

450.0 E|
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| HITER-India

Strength data for all plates(For extrusion route)

NFTDC]
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| HITER-India

[N F T D C’ ——11TS After Aasina |
—— Electrical Cond.
— 450 - 28mm plates Before ageing
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Strength and electrical conductivity

Low electrical conductivity in
solution annealed state gives
good strength in Aged
condition.

As cast 40-50 % IACS

As hot forged +A/c : 50-70% IACS
hot forged+ WQ : 40-50% IACS
s hot extruded+ WQ:  35-45% IACS

As hot forged + Extruded

+ Cold Drawn + Aged 80-85% IACS

With Wiedemann-Franz Law,
The thermal conductivity is 325 W/m K

21



| WITER-India Grain sizes

[ g 28 mm plates  +Bottom
19 mm plates #Top. 160 =
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3 S
5 £
£ 80 "

60 ®
c 40 o
£ 5
G 20

0 ' ' ' ' ' 0 50 100 150 200 250
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| BITER-India

NFTDC)|

Five components, beam One H-T-E- weld seam quality
welded through the component was poor
—> failure in EB control system

Problems encountered in Main series

BN o inatPoly - < -

One H-T-E - Burn through the weld
line

One H-T-E- leak in the water stub part.
All 8 eight H-T-Es have been rejected and new ones were welded.

Out of 210 H-T-Es so far manufactured, 8 have been rejected.

~ 4 % rejection
SOFE 2011, Chicago 29 June 2011 23



| JITER-India High Heat Flux Testing
NFTDC]J Tests carried out on MARION Tes(tﬁ.ta.n.d._LEF;A._K.EA._.luLi.Qh.ﬁ.eLmaqy

9th date_60 LPM 1.1164 KW/cm?2 50 1
—— 11710 KW/cm?2
80 - —+— 15124 KW/cm2 45 1
—— 1.6820 KW/cm?2
1.8374 KW/cm2 40 1
50 - 1.9531 KW/cm?2 5
=357
]
40 a0t
? -
Q £
2 g 25 A ¢
s 30 Z v
3 § 20 1 ¢
o i - .
T * 2 2.8m
20 A ’ 4 ‘515- ‘_,‘ :44w§
s } 2 « 35mis
10 1 ? ‘ 101 K - 5 Linear (8.8ms)
3 R — Linear (44mis)
s 5 1 A —— Linear (3.5m's)
I .
04 - T T T T “ 1 0
5 0 5 10 15 20 25 30 1] 50 100 150 200 250 300
Time(s) Total power on element(KW)
‘ Safe operation limit -10MW/m?
Holes Performance is well at 15MW/m?2

No permanent deflection seen.

Beam centre No leak problems

Periodicity of f| (Centre of oval)

Burn out occurred ~ 20 MW/m?2

Burn out occurred at @ PD ~ 20 MW/m2
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NFTDC]

» The Indian CuCrZr material for usage in High Heat Flux elements of NB has
been developed.

» The material is successfully used for Heat Transfer Elements for Indian NB
program.

» The prescription of fabrication of Heat Transfer Elements is available and
shall be used in manufacturing of Elements for

1. ITER Diagnostic Neutral Beam Calorimeter
2. SPIDER Beam Dump
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