Evaluation of thermal strain induced on components of Nb.Sn strand during cool down
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1. Background

Thermal strain on Nb,Sn filaments is considered to largely influence on initial performance of a
cable in conduit conductor(CICC). For prediction of the conductor performance, initial thermal
strain of the Nb,Sn strand was calculated from comparison of fully characterization (critical
current, field, temperature, strain) with critical current of which strands were used for the CICC,
but it was not directly measured. It is important to know thermal strain state in the Nb,Sn strand
to predict conductor performance.
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O Thermal strain of the Nb,Sn strand for ITER CS in 10-300 K was measured by neutron diffraction in KOWARI at
ANSTO.

O The compressive thermal strain was observed in Nb,Sn and the Nb/Ta barrier.

R O The thermal strain of Nb,Sn in axial direction of the strand was -0.111% at 300 K and -0.209% at 10 K, respectively.

SR O Transverse strain of Nb,Sn was almost not changed from 300 K.

a—— Nb3Sh filaments 3500 EFrTITIII I T AARRNRARE RAARNRRRR T 00T TRt TT [ DECE LT [ TTTR T [T [ETIT [T [UTE [T 2, FFRERREEEEERRRERRERREEEEEREEEREREREE. Givand sample
tem Value O Bronze-route Nb,Sn strand for ITER CS S - PO A . - il T -~
T, . 3000 = . 6000 = T 0~30° - | 2 —@ Axial
it i Type Bronze-route was prepared for thermal strain i [T ; ; - 5 Uil o -
Diameter 0.83 mm measurement by using neutron - ZSOOM NbsSn(21) - . SOOOM E = 00— —Ti”;ﬂ'l
Number of filaments 17347 diffractometer. g 2000 ;/\/\\W-«/v: 10K é‘ 4000/\\J\ ~| 14K § _0-1%: 3 —5- Trans.
: : g 1500 - 2 3000 - & E E
BBar_rler rrpa;erlal Iglb/Ta O The barrier is composed by Nb and Ta. - F \\Wj L BN \“““*_ 100K Pk E
Frier tniCkKn mm ’ N - i = = d
arner Thickness [ After the heat treatment , Sn NL: E . 4 200k wsE |
Cu/non-Cu ratio 1.0 , , o S00 z R— : ] 3 E
- 5 concentration is 1.0-1.5wt% in the N T N RS s -
Cu stablilizer 48.6% 0 -uoepen e oo oo e v e oo
. 0.138 0.139 0.140 0.141 0.142 0.143 0.132 0.133 0.134 0.135 0.136 0 50 100 150 200 250 300 350
Bronze bronze matrix. | |
. 30.4% : PUEERSIE, ) D spacing [nm) Temperature [K] ltem Thermal strain
Volume mautrix | 0 Cu and bronze were dissolved, and , _ ,
. . - . . O The thermal strain of Nb,Sn was -0.111% at 300 K and -0.209% at 10K in axial Axial -0.111%
fraction Filament 17.6% filament and barrier were extracted . , Nb.sn 300K — 590107
ND barrier > 304 . direction, respectively. 3 rans. AUV
_ . from the strand as d, sample with 0 Th 1 th I , 0.062% and -0.232% at 300 K and 14 K in th (321) ok _Axal “0.209%
Ta barrier 1.1% ctress free state. e axial thermal strain was -0. o and -0. o at an in the Trans, 0.018%
Nb/Ta barrier respectively. Axial -0.061%
Bundled strand - - - . g - Nb/Ta 300K Trans 0.071%
Filaments  Barrier [0 Compared with axial thermal strain, variation of the transverse thermal strain (211) yve a0
| . -0.
~ampie was very small in Nb,Sn of the strand sample 4K =5 01183
= Incident beam [0 2g ~ 9092 to get good accuracy of the profile. = e S T s ot i el St O Thermal strain of the component j
. . . P - Cu — Calculation: Lines N ] .. .
q:_, [0 Neutran diffraction measurement was carried P~ - I Measured E | e; :-Thermal strain in component |
0.002 - / % Nbypn 3 & (T)= ES(T)— JOli (T )dT e, :Thermal contraction of the strand
= Detector out between 300 -10 K. + _ Nb/Ta barrier e o -Coeffient of thermal expansion of
e 0 O To evaluate the thermal strain, d-spacing of r— E : : [J Elasto-plastic stress-strain curve of copper and bronze
— 0.000 [~ - - -
a Nb,Sn(321) and Nb/Ta(211) planes were g : = :
(C measured on the strand sample and the d, - SR E I S 1 ?iﬁ(’;ﬁ'\;ﬂizgzﬁompone”“
GEJ L::St - Aol samples (only filament and barrier sample). _0:-’ e : oi(T) E(M)a(T) Agie(m)" g, n. A: Selected constants
ran . el : ,
- D Th e r m a I St ra I n H - H IrIII;TTaII v bvrra vt e b brr e b b o o . . . . . .
- To Detecor AN o | o' s Lo i b O Stress equilibrium on axial direction in the cross secsion of the
i "\ d,(T) d,., :d-spacing of (hkl) plane
.9 S . ghkl (T): hkl _1 dhkl .d . f hkl I m Temperature [K] Nb3sn Strand _ .
=8 [0 An angular dispersive neutron diffractometer KOWARI do i (T) o,nki:d-spacing of (hkl) plane =8l [ Assumption _ Vi: Volume fraction of component |
. & . P . fd | E P ZViUi =0 g, n;: selected constants
< at Australian Nuclear Science and Technology OT dp Sample = e Axial stress was balance in the strand i
= Organisation (ANSTO), was used to measure thermal O e Thermal strain was not induced in more than 600 kK [ On Nb;Sn, behavior of calculation results agreed with measured
'all  strain. S e Nb,Sn, Nb, Ta > Elastic values.
" O Strain of the components in the samples is observed o e Cu, bronze -> Elasto-plastic 0 ~0.1% difference was found in Nb/Ta barrier between calculation
as peak shift in the diffraction profiles. ol and measurement.

Presented at the Magnet Technology Conference, 2017 Oct. 27 — Sep. 1, Amsterdam, Netherland; Session: Log-Tc Wires and Cables; Program I.D. number: MT25-Wed-Af-P01.08-11



	スライド番号 1

