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Calculation of Critical Current Density Degradation
in the HTS Magnet due to Mechanical Strain
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Abstract - In this paper, we describe the
mechanical strain effects on the critical
current density of HTS (BSCCO)
pancake-type-magnet. Firstly the strain of
pancake coil is calculated in terms of coil
length, which is also a function of angle,
and then the critical current density
degradation due to strain is calculated
along the coil. We assumed that the
critical current density degradation pattern
is same with that of Nb3Sn. We also
modelled the effects of magnetic field on
the critical curent degradation, and the
results are compared with those with null
magnetic field.

1.4 B

d¥tF o2 HTS(High Tc Superconductor)d
Ae 7144 2zl Atoz FYPAEd
A (bending strain)Al A9 JARFEANL A
3 Al7122 HTS savlE AAA olg§ 7143
A 2EYRAS] T YAAFUE Z4AE o= @
g dojel, do, B =EdAEe #AaY HTS
ol E (HTS pancake magnet) W9 7]A
ZEdle 9% JARAFILIE A E A4sad.
@A ol2Y HTS viavlE A wge dyrzo
2 wind-and-react $} react-and-wind AZ %
Hol Aed d7IMe EAE Mgty AL 3
At ol& g A4ke ojn] n]=e S. Patel o 7
AH 2l F YAAFIT Zio dls)
Al ot (1) o] Aede AL 1A
€t @3t B =RdMe AR 13 A
ZEd Ao o JARFYE ZAE AN,
AZE Ao HTS vlavEe AAA #4%
HlolEl§ AFect, '

2. @A0|3Y nflOuES AEHl AN

a3 1& dAcla Y9 @dg yed, o
age HolZ e AV ydgez AXH
Ade AHE Addez Jvehly, sfavE A
FolAd o wielE @A s18eE deules ¥
A Jehdla Slth QUM re ZYE HolZ ¥
B2 9Eo] HAcla Rgoez FI F wgde
Y FL YAUYEHEN o] Z4E 52 Yed
Aol (1) Zo] Yyed 4 At s & 2Y
9] e Holg vey AAH L a=0°14 #H
& L 71A] EA 4 Ao, Le Hojze & 2
olg 71dg x £ FE(curvature)-& v}y
FENAEL 1/x2 UYeids Ad. o7t Y F
74 M 2de] ZHolo] g & (4)4 & o] &3
o AgS o,

a8 1. #@so|ay oladE golixe 9
7lstet= mejolel
Fig1.Cross sectional view of pancake
magnet and geometrical
parameters

- 260 -



r= (ro+§q;r—t)(cosai+ sina ) (1)
r=ir{=ro+2;‘;rt (2)
B8
s= f(r’-r’)?‘da (3)
1
x(a) = (r-f){r;"’-lr';?);(r’vr")ilz (4)
t o
e(s)=7f(—"ﬁl (5)
. dr o dir
® 7= da' T T da

e ol ¥ AddM film SAE ulg
o ¢t HolZe & FAS et A &
Efd &) e film F4 49 F&(curvature)
x A7]°] w2 FA, mdetd A Y AAe «a
o #$424 oo Ao Ue Holxe AEF
Q AJE (5)4H o] vehd4 k. A A9
A% dHojxel Yyrt AEYP2E WA g
Zd4d Adn AP&AE, & react-and-wind
ol oz ML FUTY, 4 (5) Mg AR
A FES 0 (x,=0) ©] Ec}. o] A% o=
o] 2¥< =3 0, & &(s) =0 o] B},

AAF Y 2EH29 g% 2= ¥}
FolvtA o2 JAAFIEEY HALE oJHE &
E#LY Axo] uizl 9% Bt oz NF
AellX A9 A s o) g 2=y =AJE
4 (B)& ol&3ld AL BogM FxFo
I 3718 ANE 4 At

3. AEdelo] o AAWFUS HuE

I ACK) N
Ie= J(e=0,5 ~ Ao e
R ACH I
Je= J.(e=0,9 ~!-

~A (e~ ta)

y €>€,*,y (6"'3)

£ < &y (6-b)

React-and-wind ARz HAola nde
AFA dFd o JARFLAE] st TAE

o, 2EHA] N a1 AR A=g
(6-a),(6-b)2X  H8ESF A%, FHM
A=1&" #Aer, oxie 2Edd Wt

0.1(%) 4 JARFUE7} 10(%) Zaste A
FHROLZ AFPD, XHTAY o)HF YAAFY
E Zie AxAY B4 7S Azed U
4z dzA Jed Rolth.  J.(nomalized
critical current density)® FAHE zYY 9

9o Af soM JARFUE FALE v
Eipe 2EHQA FARE VY. AA 2H=
A A¥H dolg o] Hnd ¢, 3u& BE
Bi-2223=0.075(%]}. Bi-2 212=0.15(%], 4
EgavE Bi-2212 HelZE 0.225(%)2 &3
HA (1), A Aol EAY B¢ A4S 1
A gLrALRA E =8dMe B = 6(T) 49
2 A;=0.5128% Nb3Sn 9 dgdolelg HaA
44 (Least square method) &8 A& gho]
o Ago] gl& de Ap=1 ol

4. AATFUTY WYUIE

2y 28 Jdeeo 2EHAAA 2AEAY -V
curve2A YAAFIE V&S FRFE EFHEA
o9 Zol(em)F 148 Al e AL NE
o2 st AR 4 ()L 29 28 FH2=
EAG Rolth. Eye J(e)& Yehlied AHEd
ol n(e) & I-V curve® Yehle HAFot
G714 A, Aye AFReRA dEdHNE &
A=A (Nb3Sn)olA curve fitting & 718 23
L2 AT Agoltt. A, Az e ©A o
=S A9y A48 d2A HEA2A, 949
9] Folxd AxAfME 4¥H dvolHE T3 2
Aol & Folth, I-V curvedld 1wV R¥ELS
234 dAxe HAE Holyde Aoz EF
Ak 2ol AZFE dAARL=N HA
Zage ¢ F Atk

B]

1/

[ 4

a3 2. FV curveo] 28t AN FEUL IS
Fig 2. Critical current density
criteria of -V curve

- 261 -



E(E} _ [( E) n(e) (7-a)
EO [ ]c(e) a
n(e) =1+ Aze Bl o Eiry (7-v)
n(e)=1+A, e<e,, (7-c)

@, E,: Electric field,
Je(e): Critical current density
Aj14 (constant), A; : 6 (constant)

5. Aa Ant
5.1 A2 124sx] YU I

38 3 & "Heolze Hold wE JANFIUE

(Normalized critical current density)e] W3}

€ 4 (6-a). (6-b)& ol&3ld aez=z Yehd

Roltk, g0 0, 0.1, 0.2% 4 woj] ZFzte] 3

& YA BA g0 AXE R v 9

ARAFRYEY gol o F718h. Short sample
!

.{

7L Yetd YAAFIAEEL ¢, o] B
455 A3 4ol U giEd,

» e

Jea(s) Current Density
105
€irr=0.2
1 <
| r
ow.l eifr=0']d________._-—-—‘—’
;{ e €irr=0
ast
H/
o.es«-’i/
os-/
075 500 1000 1500 2000 2500 3000

S(cm)

38 3. AH2jo} cfst J.of A5 (B=0)
Fig 3. J. vs. s (B=0)

39 4 dMe HolZ dolo] WE Hs\Fe W

€ B33 3o 4 (7-a)§ ol48d BN
A71%-& otest o] OA &4 U,

e o B b= ) B

A (8) o J(e, )]s & SRAAFA "ty 9F

@& C & ZAEY 29 4 ()X CFE A
A Jvx G~ Ce APHo2 E, (1w
/cm)eoldte] =AE WFAFIN, 1Y 4 (b) o
C~C8 Sl Ep °l3 94€ ¢ & Ao
€mn=0 3 ¢, = 0.1(%) & WS vlas)] By,
€ir RO 48 T R electric fieldE LERY

.

B(V/cm) Electric Field
2.
\
2.2¢.06¢] \
2008 Eirr=0

1600 2000 2800 3000

@) S(cm)

600 1000

" Eleotric Fleld

20073

a8 4. 3 dolof IE HI|1FZe|
¥t (B=0)
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