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Investigation on the Loop Current in the CICC Superconducting Magnet
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Abstract: The fast current and field ramp-up
experiment was done with the superconducting
magnet that is made of three non-insulated
strand CICC(Cable-In-Conduit Conductor). The
shunt resistors at the joint of the magnet
enabled the unbalanced current measurement
which is believed to be associated with the loop
current. To explain the generation of the loop
current during the current ramp up, the steady
-state three strand loop current model was
proposed. This model gives an explanation for
the relation between the loop current and the
twist geometry of the strands. According to this
model, the twist geometry and the surface
contact resistance of the strand has significant
influence on the generation of the loop current
especially in the large superconducting magnet.

Key Words: superconducting magnet, magnetic
field, ramp-rate limitation, loop current

.M 2
IRANEA 2AE AME o] rpge] 2% A
A HEsaL V] WiEel AArlA gl A Al B
e "Bl VEUAl Flof 24 e xﬂ%} Alell B e
7b eEnh 53], A dds skl .ﬂlh- A}
AMe] b dol & J&FE viAe A A HMIHRRL

Ramp-Rate Limitation)&te= 838 2470 Ex&}.
2% 2% 439 9% PF(Poloidal Field)
A3-E 93 US-Demonstration Poloidal Coil(U
iL} dEo] DPC-U (2] A&oA =zl
27174 Wakgol Ao 5 A stel
FhAl A g dAakel AE WA
= Avdslr] et Be =85
'104 ol FoA MY (3)-(5]). TA A
AR = Xy, Adtele 2
’ﬁE*ﬂ WiRe AT MAE Aol
dH o dFY Brtd X o
51, FE 71AEd olste] A
H F(loop current)?t &A=
Oﬂ ofef A 2HE MAE He] A
Xi/} WHX]T’, 53 AR AR7t HEFEol
A, AR ZEAlel dA " F(eritical

2

G n°“
-

‘>15

o 2 g
(&} J}‘)‘

7

2
er[‘

-
it

iz Mo 45

2k
23
i‘ﬂ:

BN Y

>

B
r)

B0 H ol oy U g
of T

o
flo o

s
% g
Bl
2 =2
=y
i e o

2
ox
N
=
r_h; re

~ =
g o=
el
M
)

L
t
s

tloi
|
-

1
i ze

I
{

lot mo F w
Wﬂ
- o
mriﬂi
r qmrgd,‘ : <
0. L
e P
;K
_lm_—:-“d
‘1:‘1

e

*

g g
* g e

PuHa 1 999Lﬂ 3‘éj 1
AL E 1

bbby
]r /‘\

r)«
‘&

current) Bt} 2 AVl A FA
Aol A= (quench) 7t HAsHA ok, ¥k olye}, o
3 &3 MAdA e FHAHQ] Axe= 2HE AorE
o] AR ol 7| ), dlFEe] FIWPIAH=A %
Ae A Hdajge] ME motd glo] f Ao
FAEEE SR, AAE Alold H&EE = 7|H
Ho| ekuld 7L o|FA BE A AAE Y H
Z Ay 9 HE Ao A7)7t wlg 7] g 2
FE 7AE oM e o & FZ AFI JdH
olel 2|z} 9] Bty el ofr1d & Ut

W m=RdMe olefd A a4 A3t dgs HEH
oz AdAFalr] fsled dAF UA @& 3 tEe
NbTi A2 A 2E & do] 45 me YA =AZ
FHE AL A st HEE St oluf ¥
ol A2t 2Hd = AL zr] zb7] XL(se If magnet-
ic field)gte] AR A 2&eE sl 2=
Axe]l AF A Fx7F 2= A Xﬂoﬂ Agste A
o] W& Fujdstes st o, o F zMe =zt
7138 ol &akx] ekstuh, AN 2xE 2Este A
AF2 Azl oy, e ox & A oA HF A
B o] A} 2} 2] ﬁ“fé w2 FHeEE AT
Lo elE g 2 ‘j‘«] %EE g B
e @.‘ﬁ’é}ﬂ Ho}oq g gd £

#
[eX

55 ARl #y
1

22
*
©

ol Ju

koL, ZX
2] 3o

5
r
2
ofk
2,
rri
ok
c
-
il
&
o
ol
ol
902
v}

N

. 8tAl X35 HEH(RRL) A"
off A ARETH %7 2 i3 A
o] g %7‘ WAl g ol &stdon, 2HE 2449
=<t Sl
A}

2roMe] AF 1 HEe

JEH Eé} 17(660 A)% AT

5 uk° o 40 % PFEY W,
b iR A7) wiitel #
AFel BEdd #X d42 5FEsA

e FEX AFV ME AEE

I IYFAA AAE e &S

e ddso] UA gL 27 A

AAE o HE Aol =AM 9 -

2= A E(shunt)9d Xﬂﬁi}i‘;} of] §-

[e]

AU
rto _?L‘ i L GS’L‘ N

T+

BN S
BN
o

<
2
—
jav]
7
(9]
o
o]
5
=
o
e.
ok
>
o r
2
oo
[s]

e

i oo
g
=)
!
A 3t
T
!
do v
r_’,‘g’
i

S g
D)
5

o & ¢ IH
280,
R
‘O
0
32

olm o}m
ot H»
o e

o)
.
L

ES
i
>~
=

e
-4
2

oo

e o
> o
I

¢

AATD

AT, AHel exE

Van 24 adds e

¥ @4 ehir
]

2
32
+ N

LEE R AL AR FW 234 Fx AR
of el % dlolAe FRAQ) WA ARe] AP
3 -*1%-% GEhE 2RUe HF PEE AN Qg7
N %4@ & 99l

Fig. 1 (a)sh ()& 2b2b 2907) dg9) 2o 29



34 REET

r
H1
ol
o
ok
Jal
Hu

X, 18, 1%, 19994 4¢

i ——m 11
600 T T T 4 R 1
v 13
500 ‘ Total current |
2400_ 000040000000000
~ 0'
5 300F b
© ;
E 200 E
S yool Py EEEEEEEEEEEERES
OIF‘J 1
0 1 2 3 4 5 6 7 8
Time (s)
(a)
600 T T T r T T y
-]l
500 a D k
~ 400 v 13 PR SRR S S 3
$ —&-— Total current ‘
= 300+ g
S .
E 200
U 100 ',l;i’ «i[
(o} ]
00 05 1.0 15 2.0 25 3.0 3.5 4.0
Time (s)
(b)
ad 1. (a) 4.5 K, (b) 6.8 KellA 430 A/s=2 AF
4.
Fig. 1. Current ramp up with 430 A/s (a) at

4.5 K and (b) at 6.8 K.
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Fig. 2. Magnetic field distribution for the

CICC of the magnet.
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Fig. 3. Flux-linkage area for 3 strand model.
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Fig. 4. 3 strand model circuit for the loop current.
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Table 1. Calculation parameters for steady-
state 3 strand model.
Parameter Value
Ramp-rate 600 A/s
Shunt resistance 1x10°% ©
Contact resistance for 1 m 1x10° Q - m
Twisting pitch 1 inch
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