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AC losses with long time constants

in a large CIC superconductor
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A large superconducting coil wound with Cable-in-Conduit (CIC) conductor caused an additional AC loss which
cannot be estimated from short conductor sample test results. It was confirmed that the additional AC loss was
generated by long current loops in the CIC conductor. We propose a mechanism forming the long loops. If one
strand on the surface of a sub-cable contacts with the other strand on the surface of the adjacent sub-cable, the two
strands must encounter each other again at LCM (Least Common Multiplier) distance of all staged cable pitches
and thereby result in forming a pair of a long loop. The long time constants of long loops were calculated. We
orderly labeled all strands in a real CIC conductor, disassembling carefully the cable after peeling the conduit. It
was found that the strands in a triplex were widely displaced from their original positions, and thereby their
contacting lengths became longer than calculated ones. This fact makes the time constant of loop longer and hence
can explain the observed long time constants.

Key Words: AC loss, coupling loss, cable-in-conduit, twist pitch, long time constant

1. [FL®HIC

KIELDORERAHE B O B ) i idEE 7 C
%, —ROICKEBREED T —T N e f v e o
v b (CIC) HBENMEHIND, 20 CIC Hik
TUE, EIRNER AT ORITHL RN BEE AT
HBENDD T E Ny TE D AARFE T/
ey (JFHF) ToO—@#E® DPC (Demonstrative
Poloidal Coil) 8k (DPC-U, US-DPC) LI3E, R
WMIC L DEEE A VORELLES N L B
Mo TEl, TOFKRE L TROL IR Z ENE
2o, 3 KERA LTS MY Ty MEKRD
MIKTIX, =7 VDR A FREZELS LTEED

EBRBEZBDDL-ODIIL, F—TNVEarVy b
(A D I LR CHEMIZ N R D, JEMERFIZ D
LI —TIVDERIZLY, 3 Kuiald 58 HR
IXIEREIC BT v AR—XENTRREDN SAENE
BEXHohbd, LERoT, KBEHORR L8458
T HEBEAMENC R Y, TR TL— 7 DAL
ENb L, BROZIC L BENEICL—7E
HAFRENDD, Zhbor—7ERIE, K
NOEBRDAAIARIEE R ESEDLZ LD, £
7o, TNHOAL—FIIRMFRICHREL, FER
THRWHDNRH L ENmhol,

F 72, US-DPC #k& T3/ L7 Ramp Rate

W AR TR e



(102) 8

Limitation(RRL)E G & (@I GIZFES D T,
B O/NBREBRFE R B, V— T EROFLED R
N, bbb, BRNOL—T BRI
RERAES L, ORI = FICLHEEA
A7 BB S, ZFDOANRA 7 3 EE B
EHFITHEAFL TV D 2 Emh, L—TEBIROHF
TEAGE Sz,

—J, CIC E{RTHRIIEZI 7= SMES (Super-
conducting Magnetic Energy Storage) €7 /L =21A1 /L
¢8> LHD (Large Helical Device) A1 A & /1=
A NOOTIL, RFHRAOEANERI S, 2
DJFR & BRI AE LT RRFER A A9 5 Et
N—TIEBHbDThHDEEZLNDCY,

ZITE, IhH0HE, BLUEOFRRA LR
HREFEBV—T DRETH AN = A LIZONT
U

2. XRE\EX

IR RIIE R r—F% DO AN O OWRE LS
MO A NE—EEZRD, TNITHELZ T D
TEICE D ARERRE L, IO TS Z
Lk 1A oEK 1) 2R
95, RERITIRESPIH OMEICEE T 5 £ T+
RS LD,
FEEERITHE LB Nb e 2T U 24
KERW0 & L, fEEHK 01, MADSSH
PR O BRI T H 2 R LR 0* & FIWV T, K
ATHRFLnTED Y,

( ZBszz] ()

Ho i
ZIT, OMIHB A DY
OF=¢ {2 N C(l— s )( o VEE _ g8 _2)} )

2
212U, C=t1/4, E=1,/t,, ¢, —1”0[ J,Bmi,
2p,
ViZiFHOBERIZHB T DR & B AR L
REERIIFROEEE WD, £, 41305

FEEE, 1377 v My T ORM, LY A
ANy TERT,

HRACIRE O* 2 AR O b BT ik (&
WO okt LT ey b L7cRER % Fig. 1 IRT,
BETEN JAERD) L RER—L AU NRET
liﬁ Ff (LLNL) TiTo7zfERTH 5, My

BIAEILEE R KEBIME TH D, KHOFIEBRIT
nﬂﬁaﬂwX%m@% WX LG, ﬁm@@om
s &30 s DHLEREZ M2 b bDOTH D,

Vol.52 No.2 (2002)

ARATEZALND,

LOOEH00
W 20KA(JAER])
L THH | & 1SKAAER)
. >
& 1.00E-01 £= 2 ¢ 10kAJAER])
% 1 P
2 ; @ SKA(JAER])
3] P 2751 R AR
LRT E -~ X 3SKA(LLNL)
3 L00E0 o e ——=nn
g il ' | 30s foi |y
| TTIT] | +25KAUIND)
£ T 022 [
S 100E-03 il D20KALIND)
© 10KA(LLNL)
0 SKA(LINL)
LOOE-04
LOOE03 LOOE-02 LOOE-01 LOOEH00

Inverse of charging time 1/t, (Hz)

Fig.1. Normalized coupling loss as a function of inverse
charging time.
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Fig. 2. Magnetic field detected by Hall probe and coil
current waveform.
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Fig. 3. Spectrum of calculated time constants.

R TR e i



(104) 10

4. EEOBAREEANORBREE

AR LT-BB 0 a2y N TORLERT
&, EBRO CIC HKIZI 1T % EAlE & D%
1797212, CIC HARNDOFEBUNEFL T TEH S
(T EATo T2, ZOMBREX 4 144D, X
DT IXEEA & TR UHERRO 1m B 7 HS
TOEARBIHNONE Z T, KFOITY 77
— 7 VO OB R &R,

M &R T D L, Ak 1 KRRV ROKFE
BT 3 AN E L E->TRMEL TS & F
BEn Tzt b bd, Frx T, EED 3
AR BRELE DRIV T, FRMBTROTRONC TE
T5H, TNHD 3 AT, 1m FREBEND &
FHEITLRD 3 AR O— KL LI-ELE & 72D, FF
2, O D 3 AR BROFOH % X
DODHAEE TR L, T72bb, 1 KBRVBROM
(187,188,189) XA X THME 189 FEARNH LT
BliE S TWD 0, AXT—HRILLTWD D057
Do RN, (214,215,216) ORLILA K CTHENELE
U725 T D 0, ART—HRILLTWD D05
ND,

IO DOROFRKPDOHRMRIL, &S T —
TNOINENZHNT- TR E R B ATRETDHD
T, BWEEBEICIE - THfih3 2 = & AHEIC
X5, LW T, BT CTIET 5 L0 R Bl
BHLE 20, ROREEED AT D ATREMEN S 5,
Flo, TOXDRMOIRODALEE, T LI
BEERRDOT, T CIZINSOHGELEET
ELEVICTRTHMENDH D,

5. HRIGOEAIER

N—T DEBEORFEREZ AT D012, Fk
M OBAMKPT 2 E LU Ci~ 7z, HEEE TR
HEEICHWEBEERER Y 7 o A sH, 77X
PEfl s AR~ O AFRICRE L, ERENT &
MEET, 207 v AEOELEEZRE L, TD
FERZXB5ITRT, P OMEFITERD LAIE
FTrwfklLliz, T78bb, OICZLER-T, &I
wEinx LRSI, BRI WU A
RY, EDKk, OIZRT I, FO2[VIIRED
REICET S &, Eie LA L THITE—EMIC
2%, BHiAE 40 [AREND TS5 L, 1H

™

02

o
o

Voltage [V]

o

005

Current [A]

Fig. 5 Cross contact resistance of strands with oxidized
surface.

Fig. 4. Photographs of both side cross sections of CIC conductor with 243 strands and 1m long. Labeled
numbers are well ordered corresponding to fabrication. Some first sub-cables with widely displaced

strands are indicated with white marks.
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