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Analysis of Coupling Loss with Size and Material in the KSTAR PF
Superconducting Coils
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Abstract: It is important to predict AC loss in NbsSn
and NbTi cable-in—conduit-conductor (CICC) reliably
for the design and operation of large superconducting
coils. The hysteresis loss in the superconducting
filaments and coupling loss within strands and among
strands in a cable or composite are dominant ac losses
in superconducting magnets. The coupling loss in a
superconductor can be characterized by identifying the
coupling constant time nz To reduce the coupling loss,
all the strands (superconductor and Cu) in KSTAR
(Korea Superconducting Tokamak Advance Research )
are chromium plated with thickness of 1+0.54m. The
ac losses of PFl, PF5 and PF6 coils has been
measured by calorimetric method while applying
trapezoidal current pulses with various ramp rate
from 0.5 kA/s to 2 kA/s. The coupling time constants
for NbsSn coils are 25~55 ms and the values are not

co-related with the coil size, the time constants for
NbTi coil is 30 ms.

Key Words: KSTAR, AC loss, coupling time
constant, trapezoidal pulse, Nb3Sn, NbTi.
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Table 1. Major Parameters of the KSTAR PF coils.

Strand PF1 PF5 PF6
Superconductor NbsSn  NbsSn NbTi
Strand diameter [mm) 0.78 £0.001
Cu/non-Cu ratio 1.5+0.15 1.5+0.15 2.8+0.28
Jc(4.25 K. 12 T) (A/mm?) 730 730 2700
Hysteresis Joss (£3 T.4.2 K) (mJ/cc] 250 250 200
n-value > 20 > 20 > 25
RRR 100

Conductor

STS
conduit material Incoloy  Incoloy

908 908 316LN
Void Fraction(measured) 37.5 (32.6) %
Number of strands 360 (SC 240, Cu 120)
Cabling pattern 3x4x5%x6

Cable twist pitch 40+1, 802, 125+2, 237+3

Coil
Number of turn per coil 9%20 13x16 8x16
CICC length per coil 652 1,404 2,487
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Fig. 1. Helium stub line of the PF1 coil
inside (left) and of the PF5 coil out side
(right).
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Fig. 2. The maximum magnetic field profile of the
PF1(left) and PF5(right) along cooling channel
length @ 4kA.
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Table 2. Cooling Channel Parameters of Coils.

length/CH mdot/CH  Velocity Elapsed time (Cal)

Coil # CH

[m] [g/s] [m/s] [sec]
PF1 10 64.5 3.45 0.22 285.7
PF5 8 175.3 2.31 0.15 1138.7
PF6 8 310.6 2.40 0.15 1990.3
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Fig. 3. Traditional temperature overshoot by PF coil

current pulse (inset ; PF coils current wave form).
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Table 3. Calculation of the coupling time constant 1.

# ramp rate Q_total Q_hys (Fit) Q_cp nT
shot  [kA/s] (Jl [J] [J} [ms]
PF1
1183 05 840 446 394 61.3
1184 1 1218 446 772 60.0
1185 2 1888 446 1442 56.1
PE5
1171 05 490 365 125 22
1172 1 665 365 300 27
1173 1.1 706 365 321 26.7
PF6
1163 05 65 31 34 28
1164 1 103 31 72 30
1165 2 191 31 160 33

F oA EE HO2)FE og e AHFHE Z
Aol Q17 & v ArlolHEH 2 ramp rated] G

Ho] A2 & ramp rates 7HA =
AR HEE Addtd wHF £49 zo)E Faw
ramp rate 2ol 213 A FoeutE Hz & 4 3l
ok ool g 4 (39 AH&3H¥ PF12 551 ms, PF5&

31.3 ms, PF6E 343 ms9 Z¥AAGF #S 48 F
dRqem, PFee] A AlF 7 A HA WEos A
A AF BAEA NbsSnol| vl3] @A A" AL
g 4 9o, PF1 94 H&3 ge d4E S+ I
o\ PFoe 7 WA ByelAN AEs & A4 ol
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Table 4. Calculation of the coupling time constant II.

Differential

Ramp rate Q_det [J] n7 [ms]
PF1
2kA-1kA 669.3 52.0
2kA-05kA 1048 54.3
1kA-0.5kA 378 58.9
PF5
1.1kA-1kA 41 325
1.1kA-05KA 216 31
1kA-0.5kA 175 30.5
PF6
2kA-1kA 88 365
2kA-0.5kA 126 35.0
1kA-0.5kA 38 315

4. 2 £

KSTAR PF (Poloidal Field) A5 3 Fo A
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O, & 3. ol&Y 5: KSTAR PF EFEXIA Q]

TH ARLSEDS 1, 2 kA/9)S 7H Acky i
H438& AAA IERAHE 9& =359t PRI,
PF5, PF69] Ap7]jeldd e 242 446 ], 365 ], 31 ]
SE HHHYon, 2F £48 $57) Yt R W
A ARew 74 A% AF g+ PFI2 591 ms, PF5
= 253 ms, 281 PF6E 303 mso|on, T #Hy
oz 3 AIANASTE 47 551 ms, 313 ms,
343 msZ AAEAT. NbsSn 2.2 AFdE 7de =3

o] A7)} FHSHA 25~55 mse AIANFSF @GS
4dE 4 den, NbTiez A48 9L 30 ms9
FHE AdE S UAT BE A A A3 A
o= KSTARS AA 22 60 mskeh 2He g 7t
Ae A& ¢ F d49o

“dAtel 2

T A7 2& AR Ay Add 9

FI=HAFY

a

ite]
Ho
ot

(1) P. Bruzzone, "Coupling Current Loss in Nb3Sn
Cable-in-Conduit Conductors’, IEEE Transactions
on applied Superconductivity, 2(1), pp. 524-527,
March 2002.

(2] A. Bonito Oliva, B.J.P. Baudouy, et al, “AC
Losses in Superconducting Nb3Sn and NbTi CIC
Conductors” IEEE Transactions on applied
Superconductivity, 32(4), pp. 2834-2837 July 1996.

(3] Arend Nijhuis, Niels H. W. Noordman and
Herman H. J. ten Kate, ‘Electromagnetic and
Mechanical Characterisation of ITER CS-MC
Conductors Affected by Transverse Cyclic
Loading, Part 1 L coupling Current Loss’, IEEE
Transactions on applied Superconductivity, 9(2),
pp. 754 - 757, June 1999.

(4) Nakamura, K.; Yamanouchi, M.: Hashimoto, K.;
Takao, T., “Effects of contact resistance between
strands with Cr/non-Cr coating in cable-in—conduit
conductors’, IEEE Transactions Applied
Superconductivity, 14(2), pp. 1306- 1309, June 2004.

(5] 8. Lee, Y. Chu, W. H. Chung et al, “AC loss
Charactersistics of the KSTAR CSMC EStimated
by Pulse Test”, IEEE Transactions on applied
Superconductivity, 16(2), pp. 771~ 774, June 2006.

27 4 MEOl GE BYEY 54 BN 5

S I

ol ¥ ()

19743 11€¢€ 20948, 19973 dWi+¢)
gy £9 20033 AERSdw O
A Bty Ehe1gabah, A =7t
AP A KSTAR £AA73E A9l
A<,

F & & #W

1970 109 2441, 19933 AA) F)
A7Eeh 291, 19959 = sk A7|F
gl ZQ(FSAAD, 20004 B g A
7 AFE e EdEshap, 2000
-20023 AAEEed ARATY, 2003
AR = gEAA AddT-Ld.

o) 3 (AEH—)

1969 89 25904, 1992d Agrl Tl
A peta 24, 190449 5 thekg At
sgaln (A, 20003 DT

7l 9 2 gRbgeky) (B @
o A =SS EATS Adde

b 1 (Yt )

1968 29 7¢A, 19909 wx|uyet
ole Belatn 2%, 1998 % o
2 28w Slbp, @A) =l
HEERNE DR

oo Lg% &I

W o RNE )
1975 119 2744, 2005% ghidf
ANz 24, 20039 AAEHI=

4, 20043 % E @A FAYGEATA

IEEICEL:)

19661 9€ 20448, 198399 A&d Zul
A getn 29, 19999 % ety 9x
e FPEAAD, 19939 F71x
e Qa7 AT, 1995978 Aart
A FANGEATE ALATL.



