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Ramp-rate limitation of CIC (Cable-In-Conduit) superconducting magnet
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Cable-In-Conduit Conductor (CICC) is widely accepted as an
advanced superconductor configuration for large scale applica-
tions such as tokamak fusion reactors, MAGLEV (MAGnetic
LEVitation), and SMES (Superconducting Magnetic Energy
Storage). The stability of CICC cooled with supercritical he-
lium can be very high if it is operated below a certain limiting
current. This limiting current can be determined by Stekly

heat balance equation. The stability characteristic of CICC for
AC operation is more complicated than that of DC because
there are additional instability sources which are associated
with local flux change. Ramp-rate limitation is a phenomenon
discovered during US-DPC (United States-Demonstration
Poloidal Coil) program, which showed apparent quench cur-
rent degradation associated with high dB/dt. This paper de-
scribes recent experimental investigation results on the ramp-
rate limitation and discusses current imbalance, induced cur-
rent, current redistribution due to local quench of the strand in
the cable.
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Fig. 1. (a) Production of a CICC by a continuous cable
sheathing process.
(b) Cross-section of finished product (courtesy of

Airco).

ole| ¥ I JA =ML ol A AF olstAM:
AR sjie] me] ol W Re EAste YA
#§9) 9 8a(heat capacity) F83] o]&4% 4 9l
7] W Fo) 53 ¥& 43 A (thermal stability)®
ek HAR of TA AF o) FoA s, Il oo
g8 E Aol 333 ALEA 294 €F22 T4
7 R 2AEAME] FRAQ X FIE opr|AFE
2 ¥ W A M9 AL ko] Aencd 10
wjo] 4 wrolaicH3]l. 2HAEME quenchA 7l 9 H3
AP kA Wee] AFo) siBe, & =
Ae A7) st dY 2ddd o WA A&
Hramp-rate limitation) ¥4k st} Ewal %3}
27 g,

2. A AES 3 (Ramp-rate limitation)®]
2

19903 DS-DPC(United States-Demonstration
Poloidal Coil)e} AYAT7t AWs|AA[4], o] EA9
AR o) dEsded, gz A4e] Wt (ramp
rate)o] 71§tk WA 2AE YA £M9 quench A
71 A A4S A0 ol A A @
Ae WA 48 AHAN ZEAMNE WEo] UYL
o Y 2 st o] el AL # 4 ded
US-DPC 9 A4 ARz A4 AFE @4 57

_37_



6.0

E
50 -
é 4.0 :
= Tt ..\
o r A
E 30
8 b
.0
§ 207 s Iqof US-DPC (4]
] r X Iq(@ 1 atm. by Takayasu [S])
o 1.0 ® 1q(@ 6 atm. by Jeong)
[ ¢ Iq(@ 1 atm. by Jeong)
0.0 r Correlation by Takayasu [5]
00 13 25 3.7 5.0

Ramp rate, dB/dt (T/s)
Fig. 2. Quench current degradation due to dB/dt.
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TABLE I
Parameters of the US-DPC, DPC-U, TPX-PF model cable

—_ US-DPC_DPC-U_TPX-PF model

Wire 0.78 1.12 mm 0.79 mm
diameter
Stabilizer 54 % copper Cuw:CuNi: 3.1 Cw/Non-Cu
NbTi = ratio
34:14:1
Twist pitch  12.7 mm 12.4 mm 12.7 mm
RRR ~27 N/A ~ 180
Wire Crcoating  Formvar Cr coating (1~2
surface (1~2 pm) (10 pm) pm)
condition
Conduit Incoloy 908 CSUS-IN1 Incoloy 903
or 903 Stainless
steel
Cabling 3x3x3x5x5  3x3x3x3x6 3x3x3 Hybrid
or 3x3x3 cable (9 copper

strands and 18
superconducting
strands)
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Fig. 3. Non-uniform current distribution in cable.
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Fig. 4. Voltage spike data for different initial transport
current (dB/dt = 2.5 T/s)
(a) Quench with 2500 A transport current.
(b) No quench with 950 A transport current.
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Q1 by RRL : Quench due to usual ramp-rate limitation
Q2 by RRL : Quench can be enhanced by additional heat
generation due to wire motion or flux jump.

Fig. 5. Origins of ramp-rate limitation.
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Fig. 6. Ramp-rate limitation experiments of TPX-PF subcable.
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Fig. 7. Experimental data of TPX plasma initiation simulation.
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