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Abstract

Two short lengths of the full-size NbTi cable-in-conduit (CIC) conductor used to fabricate the ITER poloidal field coil insert
were tested in the SULTAN facility. The two investigated conductors, otherwise identical, are distinguished only by the presence
and absence of the last stage subcable wraps. The voltage—cUr®oth@racteristics and the quench behaviour of the conductors
with and without subcable wraps are compared. The dc performance of the conductors is limited by the occurrence of sudden
take-offs abover35 kA in the leg with wraps and abowed5 KA in the leg without wraps. Hall probes used to study the current
distribution indicate that the better performance of the conductor without subcable wraps is closely related to the lower transverse
resistance providing a more efficient current redistribution.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction initiated peak-field-induced quenches depends also on
the current distribution in the high-field region. In the

The contribution of the self-field to the total mag- present article, the effect of the presence or absence of
netic field leads to cable critical currents considerably subcable wraps on the current redistribution, Yhé
smaller than the critical current expected from the characteristic and the dc performance of two, other-
strand data at the same background field. Moreover, wise identical, conductors is discussed.
the self-field causes a strong peak in the local electric
field, which continuously reduces the take-off electric
field until sudden take-offs occur at sufficiently high 2. Experimental details
quench currentd,,2]. The threshold current for locally

The SULTAN facility provides the possibility to
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wrapped by stainless steel tapes, whereas these wraps [ ' '

were absentin the right leg. Arrays of Hall probes in the 0 %
high-field region are available to study the current dis- %0 * 5TL|T
tribution in both conductor legs. A detailed description s 50 : 3“ .
of the sample can be found elsewh{8k g ol 3 arRll
The dc performance of the conductors was tested S 9 8TR
in the field range of 4-7 T at temperatures between 5 5 30t 4
and 7.5K. On each leg of the sample a pair of voltage ~§ 20l i
taps at 420mm distance, placed in the high-field ©
region, is available to detect the criticdk) and the 101 )
guench currentl). In the I measurements, the He ol— )

inlet temperature is kept constant while the current

is increased, whereas for the determination of the

current sharing temperaturks the current is kept  Fig. 1. Critical current as a function of temperature for the left

constant and the He inlet temperature is increased (wraps) and the right leg (no wraps). The critical currents in both

by means of a heater. Both tiigand theTs values legs are close to or pelow tigexpected for the peak magnetic field

s e represented by the lines.

are based on an electric field criterion of Q.\Xt/cm.

The temperatures reported in the present work are the

helium temperatures measured close to the high-field the effective self-field factors for the left and the right

region. The measurements were performed at He masseqg are 0.0277 and 0.0248 T/kA, respectively, which

flow rates between 4 and 10g/s. is reflected by the fact that the values at 4T are
slightly below the peak field expectation. Because of
the occurrence of sudden take-offs theseeFig. 1)

Temperature (K)

3. Results and discussion could be measured only up to currentse85 kA (left
leg, wraps) andv45 KA (right leg, no wraps). Above
3.1. Effective self-field factors these currents the take-off electric field falls below

0.1wV/cm, the field criterion used to defiig Only the

First, the cable dc performance is compared with the quench currents could be therefore measured at higher
strand data from the strand manufactidér An effec- current levels (seEig. 2).

tive self-field factokes [5] is defined in such a way that
ISP Begr) = NIS'a{Begr), where Beft =B + keftlc

(Bp background fieldN number of strands). The peak 0L . ' ' '
field factor resulting from the conductor geometry tak- E . ‘;It
ing into consideration the magnetic field generated by 60 : g;t ]
the return conductor i, =0.0166 T/KA. The average < 50 L o 4TR |
effective self-field factors in the field range of 4-7T & ™ 2 TR
are 0.0170 and 0.0187 T/KA for the left and the right g 4op - v 7TTR
. . N N \ v\ [ Simu 1

leg, respectively. These values are slightly above the 2 30} L Simu2 |-
peak field factor of 0.0166 T/kA suggesting a slightly § ’ k ' '
uneven current distribution in the high-field region. 3 20r |

The critical currents measured in both legs and those 10+ .
expected from the strand data for the peak magnetic 0 . .

ok
(o]
~
©

field are compared ifig. 1 In general, the measured

critical currents in both conductor legs are close to the Temperature (K)

values for the peak field as expected from the effec- _ ,

tive self-field factors. However. the effective self-field Fig. 2. Quench current as a function of the temperature for the left
) ! . (wraps) and the right leg (no wraps). The measured quench currents

fa_CtorS of bOt_h co_nductor Iegs were found to increase gre hetween the results of quench simulations for highly overloaded

with decreasing field. Considering only the 4 T data, strands (Simu 1) and a uniform current distribution (Simu 2).
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