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Abstract

The void volume fraction of cables is one of the effective parameters to characterize the joints of superconducting magnet.
Because electrical resistance and cooling stability in the CICC (Cable-in-Conduit Conductors) joint are governed by the void
volume fraction, it should be controlled constantly in the termination of cable. The change of cross -section shape in the cable
was found during the unidirectional compaction of terminal sleeve. The non-uniform thickness of the sleeve after compaction
is expected because the loading is not axi-symmetric, and the plastic flow is also not axi-symmetric. The CICC was
compacted from 45% void volume fraction to 15% by using two-piece compaction jig, which could be pressed
uni-directionally. Commercial code, ABAQUS, was used to analyze the plastic flow in the sleeve during the unidirectional
compaction. The increment of radius of curvature of compaction jig could minimize the change of the deformed shape of
cables. The calculated results were agreed with the experimental observations.
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Fig. 1. Schematic drawing of diffusion bonding
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Fig. 2. Shape of unidirectional compaction jig
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Fig. 3. Finite element model for unidirectional compaction
analysis

Table 1. Material Properties for compaction analysis
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Fig. 4. Deformed shape of joint in the experiment when
Jjoint is compacted from void volume fraction 45% to 30%
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Fig. 5. Deformed shape of joint, which was simulated by
ABAQUS when joint is compacted from void volume
fraction 45% to 30%

Table 2. Comparison of void volume fraction when joint is
compacted from void volume fraction 45% to 30%

Fig. 6. Deformed shape of joint in the experiment when
joint is compacted from void volume fraction 45% to 15%
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Fig. 7. Deformed shape of joint, which was simulated by
ABAQUS when joint is compacted from void volume
fraction 45% to 15%

Table 3. Comparison of void volume fraction when
joint is compacted from void volume fraction 45% to 30%
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Fig. 8. Deformed shape of cables when radius of curvature
was 0.5mm, which was simulated by ABAQUS
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Fig. 9. Deformed shape of cables when radius of curvature
was 2.5mm, which was simulated by ABAQUS
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Fig. 10. Deformed value of cables with change of radius of
curvature, which was simulated by ABAQUS

5.4 &

gkoj] 7] (butt)
A °ﬂ A ?ﬂ o]

o) SUHE DEAFAE
o]

A},
7 gE AN B A
Jee danmas st o 3
B BF

dHEg FHAss 4 e MY a2 W
Fole & 4 JAh
ZALY] 2

2 A= KSTAR AMY e Aoz 435

AFHH.

I1Ed

n}L’

[1] Yoshihito, et al., “Development of 46kA layer to layer
joint for ITER-CS model coil”

[2] C.Y. Gung, et al., “Design and Manufacture of the
US-ITER Pre Protype Joint Sample” IEEE
Transactions on applied superconductivity, vol.7, No.
2, June, 1997

[3] K. Okuno, et al., “Development of 46-kA Nb;Sn
Conductor Joint for ITER Model Coils” IEEE
Transactions on applied superconductivity, vol.10, No.
1, March, 2000

[4] P. Bruzzone, et al., “Design and R&D results of the
Joints for the ITER Conductor” IEEE Transactions on
applied superconductivity, Vol.7, No. 2, June, 1997

[5] Chakrabarty, “Theory of plasticity , second Edition”,
McGraw Hill, 145-154,

[6] HKS, “ABAQUS User’s Manual”



