
 

 

 

 

―	145	― 第95回　2017年度秋季低温工学・超電導学会

受賞記念講演2S-p01



 

 

 

 

1. 

 
 

 

 

 

 

 

 

 

―	146	― 第95回　2017年度秋季低温工学・超電導学会

受賞記念講演2S-p01



ITER (Central Solenoid: CS)
Nb3Sn 2017 9

613 m 7 918 m 42

SULTAN [2]
CS (Initial Magnetization: 
IM) 13 T, 40 kA

IM (Tcs)
5.2 K SULTAN

10.85 T
40 kA 11.5 T IM

Tcs

SULTAN 45.1 kA, 11.5 
T Tcs CS

SULTAN
SULTAN

0.5 m
CS (CSMC)

[3] CS (CSI)
IM Tcs (5.2 K)

SULTAN CS
 

He
10 V/m (Tcs)

Fig. 2
(Fig. 1 SS04)

 
ITER CS Tcs

CSI
(End of Burn: EOB)

(12.5 T, 45.1 kA) (EOB 542 
kN/m ) Tcs ITER CS

60,000
CSI 16000

SULTAN SULTAN
(11.5 T, 45.1 kA) Tcs

CS
Tcs

5000 8000 10000 Tcs

CSI
Tcs  

 

16000 3 Tcs

Fig. 3 IM SULTAN
Tcs 2014 SULTAN

20000 4
IM CSI Tcs 6.71 K

5000 Tcs

Tcs 0.1 K  

 
Fig. 1  Location of seven strain gauges and cylindrical 
coordination on the CS insert conductor (a) and top flange, 
bottom flange, and 16 tie rods with strain gauges inside the CS 
insert conductor (b). 

 
Fig. 2  Allocation of sensors for voltage, temperature, and 
strain on the CS insert conductor. 
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Fig. 3  Current-sharing temperature against number of 
electromagnetic cycles, including three warm-up and 
cool-down cycles. 

―	147	― 第95回　2017年度秋季低温工学・超電導学会

受賞記念講演2S-p02



3 10000
Tcs 6.74 K

16000 3 CSI
Tcs 5.2 K 1.5 K

Tcs

[2]
CSI Tcs

 

SULTAN CSI CSI
hoop

12.5 T CSI Fig. 2

IM 0.078%
0.068%

Fig. 4 CSI

Nb3Sn

eff n
- (E-T)

[3]  
 

(1) 
 

L A Iop

E0 Ic(B,T, ) Nb3Sn
- -  

 

Fr

eff Fig. 5 CSI eff

Fig. 4 hoop ( eff  hoop) SULTAN
eff Fig. 5 CSI

Fr > 0

eff Fr < 0
eff

CS Nb3Sn

( )
( )

 
eff Fr Fr = 0

Nb3Sn
eff(Fr = 0) -0.61% -0.59%

4 K
0.4%

eff(Fr = 0)

 
eff  hoop

CSI SULTAN Fig. 2
10000 CSI SULTAN

Tcs

Fig. 5 CSI
eff hoop SULTAN eff

 
 

CS CS IM
(13 T 40 kA) ITER CS

CS (Tcs) 16000
3

5.2 K 1.5 K CSI

Tcs  
15 CS

 

1. Y. Nabara, et al.: IEEE Trans. Appl. Supercond., Vol. 26 
(2016) 4200705 

2. T. Hemmi, et al.: IEEE Trans. Appl. Supercond., Vol. 22 
(2011) 4803305 

3. D. Bessette, et al.: IEEE Trans. Appl. Supercond., Vol. 14 
(2005) 1418-1422 

 

-600-400-200 0 200 400 600 800
-0.08
-0.06
-0.04
-0.02

0
0.02
0.04
0.06
0.08

0.1
0.12

Radial electromagnetic force Fr = Bz
avg I [kN/m]

H
oo

p 
st

ra
in

 h
oo

p [
%

]

slope:
1.55 10-4 % m/kN

slope:
1.39 10-4 % m/kN

 
Fig. 4  Measured hoop strain against radial electromagnetic 
force.  
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Fig. 5  Strain against radial electromagnetic force on cable 
before and after cycling. 
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