
i) I

Ato
con
pro
sup
tor
mo
con
to 
bet
wa
and
Ne
CS
fab
dia
sup
var
los
los
join
stab
pro
und

und
Th
usi
sof

ii)

1.
cop
cal
Nb
bec
rela
1.
hav
(co
wit
Fro
and
fiel
con
wh
use

Introduction 
The JT-6

omic Energy 
ntribute to th
oviding supp
perconducting
oidal field (T

odules and 6 p
nsists of a sta
allow control
tween the con
as developed 
d adopted by 
ew tools for th
S and qualif
bricated. The 
ameter and ar
pplying the m
rying magneti
ss occurs, and 
ss. The loss i
nt. The butt j
bility becaus

otect this coi
derstand the A

In this stu
der a time-va
e AC losses a
ing a FEM s
ftware is used 

Experimental
The analyt

The strands 
pper and Nb3
lculated from
b3Sn. The AC 
cause these 
ative magneti
The electrical
ve anisotropy
opper sheet an
th increasing m
om this figure
d the resistanc
ld. The conta
nductor in Fi
hen the 1 V wa
ed in this ana

60 Super Ad
Agency is a 

he early real
port to the 
g magnet syst
TF) coils, 4 st
plasma equilib
ack of four ele
l of the plasm

nductors of the
during ITER-
ITER as one 

he butt joint w
fication samp

butt joints 
re embedded

magnetic flux 
ic field is app
temperature a

s the main o
oint is a com

se of poor h
il system from
AC loss of the 
udy, the AC l
arying externa
at the butt joi
simulation so
COMSOL M

l and Analytic
tical model of
area is define
Sn. The volu

m the compon
loss of the st
electrical co

c permeability
l conductiviti

y. The electric
nd sleeve) and
magnetic field
e, the electric
ce of the butt

act resistance 
ig. 1 is calcu
as applied to t
alytical mode

dvanced (JT-
fusion experi
lization of fu

operation
em in JT-60S
tacks of centr
brium field (E
ectrically inde

ma shape. The
e CS is butt jo
-EDA CS mo

of the candid
were developed
ples of the 
are located a

d within the 
to the plasm

plied to the b
at the joint ris
rigin of insta

mpact joint, bu
helium coolin
m quench, it
butt joint.  
oss in the but
al magnetic f
int in the CS 

oftware. The 
Multiphysics®.

cal results 
f the butt joint
ed as multipl

ume of multip
nent ratio of
teel spacer and
onductivities 
y of the multip
es of the mul
cal conductiv
d the resistanc
d at 4.2 K are
cal conductiv
t joint depend
between the 

ulated from t
the butt joint.

el. Fig. 3 show

60SA) of Ja
ment designe

fusion energy
of ITER. 

SA consists o
ral solenoid (

EF) coils. The
ependent mod
 type of the j
int. The butt j

odel coil prog
date joint for 
d for the JT-60
butt joint w

at the coil o
winding pack

ma. When a ti
butt joints, an 
ses due to the 
ability in the 
ut it has a lim
ng. Therefore
t is necessary

tt joint of the
field is measu

are estimated
FEM simula

.

t is showed in
licative mode
plicative mode
f the copper 
d SHe is igno
are small. 

plicative mod
ltiplicative mo
ity of the cop
e of the butt j

e shown in Fig
ity of the cop

d on the magn
copper sheet 

the current v
 These results
ws the analyt

apan
ed to 
y by 

The 
f 18 
(CS)
e CS 
dules 
joint 
joint 
gram

CS. 
0SA 
were 
outer 
k to 
ime-
AC

e AC 
butt 

mited 
e, to 
y to 

e CS 
ured. 
d by 
ation 

n Fig. 
el of 
el is 
and

ored, 
The 

del is 
odel 
pper
joint 
g. 2. 
pper
netic 
and

value 
s are 
tical 

and
also
resu
the 
phe

iii)

for 
var
the 
(the
pro
des
the 
agr

1) N
23 

d experimenta
o plotted in t
ults agreed w
analytical mo

enomena. 

Conclusion
The AC

JT-60SA ar
rying magneti

AC loss of th
e butt joint, th

ototype joint)
sign and make

AC loss of th
reed with the e

Fig. 1. Ana

Fig. 2. D
conductivity
magnetic fi

Fig. 3. AC
results. 

Nakamura, K.
(in press). 

l AC loss resu
the figure. Fr

with the measu
odel shown in

C losses of the 
re measured 
c field. Accor

he butt joint be
he pancake jo

[1]. We thin
e the stable joi
he butt joint, 
experimentally

lytical model 

Dependence 
y and the bu
eld. 

C loss of the

. et al. : IEEE

ults. The expe
rom the figur
ured data, and
n Fig. 1 can p

e butt joint of t
and analyzed
rding to the m
ecame the sm

oint, the termi
nk that we c
ints. We num
and the nume
y measured da

for AC loss. 

of the cop
utt joint resis

e analytical a

E Trans. Appl.

erimental data
re, the analyt
d hence we th
present the ac

the CS condu
d under a tim
measured resu
allest of all jo
nal joint, and
could succeed

merically analy
erical results w
ata.   

pper’s electr
stance under 

and experime

 Supercond. V

a are 
tical
hink 
ctual

ctor 
me-
ults,
oints 
d the 
d to 
yzed 
well 

rical
the 

ental 

Vol. 

303

§16. AC Loss and Stability of Large-scale 
Superconducting Magnet for Fusion

Nakamura, K., Kawahara, Y., Nishimura, K., Asami, T.,  
Horie, T., Sakai, S. (Sophia Univ.),  
Takahata, K., Obana, T.




