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Development of a split-pair type 25T cryogen-free superconducting magnet

WATANABE, Kazuo
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High strengthened CuNb/Nb3Sn monolithic conductor and equivalent cross-sectional
8-strand Rutherford cable conductor have been fabricated, and the critical current properties for
react&wind processed coils with coil bending strain of € =0.42% have been evaluated at 15 K and 4 T. It
is found that the critical current properties of a Rutherford cable coil are superior to those of a
monolithic coil in the react&wind method.

We succeeded in developing a 25 T cryogen-free superconducting magnet composed of the world"s first
react&wind CuNb/Nb3Sn Rutherford cable 14.0 T cryogen-free superconducting magnet.

Concerning quench characteristic and thermal stability of a high-Tc RE123 coil, we obtained that the
higher temperature operation for a high-Tc RE123 coil is the suitable condition in case of occurrence of
the normal transition.



AL,

Nb,Sn
Wind

SMW-28T
RE123

1000MPa

27MW

30T

Nb,Sn

Nb,Sn
360mm

20 30

25T

25T

CuNb CuNbTi

React &

97T

Nb,Sn

20T

25T
Nb,Sn
RE
25T
RE
Nb,Sn
25T
25T
RE123
RE123
14T Nb,Sn
Nb,Sn
Nb
CuNb/Nb,Sn RE123
GM
25T
RE123
RE123
CuNb/Nb,Sn
Y123 25T
(&Y) Nb,Sn
8
CuNb/Nb,Sn
8  CuNb/Nb,Sn
3.05mm 1.41mm
+0.48%/-0.52% 10
4_.2K 15T 0.1u V/cm
I. 816A
I. 555A 47%

150mm 110mm 4



€ =0.42%, 0.76%

3.35mm
1.54mm  +0.48%/-0.3% 10
4.2K 15T
0.1y V/cm I,
651A 1. 485A
34%
110mm 70mm 4
€ =0.43%,
0.84%
5T
220mm GM
Nb,Sn
14K 16K 200A
CuNb/Nb,Sn € =0.42%,
0.76% 16K
2T I. 104A, 75A
15K 47 I,
97A, 68A
CuNb/Nb,Sn
€ =0.43%, 0.84%
16K 2T 1. 185A,
100A 15K 47
I. 164A, 93A
React & Wind  CuNb/Nb,Sn

React & Wind

CuNb/Nb,Sn
(2) 25T
30T
25T (25T-CSM)
30T R&D
NbTi Nb;Sn
(LTS) 14T
(HTS) 10.5 T
24.5 T
LTS GM-JT 2

4.3 K

Nb,Sn

Nb rod  CuNb Nb,Sn
4.2K 14T
16 CuNb/Nb,Sn
1823A
25T-CSM 14T-LTS
LTS NbTi Nb,Sn
16
Nb,Sn 83.1%
Nb,Sn
251 MPa
CuNb Nb,Sn (CuNb/Nb,Sn)
CuNb/Nb.Sn
300MPa
670°C 96h
0.5%
React & Wind Nb,Sn
LTS
LTS 854A 300mm
14T
GM-JT 2
4_3K 8.4W
1
15 e rpe———y 1000
1800
Field )
— 10F £
% Current 1600 g
2 sk 1400 S
Je00 T
25T-CSM LTS coils
0 : + MO
e *% g '
L 4.8F
,g E L3
2 46 L'II-4
5 44
F azt. L5
E ' L5
S ]
2E
0 40 80 120
Elapsed time (min)
1 14T-LTS



60 854 A
L2
5K

267 MPa NbsSn
CuNb/Nb,Sn

HTS
14.0T

CuNb/Nb,Sn

React & Wind
25T

14T-LTS

React & Wind
CuNb/Nb,Sn

300mm 14.0T

HTS
GM

11T

HTS
RE123

360 mm
11T

10 K
25 T-CSM
10K
I

77K
BB V-1

(BJR)
RE123 25 T-CSM
24.5T 367
387 MPa 4
117
180 A 369 MPa 192 A 391
MPa 25T-CSM
2(@)  25T-CSM 4

MPa 25T

@
HTS-coils for 25T-CSM

400 . T
24. 5THRAERS
350 (25TCSM) \
<
a
=
7 300 ATEBIAIL A
g (11T, 180A)
n
250 i
200 L L L L
0.06 0.08 0.1 0.12
r (m)
(b)
) Toshibal4-stackeld pancélke coill test I
LN2
9 Upper coils (#1-#2) fAS
Lower coils (#3-#4) <
77 K, s.f. after 191.4 Aat 10K, 11T
P Upper coils (#1-#2) b
5108F Lowercoils (#3-#4) i
-
il 7
L 9
L 5
8 4
w
3
2
-9 L 1

30 35 40 45 50 55 6
Current (A)

2 RE123

(a) T=10K, B=11T (b)T=77K, B=0T

77K
W 2(b)
50A
le
le
25 T-CSM  RE123
25T
LTS
14T
10.0T
RE123
25T-CSM 23.9T
10.5T RE123

100m



RE123

20km
20km
RE123
RE123
Bi2223 25T-CSM
HTS 25T-CSM
Bi2223
11.5T LTS
2467
(3) Gd123
RE123
RE123
RE123
20-50K 4.2-20K
50-77K
RE123
RE123
LTG RE123
RE123 1
51
J., T, B
T! B! e
1 I, J.(T,B,
8)
LTS
RE123
n
LTS
I
I
10K I,
20-50K

65K
T,
50K
I
RE123
I
RE123
RE123
RE123
65K
CuNb/Nb,Sn Y123
25T 14T
CuNb/Nb,Sn
RE123
10km
RE123
Bi2223
14T CuNb/Nb,Sn
52mm 24.6T
Bi2223
30T
Bi2223

25T

S. Awaji, H. Oguro, K. Watanabe, S. Hanai, H.

Miyazaki, T. Tosaka, S. loka, S. Fujita, M.
Daibo and Y. lijima, 10T Generation by an
Epoxy Impregnated GABCO Insert Coil for the
25T-Cryogen-Free  Superconduting Magnet,
Supercond. Sci. Technol., , val. 29,
2016, 055010(5pp)

DOI: 10.1088/0953-2048/29/5/055010



S. Awali, K. Kajikawa, K. Watanabe, H. Oguro,
T. Mitose, S. Fujita, M. Daibo, Y. lijima, H.
Miyazaki, M. Takahashi and S. loka, AC
Losses of an HTS Insert in a 25T
Cryogen-Free Superconducting Magnet, IEEE
Trans. Appl. Supercond., , vol. 25,
2015, 4601405 (5pp)

DOI: 10.1109/TASC.2014.2366552

H. Oguro, T. Omura, S. Awaji, K. Watanabe, S.
Nimori, M. Sugimoto, H. Tsubouchi and S.
Hanai, Transport Properties of CuNb
Reinforced NbsSn Rutherford Coils in High
Fields, IEEE Trans. Appl. Supercond., .
val. 25, 2015, 8800104 (4pp)

DOI: 10.1109/TASC.2014.2363039

K. Takahashi, H. Oguro, S. Awagji, K.
Watanabe, S. Harjo, T. Kawasaki, K. Aizawa, T.
Hemmi and T. Nakamoto, Internal Strain
Measurement for a NbsSn Rutherford Cable
Using Neutron Diffraction, IEEE Trans. Appl.
Supercond., , vol. 25, 2015, 8400104
(4pp)

DOI: 10.1109/TASC.2014.2363043

H. Miyazaki, S. lwai, M. Takahashi, T. Tosaka,
K. Tasaki, S. Hanai, S. loka, K. Watanabe, S.
Awaji and H. Oguro, Design of a REBCO
Insert Coil for a Cryogen-Free 25T
Superconducting Magnet, IEEE Trans. Appl.
Supercond., , vol. 25, 2015, 4603205
(4pp)

DOI: 10.1109/TASC.2014.2380783

K. Watanabe, S. Awaji, H. Oguro, Y. Tsuchiya,
S. Hanai, H. Miyazaki, T. Tosaka, M.
Takahashi and S. loka, Construction of a 25-T
Cryogen-free  Superconducting Magnet, J.
Phys.: Conf. Ser., , vol. 568, 2014,
032019 (5pp)

DOI: 10.1088/1742-6596/568/3/032019

K. Watanabe, H. Oguro, S. Awaji, H.
Kumakura, M. Sugimoto and H. Tsubouchi,
Rutherford Fat Cable Composed of
CuNb-Reinforced Nb;Sn Strands, Adv. Cryo.
Eng., , vol. 60, 2014, 186-191

DOI: 10.1063/1.4860622

S. Awaji, K. Watanabe, H. Oguro, S. Hanai, H.
Miyazaki, M. Takahashi, S. loka, M. Sugimoto,
H. Tsubouchi, S. Fujita, M. Daibo, Y. lijima
and H. Kumakura, New 25 T Cryogen-Free
Superconducting Magnet Project at Tohoku
University, IEEE Trans. Appl. Supercond.,

, vol. 24, 2014, 4302005 (4pp)
DOI: 10.1109/TASC.2013.2292367

H. Oguro, S. Awagji, K. Watanabe, M.
Sugimoto, and H. Tsubouchi, Prebending
Effect for Mechanical and Superconducting
Properties of Nb-Rod-Processed Cu-Nb
Internal-Reinforced Nb;Sn Wires, IEEE Trans.
Appl. Supercond., , vol. 24, 2014,
8401004 (4pp)

DOI: 10.1109/TASC.2013.2292507

H. Miyazaki, S. Iwai, T. Tosaka, K. Tasaki, S.
Hanai, S. Ioka, K. Watanabe, S. Awaji, H.
Oguro, S. Fujita, M. Daibo and Y. Iijima,
Design of YBCO [Insert Coil for a
Cryogen-Free 22 T Superconducting Magnet,
IEEE Trans. Appl. Supercond., , vol.
24,2014, 4601704 (4pp)

DOI: 10.1109/TASC.2013.2287059

K. Watanabe, Advanced Cryogen-Free
Superconducting Magnets at the High Field
Laboratory for Superconducting Materials,
International ~ Conference  on  Magnet
Technology, 2015 10 19 H—~2015 10

23, Seoul(Korea)

S. Awaji, The Performance Test of the 25T
Cryogen-Free Superconducting Magnet, 4th
Japanese-French  High  Field Research
Collaboration Workshop, 2015 9 3 H~
2015 9 4 , Grenoble(France)

K. Watanabe, Construction of a 25-T
Cryogen-Free  Superconducting  Magnet,
Twenty-Seventh International Conference on
Low Temperature Physics(LT-27), 2014 8

6 H — 2014 8 13 , Buenos
Aires(Argentina)
@

WATANABE, Kazuo

@
AWAJI, Satoshi

OGURO, Hidetoshi



