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Fig. 1. Microstructure of second generation tapes: (a) RHEED patterns of IBAD-MgO tapes in different

positions; (b) the in-plane texture of kilometers LaMnOs tapes.
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Fig. 2. Critical current density for YBCO coated con-

ductor for superconducting magnet.
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Fig. 3. Optimized design of high temperature magnet diagram: (a) Magnetic field distribution of magnets at 321 A;

(b) three-dimensional schematic diagram of high temperature superconducting magnets.
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Table 1. Design parameters of 4 T HTS coil.
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Fig. 4. Critical current of double-pancake superconducting coil: (a) I-V curve of first superconducting coil;

(b) critical current of all ten double-pancake superconducting coils.
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£2 4T miLBSLE RSN SHE
Table 2. Measured parameters of 4 T HTS coil.

i e & 7 . b
5 5 4 4 B Bt
W 4 W 41 i S
7 7% 7% 7% % i

X
i
%
!

1 it W 4 AT :;i;
LT R
% W

94 mm 100 mm 100 mm 236 mm 165 [

160 m 10 4> 3290 [

359mm 051 H 338A 46K 4.087T

=im 18 5 2 B 1Y 1% RE TR

97 YBCO =il 5 4¢ Bl 71 77, 65, 55 Al
46 KT Bl St L, SR A A H A T
AR M FT T AGR IS, &R WA R A
HRIERETT, FERERELE 1.5 heanHE,
o B e N S (T i< N T N il S SR ()
78 K, B by rhy N EBIE AL R ZE i -2,
—THAI+1 K. B IEJE 1 e B 77 K I AT 26 1
(RN i H A P RE I S 56, 77 KOUR X Jl B s 56 &5
WG, SR U B R 7 i IR PR 2 65 K,
DT I RE S, SR 5 PR A 2 4k 2244 A, R
BT E AR EA IR BRI R 2 3
7 55 K X A1 46 K il X 3 AT il <256 ki S e
. K CRYOGENIC SMS240C #8 5 HJE AT 1 kA

3.3

DC SRR FE S IR L 0.2—1.5 A /s [ R X iHE
5 2% VB Jil T 3 P RS A R s ) RS S, BA
1 pV/em HAEAE G T AE. ORI R 2
A, TR SRR R X IR R - IR SR,
UL ) 380 R A ) i L A B S b B RASE b R A
ksRim g, e A N, DR A 2 0 B I
HL I AT B REAR R I 7 AR AR HE (1 wV/em). B
PRTE 77, 65, 55 F1 46 K I T B K2 AT il
SERUE 6 B (R TEE N LA/ de i 22 5] K%
IS FEL e, A S B 2 R ST S i 12 LR ). A AT A
FH, YBCO M FLIETE 77, 65, 55 F146 K N
At R 85 AR BRI AN AT 8 1 i AR Ak, PRI T
2R P A R AE R IL R YBCO il 5 46 1
1E77, 65, 55 146 K il FE F 11847 LI 7379 9 65,
147, 257 1338 A.

068401-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

438 2 )}  Acta Phys. Sin. Vol. 67, No. 6 (2018) 068401

70 60T T T ——————300
~200 N N
(a) ] T s s SUSE S S
| 1407 0 TN
o — {160 P s e
] 1204k L
504 . . . : . . .
{120 > T 100 >
i g i 100-[ : : : : : : : g
5 404 ‘ ] > 8 >
£ f SLCI- A I R ey~ o ¥
+ ~ ' ' . P +
5 309 - | | b 3 5 R e g S e o IE T SR 3
20 | )\ ‘*‘J’\ jo-” 1 . o {100~
] S : wl A T
—J | 10 : : : : : : : 200
101 1 20| 1”
1_40 S rrroreeis ooz
0 T T T T — T 0 ————— T T ———T— —300
0 100 200 300 400 500 600 0 100 200 300 400 500
Time/s Time/s
280 360 — , , : . : : 2500
240 320+ 2000
280
200+ oo 1500 :
< E < 1000 g
2 1604 > E 2001 >
g o2 500 @
= 120+ . . . £ B 160 =
© S N o 2R ] o =
e S S S S o
‘ ' —200 80 —500
4041 SN
] —1000
& —400 40
0 T T T T T T T O T T . T : T T T T . _1500
0 60 120 180 240 300 360 420 0 30 60 90 120 150 180 210 240
Time/s

Time/s

Kle i SRUAEARRXE I-V 2 (a) 77 K; (b) 65 K; (c) 55 K; (d) 46 K

Fig. 6. The I-V curves of high-temperature superconducting magnet at different temperature: (a) 77 K;

(b) 65 K; (c) 55 K; (d) 46 K.
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Development of a 4 T (46 K) 100 mm high-temperature
superconducting coil made of homemade
MOCVD-YBCO coated conductors”
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Abstract

The second-generation high-temperature superconductor (2G HTS) is a good candidate for high field magnet due
to its high critical temperature T¢, high critical current density J., and high irreversibility field H;.,. This paper presents
the design and development of a 4.08 T (46 K) coil made of homemade 2G HTS. In order to meet the design requirement
of HTS coil, the electromagnetic finite element modeling and optimization are carried out on the basis of the research
of the properties of YBasCusOr_, (YBCO) tapes. And the design scheme of HTS coil is completed. Then the HTS
coil with an inner diameter of 100 mm is successfully constructed according to the scheme. It consists of a stack of
10 double-pancakes with the same outer diameter wound with YBCO tapes. The diameter and height of the HTS coil
are 236 and 359 mm, respectively. A total of 1600 meters of YBCO tape are used to wind this HT'S coil. We measure the
1-V curves of superconducting coil at different cryogenic temperatures. First, liquid nitrogen is used to cool the HT'S coil
to 77 K, and then the temperature is reduced to 65 K by the decompression cooling method. The cooling coil containing
liquid helium is used to exchange heat and cool the solid nitrogen to obtain much lower cryogenic temperature. The
maximum operating currents of the HT'S magnet at 77, 65, and 55 K are 65, 147, and 257 A, respectively, corresponding
to the center magnetic field of 0.78, 1.77, and 3.1 T. At 46 K, the HTS coil with an inner diameter of 100 mm generates
a 4.08 T field at the center. And the magnetic field of superconducting coil is basically uniform in the medium plane.

The results demonstrate a strong potential of home-made YBCO magnet for direct current high-field applications.

Keywords: high temperature superconducting magnets, YBa,CuzOr_, coated conductors
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