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Our target : Persistent mode 1.3 GHz NMR magnet

REBCO Bi-2223 LTS
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Previous achievement :
27.6 T generation by LTS / / REBCO layer-wound coils

NbTi/Nb,Sn + Bi-2223/REBCO

516.8 mm 30 —————— 27.6T .
ffffff = TN Y
k] ' == :
5 NbSn/NbTi = —
S 2o 1717 f i e,
g i REBEI:'?IZBEI-_2223 ' Quench atz‘;.?\T 1 | -
£ 10} ' ie ﬂ AR
T &
i= & ol ]
[ - ",' § i | | T
Bi-2223 S ¢ N = B 4 h
0 10000 20000 30000 urnout on the
(Insulated) Time (s) REBCO coil
" - -
o I3 i - .
_E 2l Seosloue : Degradation
B [Inzi2K . .
QF fnmieT w4 in the middle
omn >
W = I o = .
=2 pieantenseitiine - section of the
REBCO 100 | 200 300 REBCO COII
NIMS Nb Sn _ NbT| (17 T) (|nsu|ated) HTS coil current (A)
Y Yanaglsawa et al., IEEE/CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (Global Edition), 21(6), 3599-3603., (2016) 4
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Possible protection method for a REBCO layer-wound coil :
“intra-Layer No-Insulation (LNI) " method

Y Suetomi et al., SuST, 32, 045003 (2019)
Copper sheet

__]rj_§y_]3t_[9_r]__§_heet » Short field delay
» Self-protection

Homogeneous field decay In the
axial direction during guench.
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Possible protection method for a REBCO layer-wound coil :
“intra-Layer No-Insulation (LNI) " method

Y Suetomi et al., SuST, 32, 045003 (2019)
Copper sheet

Insulation sheet » Short field dEIay

» Self-protection

The effectiveness of the LNI coil under the
following conditions has not been revealed.

* Practical number of layers
(~100 layers)
* Under high-fields (>20 T)

1 ¢ I
S Slow




Objectives of this work

To demonstrate...

» Generation of >30 T by LTS / BI-2223
/| REBCO layer-wound coills.

» Protection for a REBCO l|ayer-wound
coll against a quench under high-fields
by an LNI method.
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Configuration of 30 T model test coil

30 T generation test coils

516.8 mm

Bi-2223
(Insulated)

LNI-REBCO coll #2

67.0 mm

1604 turn

AZ

17.6 mm

(~9 turns/layer X 180 layers)

r(42K,S.F)=0.21s

Nb,Sn — NbTi (17 T)
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Configuration of 30 T model test coil

30 T model test coll Parameters REBCO coil Bi-2223 coil
SuperPower Inc. SElI, Ltd.
516.8 mm Conductor Type SCS4050 HT-NX
,,,,, Winding LNI Layer-wound
Inter-layer material Cu+PET sheet (26 um) -
Impregnation Paraffin wax Paraffin wax
Over-band material / Ni-alloy tape / Brass round wire /
Over-band thickness 2.1 mm 0.9 mm
Coil I.D. / O.D. (mm) 17.6 / 66.95 81.1/125
Bi-2223 Coil height (mm) fgoi 4368440
(Insulated)  Number of turns (~9 x180) (~80X58)
Number of joints 0 3
lop (A) 265
lop / Ic 0.56 0.51
Magnetic field (T) 13T 193 40}
77777 ' Self-inductance (mH) 47.7 450

LNI-REBCO #2

Nb,Sn — NbTi (17 T) Center magnetic field : 13T+17T=30T
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Results
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30 T generation

Expanding A EEusEsEsEsEEsssEsEsEsssEssssssssEsEsssaes
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30 T generation : Coil voltage

W

i T:I4_2 KI IAver;ged atleach_ v'"No normal VOItage

current hold.
L B = 17T .

N

Inner electrode

Outer electrode

Voltage at winding
0 | 1(')0 | 2(')0 — 300 ~ Thejunction resistance at the
REBCO coil current (A) iInner electrode slightly
iIncreased due to
electromagnetic forces.

REBCO coll voltage (mV)
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31 T generation W REBCO coil Quench

July 5, 2019 I
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Confirmation of the coil characteristic change

> 3001 | 1 -
= O Before 31 T quench ﬁ NO de_grad ation
Q A After 31 T quench Degradations due to
% 200 T=77K 5 - unbalanced electromagnetic
> Self field A forces as seen in the case of
TC—B 1 NI DP coils didn’t occur.
i a .
g 1% G v'LNI-REBCO coil
m N i
L f was protected from
T e B8 T I ey high-field
0 10 20 30 y nig

REBCO coil current (A) gquenc h.
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Short summary

v'31 T was generated by using the LTS / Bi-
2223 [ REBCO layer-wound colls without any
degradation.

(The highest field ever achieved by a
LAYER-WOUND superconducting coil)




Behavior of the self-protection
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230(» | V,=0.2V | During the quench
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S00F— T T T T Propagation ratio
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Key points

- E—m EE S S EEE ESE S EEE EEE SNBSS BEE BEE SEE B EEE BEn BEn EEm BEm BEm BEm Bam SEe BEm BEE Bam Gan San BEm BEm Bam Sam SEm SEm Bam Ban Gam SEe B Bam Bam Ban Sam BE Bam Bae Bam Bae BE Bam Bam Bam B BEm Eam Bam B o

v'Homogeneously field decay in the axial direction.

v'Bypass zone propagation started at the same time
as the shutting down of supply currents.

v'Bypass zone propagation stopped at the middle of
the winding.

______________________________________________________________

Suppress unbalanced electro
magnetic forces during the quench.
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Summary
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Summary

31 T generation by LTS/BI-2223/REBCO layer-
wound colls

 Protection on the LNI-REBCO colil which has
practical number of layers against the quench
under 31 T

A big step towards a 1.3 GHz NMR magnet.
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‘ REBCO coil (30 T magnet)

1 e v
. ¥ -‘

REBCO coil (27.6 T magnet)

During charging
i v No degradation

Quench
S

v Protected

—————————————————

The LNI method worked.
Why?
During charging
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