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Design and Fabrication of 5 T HTS Insert Magnet
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Abstract: The critical current of the
HTS(High Temperature Superconductor) tape
is governed by cooling temperature, magnetic
field and its angle to HTS tape originated
from its geometrical structure. At the HTS
coil design stage, the critical current of the
coil is calculated by considering the Ic-B
characteristics of the 2G tape and the
operating current is determined based on the
critical current. The operating current and
the structure of the 5 T coil are suggested
through the FEM (Finite Elements Method)
analysis and calculation. As a part of our
on-going research on a 20 T LTS/HTS
magnet, we have designed and constructed a
5 T HTS insert coil and tested it in liquid
helium temperature.

Key Words: double pencake coil, HTS, LTS,
perpendicular field.
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Table 1. Specification of 2G HTS wire.

HTS wire 2G HTS (ReBCO)

80A (@ 77K, self field)
1200A (@4.2K, self fied)

Critical current (A)

width (mm) 4
thickness (mm) 0.1
min. bending dia. 11

(mm)




1200 = J
“l —m=— Presented data
1000 - | interpolated curve|
< \
= 800} | J
c
o |
3 600 '%\ _
I -
£ 400 |
(&} '\\.ﬁ
200 |- Heen |
e L
0 1 1 1 Il 1 1 1 1 1 1 Il
0O 2 4 6 8 10 12 14 16 18 20

Magnetic field [T]

Fig. 1. I.-B| characteristics of 2G HTS wire used
to modeling.
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Table 2. Summary of (LTS+HTS) magnet
system

insert magnet outer magnet

S.C. wire 2G HTS NbsSn NbTi

inner dia. (mm]) 35 130 240

outer dia. [mm]) 74 217 335

height (mm) Hol 239 240 400
winding DPC solenoid | solenoid
turn 260 / DPC 10628 24442
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Fig. 3. Magnetic field of 20 T class (LTS +
HTS) magnet system. (a) total magnetic field,
(b) perpendicular component of magnetic
field.
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Fig. 4. Perpendicular field of HTS
depends on the number of DPC.
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Fig. 5. Critical current of HTS insert magnet
depends on the number of DPC.

23.5 T T T T T T T
23.0 - 4
'//V/rifn—.f‘.‘f.i a
25F = _
220 = @ Critical current B

—— @ Operating current

Central magnetic field [T]
NOR
o o
T T
1 1L

N
o
&)
T
L ]
|

—e —e e — o ®

10 12 14 16 18 20 22 24
Number of DPs

N
©
o

Fig. 6. Maximum magnetic field depends on
the number of DPC.
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Fig. 7. HTS winding machine developed by
KBSI. @ reels for HTS and Cu tape, @ load
cell for tension control, @ control system for
winding speed and tension, @ reel for
winding DPC.
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Table 3. Design summary of 5 T HTS insert
magnet.

Parameters
HTS Tape
Width (mm) 4.1
Thickness (mm) 0.1
Ic (@ 77 K, self field) (A) > 100
Coil dimension
# of DP coils 16
# of turn per pancake 94
Inner diameter (mm] 35
Outer diameter (mm) 74
Height (mm) 176
Overall height [(mm) 198
HTS Tape length (m) 565
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(b) HTS 'magnet

(a) DPC

Fig. 8. (a) DPC and (b) Stacked HTS DPC
coils installed with insert support. The Hall
sensor is located in the inside of the bore.
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Fig. 9. Charged current and measured

magnetic field at the center of HTS insert coil
at 4.2 K.

Shaded Plot

Shaded Plot
|BI smoothed Bx Smfnmhed
1

181407
8855

Fig. 10.
distribution
self-field magnetic
magnetic field.

FEM results of magnetic field
in 5 T HTS insert coil. (a)
field, (b) perpendicular
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