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Design of 200 kJ SMES Coil with HTS Wires
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Abstract In this paper, a design
scheme of SMES coil with HTS
wire(BSCCO 2223) for least stray field
and conductor consumption is presented.
Three types of coils (solenoid, multiple
solenoid, and modular toroid) have been
considered. Shape and size of the coil
was decided by line element method with
evolution strategy and confirmed with
Finite Element Method. Modular toroid
displayed least stray field with given
conductor length. The goal of the study
is to establish designing technology of a
HTS coil for SMES which works in
relatively high magnetic field.
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Table.1. Wire spec used for the design

Type Wide
Thickness 0.203 mm
Width 4.1 mm
Je >12 kA/cm®
Ic 2100 A
Max Stress (77 K) 85 MPa
Max Strain 0.15%
Min. Bend Dia. 100 mm
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Table 2. Coil specifications

Material BSCCO 2223
Tot. Energy > 200 kJ
Operating I/turn 150 A
Max B.L (1T
Max B” (55T

Max stray field {50 uT @ 5 m
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Fig.1. Initial design of the solenoid coil
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Table.3. Optimized result for solenoid coil

Parameters Unit Result
1.D. of coil mm 92
0.D. of coil mm 342
Height of coil mm 79
Stray field area m 2.5
Total conductor length km 14.5

2.3 Multiple solenoid 2
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Fig.2. Multiple solenoid
coil with 4 modules
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Fig.3. Cross section of a

single coil module
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Table.4. Parameters for design

Parameters Symboaol Explanation
Radius from axis to
System radius To inner wall of the
chamber

Radius of a coil
module from axis of

Coil radius Te the coil to the center
of the windings
Shape ratio I B h(coil heiht)/rc
Shape ratio II ¥ d(coil width)/rc
Nuggli)lesr of n coil modules used
Total length HTS
Total length lcon ota (.eng of
wire used
Stray field area St eve>r%70 Wu},}ere
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Table.5. Result for multiple solenoid

Parameter Symbol Result
System radius 4328 cm
Coil radius 13.18 cm
Number of coils 4
Conductor length Leon 13980 m
Stray field area Sy 2471 m
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Fig.b.
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Table6. Result for modular toroid

Parameters Result
h 1 mm
d 65 mm
Turns 110
Conductor length 12 km
Stored energy 213.21 kJ
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Fig.6. Result of FEM for final

modular toroid
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