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Design of Hybrid Superconductor Bearing Set for a Flywheel System
with Vertical Axis
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Abstract A vertical axis flywheel system
was conceptualized, which wuses a hybrid
superconductor bearing set to carry the wheel
part load. The multiple designs of magnetic
bearing and superconductor bearing were
analyzed by using conventional numerical
magnetostatic analysis method. The best
medels were selected among four different
types of permanent magnet bearings for upper
bearing and two types of superconductor
bearings for lower bearing, respectively. These
results were discussed in regard of application
to the flywheel system with a passive hybrid
magnetic bearing set.
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Fig. 1. Models for the upper permanent
magnet bearing. (a) Dbasic type, (b)
magnetic shims of trapezoidal cross section
attached, (c) magnetic shims of triangular
Cross section  attached, (d) axially
lengthened stator magnet-type.
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Differences by Magnetic Shim Shape
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Fig. 3. Numerically calculated vertical
attractive magnetic force in model 1(a)~(c)
with respect to the gap length d.
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Differences by Magnetic Shim Shape - x shifted log plot

1000 1
L]
» + ®
a1
- L .
z - B (a)Without Shim
8 - 4 (b) Trapezoidal Shims
ub. LIS +*  (c) Triangular Shims
2 .
g i ;
2 N 3
= .
3 P,
2 ! .
5
£ 3 s
b4 [
M
* : !
100 T™r~1T—T T T ‘ —F

T T T
2 6 a8 8 2 10 o 12 s 1418)16 1918 13201522 182428
Gap Between Poles (mm)

}lle

H 4. 198 344 26 kgf FAHLE 7} dlolE 9 x
% olBdtn 2 ~AYR 29 A}
Fig. 4. Log-plotted fig. 3 with x-shifted dataset.
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Fig. 5. Numerically calculated vertical®l
attractive magnetic force in model 1(a) and
(d) with respect to the gap length d.
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Differences in Radial Stiffness

Vertical Magnetic Liting Force.
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Radial Magnetic Restoring Force:
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{b) Trapezoidal Shim, 62 mm gap
(c) Trangular Shim, 4. 4 mm gap

+ (b)Trapezoidal Shim, 6.2mm gap
w*  (c¢) Triangular Shim, 4.4 mm gap
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Fig. 7. Numerically calculated axial and
radial magnetic force in model 1{a)~(c)
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rotor-stator gaps are set to (a) 11.5 mm, (b)
6.2 mm, (¢} 4.4 mm.
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Fig. 8. Models for the outer rotor-type
superconductor journal bearing. (a) with 10
mm- thick rotor ring magnets (b) with 15

mm-thick rotor ring magnets.
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