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Axial Permanent Magnetic Bearing Design

For a Low-Loss Energy Storage Device

Mounted on Hybrid Bearing System

Jin-Ho Kyung Yoo-II Kim Sang-Kyu Choi, and Young-Chul Kim

ABSTRACT

The axial bearing using two ring type permanent magnets to support the weight of
a flywheel is proposed to reduce the bearing loss in a flywheel energy storage
system. Two permanent magnet makes stable force in axial direction but unstable
force in lateral direction. The lateral unstable stiffness is identified quantitatively
using flux analysis, and then through the rotor dynamic analysis on a rigid flywheel
system the unstable effects nn the svstem bv the stiffness is investigated.
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Table 1 Some dimensions and specification

for the flywheel system
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Table 2 Axial stiffness of the permanent

bearing
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Table 3 Lateral
bearing

stiffness of the permanent
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Fig. 1 Schematic diagram of the

energy storage system

Fig. 2 Finite element mesh of the axi-

symmetric ring type magnets
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Fig. 4 Reaction forces of the PM
as the thickness of it varies

(a) ISO view

(b) Frontal view

Fig. 5 Finite element mesh of the two ring

type permanent magnets



Y
A 0.5
L kx
«,L X 6; S
g o 506 0 SO 20 S 57 O 0 OO O
0 6y =
z ._Y‘ b:yarxng £
s::]annc #2 -05
-1
Ice 0 5000 10000
. Spin speed (rpm)
Fig. 6 Rigid rotor model for flywheel Fig. 9 Real part of the eigen value

5

10 800,
5001

5

Stable region

I mag(rpm)
-—
o
o
O
/§)
Spin spasd( pm‘l
g

10° ‘
10° 10° 10 10 L ,
Spin speed (rpm) ! 15 CEE s .

x10

Fig. 7 Imaginary part of the eigen value Fig. 10 Variation of stable region as the
equivalent axial stiffness varies

0’ & + o+ 4 . .
o o
fos . =
’ mo0 00 00 0 0
‘3; % 100 150 200 250 300 350 Caoa = 0 m 0 O —= 0 0 0 O
Distance (mm) M= 0 0 It ol G 00 0 .QIp
) . 0 0 01 00 —LAp O
Fig. 8 Conical mode shapes
- (kyl +ky2) 0 0 (kyllcl + ky21c2)
K: O —'(kz]+k22) (—kZZICZ—kZIICI) 0
0 (~kaplo—kula) —(kal% +k,o—1k,1%) 0
(kyile +Kyolea) 0 0 = (kyld +kypl, —13k,)

- 277 -



