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Abstract: Permanent magnet thrust bearings featured high rotational speed, low noise, and {riction-
less operations, but suffered from low load carrying capacity and non-universal structures. Aiming at these
problems, a modular multi-cellular element structure of permanent magnet thrust bearings was proposed
where four permanent magnets formed a single cell element. By adjusting the number and arrangement of
cell elements, various nested and crossover configurations were realized. Based on the finite element soft-
ware, the bearings with two-layer nested two-pole crossover, four-layer nested four- pole crossover, six-
layer nested six- pole crossover and eight-layer nested eight-pole crossover were constructed with a total of
four structures, and the load carrying performances of the different structures were analyzed. The simula-
tion results show that the bearing capacity first increases and then decreases with the increase of axial dis-
placements, and the maximum axial bearing capacity of the permanent magnet thrust bearings of the four
configurations was as 6. 78, 50. 52, 136. 85,288. 9 kN. Finally, a four-layer nested four-pole-crossed per-
manent magnet thrust bearing prototype was fabricated and the axial bearing capacity experimental valida-
tion was carried out. and the results show that the maximum load capacity of the experiments is 4.2%
lower than the simulation value.

Key words: permanent magnet bearing; multi-cellular element; structural design; carrying character-
istics
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Fig.1 Secondary damage from broken magnetic blocks
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Fig.2 Four-layer nested four-pole crossed permanent
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Fig.3 Basic cellular structure
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Fig.4 Permanent magnet thrust bearing with

(b) SEF =Yl

two-layer of nested two-pole crossover
2 KLy AR BT

T 1 2 73 R i 7 B R ) BB AL NG 4y
LB R W R I AR MR RE . B Y Ak R HE
HRGE R R A R R R Bk 2, M
TAETE A2 H0CR 1, 8 AR B AIK  B I A R )
AR IR . AR SCHE Y AR B Ak 22 it G K g 4
R, A A 1)L 1 8 22 )2 5 RN e TG, Tl
PLSE AN [R] 2 W ik 2 450 s 2e il i) b 5d 2o K 5
TRE T REPE MK L T LAy £ )2 o 9k i 52
PSR W 58 LRS54 . DRI, Ak 22 i I 7k i
I 3 b 7R AE A i e B A HE S O oG Rl
ATV )2 U2 SR RN 2 iR E DL PR
DU 7S AR\ 38 S, FE PR TIE A G 38 Ak 1Y i
THE S TR AE N BE T . R DU 2 i £ DU A A8
S A B Ak, 22 1 5T K R 4 T T R Y G s S AR S
ME SR, K, d A ER ., d o kg
R O K, g N RBRTEE D i K
1o SR TR 725w 1 PR R L A rg Sl R
Rl 7= Al 1) D B e 0 NI A7 B KRG 1R 1Y) W g R TR
T s (AR IR REHE 3 R ARl ) A AR . TR SR
T RGO SR T RE T 8 ) R AR ) 43 AR
FEREI SR AR Ak T KR 0 AR T = A gk
(7, B B R R A, O T 4 o TR R
P 5 A R A TR AE AR T L 7R A B RE R A
B4 3161 Aa kb kb . AR TIEAR 1) R ) R ST
- 2302 -

PR 3 IR i i B O A A N R 1 VT S e B
DN S TEN LSS E VNS TE VAN &S 8 D
AL L 6 AN R 3 5 R R ETERE oK .

D
d

=

8

T

(I

HiIan

NI

DT

NIEIE

HIERINIE

(EIENNERIRE

B 5 skELIE R ERIR T
Fig.5 Magnetic circuit design of permanent magnet

thrust bearing
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Fig.6 Simulation model of bearings with

different structures
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Tab.1 Basic parameters of bearings with different

structures
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Fig.7 Load carrying capacity characteristics of

bearings with different structures
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Tab.2 Indicators of load carrying capacity of bearings

with different structures kN
ks | DR IRE | RRRE | ARIE | AR

WA RE SO | PUARAE S | SRS X | A\ AE X
LAY IPTH 0.308 0.486 0.524 0.551
LA G R 0.077 0.121 0.131 0.138

H1 T 1 0 A5 H 5 Al R 45 A A E P AL . 7 i 2
NFESR A ATHR T ik B 058 SR JZ B AR nT L
S A e A B B AT LR T B A 2k 08 5 A L S
BT e A K 2 AT AE A5 A 1 52 2% 23 X n TR e
TR PR

+ 2303 -



REALE TR S8 36 B 2 10 3] 2025 4F 10 A

4 SEE IS

T B E BT AR A e Ak 22 H T 45 ) K
T3t () S B R 2 BE R HE T Al AR 4R ) S
V-6 IFHIAE 10U 2 ik DU B A8 SR K % 4E )
AT SR B UE . LR A 8 s, EE A
FEHEAT i1 8 LR 2 PG IR 45 HE AT R
fa) M H ML BIK Bl I 928 i) 5% - 1 il 1) 2 B L FELAIL 4R BT
W B TS L 00 A% I A A R 8 1Y A il
[T i o 4= R A = 2 (S O =
R il 7K 0 52 B T AE A 00, & B 5% 180
r/min ., 53 B AE 5% F 07 8 0~30 mm &b JE 17 525 L A7
AR 1 mm, I X 52 55 3R A5 0% il 1) 7K 2% 07 Bds
HEAT VR b B L ARAT (04 DU 2 i A U AR 22 SRl R Y
ol ) 7R AR ) SE S AE R ELAELRT L A 9 BT

AP IRt #T T MRS GRS B
B8 kuEHNMAIHTS

Fig.8 Experimental platform for permanent magnetic
thrust bearing
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values of axial load capacity
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