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Study on the support stiffness characteristics of a disc rotor permanent

magnetic levitation bearing
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Abstract: Research on magnetically levitated rotors has been heavily influenced by studies on slender shaft magnetic levitated ro-
tors. In the study on a certain magnetically levitated flat rotor for a centrifugal pump structure, both experiments and finite element
analysis revealed that the support characteristics of the radial permanent magnetic bearings, with the same dual-ring structure, ex-
hibited the significant differences from the known experience when applied to flat rotors. The translational stiffness and torsional
stiffness showed substantial variations. This paper analyzes the variations in translational and torsional stiffness of permanent mag-
netic radial bearings for flat rotors based on changes in the bearing’s structural dimensions. Based on the analysis, a flat rotor mag-
netic levitation structure is proposed, which can increase and adjust the torsional stiffness of the permanent magnetic bearings,
while also allowing for a rational ratio between translational and torsional stiffness. A finite element analysis is used to identify the
structural conditions that yield maximum translational and rotational stiffness. The effectiveness of the proposed methodology is

subsequently validated.
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Fig. 1 Four basic configurations of radial permanent magnetic
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model
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Fig. 3 Equivalent parallel magnetic strip model based on the

static magnetic circuit method
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Fig.4 Dimension labeling of double-ring magnetic structure

based on static magnetic circuit method
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Fig.5 Finite element model of disc rotor and radial permanent

magnetic bearings
2.2 BTFHEE TR AR E R E R E X

mE 6 fr s % AEAN )1 AF IAE R T Bl iR &
] F- S A Ax B4R a5 F LR AO, AM S XTI i
AT b T ORGSR R O S B R R 21
7 1] - S W KRN AR ) 1 57 WIS K A 7 2
SO A
K — 20AF,
Ax
AM AF, 2/
T A0 A0
Horb S-Sl W EE (9 B R N/m, H1L5E K G B0
Nem/rad, ~ & EHNAFE, AREEERME LR, T
{6 S By WL R L 55 W RE 0% £ A TR) B 40 R HL R, 4
5% W B #F 47 a0 T B, Y A AR /N B W 2
sin (AG )= A, A% 3CIH LT W BE 2 SCA -

(9)

Ky (10)

U], A5« I T T R R A R SR W BE R AT 5 1499
e
i @
e
, 20
e BE 1w

BET Gt
P65 (A4 1] ~F- Sl 0 B2 A 1) 5% W B2 9 E
Fig. 6 Definition of radial translational stiffness and radial

torsional stiffness of rotor

1 AF.2/ 1 2AF, 2AF,
K,=Ky+—= =
[ Ad

2 Isin(A0) AL
(11)
BRI SRy 4 2R 80, TR I K, T K A 48 B2 A5 1Y
K, W38 SO e T 5% 51 R — M #E A 608 Ax' fie
T WSS )y o XA K MK, R B A s AT Tk

2.3 WEINHHE R E R AL

MBS F i B B 7 il R AN AR ) Al R
Tk R AR E R . MR TR R
AU b TR A T 1) JE R R o, D v i 6 R I R

B ARAT A (] L, 2 % 7R 8 P A1 AR R[] B T
SE G B0 T il Bl ) JEE BE A ) ARG T R AR
F7 BN R Tl R Bl i R R K, A 1 K R T AR 7

AT A BT AT, B T REFR AR ) 95 A 1.8 mm,
43590 35 BT B 1 R BE R 1.8.2.7.3.6.5.4.7.2 mm,
B s B Bl 1) L R O R PR AR 1) BE A 1A L5 A
24 3G AT o AR T SRR 9 B N/mm

L7 R 8 Sy 43 B 45 5, mT DL il P il 1o JE2 38 DA
PR ) pE B L AR B 15 4%, iR om 2 2 4%, 1
A8 1) - B O 0 Al 1) O A A AR R R L R 4k
5 1 HO0 T S 1 R R e A 1 0k 1 O £ R TG
B AR . DR, B TR S R A 1) W Ol 21 1
18K 5 0 48K T 2 i AR, P R PR JRE B, X i Rk
f 1 o, s 9 P o

~ 4.0
L= 1.8 mm

2.0F=2.7mm
515 3.6 mm
D =54 mm

R -
1ok 7.2 mm

R}

—+ 1.8 mm

0.5

G0 02 04 06 0.8 1.0 1'00 02 04 06 08 1.0

&A% / mm I / mm
B 7 AST) #3852 B 0 458 1) - By ) 22 ek

Fig.7 Radial translational dynamics characteristics with

different magnetic ring thicknesses
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