F21HF2H
2010 4 4 A

it B

Chinese Journal of Computational Mechanics

Vol. 27, No. 2
April 2010

XEHE.1007-4708(2010)02-0379-06

12 m "L AL 1Y 2 TR 8% B oKk Rk 7
5 [ # 1 R A AR B

|Emst, ZF F°

2= Jm it

"o,

(L PEL PR LR KBS PU2 71004852, P4 HE LR HLACABE . PU 4 710048
3.PGAE R B L DU % 710069 ;4. PE4 TR RS IR TR 2 BE . 15 %2 710071)

W OB ATRAGEWE A A RN E AR TR ST R EREEAK SN, T
HMBREGRE R EERWHME AR E ARG R EN AR A& RE R T E WSk E RS
Ak A AR, EALW E e SRR B AR WA GBI R B 7 R IE b, By B3R 1R TR
WA R TR BRI AAER B TECEN . BEE MR BB AT A, HE
HEEREARTUHHEREAY &, AU ERA . CHBCEAREAB BRI AEIRATHE S E

IR T A R B TR IR ARk R B Bl 2 A

KB AR m o IR KR R R AT A

hESFEE . THI33. 3 X EkARIRAD : A

1 3 §

T Je Il 7R T A A% G LB el R T R 4L B L
BRI R A B R B R T T RR BR R A P
HABEEE X, HAT. NdFeB ZH# + K # # ok 1
REBCLF - N 2 Ml 25 TN be 45 K RE AT J7 Kl i T2
U © BEE PO L R B ] R 5
IR AR 52 2% 1) T B TR 48 R 9 4 L 33X Ay K el
(R ZE R AT R 7 8 S A Jk ik ok i Al R
55 L T A RORE L B A AR AR LR BN CTEREAE LT
g ) TR B A B A e DT AT R Y
oL A5 o — 222 F R 9 N D X ok g gl R 2k 47
TAHMERFIFE . Ohji &0 55k 4 6] 7K - Fi 3
P13 B0 B 7K B A K 25 K R ) 64T T S E S 5
Yonnet""™ Xof %l 1) 3t B 119 7 R il R R 0 B B SR AT
TS s P S A A SR A B DT ok B AR KR far
TR KRG R R A R R ) R AT T B T B R S
WF5E . SR, AT BF5E 2 it 55 2 4 i (s T H A
R, FE BB X 1% 7 55 /0N 089 BUER KRG Bl R ) O 5 ik
Z 0] TGl R 2 A e g g A T R B Y T 5
R T e AR T A 1 R el R Al e R T AR S
TR BORREBE ) i AR ) B AL 22 B B K G Tl

We#s B #A:2008-05-21; & MU f e 2 H 81 : 2008-12-09.

EZE A H AR (1959, 5 A+ @l o

(E-mail ; lulintian@ sohu. com).

TRH S K T T e % e I D B O L 4 A e A
20 PR IR K Bl b R A R i B e B n SR 2 ST
A 1) T Al 2 B 4 I G B B 1) T S AT AR R
A FROTTH A5 R IR 1 2% fif A A1 . RO i A
ORG-S ei: W L I a0 P 1 D N e a1 /1 e
R B TR R B A B B SO AR W
fi.

2 Hk TEIRIE

A4 1] A BURR K R Bl AR 235 4 A BT 1 Cad P 7
BN R < KO B RE B AT BT 2 A S Bl R
i/ o T B R K RE R R |G T L Bt T AR 1 AR
2 MR B K BE B RBT A5 K (2 DL 1(b) s LK RE 2R
BON=4 /D . FE 1), 1 Rk BEER, 2 i B
B AR S REA R 3 MRy b By AR S REAR . B
g 1) 1By L BEER () AR 1] BN L« B /N K B
HNAEA & AR IRE N by = h/2 R 31
[ JE B2 Ry heo Ry T (0 1 B RE AL i 1) U1 1385 i ER
283 IR a 033 AF SRR ESE—& .
TR 1) B 22 P K R il R T2 0 M T REFR Y
PSRRI o 7 2R W 7 1) G B A 1 R B N — 1
A IR BRI X N A ER B A R N /2 A
XUFR K WG AR B N/ 2 DR R BEZ N/2— 14
JIt LA HL Al i) B 732 T N/ 2 A4S U K e Bl 7R Bl 1)



380 it & A

%21 %

1 1 2 F0 s A — 72 il i) 28 e A9 A PR R . AT 4 /0 K
i R AR 1 A AR

P 1M g 7R 2 3R 4 O b R AR JRUER R L 2
e P A ol 1) A A X i % I R T 0 A ) B ) ) 4k
A YRR S B3 17 T R AR A T (A
ARTE SR F AR SE o Tz ALK R R R AR R RE A
FRE » I L il A2 1) 75 28 P HE A Bl 7R S 4

ab L a

S N|IN § 1

Repulsion

d L.k

o Hl=ll-

Adttraction l |

Ca) WU i A 7 (b) ZFif & K il ik
(a) Bi-annular PMB (b) Multi-annular nesting PMB
T I G A 1 G A 7R 2 A

Fig. 1 Structure of radial magnetization PMB
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Fig. 2 NdFeB demagnetization curve and gap load curve
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Tab.1 FEM calculated axial magnetic force results

L/mm 3 4 5 6 7 8 9 10 11 12

Fy /N 171 277 301 355 388 404 392 328 343 366
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Tab. 2 Axial magnetic force model calculated results and FEM calculated results
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Tab. 3 Axial magnetic force model calculated results
Z/mm o 0.5 1.0 15 20 25 30 35 40 45 50 55 6.0 6.5 7.0 7.5 8.0

F. /N 0 16 32 46
F., /N 0 41 80 118

59 70 78 84 89 91 91 90 88 86
152 183 210 233 251 264 275 280 283 282
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280 274 268
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Axial magnetic force analytical model for radial magnetization

multi-annular nesting permanent magnetic bearings

TIAN Lu-lin*', LI Yan®, TIAN Qi*, LI Zhi-hang'
(1. College of Water and Electricity Engineering, Xi’an University of Technology, Xi’an 710048, China;
2. College of Mechanics and Instrument Engineering, Xi’an University of Technology, Xi’an 710048, China;
3. Department of Math, Northwest University, Xi’an 710069, China;

4., College of Communication Engineering, Xidian University, Xi’an 710071, China)

Abstract: To overcome small magnetic force for radial magnetization bi-annular PMB (permanent mag-
netic bearings), the new construction of radial magnetization multi-annular nesting PMB was designed.
Based on magnetic circuit and the differential coefficients of magnetic field energy to virtual displacement
method, connected with the structure character of multi-annular nesting PMB and linearity addition
principle, the axial magnetic force analytical model of radial magnetization multi-annular nesting PMB
was constructed. The model shows that the axial magnetic force of radial magnetization multi-annular
nesting PMB is proportional to the second power of residual magnetism induction density, and that the
magnetic force decreases with an increase in magnetic annular radial gaps and increases with an increment
in the number of magnetic annulus. It also shows that the magnetic force increases with the increment of
axial excursion in normal range. The calculated values of the model are basically in agreement with those
of finite element method. Compared calculation shows that axial magnetic force of radial magnetization
multi-annular nesting PMB is bigger than the sum of magnetic force of bi-annular PMB which be made

by the magnetic annulus of multi-annular nesting PMB.

Key words: radial magnetization; magnetic annulus; PMB; analytical model; axial magnetic force



