201845 1 A
F30% 1M

Journal of Zhengzhou University ( Engineering Science )

M K 22k (T % ) Jan. 2018

Vol.39 No. 1

XEHE 1671 -6833(2018)01 - 0067 —06

ETHERENNTHWMABRNRULSHES T

REK, HEF

(EDUH TR Pl AR, #14E 2L 430070)

M OE: AAAMRENF LG RERZOQEEFIRARERT — K, BH LARRE M LEER
RERFGRE A2 LR ER RO RFAMELH Y, REARRE SR P H L ZHT —RETFEAM
FEAO R AREI, Z A AREMTAR N = AR Ef RN, RORFIRER QR AREI.
W AR R AT T A s B R A R F R R AR RSN T R REE AR KA
Fod R KA @B E NG F R EREY  RERF RS E N R ARG @ RE A X

K, AKEEARBZEHR 3 mm g EE.

EEIR: R HRRA R GAKBE R R B A G B AR A R T

HESES: THI22 MERARERD: A

0 5

Tohh R LR BE A T RO RO S A
AR S AR e JRE T K B — o R L
g v AL I T A TR SR D RE AR LT — 1K O
HAT 1l 76 77 b 7R JC 5 i | JC JBE 458 R0 2 T vy 45 0
BT S A G A T P G i R LA 1) TR
ARV R R T ) 249, DTG 53 B8O 287 AR JEE 45270
29T e G T A R R ML KR RN

AL 25 91 0 il 7K r B — o T B Bl K
BIL, B B R R i 1 S 0 R R vR IR AR 28 1 A
1, € TSR e — & LR SR LRI, i i T 45 M 2
AL T 308 5 A W A AR R BIL K A A B T R
P S T A 1 HE A, I EL 5% 1 B0 19 i 1k 31 Y K
R AR AR A AN [R] e 7 B0 42 1] S AR AR5 A28 1o 7K 1 B
HRSEBL, K A AR AN B 45 4 5K 2, O HULF- JCRE
#&. 1T IO I ABUIN AR SR, TR 1%
{825 3 JC AR U BIL G ik 1) )OS AT IR 7 X v LA
RE 2SR Ay A U R A ) Y RO R, 0 A
BhAf AU 2 S A Tl AR T 40U 55 1% 18 2% 1 TC
AR B LIS AT I, e 1 el o i B 2 (0 A% 1) K
b 7R 7 A Al 1) 7 DAL I i 1) P R A R K R B R
7 A ) il 1) 7 R DG A 7R R BIL ™ A 4 Tl i 94 25

il

W BHH:2017 -03 -05; 81T HH#A:2017 - 05 - 20

doi:10. 13705/j. issn. 1671 — 6833.2018.01. 001

HERr , BT DL A€ 2% 77 0 Sl 7 o ML el 1) 9% 46 24
ARG R SR T gy X — A A

SCHRL6 ] it T — 38T A e Rl R L AL,
AN SE R | LR IR 2SIt BT BURO VL N
R BILES H 1) A5 BR IT 07 B 73 M 45 2158 0% T 70 A e
P, I8 5 16 I 1 ST A R A Y ) o
SCHRL7 ] b3t 1 % 5 14 M 45 4 9 il 7K e
HL, 8 1 A BRI AR X IOl AR LA A 2B 4T 2
FHEN T 83 08 T 00 o A R R SCHRE8 ] 32
SR AN T T PR 20 9 2 T 2 5 245, P 2o AT R
TCIE S M ST A S R RS, A5 A AL AR 5 B OB
T 368 35 JRE 0 A1 R P AT 5 A B f WL B A
FFEH IFXSRENLEAT 5250, 0 T 18 i A7 BROGHE
I3 BT A B A 45 L 04 R 1

DA b SRR T 5 5 2202 B3 il R HLBIL 0 245
RV B FLG 142 10 58 0F T B AL AL 23 B, OF R
Bt 0t 1 32 J1 43 . 2B H S I TR %
T3 19 IG5 7R HLBIL B[R] I 7 A e S R g 1) BT
SRIG BE X BT A JE R R FLBIL , F 5 HLE T I B
SL A1) A8 25 0 BB R Xk e T K AR R AT
DA BT, R A BR 0k X Jil 1] 988 48 2% 1 0 A
PESEATOESE , 0 5 BS T BA5 AT LU #, i
e E VIR ER

ESTB:EHRARP ARSI H (51275371) 5 H 5k i A S A BHIT 2 6 %¢ By 5 H (2016 1033)
EB BT RAEE (1976— ), 55 VLIR R s, i DU DR Hf, 1 4, 1 2R W, 2 F ML — IR Al R =T

TR FE AR 5T , E-mail ; whe@ whut. edu. cn.



68 KM I 2 2 4R (TSR )

2018 4

1 BIEE N THAR

L1 BRZANTHMABIIRE

EH VTR 22 1 O R s B, HE 1 Bk
W R TG M 454, b A AHSEd iy A, AN
A ERIRAL A, B AT C HHSEALM LS A AL
Z RS o 22 I 3 AL e A Y PR R SR AL, I
I A R L, 22 A1 S8 L 240 A 1 RE 1 B0 A 3R T 5%
TR b B K AR 2 B T A6 R TR
1 R,

E1 EFMEFEN
Fig.1 Structure of stator and rotor
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Fig.2 Function units of bearingless motor
1.2 BEZATHMABILEN
SE I BB 2% T TC Rk AR HL ALY = AR A

WNTEL 3 iz, HEL A T AN T 4 B . JCAh R R
PLEL T RE K P =2, 5% 1 i Bl 1 (o7 A ) 3o o
FL o UL B8 A i 52 B, T 7 (Bl ) 7 A DN o AR
IRAG I S BE.

3 THIABHZHER
Fig.3 3D model of bearingless motor
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Fig.4 Structure diagram of bearingless motor
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Fig.5 Structure diagram of radial PMB
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Tab.1 Structural parameters of magnetic ring for

radial PMB
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Fig. 6 The analytical model of magnetic field for motor
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Tab.2 Structural parameters of bearingless motor
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Fig.7 The axial lorentz force of bearingless motor
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Fig.8 The radial force of PMB at different thickness

of magnetic ring
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Fig.9 The axial force of PMB at different thickness

of magnetic ring
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Fig. 10 The magnetic field of rotor permanent magnet
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Fig.11 The magnetic flux density at different thickness

of permanent magnet and gap
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Fig.12 The axial lorentz force at different thickness of

permanent magnet and gap
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Optimization and Character Analysis for Bearingless Motor Based on Lorentz Force

WU Huachun, YANG Shiping

(School of Mechanical and Electronic Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: Conventional bearingless motor integrated the rotation and radial suspension function with advanta-
ges such as contact-free, friction-free, and lubrication-free, but the torque and radial suspension force were
inter-constraint. Thus, the thickness of permanent magnet must be taken into consideration. A novel bearing-
less motor was designed based on lorentz force. It could generate torque and axial suspension force at the same
time, and the radial suspension of rotor depended on radial permanent magnet bearings (PMB). The mathe-
matical model of lorentz force at axial direction was deduced by using Ohm’s law of magnetic circuit. The in-
fluence of the air gap length, thickness of permanent magnet and current on axial lorentz force was analyzed by
using finite element method. The results showed that if the thickness of permanent magnet was increased, the
axial bearing capacity would be larger, meanwhile, the optimal thickness of permanent magnet was 3 mm.

Key words: bearingless motor; radial permanent magnetic bearing; current; axial lorentz force; FEA



