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Analysis of Eddy—Current Effects on One Bearingless Switched Reluctance Motor
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[Abstract] A switched reluctance bearingless motor (SRBM) with single layer windings is presented. Particular
effects of eddy currents on iron losses, torque and radial forces are analysed. A new principle to explain
distribution of magnetic flux in motor sheet caused by eddy currents of frequencies from 3 000 Hz to 90 000 Hz
is introduced. Iron losses, torque and radial forces are new estimated and calculated considering effects of eddy
currents. The paper provides an overview of interdisciplinary research for eddy current effects on high—speed

motors. Some valuable conclusion can be achieved from the results to better design a bearingless motor,

especially its cooling system.
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Rotor diameter, mm D, 612
Motor length, mm / 70
Stator outer diameter, mm D. 113
Air gap length, mm S 0.4
Rotor yoke thickness, mm h,, 7.3
Rotor tooth height, mm h,, 8.3
Shaft diameter, mm D. 30
Stator yoke thickness, mm h, 8
Stator tooth height, mm h., 17.5
Number of turns per coil N 29
Winding resistance, Ohm at 25° C R.; 0.0478
Rotor weight, kg m, 1.875
Rated power, kW P, 2
Maximal speed, rpm n, 30000
2 T1T PIAPAS[R] A R A 6
Motor Speed (1/min) 9 18 30
3000
000 000 000
Eddy current losses (W) 7.1 | 36.2 | 151.5 | 332.8
Eddy current losses 1 (W) 247 2226 8907 24743

AR, T L 8T FLAAIUE Th A, e it 1 AE 1 B2 AN 1A
1. IEWEE—FEFT AT IR, Steinmetz 7 FEAN & A T1HEE
111590000z, (1 K I (1 L 2 AE

W
W
(=]

N W

[V )

[=3N -}
|

Iron losses (W)
)
=)
S

150 ~
100 ~
50 —
ol —0 [
3000 9000 18000 30000
Speed (1/min)

K12 A [D B i ) e A5
FERUE $e 3k 79300005 / 73 I, 3 Ar 74085 Bl A 18 (1 iva I
XA 1 A BTG E  FE A)T B, HAB B b A 78%, KA
AR 955 2262%. EI13EoR 1NNk I HEE S L b %
FERIAR i 7 (RN L D9 1 3 BAR R B A0 R, PR DDA A 20
B2, HIEPBN T, FHE2-3E L LR .

08
o5 ]
B:/B

04

02

0

1 3 4 5 ]
Rotor tooth mumber
B3 BRAG T SN 74 (R T e 4 FE Ll
R IVIR/NHAEAEE )

Motor Reduced Reduced Reduce

Speed (1/min) flux torque forces
30 000 78 % 62 % 62 %

6 it

ASCHR T — B R G ) I SCHE B TC B AR FELNL, e T
SRR AL M. EA S BN RE . T
TR R FEANAR [ ) BIRFBRSZ IR, 20 T — AN R SR PR
PRSI 2930002 22 9000Hz IR it 51 &2 (¥ FLWL Jr P R 3e 43 A
MRAE AT S B, XA AR ] A3 AT T AR 25 IR,
TR PR T HUA AN BT 7 A o (R, DA A0 I HLRE o R 1%
JECHR TS L R AT LA T R R TR IR A S PR A

AR SO R A LIR B M FEAT T 45k . A i ik
TR LR T — L INMERTE S

(5% 3]

[1]R.Bosch, “Development of a bearingless electric motor,”
in Proc.ICEM” 88,v01.3,pp.373—375.

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.

107



Engineering Technology Development

T AEBMARER
HSLOE I eMRA 1.062024 4
EEAL BTG (ISSND: 2737-4505(P) / 2737-4513(0)

[2]L.Hertel, W.Hofmann, “Basic Approach for the Design of
Bearingless Motors,” Seventh International Symp. on Magnetic
Bearing,ETH Ziirich,August2000.

[3]L.ChenW.Hofmann, “Analytically computing winding
currents to generate torque and levitation force of a new

bearingless reluctance motor,” EPE—PEMC2006.,pp.1058—1063,

Portoroz Slovenia, September/Octorber2006.

[4]C.M.Stephens, “Fault detection and management syst
em for fault tolerant switched reluctance motor drives,” in
Conf.Rec.IEEE—IAS Annu.Meeting,1989,pp.574-578.

[5]C. A. Ferreira, S. R. Jones, W. S. Heglund, and W. D. Jones,
“Detailed design of a 30—kW switched reluctance starter/
generator system for a gas turbine engine application,” IEEE

Trans. Ind. Applicat.,vol.31,pp.553—561,May/June1995.

[6]A.V.Radun, C. A. Ferreira, and E. Richter, “Two—channel
switched reluctance starter/generator results,” IEEE Trans.
Ind. Applicat.,vol.34,pp.1026—1034,Sept./0Oct.1998.

[71R.Krishnan,R.Arumugan,and J.F.Lindsay, “Design proced
ure for switched—reluctance motors,” IEEE Trans. Ind. Appli
cat.,vol.24,pp.456—461,May/Junel 988.

[8]T.J.E.Miller, “Faults and unbalance forces in the
switched reluctance machine,” IEEE Trans. Ind. Applicat., vol.
31,pp.319-328,Mar./Apr.1995.

[9]P.Materu and R. Krishnan, “Estimation of Switched
Reluctance Motor Losses” ,IEEE Industry AppTications Society
Annual Conf.Rec.,Pittsburgh,pp.79—90,1988.

108 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



