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Abstract: The bearingless switched reluctance motor (BSRM) is a complex system with some character-
istics such as multi-controlling parameters, nonlinearity and high coupling. In order to improve its per-
formance of suspension and motion, there are two difficulties: the decoupled control of torque and sus-
pending force, and the accurate chopping control of its levitated currents in the high-speed operation.
Based on the principles of the decoupled control, the paper classifies the existing BSRMs meeting decou-
pled control of torque and suspending force. And then the principles and characteristics of these existing
BSRMs are expounded. Being different from these existing BSRMs, the paper presents four types of no-
vel BSRMs, such as the double-salient-stator BSRM, the wider-rotor-pole BSRM, the hybrid-structure
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BSRM and the conical-structure BSRM, which can realize decoupling control of torque and suspending

force. And there are some new topologies that may be developed from each type of these structures. In

order to meet their self-coupling characteristics, the working modes for these BSRMs are created, then

their decoupling principles are analyzed briefly. Finally, the FEA simulation results verify the validity of

these BSRMs.

Key words: bearingless switched reluctance motor; structure topology; decoupled control; torque; sus-

pending force
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Fig. 19 Simulation on inductance and current for 12/8

hybrid-rotor single-winding BSRM
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Fig. 20 Simulation on suspending forces for 12/8 hy-

brid-rotor single-winding BSRM with individ-

ual cylindrical rotor or salient rotor

=2

:%25 -45.0 -37.5 -30.0 22.5 -15.0 7.5 0.0 7.5
BB )
21 [R5 4 A0 B R 3 A BRIk 7 AR ) G
A BRI 2

Simulation on torques for 12/8 hybrid-rotor

Fig. 21
single-winding BSRM with individual cylin-

drical rotor or salient rotor

2.3.2 A A%EMMLA BSRM
K 22 =40 12/8 th H & 5 F WL 4 BSRM

) = eI LI o LR S AR B g B P B 2 1

BFE T AR SR SR A el 4 e 4% Pl A 1B i

J o T R — A DU AR X R 308 5 A 0 S8 LA SR 1 B T

TE T b BEAH S R PR SR AH Y A X AR b B R
e fia £ BT 0 0 A — A MR G

WERH L E F

BIEET

MRt

22 12/8 k2 G 45 W L84l BSRM
Fig. 22 12/8 double-winding BSRM with hybrid structure

ZHAL RS O X 12/8 Mk T8 R A
BSRM AHML; 7 LR B A X, AR e AR S
SRM. AH [i] (14 H, 3t 428 i) 75 2 5 &k 7 58 20 W i R T 3
P il Ty =X B VR Dl w DX s D el e K H JEROF T X
(FEFE Ry 15°) 48 Sy fe /) W JRCF- o IX (9 B2 4 oy
15°) 5 2k VR 4% 21 {SUAE 2 . 58 A 1) e /) v JR DX PN Jily
il 38 55 e R G A AR ) e B R E R 3T R
Wit Hh g 38 1) 1A T R A A T R R B ) BT
71

Hy T 5% 2% 21 Iy 2 X R Dl G WG R SR AHLAN ™
A S TS 7 A J P 0 o A A T DX () 7 2 i
T 5 1117 2k PR SR AN AR AR T AN 77 A e 0 TR Ut
2 B ML AT S A RN ARV D W R AR . 53 Ah PR R Y
B T i AL I A R M T AT
2.3.3 4hwe BiFRLE A 44 BSRM

& 23 g = A0 12/8 # il o] 22 3 W4 38 &2 5 4514
BSRM (1) = 450 1] . I 4 5% 41 9 55 7 s BEL L AL
BTG Z A AR — BRI b i g mBE
Mg FrEFE Tl F8A - EFLE. BiF
SRR SR i L 5 Bk 12/8 R &
SERY WL LE4H BSRM AH [+ .

AL IS AT A g AR Oy X 12/8 1)
RAELEH W LE4] BSRM M A, AR Z 47 T %
HL LB T S8 4 N A R 48 4 A 2V 8 T P Y G L
A b e B HL o LR A R B E 1
T 7Y R AL R T B AS X R 3 DT 7 A 28T T
PR A A Pl 1) 0 % In T e O X BE K



740 [l

=
B}

i

PNEPNIE S 48

& 23
Fig. 23

2.4 $EREH BSRM

3R BSRM U H A 12 n] B 17 I RE  #5 ZIB
— M RE MR R G IR T ) R R
R 5IHRCA S DOA B B R R R R G 1K
W S TN R AT I A R R BRI
RGR RN — L,

PR an R R e A a4 b S B TR DI RE Y
F A3 BTt BUHE TR 25 0 L AT A 0 R B H F R B
TR IIRE A BT RGERUE R T, B TR S
FRATT AR AE TR 48548 1) S it 7 AR AL s B T i i A DL =
H112/8 H 2 A 4540 B 5e 4] BSRM fi1 A Ry 4T 45 44
FFD LI fe 150 WY B T 45 ) 10 2 T DL AR R R

Bl 24 S =40 12/8 WMHETE 2 & 45 R 4l
BSRM (% = 4 HI00 B . H 284 3% 45 07 0L # H 3R
W SR R B S 12/8 S G 45 A HL 58 2H BSRM
FEAME A FZ AT T AN E TR I EE T
OB 73200 L B T BA ARy wEAh i A —
) o6 Al B ) 5 1) A 2 el ML E TR B 1 o 4
Tia) 401 B T e ot CRPV L 24 i) Z Bl 0 D 1)) s
JE BSRM Y HA 2.5 A EMEFRES . Hit,
BN R — A FRE I A R R R TR R G A

12/8 # il m) 6k V2 #5382 & 45 #49 BSRM
12/8 hybrid-structure BSRM with axial flux

Kl 24 12/8 WRHEIE 52 G 4514 FR 48 2H BSRM
Fig. 24 12/8 single-winding BSRM with hybrid coni-

cal structure

A~ 2.5 Al EZAHEIE BSRM. PRHS P45 24 16
AR o B AN 4 T2 BSRM 40 T A B R
ARG, HATH R UK .

3 HRIF

HR4E I A BSRM S23 A i ATL 350 A0 AL 3 A
RUARSCHE LU 98 g N 45 56 8 F U7 450 L BUE T 45
FFNZE RN AR L AL S A 55 3 2, S T R R 4 4 1Y)
DR s I i A 1 L S 300 g A T 1 P R AR I

ASCHRE W T WY E T B BSRM, 58 7 7 i
BSRM., & & 4514 BSRM K # JE 45 #) BSRM % 4
K5k FEA AWM REN TR AR L, Fe s
P SUAT A WS TR) B 30 $8 T8 X 78 A R A T AR A X
T S8 T S A R RD B VR T B R A R DT EL A
WIGUE T HAR AR 2P UL A nl A5 . 2 A0 A
TC A TT B LI 25 4 40 b, 8 T JC Rl R
HLAYEIF G $h9E THSE e .

SE 3k

[1] MacMinn S R, Jones W D. A very high speed
switched reluctance starter/generator for aircraft en-
gine application[ C]//Proceedings of the IEEE 1989
National Aerospace and Electronics Conference. [S.
1. J.IEEE,1989:1758-1764.

[2] Ferreira C A, Jones S. R, Heglund W S, et al. De-
tailed design of a 30-kW switched reluctance starter
generator system for a gas turbine engine application
[J]. IEEE Trans on Ind Applicat, 1995,31(3):553-
561.

(3] ™. @i n, 24K, % L LS H Tl T

L. B RS M K R 22441 ,2014,46(1) : 11-18.
Yan Yangguang. Qin Haihong, Gong Chunying,
et al. More electric aircraft and power electronics[J].
Journal of Nanjing University of Aeronautics & As-
tronautics, 2014,46(1):11-18.

[4] Chiba A, Chida K, Fukao T. Principles and charac-
teristics of a reluctance motor with windings of mag-
netic bearing[ C]//Proceedings of IEEE IPEC. Toky-
o:[s.n. ],1990:919-926.

[5] Chiba A, Rahman M A, Fukao T. Radial force in a
bearingless reluctance motor[ J]. IEEE Transactions
on Magnetics, 1991,27(2):786-790.

[6] Choi B B, Siebert M. A bearingless switched reluc-
tance motor for high specific power applications[ C]//
Proceedings of 42nd ATIAA/ASME/SAE/ASEE Joint
Propulsion Conference & Exhibit. Sacramento, Cali-
fornia:[s. n. ],2006:1-14.

[7] Lin F C, Yang S M. Radial force control of a

switched reluctance motor with two-phase sinusoidal



%5

XU PEE » 45 < T0 Bl AR T O i BEL VR AL 3 D 5 A8 8 L 2 A7

741

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

excitations [ C |//Proceedings of IEEE IAS Annual
Meeting. Tampa, FL:[s.n. ], 2006:1171-1177.

Lin F C,
switched reluctance motor using sinusoidal currents
[J]. IEEE Transactions on Power Electronic, 2007,
22(6):2518-2526.

Takemoto M, Shimada K, Chiba A, et al. A design

Yang S M. Self-bearing control of a

and characteristics of switched reluctance type bear-
ingless motors[ C]//Proceedings of 4th International
Symposium on Magnetic Suspension Technology. Gi-
fu, Japan: [s.n. ], 1998.49-63.

Takemoto M., Chiba A, Fukao T. A method of de-
termining advanced angle of square-wave currents in a
bearingless switched motor[ J]. IEEE Transactions
on Industry Application, 2001,37(6):1702-1709.
Takemoto M, Chiba A, Fukao T. A new control
method of bearingless switched reluctance motors u-
sing square-wave currents| C]// Proceedings of the
2000 IEEE Power Engineering Society Winter Meet-
ing. Singapore:[s. n. ], 2000:375-380.

Takemoto M, Suzuki H, Chiba A, et al. Improved
Analysis of a Bearingless Switched Reluctance Motor
[J1.
2001,37(1) :26-34.

Takemoto M, Chiba A,Suzuki H. et al. Radial force

IEEE Transactions on Industry Application,

and torque of a bearingless switched reluctance motor
operating in a region of magnetic saturation [ ] ].
IEEE Transactions on Industry Application, 2004,40
(1):103-112.

Michioka C, Sakamoto T, Ichikawa O, et al. A de-
coupling control method of reluctance-type bearing-
less motors considering magnetic saturation [ J J.
IEEE Transactions on Industry Application, 1996,32
(5):1204-1210.

SRR A oI L 55 — T T B Y JC Al R T ¢ 1% BEL
FHLALECA R, o [ g ML R 24 4. 2005, 25(9)
139-146.

Deng Zhiquan, Yang Gang, Zhang Yuan, et al. An
innovative mathematical model for a bearingless
switched reluctance generator[J]. Proceedings of the
CSEE, 2005,25(9):139-146.

TR L S L. T AR T O i BEL vl L R e 1 it
SB[ i 2E 4, 2006,27(1)  77-81.

Zhang Yuan. Deng Zhiquan. Design and realization of
bearingless switched reluctance motor control system
[J]. Acta Aeronautica et Astronautica Sinica, 2006,
27(1).77-81.

WA A S5 T I il T G R PR Rl LWL
A A AR LT, L T8 R 24k, 2006, 26 (22) .
97-103.

Cao Xin, Deng Zhiquan, Yang Gang. et al. Novel

[18]

mathematical model of bearingless switched reluc-
tance motors with two-phase excitation[]J]. Transac-
tions of China Electrotechnical Society, 2006, 26
(22):97-103.

BRI WL SF. JE Rl R T G P P v
BRI ERCAR BT ] L AR AR 4R 2009, 29
(3):78-83.

Cao Xin, Deng Zhiquan, Yang gang. et al. Mathe-
matical model of bearingless switched reluctance mo-
tors based on maxwell stress tensor method[J]. Pro-

ceedings of the CSEE, 2009,29(3).78-83.

[19] Cao Xin, Deng Zhiquan, Yang gang, et al. Independ-

[20]

[21]

(22]

[23]

[24]

[2

o

ent control of average torque and radial force in bear-
ingless switched-reluctance motors with Hybrid Exci-
tations[ J ]. IEEE Trans on Power Electronics, 2009,
24(5) :1376-1385.

P, AR S W R 2 12/8 Bk G Bl AR I 5% ik B H AL
FEFHR B R E A BT L. mE a2 AR R A R
2010,42(4) :454-500.

Yang Yan, Deng Zhiquan, Cao Xin, et al. Character-
istic analysis of stator vibration for 12/8 bearingless
switched reluctance motors[J]. Journal of Nanjing
University of Aeronautics & Astronautics, 2010, 42
(4) :454-500.

B B S L AR — i T8 Bl R T G g BEL v B
Sz SR L) ], A [ ML 2 i, 2008, 28 (24)
94-100.

Cao Xin, Deng Zhiquan, Yang Gang, et al. An inde-
pendent control scheme of bearingless switched reluc-
tance motors[ ] |. Proceedings of the CSEE, 2008,28
(24) :94-100.

B AR 8 S TC B R T S R B L AL 4 B
T I P R LT 1. 25 %412 . 2009, 30(3) : 505-511.
Yang gang, Deng Zhiquan, Cao Xin, et al. Control
strategy of average levitated force of a bearingless
switched reluctance motor[ J]. Acta Aeronautica et
Astronautica Sinica, 2009,30(3) :505-511.

0L X8R L, TR I L A TC Bl R T O i BEL F BIL S 5
AR5 LT B E LR A 4R, 2006, 26
(22):97-103.

Yang Gang, Deng Zhiquan, Zhang Yuan, et al. The
design and realization of experiment platform of a
bearingless switched reluctance motor[J]. Proceed-
ings of the CSEE, 2006,26(22) :97-103.

9. TC AT S G BE L Sl B S Al AT R D], e L
AU 2 R R 5 2008,

Yang Gang. Basic research on bearingless switched
reluctance motors[ D]. Nanjing: Nanjing University

of Aeronautics & Astronautics, 2010.

1 X3 ToRh R TT O fid FHL v LAY He 8 kAl BT 52 [ D .

T 5T« 1 UL 28 iR K24, 2010.



742

MoA

T

PNEIPN

¥ oF i

48

[26]

[27]

[28]

(29]

[30]

[31]

[32]

[33]

Liu Zeyuan. Basic electromagnetic research on bear-
ingless switched reluctance motors [ D]. Nanjing:
Nanjing University of Aeronautics & Astronautics,
2010.

. T8l R T G 1 BEL i LR 2 2 A -5 400 1k 1) Sl T
FELD]. F A M AL 2 ALK K% . 2010.

Yang Yan. Basic research on vibration analysis and
suppression of bearingless switched reluctance motors
[D]. Nanjing: Nanjing University of Aeronautics &.
Astronautics, 2010.

W a%. 12/8 M T AR ¥ R B ML B 58 (D, e L
P B 23 i K K2 . 2010,

Cao Xin. Research on 12/8 bearingless switched re-
luctance motors[ D]. Nanjing: Nanjing University of
Aeronautics & Astronautics, 2010,

PV, X0 2R TG BB, S I T BR T BT i
T TF O TG BHL B ML~ R B0 4 M FR R LT ], e 4%
AR2EH,2007,22(9) : 34-39.

Sun Yukun, Liu Xianfei, Wang Deming, et al. Ex-
tension of mathematical model to full angle for bear-
ingless switched reluctance motors based on finite-el-
ement analysis[ J]. Transactions of China Electro-
technical Society, 2007,22(9) :34-39.

UGG 5 TR /NG P B I, S BB A g R T O G B
H AL IR D B S e i A ] LT ). v L S 4R 24 4, 2012,
16(11) :22-28.

Xiang Qianwen, Ji Xiaofu, Sun Yukun, et al. Princi-
ple and decoupling control of single-winding bearing-
less switched reluctance motors [ J ]. Electric Ma-
chines and Control, 2012,16(11):22-28.

Liu G, Sun Y, Shen Y, H, et al. Dynamic decou-
pling control of bearingless switched reluctance mo-
tors based on neural network inverse system[C]//
Proceedings of the 8th International Conference on E-
lectric Machines and Systems (ICEMS 2005). Nan-
jing:[s.n. ],2005:1811-1815.

hE S, RIS UG 2. T A R OC B Y G R T R
ERE A AL g B AL [T . b A ML T AR 24 4R, 2007, 27
(12) :33-40.
Sun Yukun, Wu Jianbing, The

mathematic model of bearingless switched reluctance

Xiang Qianwen.

motor based on the finite-element analysis[ J]. Pro-
ceedings of the CSEE, 2007,27(12) :33-40.

XU RPN E S, EAEN, S B R IF G HE B R HL AR
T o7 5 i R B A ELOE 5K [T ). &R G4 L2 4l 2007, 19
(7):1527-1530.

Liu Xianfei, Sun Yukun, Wang Deming, et al. De-
coupling and simulation study for radial position of
bearingless switched reluctance motor[J]. Journal of
System Simulation, 2007,19(7):1527-1530.

EEE B T OC R B R LA 1) BRI R S

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Jr gl (1] A AL 45 il 2 4, 2009, 13 (3) = 356-
360.

Wang Xilian, Ge Baoming. Radial suspending in-
verse-system method control for magnetic suspending
switched reluctance motor [ J]. Electric Machines and
Control, 2009,13(3):356-360.

EE LR T I OCHE R B MLB R TR AR
T, U RS R 2 4R . 2010,34(2) : 119-123.
Wang Xilian, Ge Baoming. Variable-structure sus-
pending control for magnetic suspending switched re-
luctance motor[ J]. Journal of Beijing Jiaotong Uni-
versity, 2010,34(2).119-123.

FE B RO, 85 T O B A AL ) R
et Ak PID #d [T 1. A [ B AL AR 27 4 - 2009, 29
(15):114-118.

Wang Xilian, Ge Baoming, Zhao Nan. Axial suspen-
ding feedback linearization PID control for magnetic
suspending switched reluctance motor[ J]. Proceed-
ings of the CSEE, 2009,29(15).:114-118.

WR B, IR BRE) T 5. JF G 1 BH B gl ) w8 R
W IR &% R 2 1 5K w9 BIF 5 LT 1. LA T AR 24 4, 2004,
40(5) :23-29.

Cao Jiayong. Zhou Zhude, Chen Youping, et al. In-
stantaneous torque control of an switched reluctance-
type power magnetic bearing[J]. Chinese Journal of
Mechanical Engineering, 2004,40(5) :23-29.

Sun J, Zhan Q. Liu L.

bearingless switched reluctance motor based on artifi-

Modelling and control of

cial neural network[ C]// Proceedings of 31st Annual
Conference on Industrial Electronics Society (IEC-
ON'05). North Carolina, USA:[s. n. ],2005:1638-
1643.

Lee D H, Wang Huijun, Ahn ] W . Modeling and
control of novel bearingless switched reluctance mo-
tor[C]// 2009 IEEE Energy Conversion Congress
and Exposition. San Jose, CA, USA:[s. n. |,2009;
276-281.

Park T H, Liang Jianing, Lee D H, et al. Suspen-
ding force control scheme for bearingless SRM[ C]//
2009 IEEE 31st International Telecommunications
Energy Conference. Incheon, South Korea:[s. n. |,
2009:1-5.

Guan Z, Zhang F, Ahn J] W. High speed direct cur-
rent compensation control for 8/10 bearingless SRM
[C]// IEEE International Symposium on Industrial
Electronics ( ISIE ). China: [ s. n. |,
2012.

Wang H, Wang Y., Liu X, et al. Design of novel

Hangzhou,

bearingless switched reluctance motor[J]. Tet Elec-
tric Power Applications, 2012, 6(2). 73-81.
Xu Z, Lee D H, Zhang F, et al. Hybrid pole type



%5

XU PEE » 45 < T0 Bl AR T O i BEL VR AL 3 D 5 A8 8 L 2 A7

743

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

bearingless switched reluctance motor with short flux
path[ C]// 2011 IEEE International Conference on E-
lectrical Machines and Systems. Beijing, China: [ s.
n. ], 2011:1-6.

Xu Z, Lee D H, Ahn J] W. Suspending force control
of a novel 12/14 hybrid stator pole type bearingless
SRM[ C]// 2012 IEEE 15th International Conference
on Electrical Machines and Systems. Sapporo, Japan:
[s.n.],2012:1-5

Xu Zhenyao, LLee D H, Ahn ] W. Modeling and con-
trol of a bearingless switched reluctance motor with
separated torque and suspending force poles[ C]//
2013 IEEE International Symposium on Industrial E-
lectronics. Taipei, Taiwan:[s.n. |, 2013:1-6.

Peng W, Lee D H, Zhang F, et al. Design and char-
acteristic analysis of a novel bearingless SRM with
double stator[ C]// 2011 1EEE International Confer-
ence on Electrical Machines and Systems.
China:[s.n. ],2011:1-6.

Peng Wei, Zhang Fengge, Ahn Jin-Woo. Design and

Beijing,

control of a novel bearingless SRM with double stator
[C]// 2012 IEEE International Symposium on Indus-
trial Electronics. Hangzhou, China: [s. n. |, 2012:
1928-1933.

Xu Zhenyao, Lee D H, Ahn ] W. Comparative anal-
ysis of bearingless switched reluctance motors with
decoupled suspending force control [C]// 2012 IEEE
Industry Applications Society Annual Meeting.
Vegas, USA:[s.n. |, 2012.1-8.

JAZEL INE IR/ INEE L SF L — O B A G ST T R
MR & L ALLT DL o B B L R 2 4R, 2012, 32(15)
107-113.

Zhou Yunhong, Sun Yukun, Ji Xiaofu, et al. A novel

Las

bearingless switched reluctance generator[]]. Pro-
ceedings of the CSEE, 2012,32(15):107-113.
IhNEH, EWF R A F B 12/ 14 8% 5 1 B
BTFIF R REBE & AL ). B T H BB AR, 2014, 33
(5):38-43.

Sun Yukun, Wang Liping, Zhu Zhiying, et al. 12/14-
poles bearingless switched reluctance generator with
short flux path[J]. Advanced Technology of Electrical
Engineering and Energy, 2014,33(5) :38-43.

Wang Huijun, Liu Jianfeng, Bao Junfang, et al. A
novel bearingless switched reluctance motor with a
biased permanent magnet[ ] ]. IEEE Transactions on
Industry Electronics, 2014, 61(12):6947-6955.

Liu Jian Feng. Zhang Xinbin, Wang HuiJun, et al.
Iron loss characteristic for the novel bearingless
switched reluctance motor[C]// 2013 IEEE Interna-
tional Conference on Electrical Machines and Sys-
tems. Busan, Korea:[s.n. ],2013:1-6.

FEE B EW, AR, — B0 0 & T ¢ 8 BH AL
PR B AR BT L) . B 5 4 2013,17(1) L 7-12.

[53]

[54]

[57]

[58]

[59]

[60]

[61]

Wang Xilian, Ge Baoming, Wang Xudong. Magnetic
suspension performance analysis of a bearingless
switched reluctance motor[J]. Electric Machines and
Control, 2013,17(1):7-12.

Wang Xilian, Ge Baoming, Wu Zhaoli, et al. A no-
vel bearingless switched eluctance motor[ J]. COM-
PEL: The International Journal for Computation and
Mathematics in Electrical and Electronic Engineer-
ing, 2012,31(6):1681-1695.

B B L A, S5 A H I b i =X T8 il R T G
WERHL A AL R B 5 Se ML) ). e T4 R 229, 2013, 28
(2):108-116.

Cao Xin, Deng Zhiquan, Zhuang Zheng, et al. Prin-
ciple and implementation of a bearingless switched
reluctance generator with three adjacent excitation-
windings connected in series[ J |. Transactions of Chi-
na Electrotechnical Society, 2013,28(2):108-116.
XIEEIE A% 6. B 35 20 b Ak I O W% BHL ¢ Ha AL i) B
FPELT]. W EAL, 2015,43(3) ; 14-16.

Liu Zeyuan, Yang Yan. Radial force characteristic of
a bearingless switched reluctance generator with the
adjacent three excitation-windings connected in serie
based on different magnetomotive forces[J]. Small
&. Special Electrical Machines, 2015,43(3):14-16.
JE . TT A OC 1E BEL K FL AL 0 O Ak s i (D] w5t
AL LR R 2012.

Zhuang Zheng.

switched reluctance generator[ D]. Nanjing: Nanjing

Optimal control of a bearingless

University of Aeronautics & Astronautics, 2012.
BRI R XN, B — T 12/4 B A28 4 T Tl R
A S A NI M N i 7 S I S L =
201310244349. 5,2013.

Cao Xin, Deng Zhiquan, Liu Zeyuan. A novel 12/4
single-winding bearingless switched reluctance motor
[P]. China, 201310244349.5,2013.

Yang Yan, Liu Zeyuan, Deng Zhiquan, et al. Design
and characteristic analysis of a novel bearingless srm
considering decoupling between torque and suspen-
sion force[ J]. Mathematical Problems in Engineer-
ing, 2014 Article ID 101626.

e s XU IS o XIS 5. — 37 T8 G il 7 I DG B A, 3
BUPERE 2T L) ] SR L. 2014, 42(11) : 14-17,

Yang Yan. Liu Zeyuan. Perfermance analysis of a
new bearingless switched reluctance motor[J]. Small
&. Special Electrical Machines, 2014,42(11) ;14-17.
Yang Yan, Liu Fangfang, Liu Chengwei. A new
bearingless switched reluctance motor with wide rotor
pole arc[C]// IEEE Conference on ICIEA. Hang-
zhou:IEEE,2014.374-378.

Morrison C R, Siebert M W, Ho E ]J. Electromag-
netic forces in a hybrid magnetic-bearing switched-re-
luctance motor[ J]. IEEE Transactions on Magnet-
ics, 2008,44(12) :4626-4638.



744 (I O GRS N S S ¢ 48




