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Finite Element Analysis of Doubly Salient Permanent Magnet Motor With External Rotor

GUOQ Jian-long, CHEN Shi-yuan
(College of Electric Power, South China University of Technology, Guangzhou 510640, Guangdong Province, China)

ABSTRACT: This paper proposes a doubly salient permanent
magnet motor with external rotor on the base of the doubly
salient varied reluctant motor, and appoints its structure and
size. It makes finite element analysis on the motor based on the
field arguments in the terms of no-loading, loading and single
armature field, thinking of different rotor angle, different
armature current, single pulse and double pulse working mode.
It gets the static parameters curves for the motor. In contrast to
the doubly salient varied reluctant motor, the armature
flux-linkage can circle only by adjacent poles, but does not
circle by crossing magnet because of the permanent magnet
which has high reluctance and resistance, which makes
characteristics of the armature windings induction vary. The
characteristics of strengthening or weakening armature field
versus permanent field makes orientation of permanent
magnetic flux-linkage vary. The motor performs from half
circle mode to whole circle mode.

KEY WORDS: doubly salient permanent magnet motor with
external motor; performing characteristics; finite element
analysis
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Fig. 1 Cross-section of doubly salient permanent
magnet motor with external rotor
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Fig. 2 Meshing plot of the whole motor
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Fig. 3 Meshing plot of local gap
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Fig. 4 Magnetic plot of both magnetic field
interacting of 17.5° position and A phase exciting
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Fig. 5 Magnetic plot of single permanent magnetic
field action of 17.5° position
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Fig. 6 Magnetic plot of single armature magnetic
field action of 17.5° position
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Fig. 10 A plot of both magnetic field interacting
of 30° position and A phase exciting
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Fig. 11 Characteristics curve of static parameters for
doubly salient permanent magnet motor with external rotor
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Fig. 13 H plot of both magnetic field interacting of 30°
position and A, B phase exciting

T 37y AR FH B =B b 82 1 2 1) 72 A R A R 35
AR, ARAEHUE AP 22, W A% 5 R E N
2060 T, Ja&tih#m iR 1.921 T, XK 5 &
I, WA BR e AT B0 175007 B PR 3% 3L TR
TERME S K 5 BEAME. nTRMGH: MUKA
Wi KA, 5 2w i i k3 N, B G RH
e E G, KA IR R FEE R, M5
YUANTE LI, 7 R 2 A 6 T i LR
2 W KX S8 AL 3 RN KRG 3 36 R VR R R, P18 ol
FIR, R I A MR G A 45 7= AL e — 7 ) e A 1Y)
RRORE B b 4 MG O, T AH B T 1) (R R 25 9/ o 1T
LA, ARG AN SO K g K, o
AR T K R 3 TR )

K 9. 10 w2 BRIc il 545 HIPvE A 1 1%
RURERAAE, WRIERQ)~@), wLlit—SEEH
MLEER A S HL

16,0y = Y0V 2
1

y=N® 3)

D =L,|4 — A4 (4)

e Ay Ap03 AR (i 2 R RO A i o 2
AETR R AT s LeRorn R s N LA
SRAITE: RN AR GE AL I BE RO ML ym Rk
WARERE; LAWK GRAIRI, g% TALE M, iR
ISR SR IR . P LG AN e 1B A
(KRR, T HoE i e . 1B 11 e v 5Aa 21
MG E S S E R

M 6 &t HH Tk B IR A A (EBELAR ) »
fEAFHEAS HEIE AR B A T R . SRl KU A
T R AR S e ARON A, i A e T AR RO
Fr R EAL AR AR AR R A A AL Se AL



50 L I - ¢

527 3

JREAR /N o FE K BERE 37 SRR R R R B3 2
AR W I e K, AR AR IR g ), TR B AT LAIE S H
X B 7 B TR B8 4 F SR i AR AR I e K
PRI fe o FUBLIKIER S S AR P - 2 (B 11)
KAIE 73X A

SE T I e TR A XA, KR BEAR A
FoN, TEHRPTRE R R AEACK, R, 3R
R Lt e, € T REARGE AL IR A X IR A
S8 e A R DX R RV BE T 4 BT H AR BE 1 P
HZ R T o

BERE AN 1 X B KRG R B HL AR R B AR
A Bl R - B A1 0 D 3 B0 10 3

oW (i,0)

00 o ©
W(i,0) = [,y (i, 0)di (6)
v(i.0)=v, +v, )

TESMERE RS AR, MR Y50 (5)~(7) AT HEH B A7k
T L S AT PR 2 o 2k 5
r=in Lol oy ®8)
20 2 a0
AU, B S W T 1M GO, AEEEAN K
T RN, 4 T8 LUK/ MEE (R HL RS, MEABR LR
IETHRN, GRONZE .. NG 3 B S R
R, ST A G RIS IE A, 1R
TR b D DLIE [o) R, B K WA GAE T R IX
LA ) HL IR . G AL s, D e e
SR RI AT o W {1 As e i f b 75 2 e 1)
B, I AIXIN AT LA /R i RE E b T D 47 e
TE K G o DX I
DL b3 A7 1 2 oF A0 3 -7 00 B i G HL )
BL— AN BAs &, 38 3 A BR o 20 B v 55 45 2R mT 4
FAL L 22 A 0 28 N 38 AT R R R R A b — A I 2 —
0,
4 LEie

ARSI T A e H AL A B RS R IR T BT )
A LR 4518

(1) 2547 1000 W (1) 12/8 # AN XM B
TKME R E R &

(2) XFHMLEEAT THMRIT o8, 4 BALrE
ANFRSATA T Wt o3 A B AR D2 Ak 1
TP AT B W5 R o AT 1 DL SR i B AR I R
SRR A B

(3) HHLIERES AR LR, Tk
WERRWIAFAE, X S8 4 R e o A 48 % P & i [
HEABIICEM, XS] I AR AL AR
Ny G K AR AR S B T R S RO 5 A
BAL.

(4) % HLREY) F B K, Bt
NG SR TKBERE A I KN, R AL T 7K B 7 1)
T o KR AR TN, UGB 5 e 1
TR, ML T PEPIR S o

(5) FLMEHE T F BRI A, T BELA T e
KT HAHKE, WA AT E, BERHLE A IE £
MR, B o A X0 A A R B HUL A
J B A AEARA AR

B3 3k

[1] LscHr, AL, WEEATVE, 5. R R0 R B K

SIHLI TAE IR B S S50 []. v B L TR 244, 2000, 20(10):
14-18.
Bian Dunxin, Zhan Qionghua, Hareb Fathi, et al. The operation
principle and parameters calculation for a novel single-phase doubly
salient permanent magnet motor[J]. Proceedings of the CSEE, 2000,
20(10): 14-18(in Chinese).

[21 W, 98, A, XUMHRAREUK BB R ED]. BCE
A2, 1999, 14(5): 9-13.

Cheng Ming, Zhou E, Jiang Quan. Static characteristics of doubly
salient permanent magnet motors for adjustable speed drives
[J]. Transactions of China Electrotechnical Society, 1999, 14(5):
9-13(in Chinese).

[3] LiaoY , Lipo T A . Anew doubly salient permanent magnet motor
for adjustable speed drives[J]. Electric Machines and Power Systems,
1994, 22(1): 256-270.

[4] LiaoY, Liang F, Lipo T A. A novel permanent magnet motor with
doubly salient structure[J]. IEEE Trans on Industry Applications,
1995, 31(5): 1069-1078.

[5] Claudia Martis, Radulescu M M, Bi-ro K. On the dynamic model of
a doubly-salient permanent-magnet motor[C] . Mediterranean
Electrotechnical Conf., Tel-aviv, Israel, 1998: 410-414.

[6] Cheng Ming, Chau K T, Chan C C. Design and analysis of a new
doubly salient permanent magnet motor[J] . IEEE Trans on
Magnetics, 2001, 37(4): 3012-3020.

[7] Cheng Ming, Chau KT, Chan C C. Static characteristics of A new
doubly salient permanent magnet motor[J]. IEEE Trans on Energy
Conversion, 2001, 16(1): 20-25.

[81 FRWI. XU ARAR T KR AL IS AT S B R A R PR 2R 43 BT
[9]. BHER, 1997, 13(1): 16-20.

Cheng Ming. Principle and linear analysis of static characteristics of a
doubly salient variable speed permanent magnet motor[J]. Bulletin of
Science and Technology, 1997, 13(1): 16-20(in Chinese).

[O] MRWIME, FEWI, FASR. BrAL 12/8 BAUT AR ASHK i AL BT
T[] AREIRZEEAR: ARBIERR, 2002, 32(6): 944-948.
Lin Mingyao, Cheng Ming, Zhou E, Design and analysis of a new



5536 IR

SN XU K GBI HLI A R T 51

12/8-pole doubly salient permanent-magnet motor[J], Journal of
Southeast University: Natural Science Edition, 2002, 32(6): 944-948
(in Chinese).

[10] W7 TS ST, R BRI M]. i B
B .

[11] e, FFRMA RSN AM]. dbat: BUbk kAL,

2000.
[12] R, dEdlié. oMt R T MIM]. d65: S E P
Ji Ak, 2004.

[13] BE2LA, SRR, SREANE, %%, ANSYS LM HRH s
FIM]. bt i gkiE L, 2002.

[14] 2EMEOL. ANSYS E&ffiy A ZaEifgdrM]. st BB TR
#, 2003.

[15] FEIRAE, BRtEoc. A& I CREBE sl b BRIC /T[], bl

2004, 37(4): 25-26.

Yan Dawei, Chen Shiyuan. The finite element analysis of the switch
reluctant motor with external rotor[J]. Micro Motor, 2004, 37(4):
25-26(in Chinese).

Yis BHA: 2007-03-06.

E&E &

M H(1982—), T3, PN, WULERRA,  H i E AR
Fh L R Ly I 9T, guojL5103@163.com;

BRitC(1954—), B, WTHILMHA, Bd%, FENFRF BN

HAaedEhl, WHLNAS RS e . Wi #SCHURT CAD %55 I
e

(RfEHE TE2MW)



