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Abstract: An analytical model for magnetic field of solid cylindrical permanent magnet
synchronous motor (SCPMSM) with rotor eccentricity, considering the stator slotting effect, is
developed based on subdomain and perturbation methods in 2D polar coordinates to quickly and
accurately calculate the magnetic field distribution in two-pole parallel magnetised SCPMSM with
rotor eccentricity with various parameters and to provide an effective method of studying the
influence of rotor eccentricity on motor performances. The analysis is performed by dividing the
solution domain into three subdomains, viz. permanent magnet, air gap and stator slots. Those
subdomains are expressed by corresponding governing equations, and are connected by boundary
conditions. The harmonic coefficients in the general solutions of these governing equations are
determined by the boundary conditions. The magnetic field distributions of corresponding
subdomains in the motor with rotor eccentricity are obtained by superposing the first-order
component of the magnetic field onto the zeroth-order component according to the perturbation

theory. The unbalanced magnetic pulls under both rotor static and dynamic eccentricity modes are
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calculated using Maxwell stress tensor method. A 2-pole and 12-slot parallel magnetised

SCPMSM is taken as an example, and its rotor eccentric magnetic field and unbalanced magnetic

pulls under two eccentricity modes are calculated by the proposed model and are compared with

those by a finite element method. Result verifies the correctness of the analytical model.

Keywords: permanent magnet synchronous motor; rotor eccentricity; unbalanced magnetic pull;

perturbation method; magnetic field analysis

JK f LML R IO 3 R S A K I By S TR T
Al 25 G 5 AL Ge e LA LB B B e
2 R AL U R W 78 B o [m) I 78 9 BE DBLHR Y DR 7 5t
K g P T 3R R OR AR R R B AR AR R
KRB BEEN . e ILH & DL s 171
b A e O 2 36 G 37 T A TR R R
ES I P NS DA NS Y R DAV RS G ER
(4R 2l W P TR Rk 3l A5 R) L 52 L Y B E B
A7 o 7 H I R BE T B R - kA AL R K
BRI I & 5% i s HU AL 2R 1 O o0 0 3 330 A 4 1 43 BT 3 55
AU O W 3 0 SR IBCRT SR A BR
JCIET RV MR A R T R G L SR A
JE RN T AR O B LR AR I T i AT VA S RO
i S R P SRR 1-5 1) 55 3h 3198, I fi o0
IR 45 8 2800 SR OC T b i 5K B AL 10 IR
— W FE ] J7 B L 45 ) KRG R BL T e O BE 37 00 A
A 708 48 v S i e O 2 3 LR AR 0T B TE LGS
U B A AR L TR R AT DL R SR i H AL FE 1 i
OB L 5y b SR gk i U W S B O 1
Rk G RN R R A o 1R/
S A9 B RO 27 5 AR e 22 s I 5 N ) ik
2 Rl o Ay BT b B g ) AR
B89 BIE TR T B OR P i wE R T,
1999 4%, Wang 25 FOR M A2 vk e & T 4 XS
B PR FISRAE IE SR 5 DL 25 IR D 1Y
SR O T R ) SR ST T AR ) AN P A R T
2014 4 ARG T G TR 2D B HL A R O T
AN wG T W AT s U

ey A IR R K R LAY R 3 L LA AR
KA TE] o o T8 B0 B v 1 M L 7R 52 ey 8
PR BB 0 T R S0 B RIVRCRE AR ] S
o[BI B8P 2O il 0 B B . PR P A 7 S0 R
M2 gk #% IR 25 B ML (solid cylindrical permanent
magnet synchronous motor, SCPMSM) i) £ #4 JE =
R M RE AT HE L B R s 401 Qo R G R B A v 1Y
FEHA s TR F R AU 435 4 ) 3 e IKURICRA S ok
VAT 2 B ME B TE X L /b T AR L 3 19 9 D

http: // zkxb. xjtu. edu. cn

SR TEAR KRR L L T L R
I PP 47 FE Mk SCPMSM ELAT T I 9 7 FH 61T 5t
BT X o L ATLAE F R A P R R s S R R R R A
FEAE T It B FORT o0 A MLBIE 5T (EL AT BE XS S0 B
5 KB T 2 v WL A 5 i O 0 370 A0 A 1) BF 5 3 B AL 41
1, R SCLA B P47 sE ik SCPMSM J BF 58 %t 42 Al
FH T DX A 8l vk« S S 5 1 i o T 3 14 it T 6L
T K fff AT AT AS 31 1) 1 3 73 A DL B 25 Al 0 N B0
A O AN P B L 3 5 A PR B A5 SR AT X
56 UEASE Y ) 1E A 7

L e 3l U 1 20 A A A

K1 BRI P17 SE g SCPMSM . fY i i
BERE ARG AR T B AL T A A 25 4 AT SRR AR
PR AN W 5 1 e S B I A ) R 0 D
IR 3T A A1 T 1A i B8 A S R DR AP S HA X
GRS A B T S
B A B 3 = D 228 W% i 508 28 10 5 ) 220 W 36 7
RO AR AR 3 5 T8RO B BE T R B 55 K5
@ 7K T A B AT A Y 38 1 1 £k 5 © 220 2 1 19 5 B
AR AR 1 BT R 0 R TEAE

ETHL
T

=\ mrx
m T | s

1 W7 SR SCPMSM R i 1 45 14 7 3 &

K2 HLES w0 a5 MR B . DLE ot
O,y M AR I e S T 5 B A s 2R 05 B T 2
—E TR LU0 O, S AR 5 U S Bl
AR R o e T AR R LR P B w0 B85 O, i
¥ o VLRE 1A b 2 W il 1 D7 18] R R A6 S W30 I B A
FAETHARK DTN 1.2,  Noo No N E Tl
B0 A A TR AR A . 9o B BT




98 [ . ]

B
B

I %53 %

0
P
4 SEF
FE,
P\~ =1
= p
1/1 m/ 9,'
= RN = ,
FI N5
R ﬂ
TR AR
F i1

Ru FKBERSN A48 Ry 0 5E T N 2485 Ry 4 5E T I 2K
25 B R T SE L A se e T I Lo B RS 5y Ol I Ml s 1 JEE
B2 HHLEE O S5 R RLR 72

Ji 75 JEE V5 R 0N 19 B 43 AT S S BT X34 i
B3 I T GREEH T OB ML GE T T
M i=1,2,, NO o X TSP F 588k K w14 F 55
WAE R — 81 P o]l Fal A bR REER 5 i
KRMMT

—ecos(§— ) + O(e?) (D

¢ = e—wot+§sin<e—y> +0E) (@)

K06 H e R IETT /N .

T AR o T B 25 4 S 2 O 1) PR A R AR 2
AL A OB 8 VRGBSR A Bk
O, e e Fly B BIEMONE T E T
ANEL e T 580 T R4 O, ekt . fe/NIBR AL E L
H ML Y (] 20 R B e 5 & % TR AR RO FA R v . BR
T A O 3 TR .

(b) B 25 i >
K3 T sh S oom

Ca) e 285 i oL

X AT TG S 0 [ A K A L ) s 1 Ak o
J& MAE -0 HepR R H
M = M., + Mye, (3)
A
M, =— Msinw,tcosf + Mcosw, sinf
M, = Mcosw, tcosl + Msinw,tsinf
e, Fll ey 73 5l 37 428 ) A Y] 1) B B 1) d 5 T A - NI
0 53 3| Z A% 1) O] ) 43 8

€Y)

http: // zkxb. xjtu. edu. cn

e i L T 37 1) 52 W ) LA 45 B B e 43 A Ak
PR R SN B bR i WEOL ¢ WG S0 BE H ORI G
W B A LR N

¢:¢”+W“l
H=H"+eH?"
B = B + B
BT 5 G=0, DB 5k
A S WY S WY YA

ar’ r dr o ag’

(5

divM .
%, HAth
AN hr y RN XS y= 1. 11 s
o 7K B AAR P RN G 8
A5 - S 0 R T 37 e TR R R A A 5 B
B, = pop.H, Jr#OMl
B, = /loHn D
By, = poHy, J
o E AR
TER AL R 25 Fp , B 37 95 B8 FIAR B RE AL SC R AT

H, =—2¢ 1
' ar
iy (8)
H@__'rae[

FR A 2 (1D S 5% A O I 5 K R AR B80F <BR
S 4y ST O AR ] RN

Sagar =r—ecos(0—y) —R, +0() =0 €

& T BRI BRI DA ILER 1, o, g, S E
FNFR EAYAR B REA » P i AR A B 0
AT 1Y) LA ¥ ) L A 3ROl

n o v fma;:*air
e | v.f‘m;lg*uir ‘

i Wl ISR A VAECY ]
DILAY (k) + BY () r *cos (k) +
k

~ e + fsinw— Ve, (10)

DILCY (ot + DY (k) * Isin(k)
k

Seeon] () (7))

sin[%"wm/z—a)} v =1,

(1)
X AP (B VBY () .CY (k) DY (k) (A (k).
BY (k) \CY’ (k) DY’ k) FEff Gm) g j By il I &




$e

TR S K (R BRI T Al O R 3 R AT 5T

99

B RS UCE sk Flm AR B,
2 45 F Ce) R (DD 75 3 i i A4 AR A 5
OB Al 1 B B E sk 2 s, KE FINE

FETNAESE @« A HE O 0 ok g8, il B AR
OO ZMARM (D 158 ETF LA O BY AT 1 B
DR 2, X, g & 0o o MR IR

THT ) bt RS o T Ay 1l LI 2 80 o 4 11 2% AR (D =L k18],
&1 ARFeE F4H
o7 & R PR O &
(a) H[”,, ‘/izﬂli,@rzzo’ re ER.\’RWJ
ETFREIL G=1,2,,N)
(b Hy, | .-, =0, 0€[0.—p/2.0,+p/2]
(c) du ‘ =R, $s
EFNERE =R,
(  Burl—x =Bu, |-k » 0€L0,—p/2.0,+p/2]
(e) N ,“,>< <H| _H|| )=0
JK T AR RSB 43 5 1T (r= R,
H Rog—air * (By —Byp)=0
TKREAR A r—0 4b (&) H\ A BR(E
&2 0MA 1 B 44
o7 0 i 554 1 B i 2%
AP (DOR{ABY (R =X ZEY Gn) Xmy Gmsk) A (DOR{HBY (WOR =X ZEY Gn) Xmy Gms k)
EFNFE (,‘(ﬁ))(k)Rﬁ‘FD(ﬁ“(k)Rsk:EEE(rﬁ)l) (m) A& (ms k) C(n“(k)Rff‘FD(n”(k)R\.kZEZE(mI;(7')’1)7(;115,(771,/\7)
(r=R,) ngm")(m):;]g[/\(l{”(k)Rf71*B1f>>(k)R:hfljm(m, 6‘,,,E1“13(m):;k[/\(”l)(k)R{f*l*B(””(k)R:"’fljo,(m,
)+ 2RLCY (DR —DY (BR (o k) )+ 2k[CP (R —DY (BR z, Gmk)
k &
(’) (@) (’) 1) a ) E) 0)
A= tsing—p) (— o+ ) —cos(o—
(7¢(I<z> (’)(}S(”U) C d ar ar
. B (7[9 _ S {7(9 . 792 (]U) (’)2 §("(J7 i‘:) (I()) 7i(/) §("(J7 _
KBl R A Fn i 7)( ar | avar "y a0+ a0 ) e Y
gy S dg\’ I’ sin(0—y) ¢ | I
(r=R.> 94’ _ 941 M or ar ( e g T T
o s Ir | g '

(’)2 0) ()2 0)
M) —cos(0—p) (—p S+

art

)
=R,

Ha bn B AL AU AR 2 PR I B SRR BB SE
7B LIRS AR SRI G B i R B AR A 55D K ik
iy 0 By AL 1 B g3tk A& . BIVRT R AT A T U B T
s L 53 53 A

2 AFHrHER T
MR 22 T 05 5 1 0 3 ik o 94 T 7 1

AN 16 B/ T 0
1

fr=5—(B— B} 12)
o
o1
fo = —B.B, (13)
Ho
XF e B Ay 5 ) B R R ) R 1 E

http: // zk

B A0y Tl 7 ) b AN P R

2w
F, - %j [(B?— B?)cos— 2B,B,sing]do (14
Mo J 0
rLef o 2 2N oo
F, = 24 "B — B sing+ 2B,B,cosg]dd (15)
podo

A Lty U 1 K
3 A RIC HER ik

TR E f# BT RS R A OE 8 M SR L Ansoft
Maxwell #4257 W% V17 52 SCPMSM #% 5 i
AT BROGELRY 5 L HL Iz 15 7 80 55 0 %
035 DL AN S A5 1 B 75 9 5 i AT 45 R AE X L.
AL 7 240 L % 3,

xb. xjtu. edu. cn



100 [ S S R N S SO 14 %53 %
k3 wALEAR KK 5 FIE 6 BT A i b ik FA BR T vk i+ 5345 2
B B f B ¥ fi (1R A B 308 % 5 TR D, = 0 I 0 o ) R A DA
0.7
HE TR Py/kW 20 ||F9 095 BE bo/mm 1.5 I i
0.6} 1555w A
W nn/10°r « min~ ! 100 ||#)K 4 Ry /mm 41.646 9 =
05}
WEL p. HIE N, 2, 12| K B Le/mm 83 5
= 04f
EFNEAE R /mm 17. 4 |7k W AR wE B/ T 1.07 f::jo%
KBRS R Ry /mm 13,5 | KBEARMIAT RS 0 1,038 4 %02
. 0.1F
B 4 fimHke=0.3 mm(fglr&F ex7.69%) .y
e B fra —
=30°.1=0.562 5 ms i[5 4 4 Ab 19 45 i S BRE P 000
oA, BE 4 AT LUE B R AR A A () FA ]
W RAA R T R &5 EF . XERNEEIT
s 2 Y A =3 0.7
FE T AR A A RGN, B I A AT o SRR DR RN e L —
.. _ N . o 0.6 —Ricitig
AR e 58 BT gl B W W) & L 4 30 2 X B SRR T A
. . - o 0.5
5 2R AR A5 | Y 3R RE RN A BR e 4 SR AR X — 1 g
e = 04
EHBLRUE, LTSS RN R, AT TR S e
FHBRICIEIE A — 2 w22, vl DLy 72 30 i A A 78 o EO;
KH T e i 2 T8 7, F1 A R o318 ok FH Y 52 *0]
Al Y (BLOEFED R —KE R I, 76 ff e B8 vp G 3 00 1 = _ L
(4 B i LR € 19— VI 3 EL I 86 88 0 0 Y R
IR Gn SR B Bl A %) T R, A5 SRR S B T S
. B 5 r=16.9 mm Kb PG % 5 25 8]
0.8
o R, fENTIR _
0.6f I, A T TR
2l o b, i et
' e )0, ARG AR
£ 02
=
¥ 0.0
=]
02
-04
-0.6
-0.8 . s s s s |
0 60 120 180 240 300 360 | W0 L 1 L L L L !
BB B/ (°) 2 3 4 was 7 8 9 10
ZE ] B IR
(a)r=16.9 mm &b (ORI
o1 CR
0.6 o, R 7
' o BN, MR IR ARG

...... Pl £ BRIGHE

-0.9 L . . . L )
0 60 120 180 240 300 360

HU A BE/ ()
(b)r=14.5 mm #4b

. . .
1 2 3 4 5 6 7 8 9 10
1B

(b) ] i)
/:‘“1“‘:1:7‘»‘} N1 SRR
B 4 R B G % B IR B 6 r=14.5 mm &b B RE 8 % % 25 [a] 38 I

- H

http: // zkxb. xjtu. edu. cn



$e TR S K (R BRI T Al O R 3 R AT 5T 101

FAUR IR ZEUNG 4 Fron . ARHEER 4 B0ds . i e
SE A X B Ak . A% 1) T R R R U Y
e AT 7 5 A PR G A 1 AE X R 22 AE 1. 700 LAY L Il
SE I A% fo) T I O i TR B A R B AR R IR 25 T

Lo 120 RPN X6 0 ol 1 %%« Py T 5 28007 5 kg ) 4
AT BR TS 2R v ) 30 Dl 5 B i A 445 2R I 3 B L OF
H OGRS 45 R AR IR 2 K TR H A%
Q13

R4 BRI R NEE

1) 3 /T Dl g8 % B/ T
r/mm DAL A X R 2/ 06 R iR 22/ %
AT A A PRI A ik AT A FROC A
1 0.663 6 0.656 7 1. 05 0.021 4 0.020 2 5.94
10 2 0.0230 0.022 8 0. 88 0.0015 0.0019 —21. 05
_ 1 0.786 4 0.778 1 L.o7 0.144 2 0.1419 1. 62
e 2 0.028 6 0.028 3 1. 06 0.010 1 0.010 0 1. 00
1 0.857 9 0.849 1 1.04 0.857 9 0.848 8 1.07
10 2 0.008 4 0.008 4 0. 00 0.008 4 0.008 6 —2.33
1 0.857 9 0.849 1 L.od 0.857 9 0.819 1 1. 04
100 2 0.006 8 0.006 8 0. 00 0. 006 8 0.006 8 0. 00

B 78 ¢=0.562 5 ms B Zi ARG R 8 A ] 2 42
A ) 45 1) R 3 % R AT BRI 0 o R (L A BT A
A BT A S HARXT IR 2251 F 36 4, HhAs 25 SR R,
TE AR AR DX 45 1] 30 2 B Y R AT 25 SR S5 A R ot
SERE WA B S w0 T S A R T i
B AR IR 227 2. A% LA .

8T o JRI, BT
0.8, 1, 47 LA
06 o DI, AT o
VA Dy, A WG
0.4 &
& 02 s
% 00
=1
5 0.2
-0.4
-0.6
-0.8
,]0 1 1 1 1 1 1
0 60 120 180 240 300 360
HUBA EE/(°)
(a)r=13.0 mm &k
10 r 2AIE 3 L fa7d
. RN, fRHTR
0.8, I, A
06F a L}J[”J:WIIHIWII c’ﬂ
NIV A b1, A5 G
0.4 e
g 0.2 &
;j 0.0
@ =0.2
-04
-0.6
-0.8
,10 1 1 1 | | 1 1
0 60 120 180 240 300 360

HUBR A /()
(b)r=10. 6 mm 4b

P 7 R T TS P R T

http: // zkxb. xjtu. edu. cn

AR A KRG AR DAY S L A A 45 R R PR
TUAE RS L g6 UE T g AT A5 2 B TE i A HL R WA
I A X A {6 i AT A TR T AR A B A R
(1 S350 A

8 JIT 7 Sy — A~ LA S 300 P9 1) A S i B ) 7
feh sk, o #2850 F e = 0.3 mm, y=30°;3))

40r
o B
351 F AT ICAR
z 30} o FfiHTiE
=, e AT WA
&2 ’
E 20F
st
]4
10
5 L
0 ()IO 11;_0 léO 2:&0 300 360
LB B/ (9)
Ca) 25 o0
451
el o F SRR
o 1 A WL T
e e FfRETR

K — ll"ﬁ WL TG iR

ANV ) IN
(=3

-45 . . 1 ! ! 1
0 60 120 180 240 300 360
BUBEA B/ (%)

(b) B 254 -0

8 ARG ) AL A i 2k




102 [ . ]

Ko

R

Eird i 53 4

AT se=0.3 mm,y, =30, HLIK M BI85 T 5%
SRR . R 8 BT HL ANV 1 T ) iR AT 4
I T A BROTEE R s 76— D AU 33 A #0285 O 0o AS -
A T3 08 KN ) BRSNS S A (6] 1 2 » 3 25 g o
AV HERERL T o T UL Ky b gy & g R /N A 1) Bl
T IR AR AL WO B OE g il 2 iR AE AH 5
X S PR A AN S 1 07 0% D e T e O T
TEH S OB I s e/ N BR AL [ 5 AN 3 L TN 7E 3
A OB SR /NSRS DL R ML Y [ 2P RS e R
2230 X8 L A AR O S A 1 B ) i AT 4 R S A R
JUEE MM X IR 227 2. 6 % DL B R O A - 1
AL A TR 2278 2. 3% LN 3R IE T K SC i #r
PR AL T 3 AS S i g PL O B B MR M R B T %
BERLE ] TAE B 0 ) b 0% 7O
I i AT RSB B A 1 48 L g i O B 1Y

AT F N 9 s Hob S 0 R y =307, 3)
A0 70 =30 &9 AL, A L A3 A i
o AN Yo B o i o BB %) 15 0 T G OK L X 2
AL Ay i o B g A R i 7 Wiy 7L o B K T - R T A%
ST 32 W ) AN P A AN P i B T R B 2
N

O e P03 mm) e F (403 mm)

1357 g 1 (4015 950.6 mm) —p— F ({2 %0.6 mm)
120 [ g £ (10,9 mim) —em £ ({08 40,9 mm)
105 | —8— F(IRCHEDY 1.2 mm) —— F ({0 #1.2 mm)
90 —a—a—a—a——a—a—a————aas
75t
60

451 ——
30 &

W

vvvvvvvvvvvvvvvv

PR IN

0 60 120 180 240 300 360
HUBR A BE/(°)

Ca) B 250 /0>

[ e F(fFHL0.3 mm) —g— F(fiALEH0.3 mm)

200 g £ ({0 EE0.6mm) g FV(TEIDEEO.Gmm)

160 | —w— F.(fhi210.9mm) +ﬂ(1ﬁ¢ﬂ\?l§0.9lnm)
—&— [ (1.2 mm) —I—FV(Tﬁ/IL‘EIil 2 mm)

IR 7 evwilN

-120 1 L L L L 1
0 60 120 180 240 300 360

HUBA EE/ ()
(b) 2 25 0>
P19 - A 4 B i o B 8 A G B

http: // zkxb. xjtu. edu. cn

4zt B

A SR A XSk Fn 8 sl vk, @ sr T IR AT
Fo i SCPMSM 2% [ 5 - 1A Rl %0 B 5% 0t o0 1 %)
FEBTRLA LL— & 2 ) 12 #8717 ek SCPMSM
WG G2 AT 5T 5% A o0 0 30 LA B 3 285 A o0 F1 81
A0 5 R B AN i i o g 90 38 A IR oo vk R AT
TXFICEAE ., SR B ARSI E T NARALE LR T
R T DX 2 A W 38 R BT 45 S AE DR R R
{H AR5 PR OC 45 S 55 4 MWy & 5 76 BE 85 2 7 AH T
e B S R LA B i R AR PR T e T vk A B Y
W FE WY B FEEW) G B T WG o A S O RN B
A U AN A885 1 17 T %) i AT BR85S o s A BR T
S5, XLEZE R BAE T TR R A IE AR VL R T
BT RIE B AR T ) LR R . S Ah g
TRBT AL 53 BT T AN W r 77 B e O B4 72 A G
ES e E TN O N | B B [ DI N 2 T e A B
Wi o i o B 38 0 T 38 K . AR SO AR AR S 4 el
D5 fd . BE 98 PR U B 1 5 WA T AT SERE SCPMSM
SO S B R T R A s R i A O
Xof L HIL P B A 7K % T R e 8h ) 24 45 52 1) BF 5
AL T IS LR AN RO .

Sk

[1] KIM U, LIEU D K. Magnetic field calculation in per-
manent magnet motors with rotor eccentricity: without
slotting effect [J]. IEEE Transactions on Magnetics,
1998, 34(4) . 2243-2252.

[2] KIM U, LIEU D K. Magnetic field calculation in per-
manent magnet motors with rotor eccentricity; with
slotting effect considered [J]. IEEE Transactions on
Magnetics, 1998, 34(4): 2253-2266.

[3] RAHIDEH A, KORAKIANITIS T. Analytical open-
circuit magnetic field distribution of slotless brushless
permanent-magnet machines with rotor eccentricity
[J]. IEEE Transactions on Magnetics, 2011, 47(12):
4791-4808.

[4] FU]JJ, ZHU C S. Subdomain model for predicting
magnetic field in slotted surface mounted permanent-
magnet machines with rotor eccentricity [J]. IEEE
Transactions on Magnetics, 2012, 48(5): 1906-1917.

(5] Jbede, 2B, LR, % BTk B )k
W MU O RS AT (0], i THOR# 4R, 2013,
28(9) . 321-331.

ZHOU Xiaoyan. LI Chen, QIU Zhijian, et al. Mag-

netic field calculation for consequent-pole motor with




$e TR S K (R BRI T Al O R 3 R AT 5T 103

[6]

7]

(8]

(9]

[10]

[11]

[12]

rotor eccentricity based on perturbation method [J].
Transactions of China Electrotechnical Society, 2013,
28(9) . 321-331.

XURENE , BERHF, ARE, . KL S WL 1 w0 =
WA R AL AT s (D], BORF AL, 2013, 41
(6): 6-9.

LIU Ronghui, ZHANG Yuejin, LI Chen, et al. Ana-
lytical method with vector magnetic potential for open-
circuit air-gap magnetic field computation in permanent
magnet motors with rotor eccentricity [J]. Small &
Special Electrical Machines, 2013, 41(6) . 6-9.

LIJ T, LIUZJ, NAY L H A. Effect of radial mag-
netic forces in permanent magnet motors with rotor ec-
centricity [J]. IEEE Transactions on Magnetics,
2007, 43(6): 2525-2527.

DORRELL D G, HSIEH M F, GUO Y G. Unbal-
anced magnet pull in large brushless rare-earth perma-
nent magnet motors with rotor eccentricity [J]. IEEE
Transactions on Magnetics, 2009, 45(10): 4586-
4589.

DORRELL D G, POPESCU M, IONEL D M. Unbal-
anced magnetic pull due to asymmetry and low-level
static rotor eccentricity in fractional-slot brushless per-
manent-magnet motors with surfacefmagnet and conse-
quent-pole rotors [ J]. IEEE Transactions on Magnet-
ics, 2010, 46(7): 2675-2685.

i, EFM, B, FOE T ROR R K
BB AL T O e AT A (U], W TROR 2R,
2009, 24(5); 7-12.

ZHANG Ran, WANG Xiuhe, YANG Yubo. Analyti-
cal prediction of magnetic field in permanent magnet
motors with rotor eccentricity based on the method of
equivalent remanence [J]. Transactions of China Elec-
trotechnical Society, 2009, 24(5). 7-12.

XIANG C L, LIU F, LIU H, et al. Nonlinear dynam-
ic behaviors of permanent magnet synchronous motors
in electric vehicles caused by unbalanced magnetic pull
[J]. Journal of Sound and Vibration, 2016, 371, 277-
294,

VB, mme, RIWAK, S gl A KRR 28
B O X6 L 0 52 w3 B [T ], AR AR K222 i
CHARBH#RRD . 2014, 32(2): 166-170, 175,

ZUQ Suguang, GAO Lihua, WU Xudong, et al. The
analysis of electromagnetic force in permanent magnet
synchronous motors with rotor eccentricity in electric
vehicles [J]. Journal of Jiamusi University ( Natural

Science Edition), 2014, 32(2): 166-170, 175.

http: // zkxb. xjtu. edu. cn

[13] KIM U, LIEU D K. Effects of magnetically induced
vibration force in brushless permanent-magnet motors
[J]. IEEE Transactions on Magnetics, 2005, 41(6):
2164-2172.

[14] KIM D, NOH M D, PARK Y W. Unbalanced mag-
netic forces due to rotor eccentricity in a toroidally
wound BLDC motor [J]. IEEE Transactions on Mag-
netics, 2016, 52(7) . 8203204.

[15] WANG J P, LIEU D K. Magnetic lumped parameter
modeling of rotor eccentricity in brushless permanent-
magnet motors [J]. IEEE Transactions on Magnetics,
1999, 35(5): 4226-4231.

(161 &K, HER, w8, WO T KL T

RG MR R [T, s 5hifi. 2014, 33(8):
29-34.
YUE Ertuan. GAN Chunbiao, YANG Shixi. Vibra-
tion characteristics analysis of a rotor for a permanent
magnet motor with air-gap eccentricity [J]. Journal of
Vibration and Shock, 2014, 33(8): 29-34.

[17] CHENG W J, SUN Y H, YU L, et al. Analytical so-
lution to magnetic field distribution of a parallel mag-
netised rotor with cylindrical or ring-type permanent
magnet [ J]. TET Electric Power Applications, 2015, 9
(6); 429-437.

[18] ZHU ZQ, WU L J, XIA Z P. An accurate subdomain
model for magnetic field computation in slotted sur-
face-mounted permanent-magnet machines [J]. IEEE

Transactions on Magnetics, 2010, 46(4); 1100-1115.

[ 7 FI| #8 5% 32 ik 3 %

X P AT S, K S A B A S v ko e LAY BBk ) K
B R 40 %], 2019,53 (1) 77-85. [doi: 10. 7652/xjtuxb201901
010]

EERKMESA BB E FRETENFROAHE S E
HLAR 3 % F 8 1h. 2017,51(5): 60-68. [doi: 10. 7652/ xjtuxb
201705010

A ER. 7. kEE SRR G R S A
. 2014,48(10) ;60-65. [doi: 10. 7652/ xjtuxb201410010]
TH 3 5, X Hr, % kB H T Ak E S oL R
3 A7, 2013,47 (12):95-101. [doi: 10. 7652/ xjtuxb201312
017]

R E . SR . BEE, £ k@RS wEty BEER
Bk N 3 k. 2011,45(10) :59-64. [doi: 10. 7652/ xjtuxb
2011100117

(iR X #)




