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Analysis of Vibration Mode of Motor Stator System *
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Abstract: Aiming at the vibration and noise of motor stator system, the ANSYS finite element simulation

software was used to simulate the three-dimensional model of the motor stator system. The natural frequency and

vibration shape of the stator system were obtained. And the simulation results were verified by experiments. At the

same time, the electromagnetic simulation of the motor was carried out, and the air gap flux density and the harmonic

frequency of electromagnetic force harmonic were obtained. The frequency of electric magnetic harmonic frequency was

compared with the natural frequency of the motor to determine that the electromagnetic force harmonic does not cause

the resonance of the motor stator system. The rationality of the motor structure was verified. A certain reference value

for the design optimization of the same kind of products was provided.

Key words: motor rotor; vibration modal analysis; electromagnetic force harmonic

0 3 =

WP FL A HE M BB AR AR, O LA
Dt A Ryt — A R R — AN R, RIS 2
B0y 3 2 UG IR R 2SR Bh W R R AR R
o BRALITH B ER TS AL BRI R g
B R AN B 25, b 5 L HLE 1 [#]
AIRRARKM IR o T A7 300 ) e ol e
P, BT DR H AL A S L N B LE T R LR 4
AR 2 3R G2 i T AR N U KR R T 3 9 ) e v

#FEGIUH . A ERIH ST ($5°[2016]49 =)

R I, R T AR LM A L
R G A PR S IR SRR EA TR

[l N A B R LR IR SRS AT 1A
WFFE SCHRL 3 T AT /NS 20 ML EAT T MUY
BASTHR SR o SCHRL 4 ] 51X 4 FH Pl
R R LA A I 2 ] R AL A5 A [T A 453 1) S 2 T
RS SCRRES =7 JEERT R ERH ALY E 1 &
GRLSHEAT TR MBS . SCERE8 [l iR 5
PrEXT L, 452 T 5 8 LI € TR . Sk
[OTX R S HLE TR AT 0 b, P58 T

YEH RIS YK (1993—) 53 B LAFTE A=, AFFE 07 1] Ak i R AL RE MR P 9
BRAE(1979—) 5 WL, s AR, 5807 1) R et il



WrFsE 5l | EMCA

&AL HHE-H) %W 2018,45 (4)

FLALATUBAIR R X A ML S B 2D

AT RIS K B T ) ELUR A AL, i Sr =
HERCRY 3l Ansys (5 EEAE R % A ALE AT A
Ny TN RS e Rt R P )
HERPEAE TR UE . SRR I Ansoft FELREDT H 0 Hr
BRAT oS AL B F R S e R A T A LA T, 45 3
HLREE T B R IR L S HALE T R LW
A WA AT X LU T, 0 Pl T s U N 43 5
B HLE T RGEIR S POk E A LR
X 2L T AN R AL BRI P A T
BA—EMZSH M HE.

1 BT ARAGRSGE 2

1.1 #EESEL
RS AT 19 S o0 2 i 2o 7 BR G i e AR A
FIARRAE 1) 2 A7 SR AR, 0 2 4 0 I A 00 % 5 R
. RYRshFm R Rk
[M]{x"} +[Clix'} + [K]{x} = {F(1)}
(1)
Xof: [ M — AR
{of ——7 RS ) 85
[ C]—FHJE KR
(K] ——RI B A
F(t) ——S5 B8R 77
A F(1)=0,[C]=0,/3THer A mksh T
P (2) , AT TR g LB s
[M]{x"} + [K]{x| = {0} (2)
&l ={ufcosor, ful #0, fRAZ(2),f#

3
—w' [M]{ulcoswt + [K]{ulcoswt =0
(3)
H T2 (3) 1 cos ot ANERE, RIEL N T7
PR AFTEAE AR Y FE B A ] 15
[[K] -’ [M][=0 (4)
WA (3) I (4) , WA o, Fl{w, | 5050 2
G | O E A R R,
1.2 BRTEEWES
HIHLE RS F 2 E 780 S8 HLe,
R JE AR L, T fE Ansys 8970 H7
THEE A SCH X 45 RS2 ma AR /N 180 50 LA 40
PEATE BRI AL, I 4 SE 2 v TR S R85 92 PR
SRERBUN ] 1) 23 O R AR AR, N7 F ALY = A

(b) 3E THH

K1 ETRY - HERi

TN 1R

ORI BRSO & BRBE , S LR S 2 A
AURERT . X FLE 5 RG4S TR 5B 1 BN A4
BUBPEVE T E L, S8 1 Fis.

x1 HEMHSH

ok WPERLR/Pa TRALL %/ (kgem?)
20WTG1500 1.9x10" 0.26 7 650
biskid 7.1x10'° 0.33 2770
AEH 2C,13 2.23x10"! 0.30 7750
i 1.1x10" 0.37 8978

SR T ELIE N RO A ) 23 T7 SO0 BULAE T R G
PEAT WORS 5 0, 78 DR UE RS R 2 B RT3 T, 25
o WA 3T K 97 679, Il o BB T Bl
50 097, P& N 1& 2 frzn o e BLSEN H AR,
B2 308 3 HLSC G B 1) 4 AR A ] 7E - ThD B 1
JITLAXT 4 A A LG A 351 5 249 SRR ASE 400 3 5 A
fELL

B2 A7 BROT AR AR



&AL 5 EH) %W 2018,45 (4)

W S5k | EMCA

1.3 BRETHWER

i3 Ansys {5 FLARPEXTHLBLE T R GERL S it
T BRI, 2% 18 B LR 3l — o i AR B [ A
PR, TS| 2 A% , 5 [ [ A A0 R AR O 45
ARMEFIR , P AR SCRE R ML T 6 [ A A5 BEA T
i A HEA BRI 2 FR.

®2 BREEBAGENARTOTER

B FiZ/Hz
R B 2B 3BT 4B SH 6K

ETFES% 872 1041 1687
GERVIR20N 647 823 1379

2290 2561 3034
1698 2131 2244

D FOR IR T RGEHT 6 MRS IRIE = &
a3 fro e T ARG AR R

C:HET R4 Total Deformation
Type: Total Deformation
Frequency: 871.61 Hg

Unit: mm 2017/%
H 29.706 Max

H23.105
16.504
9902 1
33007

(a) n=1, /=871.61 Hz

C: £ H4  Total Deformation 4

426,02 Ma
331.35
236.68
142.01
47.336

(d) n=4, £2 290.1 Hz

2 BRSNS RE

TEPREH S 2 X A LEEA 7 IE SZ IR AR A HBURE
FHRTAE AR B TEBZ A5 5 AT R MLEEA TR , 23R
A LA AR E A, L2 P 2R TERH
3R, DALk, T L o 41R 20 i (T D45 30 L AL [0 A 3
M 4 R, ERAUE T RE LA RN E L
ZAN IR R, R FUMLEA T AN TR 7 o) FVE ) T 5% 8K
Pro RPTARLRBEATHRE 00T, WAL S Fr7s o

K4 Ll

LA 5K IE

C:ET /% Total Deformation 2
Type: Total Deformation
Frequency: 1 040.5 Hz
Unit: mm 201 7/ s
31.588 Max
24568
17.549
10.529
35097

(b) =2, £=1 040.5 Hz

C:E 5% Total Deformation 5
Type: Total Deformation
Frequency: 2 560.8 He
Unit: mm 2017,
50,856 Max
39.554
28.253
16.952
56506

(e) =5, f=2 560.8 Hz

K3 AHiRR A = K

KITRIRIE A X LA 22, I A S PRARIE (0 F2
BB, B3, n FoRBELf R IR

C: e &% Total Deformation 3
Type: Total Deformation
Frequency: 1 687 L L
Unit: mm 2017 S
37.111 Max
28.864
21.617
12.370
4.123 5

(c) n=3, /=1 687 Hz

C:SEF 7% Total Deformation 6
Type: Total Deformation ;
Frequency: 3 033.7
Unit: mm 2017/
37.57 Max
29221
20872
12523
41745

(f) =6, £=3 033.7 Hz

WEfi 5 kHz yig

876.12 43606
14035 40344
16232 4.0325

Wffim kHz g

89.092 36144
23131 3.1523
1648.7 2.6618

100
Hz

IR EE LT

PR B A 1 SR BR A, HUREN H 2 000 Hz 1A

R 5 O AN R B8R 5 1 S AR
Z YR I, S A 3 1A n] AR 2 HERR AL T
el R B WA, A 2k iR 28 7k 876.12 Hz Al



W5t - EMCA

&AL D AEH) &M 2018 ,45 (4)

1 403.5 Hz BRI A BIHR SR, al UG E X P
AMER AL AR K H A LA (7 B4 Rt
FIXTEE, AT AR S B AL B R 2 2 B 55 3
OIS XIRL, WNFE 3 7R IR ZEAE A HESZIE R Z N

®3 HBRLERSHESERIL

BEGE WRSR/ . EER/ . 3R9E/%
2 876.12 823 6.06
3 14035 1379 1.75

3 LA A R K AT

AL 1 & 4 B 15 F8 10 7k il
B TCRI AL, A E YR P=5.5 kW & %
n=11 000 r/min SBGEEE =1 mm HXTE p=2.
FEFHEEL Z=15, FIH Ansoft H1() RMxprt B}
HALSEOETIRE , 75 A Maxwell 2D Az il — 4
FLATLEEAL, A&l 6 FTs .

K 6 Maxwell 2D Hi Al AR

ZEEAFOUT X AL B AT Has
B, SR A H AL B AR ) B R %% D) ) RO
Eor AL, e 7 frs .

A L L A I A J
25 50 75 100 125 150 175
[¥mm

(@) A2 1) BT R 5 D T

i

Dimm

(b) Pl RE D
K7 BB BRGSO

A 7 i 2R T DAVE BB AR X AR )
SRR V) 1) S B (Y I ELAR /N, X HL R 7 1Y
FEMRAN K, B LATE X BB 140 B st e D0 1) <
BRURE % W AN T, oh 42 1) oL 0 0 % R R AT 0 BT
B Ho AR LR T R R AR R AR

b= Z;LOBZ (5)
L pe— R TR
B— R B

5 FL AT A5A4% ] LT 7 %% BE DR R an 1l 8 T
FIH Maxwell 2D [ 45 (1) FFT &b 35 &85 BT 15 3 2
Hi R 24 DR e L O fie , 45 300 48 1) L O ) %

bﬁ%ﬁﬂl 519 FIrR

4X10°F
3IX10°F
2:2>< 10°F
X105k

0

IOO 1'?0 ]4{] I60 ]80
Dlstancefmm

B8 A L il ) B P

Name X Y
ml 0 211 090.03 47
20X 10¢ m2 7333330 154 188.5] 33

s m3 14666667 60400804 50
md 22000000 18892380530

o 1
g 15%10 ms 27500000 2353131290
z m6 34833333 11690997 00
S 1ox10° m7  5500.0000 31982.19990
m3 m8 75166667 1066741660
T ~m9 $250.0000 29360.173 80
2 m4ms_

2500 5000 7500 10000 12500
fTHz

B9 A 1) i 1 B WS

F 3Tl A, A i) LR ) 6 RE A U I W
(BB A W 5 B o3 W R TR AR P A 7331 467,
2200.2 750.5 500 F1 8 250 Hz 5%, SHLALEFA
WAAHZE RO, P LR 1 A5 UG AN 22 B 1R
PUE T RGERY IR, 5 T i ALE T RGP #E
paklial € p RSN R AL Ay DI I E =T v T =)

SRR A HRAE
4 4 B

ASSCAERLZS 0 A S 1 L0l b, %) 1 7}<E§§
JOR B HL LA RE 5 &R GEHE AT B AS 20 A,



& AU H )% W 2018,45 (4)

W S5k | EMCA

Ansys i L4505 500 K0 19 % L, MR 22
FER[IEAZ VLRI N . Ansys {5 ECCOE AT L HCAS AT &
MR AU S AT 07 ELARLAEL

UL A R LR T I AN SR BGR FLE T R
R, 2251 KBRS o R R G IR R S
PUE T R GEE A WA VEAT R L, W2 2% B it 4 0
ATEIERPUR AL Z A, 5 1 AL A G PR P Y
I, BAE 1 AL A BT S HE

(& % x #]

[ 1] &AM, B BHLE F B A R A S R
FRICIE AT [T ] B TR AR 2=, 1987,2(4) « 39-45.

[ 2] BAAKHC, 1 Bk, B 3% Al H AL M 7 1 2 BT 55 428 ol
[M].BUI : WVERS At , 1987.

[ 3] W, £, B, % /NS SRS 5K
IS AT [J] B TR 2= ,2015,30(16) : 1-9.

[ 4] ACH, &M, KA. 22 AL A BT 8T
(J]. AP E ML TSR ,2011,31(9) : 100-104.

[5] LONG S A, ZHU Z Q, HOWE D. Vibration

(6]

(7]

(8]

(9]

[10]

behaviour ofstators of switched reluctance motors[ J .
IEEE Proceedings of Electric Power Applications,
2001,148(3) : 257-264.

S BT R AR T G g BEL i AL S T A 2 R
AR BESE (1] b E R L T AR 2= 40, 2004, 24
(8): 109-114.

NG, B Bt , Bt T GG F ML S T2 03
Prid ] A E AL TR ,2005,25(22) ; 148-152.
IR A A LE RS 0 B SO B T R TG 5 0
Mg Rz )] LS 1 T, 2012,39(9)
43-47.

SUEE R BRER A B L S HLE A RO
AT UL, 2014,42(5) ¢ 14-16.
VERDYCK D, BELMANS R, GEYSEN W, et al.
Acoustic model for a permanent magnet machine:
forces [ J ]. IEEE
Transactions on Industry Applications, 1994 (6) :
1625-1631.

modal shape and magnetic

Wk H 5 : 2018 =01 -03

0

(L% 66 1)
ISR ATBE T 1 SN AH S HAR B IR, kR T [
PN LIM $UE Sl 42 5 | 4 s s 25 H

(& % x #f]

[ 1] JAgR, W T, 0, % L BILEHM AR
AUFTIR KRR C] /75 & WOl HuEzc il
EHMBARBH T 25,2014 79-94.

[2] Bok, BRiam. b i fish | shiEm Rg M ] b st
HUAK Tkt Rkt , 2012.

[ 3] PUCCCI M. State space-vector model of linear
induction motors[ J]. IEEE Transactions on Industrial
Application,2014,50(1) : 195-207.

[ 4] ZORAR. bl M R g (M ] e at: HLg
Tk ik, 2012,

[5] FERuc BRI EARIM ] Jbat: LA Tl
Hi A, 2009.

[ 6] ACCETTA A, CIRRINCIONE M, PUCCI M, et al.
Neural sensorless control of Linear Induction Motors
by a full-order Luenberger observer considering the
end effect [ J]. IEEE Transactions on Industrial
Application,2014,50(3) . 1891-1904.

[7] LIUJ Q,LIN F,YANG Z P,et al. Field Oriented

(9]

[10]

[12]

0

Control of Linear Induction Motor Considering
Attraction Force&End - Effects[ C] // Proceeding of
Power Electronics and Motion Control Conference
(IPEMC2006) ,2006: 1-5.
FET T, MR, kAR E , 4. 5L T CANopen BpSLHY
ST U S Bk AL 0 £ P 2 A5 S
L] 3 B s a5, 2012,15(9) « 67-71.
WRIREE PR A , 250, 2. 5% 7 AL B AR A X Hig g 22
U LA S RE A2 [J ] o T AR A 4R,
2011,26(6): 12-17.
E AR, R TR, 55— RN H AL I
[F1) % %t MRAS RYZEL BRI iE [T] H THOR %
#2,2012,27(4) . 48-53.
g BRSO B, 45 R TR T REEE o Bl
4 5 A R ML) e O 42 o e 22 IR A A [ T ] v [
AL T R4 ,2009,29(9) « 62-66.
MAITI S, CHAKRABORTY C, HORI Y, et al. Model
reference adaptive controller-based rotor resistance
and speed estimation techniques for vector controlled
induction motor drive utilizing reactive power [ J ].
IEEE Transactions on Industrial Electronics,2008,55
(2): 594-601.

Wik H YT 2017 09 -05

— 89 —



