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Composite Model Reference Adaptive Speed Sensorless Vector Control

LIN Tianjie', CHENG Shanmei', LI Lianpeng’
1. Huazhong University of Science and Technolo Wuhan 430074, China;
( g y gy , ;

2. Shenyang Locomotive Section, China Railway Shenyang Bureaw, Shenyang 110023, China)

Abstract; Flux linkage model and reactive power model are often used for model reference adaptive speed
estimation because of their simple structure and good estimation performance. In view of the dynamic and
steady state problems of flux linkage model and reactive power model, a composite model consisting of reac-
tive power, flux linkage and switch function was proposed by analyzing the difference of flux accuracy of dif-
ferent models, which could achieve accurate velocity estimation in both dynamic and steady state processes.

Through Matlab/Simulink simulation and real experiments, it was proved that the composite model had good

dynamic tracking performance and excellent steady — state performance.

Key words: composite MRAS; vector control; speed sensorless control; high power induction motor
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Flux Weakening Strategy of PMSM Based on Model Predictive Control

ZHOU Zhiwen, ZHAO Shiwei
(School of Electric Power, South China University of Technology, Guangzhou 510641, China)

Abstract : In order to solve the problem of current oscillation and current regulator saturation under the volt-
age feedback flux weakening control strategy of permanent magnet synchronous motor, which caused by poor
voltage external loop control parameters, a flux weakening strategy based on model predictive control was
proposed. Firstly, the linear model of the current loop was obtained by taking the nonlinear coupling term
and the speed of the voltage equation as one of the state variables. Then, based on the model, the model
predictive control took the current tracking error and the d-¢q axis control voltage increment as the optimiza-
tion objectives, and solved the optimization problem in the finite time domain in each sampling period to ob-
tain the d-q axis control voltage. Finally, the simulation and experimental results show that the current re-
sponse performance of the proposed strategy is more robust to the control parameters of the voltage outer loop

than that of the traditional voltage feedback strategy.

Key words: permanent magnet synchronous motor; flux-weakening control; model predictive control
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EF FPGA A A SPWM 5 3% 935 25 L B i it

#e & W oB B
(1. BERLEABEARABRA A, Bt 2100615 2. Wb SCHREBe bR ey, Widt $260 441024)

W E: AHRBEEASHBSINEER NS, T RN ASS IR XTSI LB | 3 R R[] S AL AN [
AR AR R AT 2R, BRI AR IR 5 0 L i P PRI S T R A AR L . LT FPGA R E IR %A
AR B SPWM Pl I 5%, IF5 BRI OCBURE, Yot T B iR s A8 i | Fo JRFRTH BT X (B) 9 g H
% . IR2110 SRS . PO RIHER, el VeSS W IF /R e 45 R RS IR S5 % . R [RIA3 3R 1 it A R
oo MNAZERIGTE T A B 1A A9 SPWM F 1 5 094 &%k . ol o Hh BAR A TE 5% 00 L i o Pl R ) 00 36 ] O L 3k 31
1kHz, BRI T 33078 i il sh LA E i, 38 T 7R ZER RIS FB EATUR A s B bIL, 16T Sy B3 A2 fl el S LA 3
PR T BB

KR FPGA; SPWM #5iilil; w4, IR2110 SRBH#E; FLIXH[A]
hESZE S TM464; TP17; TM932; TM382 XkFRE: A NERS: 1001-6848(2024)10-0015-05

Design of Inverter Circuit for Generating SPWM Control Wave Based on FPGA

XU Dong', XU Jie*, DUAN Yi'
(1. NARI Rail Transit Technology Co., LTD., Nanjing 210061, China.

2. Middle School Affiliated to Hubei University of Arts and Science, Xiangyang Hubei 441024, China)

Abstract; In the case of DC power supply to AC motor, in order to reduce the harmonic effect of input AC
on motor and to meet the needs of different motors for different input voltage’ s frequency, it is necessary to
design an inverter circuit with ideal sine wave output and adjustable output voltage frequency. Considering
the reduction of switching loss, it designed the single-phase bridge inverter main circuit, voltage rise and
dead-zone time formation circuit, IR2110 driver circuit, the switch’ s protection circuit, which was based on
a method of using FPGA and direct digital frequency synthesis technology to generate SPWM control wave.
Finally, it made the actual object and used the oscilloscope to show the switch’ s driving signal and the out-
put voltage waveform with different frequency. The test result verified the validity of the SPWM control wave
generated by this design and could output ideal sine wave and the frequency of the output voltage could be
adjusted and reached to 1kHz, which can be applied to the occasions of various output voltage frequency,
and then it provides a new idea for variable frequency speed regulation of DC powered motor.

Key words: FPGA; SPWM control wave; inverter circuit; IR2110 drive circuit; dead-zone time
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E T Vision Transformer B 3k # [5] 27 BB #1 %[5 & BE 12 W

Fap, The', e’ ke’
(1. oh AN RO P TR FBRIEBE , L3 2000115 2. WG A U5 f5 8 TREBE , Wik K 1b 410082)

O Pl T R RS SR A, AR SCER I T — P SE T Vision Transformer f) 7 7] 20 HUPLEY
RERUBEIZ NI 5 o 12071 8 Se il M AR B ( Gram ) | ARG B0 [ (RPM) J5 32 R84 TR AR IR B — 2 I e 5 4
PERG ) “ BRI , SRR R BRI E  VIT-B/16 A4S i AEA T s . 283 SCiiniiE , 1207 15 RES
X R A LI B Bl . IR RGeS 8 RS EAT YU AN 4338, Hoh i AT Gram Ji [ UG i 0 B A
AR A E 99. 2% , fdiH] RPM AR FE FURAE R4i AERG 355 99. 6% , HJiRi T AlexNet, VGG16, ResNet 554 FH K
2K AR A 2R BE L IR B2 VR T AT K e K R TR] 2D H LIS A2 W e A

KW : —ZEER; Vision Transformer; HLHLELFLIZ T
hE 4 FES: TM351; TM341 XHEAFRERD: A XEHS: 1001-6848(2024)10-0020-06

Intelligent Diagnosis of PMSM Faults Based on Vision Transformer

JIANG Yiyue', BIAN Dongshi', JIAO Shigi®, ZHANG Xiaofei’
(1. China Shipbuilding and Ocean Engineering Design and Research, Shanghai 200011, China;

2. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China)

Abstract; Aiming at the problem of small sample data of fault signal during motor operation, this paper pro-
posed an intelligent fault diagnosis method of permanent magnet synchronous motor( PMSM) based on Vision
Transformer. Firstly, the one-dimensional time-series signal data acquired by the sensor was converted into
two-dimensional Gram matrix and RPM matrix image data by the Gram Matrix( Gram) and Relative Position
Matrix( RPM) methods, and then the matrix image data were used as inputs to AlexNet, VGG16, ResNet
and Vision Transformer networks for fault diagnosis respectively. After experimental validation, our method
successfully identified and classified eight states of the PMSM such as normal, bearing fault, and demagneti-
zing fault. Using the Gram matrix image achieves an accuracy of 99. 2% , while using the RPM matrix im-
age achieves 99. 6% . These accuracies are higher than those achieved by convolutional networks such as
AlexNet, VGG16, and ResNet in fault classification. This demonstrated our method effectively enhanced the
accuracy of fault diagnosis for PMSM.

Key words: two-dimensional image; vision transformer; motor fault diagnosis
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Rt B de i A M S I GRiZ Wi B, S 1 5% il 8]
SR i R 2 il A e A S W R T %
O AN &0 g i RN DR WU B ) v Y S
Xt #E R A LR IR B0 155 R R R SR ICRE T, JF

HEEWH: YdbAaBF5E44 8 (2024]]2024) ; BE B KA A 47 A (52077064) .
BB/ HARBL(1991), &, T8ML, TEIF, BFRFT @AM E N RE,
peR(1983), B, W4, #Ik, ARLFT @A LA LB XEER ., Bnl |, KESH, A 58 R,
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454 PSO-LSSVM #yEHZ WY, SCIlL 1 % Kk [ 2
HLBL A O SRR 12T . 7o B RS L Simulink £ 5
P BRI U 55, DA il e AR £, 2
Ji g HR B e 15 5 30 o — A A FRUA 28 T 8% i LK
BEAR 5 A SR RRAE R B R ] K i B 12 I 465 4 42
G S PR, HET B Sh S BN R AR 52 3L 1 %
HLASEL RIS W, T I ) ST H BIL 114 4% ol 2 TR e s
772 ey b, PR T it r— MR T
DenseNet 1046 R fIE 42 WA, 38 o 78 R 28 s in 2
BUNB ST H ALk AR AR SRR, AR
SEMZRRAE S () S i 1 2 Al A S s, i
T/MEATT B LR SIS T . R 42 S5 5k A R
JCo AR LML Yk BRI S AT TN, SR TR
PR TR, DR AL T — 3 T A iR I 2%
PR B2 Bl 1 3 2 ) B R R A2 A A, e
RUSEEL T /INEEARE LT TR Sl At R B 12 T

Bfi s KRR B R AY & J'8, Transformer 2244 i iz
M4, Transformer Z2 44 2 4] i H 78 FH 48 16 = 4b 3
(NLP) 453", 5 LSTM N[5 9 J&, Transformer A~
W T e 0 0 [ W, W AR T IR AT B, A
T 2% JERE EETH 2 ), DRt A 3 S P i I ek
I AFAPERE™ o Z IR IFFE A SUB S A T HLEE
DU A P ER AT S, BRI T B 4 4 (vision
transformer, ViT)'*',

BEXT LI AT 1 B R AR S AR A D Y )
B T —Fp T Vision Transformer FY 7k % [7] 4 Hi #1,
BRI W s, T E i il Gram FE
RPM 5 B4 J5 1205 e SR 2 A0 BRI — 4R 1) e s A 5
ok BA T B I R ) —4E R, SR IE R 4R
145032 i A\ Vision Transformer X 4% Hr 52 FR 7K 4 [6] 25
HIPLE BB 12 KT, 5 5L T AlexNet, VGG16, Res-
Net 4528 AR B 28 N 28 IS RA2 R D5 A 1L, 107
IS WO B S

1 tHxXEE

L1 &HIHEHERE

FEALE ( Gram ) R4 RIAS [R) 45 ik 22 18] 614 i o B 7
FERERE o AT Gram FE 75 95 AT LORE I 18] 7 91 2540 e
S AR 0 e A R I B R )N
WA AETT AR, Gram B FF HA BARATHA 2 At
B, W TR R AR ] X TR RN
(n) 35 Gram FERFE T LA S GM (n, n) 4N
TR

(1) ,x(1)) (x(1),2(n))

CM(n,n) = 5 : =
Ha(n) x(1)) (x(n) ,x(n))
(1)

Krfr: <a(m), a(n) > = [x(m]) llx(n) [lcos
(6) Il Z Al R BR, T a2 [ AR 1B
P, 0PI R Z B R Ao Xt Fhnm i, A
&R, HE Gram 4] L AL A

S0 (1) w(1) - x(n)
GM(n,n) = E : 5(2)
Hn) - x(1) x(n) +x(n)H

1.2 tHEXEHERE

AHXT A B4 % ( Relative Position Matrix, RPM) 4
BT IR AR B RF S A TCAREE, (40 0y 5
KA R P B AR DL 5 B 5 S i g o o
— IS X = (x, t=1, 2, -, N), aJLL#
i DL AR 2] RPM

AR — . EEXTIE AR ET [ EA, PR 2 - A
FRUEALY T A58 B — PR RS S0 Z
=R 12, N (3)

g

Kb, w R X WFMAE, o 3R X i9RiEZE

IR R BRAIEMI(PAA) ik,
— M EEARRA Ak, A )8
X, L E NI E m.

X, =

(4)

I

AR = TP I )R TR] AR R B, R
IFTR] 81 X ey — 4EHils M.

L), — %, 2, —x x, — % O

O L 5 } g

[ T X Xy T X Xm = X2 []
M= [ . : ‘. . . (6)

g] - ';Cm, 562 - 'im o &m - &nzl:l

PRHERERAL T W 18] F7 51 Hh 4 P A I (8] 82 (8]
RSB R o HAE— A7 MEE— S AT LASRE — 4~ ik ]
BOAZ %, B RIEEAPIIRER



.22 - @ A 7%

AR SR R - o RIH— AR M
R BEAERE M, AT RIARXT LR HE RS F -
M — min(M)

F= max(M) — min( M)

x 255 (7)

1.3 Vision Transformer

2021 4E ViT( Vision Transformer) g Dosovitskiy £
NE AR, B 5 A A TERE LS ( Self-Attention )
fifp PR e A R 28 00 4% ( CNIN) 7 Ak R ARLASE 50 41
FETER)—SE Ry BR 1, filhn: A& 58 CNN 2% 7 4k 2 5]
G i R R 2 By Oy =, RO EIR I R
FRRHE, T2 T ARAE R, SEORRE LRI
PR R B 5 B B 1 S VIT-B/16 (Y [ 45
450

—_—_— e ——

Conv2d |
16x1 s16
A

| i 2
|k
|
|
-
e
197x768 4
RA- |
r-r—-—————"™— 4 ________ 1
iTIZ%ﬁéger ST B |><L(12)i
| e |
A
197 x768 197 x768
i L4455 E}
A
1x768 197 x 768
T |
A Y7 \
3t L |
I 14 x 14 x 768 I
| |
| |
| |

2
S I NG

K1 ViT-B/16 444

ViT 5 8 3= 2y v B % A (Patch Embedding) |
Transformer Zh a4 IR A4 28 M 2% 3k (MLP Head ) =
AERIFEH M VAT 3 8 R 53 0 — 2R 90 1Y) &1 Bk
(patches) , FfRe 4R~ B He B HES] Ry — 4 o] 1 1B
KIERFATI . R85, i Z£ )2 Transformer 45t
x4 P T AN, HAhE s T AEE YL
FIRTHARZ M 48 )2 . 3 AT DA 42 2] R oA [F] 4
BT ORI SR . Jeda, il X Transformer 4
T % i 1 E A7 43 2k [l 05, BP AT 58 B 4 25 [l A

T4,
1.3.1 KBk

H TARIER Transformer BEHL(H H —4EdR iC #x A
FESIWE R A, K T 815 Transformer fEf% 4 B — 4
M EGEE, T2 RN R (H x W x C) [ G564k
H—AKNK (N x (P x C)) i 4 FURHUTF 51,
HR AR USRI R/ g (H < W), 06 PR B 38 18 %
9 COX T RGB EMEORUE € =3), ik ™4
MGG KN K (P, P), FIEECKH N = HW/P?,
A B R BB A S VIT 28 A S A SIS B
TEEHE I/ D Ry Ba i B HR-, i
TN EWRRRE PP x C MUy D 4, TR ]
BRI N A5
1.3.2 Transformer %% %% &

Vision Transformer 455 ¢5% )2 £ 241 X B 1% B 45
% (Patch Embedding) 224 i 1) — 251 I S it 47 42 Jm)
FEANICS RAE, HEHM A 2 i, Transformer
S4TSR 1 22 148 28 Encoder Block ) 5316 44 1L
FEAE TR IH—4k)E (Layer Normalization) ., 223k
1H 2 J7 (Multi-Head Attention ) . Dropout/DropPath /I
R 28 45 (MLP Block )

— ) dsEn
| Ewe |

BRCTT

\ B |

F 3

/
%

b <
ENfEZ |

FIER S |

K2 guhhas it
JRIA— S T A A R AS ) S (B 7 22 X i A
PBEATVA—Ak, A 2R 00 245 22 BN s 57 A Y P S
BMBIER, JFRIE TR RIIZGEE, R—
PR R R AT

1 n
M _;;xi (8)
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o= J:ll (x, —p)? (9)
IN(x) =ax ——F—+p (10)
g +t¢&

o, n WREARFFIEAERE ; x WFEA « U5 @ 4EAFAE
(B p AR o FIIME; o WREAR « BUBRIERE, &
—MME, RIEREARAE; o F1 B R ATk
B, AT AR R

Z RIS G R AR B T T (self-at-
tention ) FEHA7 5] B A5 B, NI EA A AT LU A [A]
MR R AT, BREE L E A n,
WA TEIN 50 1 n 4y, 153 0 ASREBFST; B
IIF S B ERIC (token ) Sl 3 A4 i 45 )24y
SIS B =AERE 0, K, V, A Q15 query, R
AW GZARCH X ETE, K18 key, Fnizbrid
HERJEM, V45 value, RRIZIRICH S E#Y
FE X Q 5w K A E A T S s
B IR EARIEA L), AR Z 8] A e
Softmax i P41 & 1 AN [FIARIC Z [H] AR DG HE R 8L, 19
e 1 ATRRE—Abric 5 B & DL AR id = 6]
FOAH M 2R 8 ARG A TR B A 2 1) A 4 O 1k R4,
XA Y token FEAT ALK A, B Astention (Q, K,
V) =axV, WA R AT 5 a0l OC T A HRAE  d
JE B Sk b i f PR R, JF HoaEad
— AR RN A ) Sk P B S5 R TINAL
QK"
%Z) (11)

a = softmax(

1.4 AKXPTRTTE

FF Gram HiFfE . RPM ZEREAT VIT B 45, it
T—FH AL ERS W BRI A BRINT .

(1) 1) T A% T8 SR 4 S ] i s 28 84 11 i BIL S 1 7
Bdi, E s Gram &6 PR RPM &R P40 — 4 B W )
{H5 540 — 4k RGB IR, #5740 & 45 Fh il bk 24
R 5

(2) ViT 4% & Sl — 4 R oy % B e
51, I REAEG A B E B (PR B EGH 2 ]
F 2 [ B A 8 R — N AT 22 3 i 81 (T 2
FRlmr) o SRIE, KRS SRt g LA USR]
BRI PG B b B R IE i 203 et 43 28 N Sk 52 PR
e

(3) B BB RS 1 B S 4% 4 < 1 1 Lol Rl
Gy RINGRAERNMIRAE , (ISR XS VIT W4 617
Wk, IFE MR RAE ViT M4 A 3k

2 AHIEWIE

2.1 HIEERA

ARICRAE T AN 3 7 i AL R 3 40 £ 2
AT 2 W SC B0 50 0IF . SR 42 FlL AL A0 5 38 Al il o
SRR . B REORE B TR OB SR DRI
BE . F T RORE A s IE R R ALAE
8 PR A SLEHdE, AHLEFT TAL A 1 500 1/min,
2 1. 69 Nm, FFPiEFEA 285 Gram . RPM JH [
Dy A BRSO 45 1) 200 5K 1A,
160 5K [€ 7 4 s 2548, 40 5K 1K 7k sl A4,
1P,

K3 HLER A

x1 HBHUHES
e pAEITE S

AR PlEES URES FRas

I HAL 160 40 0

SEY A 160 40 1

LadH 160 40 2

Tl AR L 160 40 3

i O 160 40 4

AR W B 160 40 5

BT AT i 160 40 6

R 160 40 7

2.2 ZHBEBGER

AR SO R AR B 0 — 4E P A5 S g 5 (1)
(2) B A FRLRZS 1 LR 5% el Gram JE G TE
A, A (3) L ZT) KA PR ZS (Y v LR e it
9 RPM [ iy 18 5o 6 ) A9 — 4 (R fR dn 3k 2
FioR

15 Gram FEFEH, 454> s i T3 0
TAEMARR T B BE ARG BB, XA RE S 4 3
TR B I 508l 1 42 SR R AIE o HLBIL IR I ) e e £ U,
RER I SR AE s A5 5 O IRAEL . AL R 1 5
IEH AL ALY Gram FEFEARLE, 4 B A& AR e
Wf, WEIES AR . AR IR S5 B 2 R A8
b, I RRAE Gram JHFE b XML N R 5 a5
AR BN A AN TR o D155 A MR AR S AT
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RAFALHEIENZY, Gram A 4 o B AR (LI %, SR
RGB & {25 [A] i 7R~ (1) Gram % [ g B8 B0 b R 7 B
J W B v R R AR TR SRR S o

RPM 5 F4 3 1t 15 Fi ML e A ) 265 30 v 4 7
i T3 ] P AR X BE 2, 4RO AILAE A [F] AR S
T AR SRR S B R, R S
€6 A2 PR B T 8 22 ) g A X B B R/ LR T
T, AR A X s ) 2 TR BT LA IR S, 9
H RGB Eifa,7s [a] B b 2 BUAH XTI . RPM [ &
B RRAE S B T AN [R] B ATLR S TR B R M A
AR

F*2 “HBEGEESE

[y S Gram %0 4 RPM %R %
AL 0 .

IR 1

g 2

LN 3

Hrmoibes 4

AW 5

Her A 6

eyl 7

2.3 SHIXI

YUk BT R O A R, AR ST SR
Gram JH[% . RPM i [4: P Fp — 2t K5 8008 S AlexNet
VGG16, ResNet il ViT-B/16 PUFf 5 B0 26 %if fiff 2 )7
TR, PR 25 53901247 20 4> epoch, #EHE
Adam A A%, FF =45 B 45 (1) dropout HL 0.5,
ViT-B/16 11 dropout BX 0. 01, batchsize & 16, ffi
Gram i B UG EIHR 12 W DU 53248 I £ 1 8 23 3 1)
KT7.5% , 95.7% . 97.7% F1199.2% , i f] RPM 45
P T 5 B 4 1 T B R 43 0 Dl 86.5% . 97.3%

98.7% F199. 6% , Gram Ji[4 . RPM i B — 2 K&
BETE VIT-B/16 432 2% | i R 554 LU T = Fh
PR R 2 b B HER R, o A R R R Ik
3 iR Gram J [T RPM 4 R 5 678 DUFR 4325 9 2%
TR MR R i s 4 18S BR

Confusion matrix Confusion matrix

- - ( —
1= 0.8 It 0.8
. — 2}
S, 0.6 £, 0.6
LTI 2 ks
g4 04 29 0.4
E g B sls
O 0.2 o 0.2
7k . e Thom em sm s s am e .
01 234567 oY 01 234567 VO
Predicted label Predicted label
AlexNet-Gram VGG 16-Gram
Confusion matrix 1.0 Confusion matrix 1a
{ T e T T % f - . - TR o
1] (0.8 118 0.8
= 2 — 2P
2.0 0.6 Z.0 0.6
o . LI L
z4 04 24 0.4
O 0.2 6F 0.2
? PP T - o wm am  am ( ? A - .- . ™ s ‘ -
01 23 4567 9 01 2345 67 9
Predicted label Predicted label
ResNet-Gram Vit-B/16-Gram
&4 Gram JiETRIBHFESS R IA
Confusion matrix 1.0 Confusion matrix 1.0
Ol *= = i = = x ( ol
15 0.8 1 0.8
— = =2
S .lm 0.6 2.0 0.6
o 5 |
g4 04 29 0.4
[ 5 [ sk
aF 0.2 [ o 0.2
? am e = AW R Am A ? ase a8 M AN e AW e -
01 234567 oY 01 234567 VO
Predicted label Predicted label
AlexNet-RPM VGG16-RPM
Confusion matrix 10 Confusion matrix 1a
0 R 2 [ e
1 (0.8 1] 0.8
et — 2=
L 0.6 £ 0.6
o = 4 P
z4 04 24 0.4
E s = gles
o 0.2 6 0.2
™ ; g = -
0123 4567 9 01234567 9

Predicted label
ResNet-RPM

Predicted label
Vit-B/16-RPM

KIS RPM J7ikiRiE AR A
R3 SERBREEHE

‘ e
NGk
Gram J [ RPM % 4%
AlexNet 77. 5% 86. 5%
VGG16 95. 7% 97.3%
ResNet 97. 7% 98. 7%
ViT-B/16 99.2% 99. 6%
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o BN —4EfG AR U @ i Gram S [%. RPM
R iR i oy — e KRS . SRR M R i R i —
Y R EAEAT 9 VIT-B/16 B2 S AEAT 026

ASCHE R S UE TR O A R, RS
56 vF g Pl A R B PR AR B0 23 0l B A AlexNet |
VGG16, ResNet K ViT-B/16 M dEf7035, 458
BRI Gram FHFEEIGEIR T2, Fridrikn
RN 99.2% , 43 5l LM =Fh 73 e dnde & T
21.7% . 3.5% F11.5% . {iJH] RPM 4 B R4 5005 ok
frieWr, Bk sl 99. 6% , 435 L HAt
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Research on Slot Torque of Surface Mounted Permanent Magnet
Motor Under Rotor Eccentricity

BU Fan, XI Keqing, HU Bo
(Xi’ an Aerospace Propulsion Testing Technology Research Institute, Xi’an 710025, China)

Abstract; The phenomenon of rotor eccentricity in surface mounted permanent magnet motors is commonly
observed in engineering practice. Rotor eccentricity causes distortion of the air-gap magnetic field, which
subsequently influences the cogging torque. The influence of rotor eccentricity on the performance of surface-
mounted permanent magnet motor was examined by using a magnetic field analytical model based on the sub-
domain method. The two-dimensional plane of the motor was partitioned into several subdomains, and by ap-
plying boundary conditions, the set of equations was solved to derive the magnetic field distribution and cog-
ging torque. Comparisons were made between the air gap magnetic flux density and cogging torque results ob-
tained from the subdomain method model and those from the finite element method. Additionally, an analysis
of the cogging torque of the prototype under eccentric conditions was conducted. It was revealed that, at low-
er eccentricity ratios, there was a positive correlation between the prototypes torque improvement ratio and its
eccentricity ratio. The accuracy of the magnetic field analytical model based on subdomain method has been
validated through prototype experiments. This model can predict the impact of rotor eccentricity during the
design phase and serves as a valuable reference for motor design.

Key words: permanent magnet motor; rotor eccentricity; subdomain method; cogging torque
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Research of SPM With Multi-slots and Multi-poles for Micro Compressor

QIAO Zhengzhong', MAO Linshu', XU Fei'
( Guangdong Meizhi Compressor Company, Foshan Guangdong 528333, China)

Abstract; As the miniature motor is very different from the motor used in traditional compressor on dimen-
sional characteristics and applications, it is quite various in designing the miniature or the traditional motor
which has high efficiency and low noise characteristics. In this paper, a miniature 48-volt motor was de-
signed by mechanism analysis, FEM and prototype experiment. Different slots and poles combinations and
different rotor structures was analyzed, and 12 slots with 10 poles surface permanent magnet motor ( SPM)
was chosen as the best one considering high efficiency and low noise. Further, the chosen structure was opti-
mized and the final motor achieves mass production.

Key words: miniature motor; slots and poles combinations; rotor structures; 12 slots with 10 poles; SPM
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£ F VMD F1 POA-SVM {135 h 5l 7 &% F& 12 B

&N, HAEGE
(hdb kg, AL SR AR B R E S50 E, KR 030051)

8 ZE: =AU R RS TR Y (R, B D — IS A3 BEES 4 ( Variational mode decomposition, VMD) 55
FLAE AL 5572 ( Peafowl Optimization Algorithm, POA) 4k 37 7] T2 ML ( Support Vector Machines, SVM ) £5-& 11 [ - 51l
Ji, i VMD KRR A 6] SR 5 8008 0 i o 2 ARIEREES & (IMF) , 5k, MRABREAR L 1 5 1E 1) IMF
AN ENRHER S R, HEREGES I EUHE | BN . 2 RUEREARE, MR 4ERHE m S &
J&, AL RALTERT SVM AR T S8 B BGAT TR AL, @57 POA-SVM 12T AY | A BT (14 22 E AR AE 1) &
A A BB A TS, KL DR AL B8 1 S8 10 AL (POA-SVM) 55 42 54 L 4L 5575 ( Golden Jackal Optimization,
GIO) % FF BEHL(GIO-SVM) . B F-REU A 1% ( Porticle Swarm Optimization, PSO) 3 5471 HEBL(PSO-SVM) 3117 4
W, 453K, POA-SVM HE: GJO-SVM FI PSO-SVM FEAN [E] 45 T Al B iR 1) e A A B B B s

KHER . BRI LA ZREREAR; SCRFmEIL; FuRis2

FE4HE . TM303.5; THI33.3 THIRERD: A TEHE. 1001-6848 (2024) 10-0042-06

Fault Diagnosis of Rolling Bearing Based on VMD and POA-SVM

GAO Chuan, SU Shujing
(State Key Laboratory of Dynamic Measurement Technology, North University of China, Taiyuan 030051, China)

Abstract: To address the problem of fault state identification of three-phase motor bearings, a fault identifi-
cation method combining Variational Mode Decomposition ( VMD) and Peafowl Optimization Algorithm
(POA) to optimize Support Vector Machines (SVM) was proposed. The different fault signal data of bear-
ings were decomposed into multiple Intrinsic Mode Function (IMF) by VMD. First, according to the sample
entropy, the appropriate IMF reconstructed the optimal feature signal; Secondly, the time domain features,
energy entropy and multi-scale sample entropy of the feature signal were calculated to form a multi-dimen-
sional feature vector matrix. Finally, the peacock optimization algorithm was used to optimize the penalty pa-
rameters and kernel function of SVM, and the POA-SVM diagnosis model was established, and the con-
structed multidimensional eigenvector matrix was input into the model for diagnosis. POA-SVM was com-
pared with GJO-SVM and PSO-SVM. The results show that POA-SVM has obvious improvement in fault rec-
ognition rate and stability compared with GJO-SVM and PSO-SVM under different working conditions.

Key words: variational mode decomposition; peafowl optimization algorithm; multi-scale sample entropy ;

support vector machine; bearing fault diagnosis
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B PGS EL R AL Superconducting Linear Synchronous Motor, SLSM) HAT KRR KHfES) | midoR 4
PEF, BRI A DRSS R E . R R TOER O SLSM B I PERE, A SCHIFST T MU T 42 18] 45 44 2 800k
HIPLZS SRR IR D 2 R R . 17 5, AT T B TR Dl 2 ) 45 ) 2 500 25 B o R T e s L s HG
W, TG T LB WIS B 25 2 EOR R B S 0 T B AL, DI T BB R B R B R ST, DA
HUEIEWIRERIB A G . BAR B A A NZ TR & p B USSP T Jogko0 SLSM. A L 4 45 Fa 1 Ak AP RE Fi
The BJa, EBI=HEARICTE:, MWOLAE I ToEkC SLSM BEAT T HL G 1 Retk 0 A, BRUEA SIS

KR HAEHL; BRI BRIRE; St

FESES: T359.9; TM359.4; U292.91 +7 XHRFRERD: A XEHS: 1001-6848(2024)10-0048-07

Characteristics and Optimization of Coreless Superconducting Linear
Traction Motor

ZHAO Zhengwei' , YANG Wenjiao', YAN Zhaoying', CHEN Bobo,

XU Yuanyuan', JIA Baozhu'
(1. Guangdong Ocean University, Zhanjiang Guangdong 524088 , China;

2. Yongkang Power Supply Company, Zhejiang Eleciric Power Co., LTD., Jinhua Zhejiang 321300, China)

Abstract; Owing to the large gap, the high thrust and high efficiency, the coreless superconducting linear
synchronous motor ( SLSM) is taken as the propulsion device of high-speed maglev train. The dependence of
the no-load magnetic field and forces on parameters of racetrack coils were summarized to optimize the core-
less SLSM. First, the length of linear part and the wide were taken as variables to analyze the effects of su-
perconducting racetrack coils on no-load magnetic field and thrust. Then, the influences of geometric param-
eters of the primary racetrack coil were discussed to optimize the coil pitch, the wide and the turns of the
double-layer racetrack coils. Finally, electromagnetic characteristics of the optimized SLSM were discussed
based on the finite element method to make the work strong. This work is benefit to the optimal design and
characteristic analysis of coreless SLSM.

Key words: linear motor; superconducting motor; electromagnetic force; optimization
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Calculation and Temperature Field Analysis of Pure Electric Commercial Vehicles

WANG Sulei ', LIANG Bing >, CHEN Kaiyi
(1. China Merchants Testing Vehicle Technology Research Institute Co., LTD., Chongqing 400067, China;

2. School of Vehicle Engineering, Chongqing University of Technology, Chongqing 400054, China)

Abstract: Permanent magnet synchronous motor has a small volume and a high speed, and its long-term op-
eration is easy to lead to significant temperature rise. In view of the problems of large thermal load and seri-
ous loss of the drive motor of pure electric commercial vehicles, the 84kW permanent magnet synchronous
motor was the research object to study the temperature field analysis and optimization of the motor. Firstly,
the geometric model of drive motor was established and the motor loss under different working conditions was
solved by theoretical calculation; secondly, the casing spiral channel, I-channel and peripheral channel of
motor temperature field and flow field were designed, and the waterway structure scheme was optimized
based on cooling efficiency, flow resistance and processing convenience. Finally, multi-objective optimiza-
tion theory and finite element simulation calculation. The results show that the temperature of the optimized
I-channel shell is decreased by 17. 9%.

Key words: permanent magnet synchronous motor; temperature field; cooling structure ; multi-objective op-
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for Hybrid Electric Vehicles
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( Zhengzhou Institute of Aviation Industry Management, Zhengzhou 451200, China)

Abstract; Hybrid vehicles can optimize energy efficiency and vehicle driving performance by coordinating
different power sources and recovering braking energy to meet the demand for electricity. Firstly, the power
system structure of series-type, parallel-type and hybrid hybrid electric vehicles was deeply analyzed, and
then the energy management strategy was discussed. Finally, the braking energy recovery and energy calcu-
lation, as well as the structure and process of braking energy recovery and the factors affecting the energy re-
covery were studied. It is hoped to make reference contribution to the subsequent researchers engaged in re-
lated work.

Key words: hybrid electric vehicle; power system structure; energy management strategy; braking
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Research on Deformation of Motor Flange Seam Allowance
Based on Finite Element Method

XIE Feng'”, LIU Zhijun®, ZHENG Shibao’, WANG Zhen’
(1. Midea Corporation Research Center, Foshan Guangdong 528311, China;

2. Midea Eleciric Co., LTD., Foshan Guangdong 528311, China)

Abstract; Regarding the stress and deformation issues in the assembly process of servo motor integrated
flange stop size, rough calculations are usually based on empirical formulas or measured using manufacturing
prototypes. This is not the optimal choice in terms of precision control and cost. Therefore, how to predict
the assembly stress during the assembly process at the beginning of the design, calculate assembly deforma-
tion, simplify the machining process, and reduce manufacturing risks is increasingly being paid attention to.
This article adopted the finite element method to analyze and calculate the factors that cause deformation dur-
ing the assembly process, predict the deformation amount of the flange seal, and reserve deformation allow-

ance in the part stage to reduce the process flow. This calculation method has certain reference significance
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for problems similar to interference fit.

Key words: FEA ; flange seam allowance; interference fit; deformation
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Improvement and Optimization of Air Holes in the End Rings
of Cast-aluminum Rotors

YANG Yongtao, HUANG Yingjie
(Xinzhi Group Co., LTD., Taizhou Zhejiang 318000, China)

Abstract; Triple-phase asynchronous motor is widely used in the new energy vehicle industry, but the air
holes at the end ring of the cast aluminum rotor cause an increase in motor noise, a decrease in strength, and
a decrease in conductivity, which affects the efficiency of the motor. In order to effectively reduce the gener-
ation of air holes in the end rings of cast aluminum rotors, the control variable method and orthogonal analy-
sis method were used to optimize the existing die casting process parameters, and an automatic extrusion de-
vice to eliminate air holes in the end rings was proposed. The results show that when the hammer path is the
same, the influence of pressure is the greatest in the pressure casting aluminum process, followed by the in-
fluence of speed at high speed, and the influence of speed at low speed is the smallest. Moreover, the opti-
mized die casting process parameters increase the qualification rate of the cast aluminum rotor to 74% , and
the end ring extrusion can effectively solve the problem of end ring porosity. The tensile performance is im-
proved by 37.5% , and the conductivity is increased by 12. 4% . This provides a new solution to eliminate
the end ring porosity of the cast aluminum rotor, It is expected to further improve the quality of cast alumi-
num rotors.

Key words: cast aluminum rotor; die-cast aluminum; process parameter optimization; end-ring extrusion
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