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A Modeling Method for the Differential-mode Conducted-emission
Path in SiC Motor Systems

DING Xiaofeng, LI Menglin, ZHAO Mingbo, WANG Binbin
(School of Automation and Electrical Engineering, Beihang University, Beijing 100191, China)

Abstract; Silicon Carbide (SiC) power devices feature higher switching frequency and switching speed than silicon devices,
enabling higher power density of motor drive systems. However, the adoption of SiC devices also intensify differential-mode
(DM) electromagnetic interference (EMI) , potentially causing motor-terminal overvoltage and insulation stress. To achieve ac-
curate DM EMI prediction in SiC motor systems, this paper proposed a hybrid modeling method for SiC motor drive systems. A
frequency-dependent AC cable model was first established, followed by a motor DM impedance model that combined the
strengths of physical and behavioral approaches. The two models were then integrated to form a DM conduction path model for
quantitative overvoltage prediction. Impedance measurements and experiments on a SiC motor drive platform verifes that the
proposed model achieves over 90% accuracy in predicting overvoltage magnitude and oscillation characteristics across various
cable lengths, outperforming traditional physical models. This method significantly offers guidance for EMI suppression and sys-
tem-level optimization.

Key words: motor system; DM EMI; conducted path; physical model; behavioral model
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Research on Design of Fractional Slot Concentrated Winding Interior
Permanent Magnet Synchronous Motor

YAO Huiyong', LI Jiyong', ZHOU Peng”, XU Yanliang’
(1. Shandong Truck Line Co., LTD., of East Route of South-to-North Diversion Project, Jinan 250101, China;

2. School of Electrical Engineering, Shandong University, Jinan 250061, China)

Abstract: The interior permanent magnet synchronous motor (IPMSM) with fractional-slot concentrated winding (FSCW) fea-
tures a compact structure, reduced end winding, simplified winding manufacture, high flux-weakening capability and high me-
chanical strength, which has found a wide application in much more ranges. Firstly, by comparing the performance of FSCW
motors with that of integer-slot distributed winding (ISDW ) motors, the performance advantages of FSCW motors were elucida-
ted. Then, in order to improve deeply the performance of FSCW motor, stator core tip turney were adopted to reduce its torque

ripple, and rotor tangential magnet was employed to reduce its rotor magnet eddy current loss and then its whole efficiency. At

lase, the effect of the carrier frequency of FSCW motor system on its torque and noise was analyzed.

Key words: fractional slot concentrated winding; interior permanent magnet; torque ripple; eddy-current loss
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Design and Research of Linear Ultrasonic Motor in Absolute Gravimeter

ZHOU Lifeng'?, CAO Yujie'’
(1. Engineering Training Center, School of Applied Technology, Nanjing Institute of Technology, Nanjing 211167,

China; 2. Jiangsu Provincial Engineering Research Center of Bionic Control Technology and Equipment,

Nanjing Institute of Technology, Nanjing 211167, China)

Abstract: To address the technical bottlenecks in existing high-precision absolute gravimeters, this study introduced a V-type
linear ultrasonic motor as the driving mechanism for the falling object. The designed apparatus, primarily comprising the
VLUM, a base, a drag slider, and a triple prism, featured a simple and compact overall structure. The VLUM exhibited ad-
vantageous characteristics such as fast dynamic response, direct force output, and absence of electromagnetic interference, en-
suring stable driving of the slider. This work represented the first application of a VLUM as the actuator in the drop mechanism
of an absolute gravimeter. Gravity measurement results demonstrate that the system structure is effectively simplified, achieving
a measured gravitational acceleration accuracy of 0. 0001 m/s” with a maximum relative error not exceeding 0. 0025% .

Key words: V-shaped linear ultrasonic motor; absolute gravimeter; gravitational acceleration; free-falling body driving mecha-
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Analyze the No-load Electromagnetic Performance of Slotless High-speed
Permanent Magnet Brushless Motor for Flywheel Energy System

ZHENG Xin, TANG Yi, LIU Xiao, CHEN Bo, WANG Mingyu
( Guangzhou Yuexiu Power Supply Bureau of Guangdong Power Grid Co., LTD., Guangzhou 510699, China)

Abstract: Slotless high-speed permanent magnet motors have gained attention in the field of flywheel energy storage due to their
high efficiency and cogging-free torque. Focusing on the structure of a surface-mounted slotless HSPMBL, an analytical no-load
model of the motor was established using the scalar magnetic potential method. This model incorporated the influence of factors
such as the pole-arc coefficient, number of pole pairs, and magnetization pattern on the air-gap magnetic flux density and back-
EMF. The analytical model was preliminarily verified using the finite element method (FEM). Subsequently, a 6-coil-group /
4-pole prototype was designed, and a no-load back-EMF measurement platform was constructed for testing. Experimental results

demonstrate that the analytical method is simple yet accurate. The derived analytical approach offers valuable reference for the

rapid electromagnetic design of slotless high-speed permanent magnet motors.

Key words: scalar magnetic potential method; air-gap magnetic flux density; slotless permanent magnet motor; no-load
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A Multi-objective Optimization Control for Output Voltage and
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Abstract ; In order to improve the output voltage and current quality of switched reluctance generators, the influencing factors of
the power generation process of switched reluctance motors were analyzed. A multi-objective optimization control for output volt-
age and current of a switched reluctance generator was proposed by combining fuzzy Pl control with improved particle swarm op-
timization algorithm angle optimization control. During the voltage building process of a switched reluctance generator, fuzzy PI
control was used to quickly establish the voltage. When the load and speed suddenly change, the PSO angle optimization was
improved to obtain the optimal opening and closing angles, reducing the output voltage and current ripple of the switched reluc-
tance generator. Built a nonlinear simulation model of a switched reluctance generator based on Matlab/Simulink. The simula-
tion results show that the multi-objective optimization control for output voltage and current of a switched reluctance generator
proposed in this paper can quickly build voltage and reduce voltage overshoot, while reducing the pulsation of output voltage
and current. When the speed and load suddenly change, the output voltage can quickly and accurately follow the given voltage,
thereby improving the power generation quality of the switched reluctance generator.
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Research on Harmonic Suppression Method of AC Drive System
Based on Active Harmonic Injection

XIE Feng', LUO Pan', LIU Liu', WANG Yongqi', CHEN Kaixuan', ZHAO Junjie', JIN Yiheng’
(1. Key Laboratory of Nuclear Reactor System Design Technology, Nuclear Power Insititute of China,

Chengdu 610213, China; 2. Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract. This paper proposed an active harmonic injection strategy based on multi synchronous rotating coordinate system Pl
control and quasi proportional resonance ( QPR) controller to address the torque ripple and vibration problems caused by 5th
and 7th harmonics in permanent magnet synchronous motors (PMSM). Firstly, analyzed the sources of harmonics such as SVP-
WM modulation, inverter dead zone effect, and motor body structural defects, and determined the Sth and 7th harmonics as the
main interference factors. By using coordinate transformation to convert harmonics into direct current in a specific coordinate
system, and combining with a low-pass filter to extract harmonic components, multiple synchronous rotating coordinate system
PI control and QPR controller are used for suppression. The simulation results show that the improved multi synchronous rota-
ting coordinate system PI control reduces the 5th and 7th harmonic content to 1. 45% and 1. 04% , respectively. The improved
QPR controller further suppresses them to 0. 42% and 0. 11% . When the two work together, the total harmonic content is as
low as 12.27% , effectively verifying the suppression effect of this strategy on motor vibration.

Key words: permanent magnet synchronous motor; harmonic suppression; multi synchronous rotating coordinate system; quasi

proportional resonant controller; active harmonic injection
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Abstract ;. Under the accelerated localization substitution of industrial automation equipment, the dual constraints of high-densi-
ty integration and low-cost design have led to thermal runaway issues, becoming a critical bottleneck in the reliability of com-
pact drives. This paper focused on the thermal management system of a servo drive, establishing a multi-physics coupled model
integrating heat conduction, convection, and radiation. A collaborative design method based on topology optimization and heat
transfer enhancement was proposed. Using ANSYS Icepak, a three-dimensional steady-state thermal flow simulation platform
was constructed to quantitatively analyze the temperature gradient evolution under the coupling effects of various parameters such
as structural layout, heat dissipation area, fin count, and heat sink thickness. Through optimized thermal structure design, the
weight of the heat sink was reduced by 16. 4% , the drive unit depth was reduced by 12. 5% , the junction temperature of the
rectifier bridge chip was effectively controlled below 125°C while completely eliminating the thermal bottleneck of the 10W bra-
king resistor. The comprehensive solution fully met all thermal dissipation requirements, maintained full system compatibility,
and successfully achieved product compactness. This study provides important references for the lightweight design of drive heat
dissipation structures.

Key words: heat sink optimization; thermodynamic analysis; forced convection

Vol. 59. No. 4

0 35|

WEE Tl BB AR WA B, s /N AL 5 i 2
FALREFATR T H 43 IR PRk b
M 2025 )45 TR ARG AR B [ AR B e fE
R ACF 58 ] 3l e R B — 255, Hrp R
BLAR . Tk AL AR BE TR 4 Tl 5 A A I
SRR, NN TR 5 B A i SR S 4% 45 G B AR A0
AN YRS A IR G AL S, ]

T

S HEE: 2025 —06 —07

MeRGERA A B AR = MR R S, K3
e TR D) A3 T oo fF (AN B AT . MOSFET) 78 T
T o KRR R I R, i 55% 1Y
BRSSO Hh T A AR S R S B il BE e v
FRFE o O TARIR B R TR 10°C, T
BRI . RGBT Eh, K
TR IR B P A SR A B 51 i AR AR A
P, EARIESRIN, 1L S8 A A AR XE T 1 4
PRETHEOR IR A 2 i AR 55 A AR B nT 2 71

EERIN: & 4H(1983), B, TFFE, TEF, AR5 GHARIES 2 EEHITA,



- 46 - i € AL »E

TAPERE, (FURES | A AR b T R 35 1 2 3 52 FR A5 4
[ A

BT S s T UK Sl 45 0 RGO AL, ASBIF S S S
PR B PT OB, X AN [A] T 00 A Vi
PEREBEAT (5 LA o J i TR ) 2 R BE = [ g
L, PR B ESA BT T7 58, IR0 A Rk
PEATIRUE, Ay DR e A (0 PV BRI T SR Y
PR Ff o

1 POgIT e EA

AR AL S 3 P AT A I X AR
S
HL T i R B T T A I DA R 3 Aoy = e
BORAE s (1) B2 Bk =2 1a] AL AR, i/
PEfB R 5 (2) HORMR S ER R R 2E, W
P 1 TR T B 30 25 AR5 A P B A A X i R
(3) B& ™ i 2R T AR IR R BOR 4R DL BRI R,
AR FRXTZH) TS BREE, AIS% LikJy
A1 AT 2 TR R AT AR LI IR .
MR T Ak B e e S sk e A
q=mCJ(T, -T,) (1)
Kb, ¢ HIERMAEF(W) ; m HETFE (kg/s); C,
FHRE (I/kg - K) 5 T, ik OREE(K) 5 T, A H
FHREE (K) o
TR BT R R m ] LARR N
m = pVA, (2)
X, p MRS (kg/m’) 5 VA, AEEURER(m'/s) .
B )RAXD) o, VIR RGERFN
T/ EARK

VA :Ak 3
T pC (T — T 3)

Xf, VA, BRI (m®/s) 5 g EERE (W),
BUTAT R FBARFE R 51 W p R U (kg/m’),
HOF 35 50°C L 1. 2kg/m’; €, R 2 K LA
(J/kg + K) ,$%F-14 50°C B 1000)/kg - K; T, F1 T,
3k HE R E (KD, B 20K kO # R AL
H1.3,

2 IKEhERIT N

2.1 ARG

JEHR IR SN 4% B BT, AR R GRS AR A 4L
Ry, FCEAAG AL B | DRARAE L TR AR
B, PR EE AR AN AN TE, BT S8R T 5 il 0 i
3, TOURS 22 i 0 XU Bt 2 At XU, 8 18 ik

U o # AR R SF R 200 x 200 x 50mm (D x H x
W), BARGEmE 1 s,

]:}.

H=200 mm

WaSh mm

D=200 mm
L

B 1 IRzh[SME
YRB 7 IEH TAERIRE 9 0 -45°C, HTHe 5°C
AR 10% o Ho ) £ 208 G IE A BRI NE . )
. MOSFET FIfil sh b, fix T 2R R G 0 %
WibE, 45 3PB5010, i MR HAAH AC200V fiy A n]
A R AT A BURE Sy 36 W, ik ™ i T R A
BHIM AR AR, 17 FL SR 25 200U B Py B
PGS Sl L BHARAE 1OW, R A 44 2. 25W,
MOSFET i #8 1.86W, IGBT #ii #£ 1W, & it #&

SLLIW, BepAs Je nle 2 firoi

min

200

I3 Mos§T
T -
ol
; i1 1 =
e [ |
e '3 = | |
 — -
1GBT WEALHE ARl

2 EFEHBRTE(RETE)

MR (3) FTH T R ARG 1 B N
0.00277 m*/s, ZAMHTRIN, FREEHHIIMLANA-17 K,
BB PQ HIZRVERCHT , BEt TAR SOX IS AR T R G T
i AR/ N AU o o 3 o R e A T I KU, L
WEEHIbS, MR L Th . DRER R A 2 A A
HAZPIE , AIRET| AR Rl A M IR IR 3 25 .



4 44 A KRR R AT BT ELAIERT Y <47 -

FETRAT A SRR FH L S8 BUAR AR i R B T 1) Ry
FHP g, ZIKshas Rk, 5 RBGE#LS
FNVRAETW. Ak, TSIt 46 miR
FERGEY, R4 i Ry, i/ B
i, MMFEIRHAG E
2.2 BEWEITHSW

S ISR Bl g AR RO O R R RE, TR 4y
B JRHOAGE R % A% A MOSFET 222 18
0B WGHE A AR B T |, SRl Rl . ikt
AR . SRR AR T R AR, [ A AT A A A
JRXERE , R 4 s XUE AR R, Okl 8 T R
BEHMAEAR, HAh, A5G RGN GE g —
AR TR

KT RSN RGBT %, o T
DI, AR, @R XU £t
el , et R (BRI, LA IR
BE/MET; BB ERAE TR (SR, &
FROhRese ek, i A B e 7 R R AT T
FaE SOYIE Sipntilian s NILIIEY G E ST RS0
W E R R ER,

2.3 EEESEIT

LR R Gk T o L 0 2 B RGE T, T
7 K E Iy 95 = 9 LU B B =

B AR SR B 50mm, XUGE K S 200mm,
FEARIEE N Smm, 2B REGER 6 F, AR
3. 2mm, 54 24mm, 5 BAUIRAR A EECR 2.5°,
WRETETA, s B RE RN T R, R R
WITE AT O, Frpm It e lln, A i gs
FOTEE R R A AT RS A it , W%
JEHEHTHeAS 1OW Hs B, LUSCBBR 345 i 4 D) fig
TR o AW/NREERGT, ¥ 48 A MOSFET “424%
TEIT B WGE I AR R b, b = 2B A,
il KGBE IR AR ) 19. 6mm, IZZEAVE R {5 BIERE 7
21 ERER, iE 3 iR,

3 EHIzhE RS

TEARIFMARFR R, [N 2 () g ELAR A HE A o
8, SEPURA T Bl i BE A 4= 2 BB UK Bl 4% 50 T I Pk
o Mg, RS RN E TEA XIES, %
Tr AN di IR A Ry 23 6], L5 R 8 0 4
A, AR A 12 R A (R
16. 4mm) }METAEE J1, P BO# W FRER S5 A X
i, SEAE A AR ZAET, BRI
WA SR EE A, W 4 PR,

TR

FEHh

4 2BEBRE5YRBRAR

B sk 5 PCB A 2z 8] %) 7 B =5 [a] Al H]
AEREEITa I, 5840 2 a LR, 2l
I5, BOR AR TC ) 2 L BH B 77 % 1 b 4. 83%
(HH 96458 mm” &% 91797 mm’) , {f H 7 Zi& B
HETHEAL T %, ME 07 BRSO 38 2 i es,
WS Fros . aladak 05 B Lo i, A7 % 1l
JETUHEER , AT LAk S g )7 % 3 MR E Lt
W LM RE i Smm U 3mm, VDT E TS 3 BIEL
LS

BS &HEhEm s
3 WS ERESRAESH

3.1 JU{aRBYE ST
HTFRRAA R B %R, IREhas = gE i R
AL 175 %200 x S0mm (D x H x W) .
P E T O EIE TR TSR I TR, B



59 %

- 48 - i @ 4u
WSHF IR 1 gR, AEUT =ML,
Rl AREHRHA
T IIFE/W ZEFA 15
R HAE 5 mm
VES! 41.11 ExXcsiay
TG il 3l H BH
AR HAUE 5 mm
FE2 51.11 TR 12 B A
R P il 2 e BE
WS AR 3 mm
3 51.11 AL 1/2 L BOH F
8 P 1 20 e L

Jrgg 1 R TS COCh s b , AR inlal 6
NS

T

Mg r.s'ﬁ'

mm

175

IGBT S

Bo6 ZHEZNEEHRBE(FTEI)
TrE2 MAREIT R (CH RIS ), T5% 3 Mk
wrE U %, fiRmE 2 o,

“EE
MosiT
:
et
¥ = = i '
—1 1 }
WAL IGBT 0k 0L M

7 BEHEEARE(FTRER2MAES)

RO AR T AR A 00 P R A S o B A AT 8
NS

46803

s

— W J
y T i THeal 2
l':.-.-r|
= = = =
D | i |y i ——

8 3PBS010 A5 K7 E
3.2 RTESMIMERIE
3.2.1 BAER#H
D7 ER TR 349 3D i A KL R ()
40 x40 x20 mm) BEATAEHOEAN, IFF A PQ PhfE
MR SE, A T R G — %R,

ARSHIE I 2,
*2 RES#*E

ZH SR

UiEss A-l

R 2570 L b

BE U/V 12

HL /A 0.2

= P/W 1.8
53 n /(r/min) 10000

3% L /dB 39.2

3.2.2 ARHEM
1) BREEIR L S0°C
2) HEEHR R E Om

3) U ELAREE B TPl as 6], e UK sl 2 22 2
BETATR FH 2mm 28250 B, HL s BE T 2 O T i
T, BB I BE 1] (14 22 HE B B N 1A 9 TR

3.2.3 {5 AKHKGLH

D5 ELA3 AT i SR A 25 LR R E S B 3

FioR



44 M SRS PR R AL B AT B TR - 49 -

150 mm

= & mm

LLILEYRT

B9 HTEKR

=3 WR4ENE
AR A R
AR 3
/(W/(m-k)) /(J/(kg-k)) /(kg/m’)
ek
0.25 1470 1240
L. PC/ABS
et
96. 2 900 2700
#¥E: ADCI2
R ek
0. 445 - -
JE t=3.05 mm
RS R
180 - -
JE£t=0.2 mm
BB AT A
387.6 - -
J=t=0.65 mm
W T ek
0. 338 - -
Et=0.1 mm
SRR 5
JE1=0.1 mm

3.3 (FEHEMER
3.3.1 EA=HEst

W10 s, BRI 1 %2 Fr%
3 =R SRy HE S 1 0 22 80U AT UL PE AR it BELARE
PE, 2R, WHBOR, MOrR 2 MrE 3 1
R S H BRI , HeRAHRBE B B R

CYE 3

by Jige2
FiN
[IE )
(L) 1]
e L]
o BT Rt 7.
A0 .
FL. 1
ALE -
R
PP p— H.AN

je) s

B 10 Eh=BEt

3.3.2 BEHREZBEN®

JE. TR 2 MR 3 SOy BIR A
11 7w
3.3.3 #WAREEFIEMIL

T JrE 2 M55 3w RO B A an &)
12 7
3.3.4 FIESTIE

ST ZE B A5 R LB s T LR 4
FiR



- 50 - i € 9 »E

(@) Al () A

e
(I %F]
= 1%
AN
LR Y
PRLEFR
EETTRT
L
Sl (e) s
B 11 FEEE=EIL B 12 #AESBEE =BT
F4 HELERICE(IRRS0 C)
SN ED VEY EE R ED! EY E
#E R il (ip=* [hip=¢ [hip=¢ I R il [hip=" ip=* ip="
REE/C JREE/C JREE/C EEE/C WwEE/C |ESC HE/C R/ C
By iy 125 122.4 124. 1 125.1 A 114 89.7 93.3 92.6
ROPIA:E %8 85 72.3 75.5 75.7 RORIA 62 85 73.9 77.8 77.3
MOSFET 116 79.9 82.9 82.5 21 B e L 85 - 71.9 71.6
ROPITA:§ %8 85 73.3 76.3 75.7

e BTG WEER, e s reii, xR HGAES b asF e s Ak A AR B



41 K5 B A R R A BRI ST <51 -

3.4 BRI 175mm, AU EREAR T R4 A5, R ik
(1) fEMIFIIE S F (ADCI2 MRt e, JpLge T REREI BT H s

(2) ST T SRR BB TR 1, il

# 10000 r/min) , XFLLHR T A5 2, 2 it
Hahnwi2e 172 2B R, Nl S BB, (R
TR R RITE 1. 7°C (4508 <125°C) ,  [A] A
PRI E DR a8 IR T A BRAE Y, W 2 R Gk
2R,

(2) fEAIRIBCE T (ADCI2 b BT AR, XUALE
10000 r/min, ¥4 mZhm ), X2 2 il
T3, E3KEMRFENS mm % 3 mm J5,
AR TMRAE . MOSFET Fifil 3y i BH i) i B m A B
H RS RS B 25T > 125°C PR, fRRToPa ek
THEOR

i LTk, 207 %E 1 BiE, % MOSFET F1 4k
EAmTERRE b, AR T OIS AR B R
73, WG T A AL A 1 T RICRRIOR Y TR S
A3 SR AT IMA TR, W R B, R 2
UOSIF, TP 1/2 2 B R I8 6 3h e B
BFXGEZEH, ERERAERK SRR E AT,
ARG B RE oK, R I A AR 4 T RE
=k

4 & B

AP IR T RBBITHRR, R ANSYS Ice-
pak M = BRSO HAP- &, S5SNI HR S
PTHEUET %, RERIE T HEAGA R, @A
AR e HE R BE 4 O i 2 MO R Sl 4% A
RRPERERE AL, FFA5H LR 458

()i e i te e it, kA& s 1 B
oA Jey 5 B e — MR SO S M AR 45 6 i Bt 7 5%
SCELTE ) MR T, R BOREDSR . AR I = 2

D7 ES OB, e e T7 5 2 BURIR T R T
BFERAL: WK ERTREEGIK 12. 5% (h 200mm [
F 175mm) , AR E AR 16. 4% (1 670g [F =
560g) , SE4xH R BARBL T EORIF IR AL H xR

£ 3Tk

(1] ke, Exwb, s2FF, 55 B2 B AL IR 32 46
(EHZ—) NI BUIRS R REAMARLT]. %
RLAL, 2022, 55(8): 1-2.

(2] HRWE, T, £2fF, % KB LR IRPE
(GERZH) BZHEOF A BRI [T]. L,
2022, 55(12): 2.

(3] s, #AER, X02mE, 5. 18 IR9K3h 38 B SR 1Y
PTG [T]. HLE TR, 2014, 31(4): 473.

(4] 2%, TREHE, mbsig. BpLD)RAR S = 4iEE Y
THE RHBEAGER BET[T]. AL, 2015, 48(8): 5.

[5] EskhE, i, 58T, BKNAN. ANSYS Icepak HL ¥l
AR A (M. dbat: B Tk AR £, 2019:

38-40.
[6] BARgkR. MEFFIRFEA M. Jbad: AU Tk AR
¥, 2020. 15.

(7] Z=®, WZE, #ié, kE, HFBE. ET Ieepak K
MUK Zh g B A [ ], B HLAR TR, 2019, 35
(4) . 40.

(8] MiE4h, XUMEAR, Z=nisE. falIROKZ) &8 Bkt [T].
Ml —qk, 2010, 16(4) . 78.

(9] Sy & (Incropera, F. P.)%E3E; BHifr, MK

PR, ARG T AR R (SRR S [M ], dbat:

ATl AL, 2007 12,

AR, 5. e[ Pl hEEF: CN218451060U,

2023-02-03.
BB A% B0 T R B HL I A 200mm . 4 K =
R e R e i e e e e e s 5 i A
S a2

<
PTG e e e e e aiadadaiadalgla’d .\%%%%@S%%%&S%%@@%%@@%%%%US%%%%’?

i e &S 52 -92
bd ,l].l l N —_ Uu
g <<1ﬁ)'[$.1:)1>>( R#) T 8 L/ 8
2 AR 96 T4 7
S AR 12 W, BTSSR, AR RGT. B 3
3 o ' LT MR (BB ¢ 300 ST/
g wiMIHR ! RIBITE ! WBHET & g

E B F] 2. CN6l -1126/TM

EFRF]S: ISSN 1001 - 6848 ‘Z«§

“: ELITWEREY: wdj. paperopen. com g%’
I HE: X 1B U 36 5(710117) BI3E: 029 - 84276641 ¢



B59OE HaH
2026 4E 4 A

i € L

MICROMOTORS

Vol. 59. No. 4
Apr. 2026

0

4Pk TR T X B8 0 A B 3R
{0 R R LR B0 5 0 R B35 17 R BT

51 &

ETEFRERAREFNNEERBEER RS

% R, B om', k¥R, H &’
(1. SRR BAILARRA R, BE0H 550008 ; 2. EFASSMARENL TR AR P, 56 550008)

T E: LEWSERRGE R LI RGN, IR S A, HRAGFAET TR, ST
RALBFEME IR, SRRSEMBCRABITIE ) . AR TR TEF B M PR 959745 (1% [7] 25 #EBHE & LY
FE BRI R RS, AT T BRI T, SCIRgs SRR, BT PR AR A0SR T 1S I A IR0 i B R A £ 3R
T FARRE IR R AT A28 3 15U H S 4 1 e

KW PRIFTIES; FALBHARML; FFHIR

hE4HS. TM352; TP273 MERARERD: A TEHS . 1001-6848 (2026)04-0052-07

A Common DC Bus Starting System Based on Zero Sequence
Current Closed Loop Control

HUANG Biao, ZHAI Li, YUAN Chonghuan, CHEN Qiang
(1. Guizhou Aerospace Linquan Motor Co., LTD., Guiyang 550008, China;

2. National Precision Micro Motor Engineering Technology Center, Guiyang 550008, China)

Abstract: The dual inverter structure with a common DC bus can simplify the system structure and reduce system costs. How-
ever, there is a zero sequence current circuit in the system, which leads to additional motor losses and heating, which will re-
duce the efficiency and operational capability of the system. This article designed a zero sequence current suppression PR regu-
lator and conducts simulation and experimental analysis. The experimental results show that the zero sequence harmonic current
suppression technology based on PR regulator can still maintain good zero sequence harmonic current suppression ability under
load conditions.

Key words: PR regulator; synchronous reluctance motors; zero sequence current
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Intelligent Optimization Method for Variable Frequency Speed
Regulation of Temporary Air Compressor

WANG Hongli', GAO Jinliang®, GENG Lingsen', TAO Lu', ZHENG Shuhui' , WANG Qiujian'
(1. Hubei Tobacco Cigarette Materials Factory, Wuhan 430051, China; 2. Beijing Kangfu Technology Co., LTD., Beijing 100083, China)

Abstract: During the process of variable frequency speed regulation of temporary air compressors, there is a strong coupling
characteristic of multiple variables inside, and the response time of variable frequency speed regulation is too long. Therefore,
an intelligent optimization method for variable frequency speed regulation of temporary air compressors under different oscillation
signals was proposed. Determine the variation law of the oscillation signal of the variable frequency speed regulation of the air
compressor symmetrically based on the peak values of the triangle; Optimizing the directional vector of temporary air compressor
frequency conversion speed regulation using different oscillation signals; After vector suppression of the oscillation signal, there
exists a directional vector dead zone. Excess vectors in the dead zone are removed, and the temporary air compressor variable
frequency speed control vector dead zone is compensated by modulating the wave frequency to achieve intelligent optimization of
the temporary air compressor variable frequency speed control. The experimental results show that this method quickly responds
to variable frequency speed regulation at the 0. 3s position. During the time periods of Os ~0. 5s, 0.6s ~1.2s, 2. 0s ~5.0s,
etc. , the optimized value of the air compressor speed is close to the optimization expectation, and the response time for speed
increase is shortened by 0. 196s. It can ensure the requirements of variable frequency speed regulation while shortening the re-
sponse time, and the optimization effect is better.

Key words: different oscillation signals; temporary air compressor; variable frequency speed regulation; intelligent optimiza-

tion; directional vector

0 3 Wik IR 2s RALRERS R R 2 R, BTN RS
TARfMEE T AREER D 5 LE KR, 8

I Ff 28 FEATLR AR T 22 s LT &, JRIGREEE . 7803 i 2 e aod i i3, 3

I if R E—LE TRE v, W R B U R g St R I EOR, i PR R R, BBl 2 TR AL

Tl

s HHEE: 2025 —05 —20

EERIN: ZEE(1971), k&, ¥+, PARZFIF, MR T OAZTFE. AL,
BIVEE: 54 R(1977), B, $+, PRIEIF, HRF @A EIER SR,
A HZ(1998), B, M, B IBRIF, FFRH @415 8L,

M w(1982), B, ¥+, BIRIRNT, HRLHT AT ENAFEHK,
HAHE(1993), B, A, SR IART, FFRF e hiEs e,
FAAE(1994), B, L, BHEIEN, SRS G B,



- 60 - i € AL »E

HEARRTHT, FEREMELETT, N ae i
THFE. EARATR B A v, nTRE AR IRk . SEIX
SEIRE, W HAD R A8 TP, s L E T
g8

FEXTICZS IR, A2 E A T 2R se ik
ko RMERRSE PR T 3 TR T R R A I B 2 R
PSSR T 6, LZS IR LB AT 2R ik
Hiw, AR RERE R AE AT T, IR .
BUE R e e 6 O B LU . P . DR PR R ) iR
Zrar, WEs RS, IATTIA B 23 AL AR 45
THHRCRIAL B bR, HJE, BRI BRI T A
B oA SR R, BRI R L Y TR) R
AR R e [0 R R ARG s e ML AL A S A
MR mZER K, IO, SR TR
TR B B 15 I 28 TR LS SR A A ik, A
2 FEMLBiZ FTAE DL, 5 7 AR AR B i B A, X
PR S P B R HEAT 3T R R | B3k
FE BT, AR R B EE P S AL, DT
SEPARRE AR A . (HIE, ORI A5 3 1) S8
VAR AAE — 2 MERE, AR MMS RS E R
PUEE LA B 22, DA RBORBEZ T R, 220
PHAFHE T 5 AR e 20 v A 1 11 B 28 R AL A8 350
AT, SR AR I AR W T, 7R 2 TR AR
TR S A — A B AR T, A A R O R
HIl 55 A8 SR R ARk, HE R IR R R B B e
AT SIS A R Ak o (R, RO 2 B X 25 R L
T HE T S B ER K, — FoREMEIEA
WERR TR, R 214 hn i o B ) AN e, B
25 AL AR AL 5 AL B 2 (B 1 e 25, TGk
AT K . 25 EARSEEE I T — ol Ak A %
S I 23 TR HLAS SRR A0 A6 07, FE = AR
AN/t o ST A/ Sy, ST AR AR TR
Ff4F MATLAB/Simulink FRE5E, LA [a] 28 45 4 3 1t
B, MREIAFR BT s S50 8 i R
sefifeiy X, Sk, (HR, T B AR
MERERCA, = AR A/ B 7SI A/ H Y AR
POIRAS, — BB, K335 888 A e
B, BGOSR A 25, R X 2P

FEXTLL BRI R AAAE R I R, AR SCHE R T —
il Ip 2 HE LS 450 38 BB D0 Ak 7 s H AR ST
ZRREARRGE S B R g, A AN [R5
RORIE . PRSI S Iheas RALE T
WA ZhEE, R Eh RGN, P RE S HG I s LR Y
RN T R DRES FEHLE 3 . isAT il fR v, M.

HUT  BIRAES A A2, RS IR 25 JRHLIY 2 17
BT SR, R R, R
ARSI AT, DTS B i s AL AR At i
AR REAL .
1 EFRHESHEENTRNESERL
Frikigit
L1 =ZENEMAERZESTUNEHE
e 2 PEBLIE T AL B, 7 oL O
WAL A 1, B LA B
MREE . LS E SRR R

L= JF Lo -aore )
T

_ max - Ta 2
AT = . (2)
fo = NATy (3)

(1 ~3), I, RIS TR, i() AEE
DL R ER I A5 0, (o) MARIESZ LAt 5 d AT
OB ¢ RSN R AT g T, AR
BRI T, A PR B 5 Ty 2SR ALEUE
BRAE S f, B N OIS s K f, B HLE
TP T B B e, 1, L AT | f, fER
[FIAHGL MBS, RG-S REAR, 5= MIEHEH
N Kb BE R 2 1E 5% PR AR AR, 45 ik i
GBI . RS ENLE TS S AR
SR FE X R 0 0] % BB B 2 R AL A8 301 8 T 41 35 1
mE 1 R,

- -
T

B R51ES IR R IR R E
WE PR, 6 R IRG R SRR 1, AR
GRS IHIRIT ] b A PRGE S 45 R ] T, D4R
Gile SHRBURI . — A =M — A A, R
A — AN WEAEL X I ) AE 5% R B, SR IR 1R
VA=A R R RR, R 2 He AL S A i 4R



REDLAL T % - 61 -

4 EREG WA LA AR
e T L. IRGH S LR F RN
T('r . .
Ly = Z(l - I,sinf.t,)
(4)
TP
by = I(l + I, sinf,t,)
T(‘,
t"l». = *(1 + f.sinw,t,) (5)

K4 ~5)h, 0, Rz ROV R E 1, BIRE 5 5
w; WEEPIIR K (4) H L, Fetio AT L., 1%
FIAT | f. BRGS0, 1y, o

b,
1.2 E?%ﬁﬁ%h?%“ﬁ S JE #1125 5793 i3 2E []

rEMK

SE [0] R B RE SR ff b A 8% 25 e ML e i S5 5 5
AL IS 25 LA /) T 0 A 7 R 0 o A 2 e
BB SR S IR 5 15 5 A2 A AL, 7RI B 25 TR ML IE &
BT, WE. WEEE . R ERIRN

u, R.+Lp wlL, L.p I,.

.1 W

- a)le

oL, R, +Lp wl, L.p

(6)
L o0 L
(7)
[%][OL 0 L,
r,o= (7. If ﬁz‘) (8)

K (6 ~8) i, u, JETHIERE; u, WETHIER
iy ROWE FHIB; LOoAE TG L, N TR p
VACIP D 22 Y R MRS P i R SRV NS W SE s i )
TR ¢ NE TR ; , NE TR & T,
FEEFE O 3 T A SRR SR s S AR p. N
R AR A3 FEMLAS R R T R RS AE p B
B R, (A D e A AR bR AR Ho Al gl or o 0,
M A B REEE S C R, Ay

I P R P

W, = o, + o, (10)
A (10)h, 6, AT REG o, NIWHEREG o, WEET
WEBEOT A o 25 S i B 25 e AL 728 41 8] 3 ) 4% 1)
LA, L, SRR S, A

25 MBS U ] R 1, AUl
S Y Y
u,’ 6.1,
R R
b, Yol L

I =1, - To, (13)
K ~13) i, w | w,” UGS B H R E 7] K 1
., ARG E m Rt T, AR B
%ﬁ%m%ﬁmoﬁﬁ%iﬁ%%%%ﬂ%ﬁ*
BLAE BRI B %) e 13 g 7, AR PR =S LB 177 oK,
Bu' u, o oy, T, FENKE, %Ellmﬂa“l
JEMLFEA R 00T 9 RIS R K
L3 G =EVEINFAREXEXXIME

TEIfG I 25 FEALAS AR el ok # vp, IRG IR 5 4
S, R BRSNS A B YRR E PR K
RSl # AT — A T A Bk, R
MREICX . FEAEIX Hr, 25 AL AR A3 i) o 0ok 72 25
5, SRS RS 3 IR, sl
RALRCR o P, 7 SO 2 K A Ak SE il =z
J&, AMARRGES T, Z2REESHEMEW
K, WK1 PR,

®1 TRKRZFESTERAESTIMERER

gy > Tygy ~ Ly, BUHE LRI EXFMER R
.- - 011 100
T 001 110
-+ - 101 010
-+, + 100 011
-+ 110 001
TH 010 101

W TR, 4TRSS0 - KRS <
U RRTEAME: 0" RR R EAME,
by 20,4, <01, <O, 1, BRI, b
W u BERKE, WREREMZIR, VR
BLAPLEAEI, M + 7, IO SRAS R O A A
RN ——
P4 1SRRI, A 2 B

0”

wt

B2 EXEEHLXEE



- 62 - i € AL »E

W2 fros, (a) Xk BRI R 48 2 1 3R 5 5
5 (b) YRR S e LR B3 g K s (e)
SEX I B, 23 AL AR 00 ] 1) i 1 O 5 (d)
7S ML TR R AL AR B0 9 o i s (e) DB ik
Mo & (o) BBk = Ce) AL B, 8 2o 34 il 5
W$,%@HT S AUV IR R ALK, AR

(ﬂ[ Il o

q

’ﬂ

- N (15)

(14 ~15) 1, h Yyt 5 FEHLAS SR AEIX 5
MR/, SRR, I b fRABIR (11 ~13)
B G, BRI 0

TR, M) =) =)
-¢ s =, T = T, SRR WA
MBEL KGR NS O LR Ik A, T A2
AR SO R TR 25, B B
O fb5E B, DT 53 BRI B 25 FE B2 B30 1498
k.

2 £ W
SRS UE I e 25 AL A A5 R R O Ak T Tk A

Rk, ASCHZIERAT T RIS o =S
FEAUHFERA 1t i 3 28 FRALIEAT 5 2, AR A3 A
AL B A B £ S ke, R s RS
TSRO ES R SIS i PO RO KRR IS L BU R S A VAR S
34T, BT AR A AT

AU HS g G e s, s, &
WA S T AL AL, LR A A 3 TR o

B3 XwigEE
WE 3 fras, FHERERERM X E T,
%, . dbe X, 1F MATLAB/Simulink 33, RiEss
JENLIBTTIEDN, B 724, k2 s,

x2 ZENEBTSHAER

o/ (+/min) SR/ Hz HE/V BIR/A TIR/KW H4E/Nm

110000 50 380 50 30 11000
150000 60 380 60 36 15000
180000 70 380 70 42 18000
210000 80 380 80 48 21000
270000 90 380 90 54 27000
300000 100 380 100 60 30000
330000 110 380 110 66 33000
360000 120 380 120 72 36000

W 2 R, R HAREE B E D 1100001/ min,
IEmEE R, BUE KRR RBON R BBy E E] 2
o 20ms, FFZEREEZIE, BEHRCBE A
B, orbiras s pL A SR AR o

B HoRAR(EAR A, il o A2 AR AR AT E 1
HURPIE . TElR I 25 TRHLZ AT I, SR 7R P s M7
B Ast R B E FHURBIE , Ak 4 B

B4 E@MREALERE

mE 4 Fos, BIBALE 50Hz 5 40Hz P R %
B4y, S0Hz Ryzs FEHLE LR, 40Hz hyas ALY 4Bl
HLR . TEFL R T, il B el 5 2 o 32 R Y
25% o TEARNRJEHHALAL X BE, BRI 6 i, MR
POV 5 HABB (] 20 ORHE— 2, RE 08 76 728 4 ) 3 o) 72
HRRERR e, DT ALK

FEIGE 25 AL ZS 208 s i, Sed 285 K B
B, MR E N 0, RS TEHLES 30 shad 7K
e, BENBERMVERE RO, FHFHZ
Ja, TE0. 4s (AL EEAT AR R, T A2 i o i
R, 25 FEMLARSTE SR AT Ak A ) R SRR . [RIE



4 3 TR g FEALAS SR VR 8 e AL Iy <63 -

P E A TR BUR shad B A 05 5, WP R4 ELAY
R . TS, aniE S B,

15

LN B
[l

By L A

15 | |
0 0.2 04 0,608 1.0 1.2 14 16 1.8 2.C
II-“lr_I.'n.

LF4 ]

S LT A

=15

002040608 1001.21.40161K2.0
B (s
(1:1]

! $ |
o g A o il o
i

RN CAOR R S A

ot R A

I b4 | S
002040608 100120416 1821C
(TP

ich

..........................

LR A

................................

0 02040608 1.01.204161.82C
H filis

i}

E5 TREERLERE
WP s From, (a) s BOIRAST B4l ik i 22 40t

PSR s (b) A BORAE T E 7’ R AR 3
HARALZ R s (o) A SRS B sl A A2 At e

HARALEE R (d) Dl 0 HOIRZ R 1 il s P 3 22 93
PSR . (a) ', BRI 0.8s Z R T
TosE, JRERIRAE OA bR kgh, k3% TRHLAR S

AR EALIR A . (b) o, ASBH S AE 0. 6s Z )5
BTRE, ETFHRAEO0A LTS, AR R
AR AR A B BRAECIRZS o (o) i, ol H A 7
SAZEAT, Rt R TR, (), TR
FETE OA ~ 10A (BRI, REfEHE 2 73R K,

ARYR S 5B i B S R ML A B bR R 15 e R
125000r/min, FERRAEIRAS T, 15050 48 4 I 1A 1k 1A
B, WA LR S S R IR ARE, SRk
BEXFL, TEBAEE, PLibas e, 7E 0. 3s AUf
EHEAT AT HEHLAR A5 T, L e B A Ak 45 SR Rl 6

NS
=1.5199s
MTPA_ MC /=1.9463s
=10" e L ER <L
REEH i i i

s EmE
- W __-'_,-‘,f S

i e

Fio B HEA e/ mim
PR
=)
l\\
& i
H

d 05 1.0 1§ 2.0 2.5 3.0 3.5 4.0 4.5 50
1 fnlis

B M
i 11T_|:r1\'u-h 19463

E6 MRk RE

mEl 6 i, ARCHERFAIRGES T, HiEX
B TS E S E MGG, TR S AL
M SR, @ R E S R S IR, SEx
25 AL SH B R ek . BRI g R,
il ARSI Tk 2 )5, 7 0. 3s o7 B PR i
o AR E T AR, 7E 0s ~0.5s, 0.6s~1.2s, 2.0s ~
5.0s ZEBTT BN, 28 AL s A1k 18 5 D01k 100 22
T3, R e N )45 4 0. 196, fig
TEPRUEAB 38 3 55 K A (R B, 4 o 1o B ], fE Ak
ROREAE . AT W, A G IE AL T A 2
&, BERERIIR G55 n ek, FIWras AL 20
O, PGS TSE, I SE I AR, X T RE

2 EAER 28 O T ) R IRE BA EEAE .
3 & '

RSB BN AR 155 T A i 28 R B 3t
FEEREICTT L, BRI R ARRE . ks,
PUBHR SIS (5 SR R G 55, g, B
Wi AR SCHES R L, IR G 1R S R
A B R AL R T AR, SRR AR S
REEER SO . PHARIER G AL, R R ot |

(FHE 81 11)



B59OE HaH
2026 4E 4 A

i € L

MICROMOTORS

Apr. 2026

SR E M In TN AT A EZEALERTTE

BEKR, B R, FAF, L M8, MEL
(161 52 P 8 BT 52 353 P 2 R RSO AT, B BT 5235 843000)

W OE: SRR MNAERR T T 2 B ESE i, APyl fim @ HRSmME IR, Sk, X
I, R IR B GRS G FLA V) e B AR S R . S8 DRBHR A, WHEDECIR R ST
RAE, RFECHER SR ARG R4, DY fmr it/ o BAs, MR W FELZ D) 6 far O Ak A 2 A
BV, 454 PSO ik, HELZEARXEHNBRELDIMAEERSEER, SCMYIf @b s. i mgs

R, KRR FEEGIG VA A, S ESEKE S 75SMW, BB B AR 6 20ER .

KER: SRR RSB IGAHLAL; PSO 5k ; YIthfar 2

HES XS, TM734 X ERERAERD: A TEHS: 1001-6848(2026)04-0064-06

Optimized Control Method of Critical Unit Load-shedding Logic for
Photovoltaic Microgrid

BAI Zhijun, HU Qiang, XU Qingin, SHEN Yang, HE Hailong
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Abstract: Photovoltaic microgrids are prone to weak damping oscillations under critical operating conditions, leading to insta-
bility of the steady-state frequency of the load shedding logic of the units and a large amount of overcutting. A logic optimization
control method for load shedding of critical units in photovoltaic microgrids based on state diagrams was proposed. Combining
Markov algorithm to construct a state diagram of photovoltaic microgrid operation, identifying key state transition paths and criti-
cal units. Constructed a critical unit load shedding optimization model and safety constraints for photovoltaic microgrids with the
goal of minimizing load shedding. Combining PSO algorithm, searched for the optimal steady-state frequency of load shedding
logic within the safety constraint interval to achieve load shedding logic optimization control. The simulation results indicate that

using the proposed method to control the critical unit load shedding, the average overcutting amount is as low as 5. 75MW
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which has a relatively ideal control effect.
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Hydraulic Pitch Control of Wind Turbine Under Multi Disturbance Suppression

LI Zhiling, CHEN Yiwen, WU Ailian, WANG Jiaxin
(Spic Guangxi Xingan Wind Power Co., LTD., Guilin Guangxi 541300, China)

Abstract; Multiple disturbance factors will directly affect the pitch control system through the aerodynamic characteristics of the
blades, and this coupling effect increases the difficulty of hydraulic pitch control for wind turbines. Therefore, a hydraulic pitch
control method for wind turbines under multi disturbance suppression was proposed. Determine atmospheric density, blade tip
speed ratio, and wind speed as the core disturbance factors. Established a hydraulic pitch control model for wind turbines, im-
proved the particle swarm algorithm using linear conditions, and achieved adaptive control of the hydraulic pitch system. Exper-
imental results have shown that the pitch angle controlled by the proposed method has a lower error compared to the pitch angle
under steady wind speed, and the control effect is good.

Key words: multiple disturbance factors; hydraulic pitch control; genetic particle swarm optimization algorithm; correlation

matrix; control objectives
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Wind Turbine Pitch Multimodal Soft Switching State Identification
Method Based on Rough Set Optimal Solution Calculation

WANG Kairan, MA Junpeng, KONG Bin, LU Xiaoli, HAN Zhijie, SHE Baona
( Ningxia Electric Power Engineering Co., LTD., Yinchuan 750011, China)

Abstract: To address the issue of low state recognition accuracy in wind turbine pitch control systems during multimodal soft
switching due to redundant feature parameters, this paper proposed a state recognition method for multimodal soft switching in
wind turbine pitch control systems based on rough set optimal solution computation. Operational data from the pitch control sys-
tem is collected in real-time via the SCADA system. Multimodal soft switching-related feature parameters are extracted, and the
conditional attribute entropy and attribute importance of each feature are calculated using rough set theory. An optimal feature
subset was selected through roughness measurement, and a state decision table was constructed. Combined with a support vec-
tor machine, a state classification function was designed to achieve precise identification of multimodal soft switching states.
Experimental results demonstrate that this method achieves a recognition rate of 0. 97 for multiple soft switching states in the
pitch control system, with a false negative rate of only 0. 03, significantly outperforming comparison methods. This approach ef-
fectively identifies various operational modes, including initial state, transition state, and extreme operating conditions, provi-
ding reliable technical support for intelligent operation and maintenance of wind turbines.

Key words: rough set optimal solution calculation; wind turbines; pitch system; multimodal soft switching; state identification
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