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Research on Electromagnetic Excitation Force Weakening of PMSM
Based on Stator Auxiliary Slot

LUO Chaofan, ZHAO Shiwei, QIU Xiaohua, YANG Xiangyu
(School of Electric Power, South China University of Technology, Guangzhou 510640, China)

Abstract; Electromagnetic vibration noise is the main source of motor noise, which directly affects the NVH
performance of motor, and the radial electromagnetic force is the main cause of electromagnetic vibration
noise. Aiming at the problem that the low order radial electromagnetic force of 9-slot 6-pole motor generates
large vibration and noise, firstly, the expression of radial electromagnetic force was analyzed based on Max-
well stress equation. It was pointed out that the opening of stator armature slot changes the lowest non-zero
order of radial electromagnetic force. The method of opening auxiliary slots at the top of stator teeth was pro-
posed, and the influence of different slot number and slot size on the air gap permeability was studied. The
effects of different slotting methods on the low order radial electromagnetic force and the cogging torque were
studied. Based on this, a reasonable slotting scheme was determined and the optimal grooving parameters of
the motor were obtained by multi-objective algorithm. The results show that for fractional slot permanent mag-
net motor, the stator opening auxiliary slot can effectively reduce the no-load low-order electromagnetic exci-
tation force of the motor.

Key words: internal permanent magnet synchronous motor; radial electromagnetic force; stator auxiliary

slot; cogging torque; electromagnetic vibration noise
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Multi-objective Optimization Design of AC-excited Linear Rail
Eddy Current Brakes

ZHANG Zhibo, HUANG Guanglai, LI Musen, LI Yongzeng, LI Jing
( State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu 610031, China)

Abstract ; The linear track eddy current braking technology has the advantages of stable braking force and no
friction, and can maintain stable braking force output on complex lines such as continuous long ramps, which
is a powerful supplement to the braking system of high-speed trains. To improve the braking performance of
eddy current brakes, multi-objective optimization of linear track eddy current brake was carried out in this
paper. An analytical computational model for AC-excited linear rail eddy current brakes based on hierarchi-
cal modeling was established, and the correciness of the analytical model was verified by the finite element
model and experimental method. Meanwhile, the braking characteristics was analyzed preliminarily. Multi-
objective optimization design for several key structural parameters affecting braking force was carried out
based on NSGA-II optimization algorithm. The optimization results show that the maximum braking force of
the optimized eddy current brake is increased by 30. 8% and the critical speed value is increased by 8. 5%.
The braking performance of AC excited linear track eddy current brake is improved, and the applicable
speed range of the brake is widened, which lays a theoretical foundation for the optimal design and applica-
tion of AC excited linear track eddy current brake.

Key words: eddy current brake; finite element model; multi-objective optimization
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Research and Design of Low Slot Torque Low Temperature Rise
Motor Technology

JIN Liangkuan'?, GAO Yu'?, HONG Jian'’
( 1. Guizhou Aerospace Linquan Motor Co., LTD., Guiyang 550081, China;

2. National Precision Micromotor Engineering Center, Guiyang 550081, China)

Abstract: The cogging torque affects the rotational stability of the motor, the temperature rise affects the in-
sulation reliability of the motor itself, and also affects the operating environment of the system. In response to
the demand for low cogging torque low-temperature rise motors, this article focused on key technologies in
motor design such as low cogging torque and low-temperature rise. Through theoretical analysis and finite el-
ement simulation optimization design, a low cogging torque low-temperature rise liquid cooled motor with a
rated output torque of no less than 25Nm, a cogging torque of no more than 80mNm, and a shell surface
temperature of no more than 35 “C has been developed. The accuracy of the theoretical analysis and simula-

tion methods has been verified through experimental data. The relevant work provides certain reference value

for the design and development of low cogging torque low-temperature liquid cooled motors.

Key words: low cogging torque ; low temperature rise; liquid cooled motor
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Suppression of Current Ripple in SPMSM With Low Switching Frequency
Based on Improved PWM

WANG Yongqi, HAN Jianbo, LIU Yanan, LIU Yi, LUO Pan, YU Baiqiang
(1. Key Laboratory of Nuclear Reactor System Design Technology, China Nuclear Power Research and Design

Institute, Chengdu 610213, China; 2. The Sixth Army Representative Room of the Beijing Bureau in Beijing ,
Beijing 100094, China; 3. Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: SVPWM is widely used in motor control due to its advantages such as high voltage utilization.
However, as the switching frequency decreases, the output current ripple intensifies, leading to issues like
increased system losses and torque ripple, which adversely affect system stability and dynamic performance.
To address this problem, this paper proposed a current ripple suppression strategy based on an improved hy-
brid PWM. By constructing a current ripple vector model in the stationary coordinate system, the reasons for
the intensified ripple at low switching frequencies were analyzed. Through an examination of the relationship
between voltage vector action time, sequence, and current ripple, two switching sequences capable of sup-
pressing current ripple were selected. Effective suppression of current ripple at low switching frequencies was
achieved by calculating the current ripple for different sequences online and switching the output based on
the results. A physical experiment platform was established to validate the effectiveness and feasibility of the
suppression strategy in practice.

Key words: SVPWM; low switching frequency; current ripple suppression; hybrid PWM
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Thermal Field Analysis of Power Silicon Carbide Devices Based on
Separation Variable Method

LI Maoquan, XI Keqing, YIN Haitao, WANG Zhiye, JIA Ping
(Xi’ an Aerospace Propulsion Testing Technology Research Institute, Xi’ an 710025, China)

Abstract; Aiming at the heating of SiIC MOSFET module in motor drive and its heat conduction in its own
device. The source and calculation method of power consumption were analyzed, and the power consumption
of the power device was calculated. The thermal model of the power device was established, the heat transfer
equation was listed and the boundary conditions were determined according to the model properties and pa-
rameters. Finally, a method based on the separation variable method to calculate the heat of a certain point
in the power device was presented . The numerical calculation results were compared with the actual process
measurement results, and the simulation results obtained in Icepak were also compared to verify the accuracy

of the calculation method, which provided an effective reference for the selection of power devices and heat

calculation in the design stage.

Key words: SiC MOSFET; heat loss; thermal model; thermal calculation
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Electric Servo System

XU Dufeng, ZHANG Jilin, YAN Cheng, JIANG Susu, JIANG Zheng
(Shanghai Aerospace Control Technology Institute, Shanghai 201109, China)

Abstract; Due to the flexible characteristics of structure, resonance phenomenon will appear in the electric
servo system. When the instruction contains high-frequency, resonance is often more likely to occur. In re-
sponse to this phenomenon, this article studied the time domain characteristics and frequency domain charac-
teristics of the S-type curve and the step curve, which theoretically demonstrated the many advantages of the

S-type curve compared to the step curve. Finally, the accuracy of analysis was verified through simulation.
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PMSM Sensorless Control of PMSM Based on Variable Theory
Domain Fuzzy Control Strategy

CAO Fengbin', ZHOU Shigui', YU Lihao', LUO Xiaodong', ZHANG Kecheng’
(1. School of Engineering, Qufu Normal University, Rizhao Shandong 276827, China;
& 8 ¥ g
2. Rizhao Dongfang Motor Co., LTD., Rizhao Shandong 276800, China)

Abstract; Aiming at the jitter problem and poor robustness of the conventional super spiral sliding mode ob-
server ( STSMO) due to its fixed sliding mode gain when estimating the rotor position and speed of perma-
nent magnet synchronous motor ( PMSM ), this paper proposed a super-twisting sliding mode observer
(STSMO) based on the fuzzy control of the variable domain to realize the PMSM position sensor-less control.
Firstly , the sliding mode gain of STSMO was controlled by fuzzy control, so that the sliding mode gain can be
adjusted adaptively according to the set fuzzy rules to weaken the high-frequency vibration and improve the
robustness ; secondly, the idea of variable domain was integrated into the fuzzy control rules, so that the in-
put and output domains of the fuzzy controller can be expanded or contracted in real time, which can improve
the observation accuracy of the observer and reduce the vibration of the system. The super-helical sliding
mode observer based on the variable domain fuzzy control can effectively suppress the system vibration and
improve the estimation accuracy through the simulation model built by Matlab and the semi-physical simula-
tion platform.

Key words: permanent magnet synchronous motor; super-twisting sliding mode observer; fuzzy control ; var-
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Design Method of High-grade Synchronous Motor Spindle Drive Circuit
Using Domestic Chips

QIAN Cheng, QIAN Hanqi
(Jiangsu Hangi Motor Co., LTD., Changzhou Jiangsu 213161, China)

Abstract ; This paper mainly expounded the design of three closed-loop digital AC synchronous electric spin-
dles composed of all localization chips. Using pre-processing data storage, adopted the method of prepro-
cessing data storage. Low-end chips and new methods were used, so that ordinary domestic chip could also
achieve high-speed chips with imported comparable to achieve high-performance digital AC servo control.

The shortage of imported chips has been solved in China’s spindle industry. The hardware structure and im-

plementation method adopted by the control system were introduced.

Key words: high speed processor; close loop control; servo control
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Failure Warning Algorithm of Wind Turbine Transmission Chain Based on
Edge AI Computing Architecture

ZHU Zhenjun, ZENG Jiajia, DENG Rui, LIU Xudong
( Wuling Power Corporation LTD., Changsha 410029, China)

Abstract: There are relatively few samples that failure in the operation of wind turbine, while the number of
samples in normal operation is usually more, which leads to the unbalanced sample distribution when training
the model. This paper, the fault warning algorithm of wind turbine based on edge Al was proposed. Based
on the sample data, the key features of the original input data; the support vector machine algorithm was
used to complete the establishment of the fault warning mechanism, the nonlinear kernel function was intro-
duced to implement the optimal calculation and realize the fault warning data attribute classification; based
on the edge Al computing architecture, according to the characteristics of the wind turbine transmission
chain. The experimental results show that the proposed method can warn the failure of the gearbox and the
main bearing, the active warning accuracy is higher than 80% , the fault warning curve and the actual curve
fit higher, and the fault warning effect is better.

Key words: edge Al computing architecture; wind turbine; transmission chain; fault warning
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Design and Analysis of Composite Rotor Brushless Doubly Fed Generator
for Wind Turbine

ZHANG Changguo' , XIN Yuan®’
(1. State Grid Yancheng Power Supply Company, Yancheng Jiangsu 224002, China;

2. State Grid Jiangsu Ehv Company, Jiangsu, Nanjing 211102, China)

Abstract : Brushless doubly-fed generators have promising applications in offshore wind power generation and
other fields due to the elimination of brush slip rings and their high reliability. In order to enhance the modu-
lation capability of the rotor, this paper investigated a composite rotor brushless doubly-fed generator com-
bined with a short-circuited coil plus a salient pole reluctance modulator based on the general airgap field
modulation theory for electrical machines. Firstly, the mechanism that the composite modulator can generate
higher useful harmonic components than a single modulator was theoretically revealed, and then the structure
of the composite rotor was optimized, including the number of cage bars on the salient pole and the connec-
tion type of the short-circuited coil. The 2D finite element and experimental results verified the validity of the
motor topology and analysis method.

Key words: brushless doubly fed; magnetic field modulation; salient pole reluctance; short circuit coil ;

wind power generation

0 35

THIE BB A IT & 5 A I AE 248 BE PR 85 1) 8 1
R EGY R T RAamEE . KOk —HE
FIFAE BRI A By 30, H AT E R AR &
LB S SRR 5 20 A P LRI K % AR A L. TG
T A R F % B AL ( Brushless doubly-fed generator,
BDFG) Hy THUH T Rl ¥ $5 HIC AR AR AE R T 4 H
SR BNz G . IR B AT R A, JCRI

i1

Wi HER: 2023 —11—13
HEE&WE: BEAXRAFRAEL® LR A (61973073)

R A o AL AT LA 43 ok Gk 2R A R R gkt
BDFG iy Tl ] K i KAEAR 2 0 & 2 IR,
I X BDFG — 2 okl WU ST i) A5 FA s
Tohil Ut H HIL A B RO BOR [ Y S84, )
S p, MR AL (Power winding, PW) 5 p X
e i35 i 2840 ( Control winding, CW) , |z BDFG
FEIE AR R B 158 T 251 SE I E SR
By LU S AR 0™ A B e W LG R A SOk
(4142 T i 20 2K i 4 VB 5 T il LAt i AL

EEREN: KKB(1997), F, ML, BRHLR, BT 6 R RA A
FOE(1997), 4, AL, BB, AL @K w5,



. 56 - @ 76

LB R R0 SRS Py Shy S s £k
s A BCHEA S5 7 T 8 ) R T4 i
T [ AT LB A e, PRI B 1 — AR 5 o
RUSREBLAL AL, e 450" Wl 43 Ry i A B . 2
JERERE S o SCRR (10 AR5 14 18 D J5 B 4R
H T BUE RS IO AU AL, i I s SE A AR
KON R B PR R, HISRS R T 700kW 1
ARG

IR T A AR S — AR AR, AR AL
SRR G — e, R T A,
Pl LA S st Z AR il e 4 & 1 2 G 1 DK
SEREG TR T o SCRRL 13 TRIFSE T J6 i £ 18 T
BRI G561, WiE T2 BDFG TAE 411
BhERl R, g Sr A IROCE, IEWZ R AR
TIREGVA HOR 2 AL 48 BDFG 4f o {2 HUEH)
Aoyl THA, JERE R R R LR, Bk
TR AL, [ d R BRI S
BROCZE R o AN SCE FEBE TS ™A 1 BELJin iy B e i 2 e
REAHT IO XU A AL, 78 VLR B 7 3
T ISR TR AR ) i BE Al ., X BDFG - HR 94
B R BERHEAE TR AR SE, AR #8 3- J0 Rl B3t
K AL HLSE A e T kg S AT R B

1 EXREFIE
L1 EAFH

SEHT IO XS A& AL ( BDFG — HR) 454440
B LPR, &7 EAMESH: JREH PW 5%
HZedl CW, 7 EA PR R & & . iR S e
LRI o (A B BRI DA DL G Il U5 i L L AL 5 [
ARG AL AR A AR A A AT R A B
Pl AR L 1 i A~ LB 2R R S, H% JE F
NIFERABHL AR ISR AR, HI T AR
PR, RIS S HOn BUR B 2B, LARIES SE
SRR AL A IR R AR

K1 BDFG - HR #LHL#iTH

"R i LRI 8% £ Bl 22 i LA R A I Il XL 5
G T, IR T X PR TG & R PR
Wk 2 () froR, HRYEE R A /N B RT R SO AR e
T dg i, AR UOE AT LLE SR R R LY dg
B, A 2(b) Fr7s o PR PR TIEI 9 b 9 ] 25 £ B0
BOHIR], KPR 510 dg St BEEAT 2 4 B AT A5 2
PRI AR B (0 52 5 5%, i — 20 1 i A A

b d q

(0L

q d

d
I
I
I
I
|

i

** (b) Bips LR lE 5% T
q d ‘I; fllll 4

(a) AT

d
1

Pl 2 A dg e X
1.2 #3piE e
AR B i Sy P 8 il o B b OB
YA ge—Hae v E SO m R e TR e S
FBREKIE . ZIETITE, S f(d, 1) RE TR
Z NI e Eh
J($, 1) =cos(pd —wt) (1)
b, p IS HG ¢ o T AR RR A T 19 SR A
o H R o
X TR ELYA A, 22 RE T TR HLE B
N RERE SRR 0, PR AE P il 25 A bR R R
IV T

(. 1), peC"
{ (2)

M =
(NsP»S>[f((£)’ t)] 0’ (?E[Oa 211-} —CR

A, N WA M IRIRIKREG & N
TEPATIZEALBR R T by C™ ™ T 7E 1 18 J) A i
ZEIX ] R EIT RS,

My [f(q),t)] = vapcos(qu) -—wt) +

> Clicos[kd +wt + (p + k) Nl] +

k=1Ngp-p sp (3)

2 Ciilcos[kd) -—owt+ (k-p) l]
Ngp

K, o W TIFZWR; C FoRAFRBES T
XL RESAFAR R LR sum FoR RS 5 dif 2%



6 1 WK E%, FAHT ISR & LT 5 5 +57 -

AZEVAT, BT S O 14 ] X T i £ el
¥ex, VA IS TG S 3 D 00 1 il 1 1 s A
Rl A BB T s 5 2 0, AN 5 180 4k B T e
H 1, HEEsI AR T

Mgy Lf(D,1) ] = f(,t) + ZN,-Z',-U),({J €
[0,27] / (4)
o, No WA IR A vy RIBIESHE; N
ANHEEI; LRSI SR R S
RO R, Lo A B3R Z s sh#aa] 155
Mgy (,0) ] = C, cos(pdp —w,t) -

Z C sm[kcb+a)t+(p +k)f

k1N Ny
(5)
arctan( ) z Cdfksm kd) w! +
k=INg +p

(k - p) — + arctan( RL)]

WRAEG— B H B, PR RS
ik, ZEHETH, BT Notd N5, RIERKL
P10 T A 1 LA ) 8 7 £ 1) 3 T sl A A — 3
DR 0 322 5255 B~ 8 ) R Dy o A A L -5 e £k B
Hil RS, B

M (Npo Ve [f(q), t) ]

M(s\"s(;,y) [f(%% t)]

BARJAH SR (p =3, Nooysp =4, £=0.5, y=1)
NN 3 B, RS R T R R e 2 R i R
Pt , e b e 2 R ) B i w sh e, A X
(3) 50(5) AT DI A I RO ZE2R, A RGFR il 7y
PR E R, A R TR AR s

i R B

N
‘/_ .";‘&RQ—\?-Té\.".N B2 \““
I u

:M<NSP-€) [f(q)’ t) :I +
(6)

J 1N 2R

i R O

0 e 2 4

N |

&3 BDFG - HR Rz i fi

2 BDFG - HR &1k

2.1 EFSH
RAEARSEANER | s, SiEHE BT RE

5RE T HEAG o
®1 BINEESHY

KHSH ZHUA
BiE I R/kW 0.33
PW #i5E fi ./ V 110
PW 40 #5148/ Ha 50
PW #iE 7148/ Q 47
CW i 3/ A 3.1
CW i %35 B/ Hz -12.5-12.5
WX p,/p. 4,2
B/ (r/min) 375 - 625
B 7/ (r/min) 625
FEFHEEL 45
R BRI B PW/CW 510/225
FETFAME/ MR/ mm 182/127
It/ mm 90
ABKE mm 0.35

2.2 BrYEBANREFHBE

0 T O I R PR R B Rl A L B SR I A A
PRI B BB SR B S a8, HOZ B DeE
TR T JE R B R LY R B, SR TR AR

ZRAEBIEIT, M p X CW ARG, B
$§%AﬁkipﬁW%ﬁ%1& WA FRZ Sk F

, GnE RS, PW 5 CW RS, STEART
FiPWmﬁﬁﬁﬂmmﬁmﬁﬁwﬁ,ﬁawﬁ
FE PW Za2l vp =2 SRR L gl 34, DTG S B BLA & H
117, D SO AT TR o % ) Ee ]

B}’
P:B“xlOO% (7)

K, B,,. B, B p, . p RIS A IEAE
@4E%miﬁﬁ&mimﬂﬁﬁﬁ3ﬂ5m
PR B S B A A . AT AR
FAHCH 3 B, KPR g L e P = B,/B,
0.259/0.354 =73.16% , 40k 5 &80k 5 iR
BETMPER—A [ B, B e UG B 4 X6 BRI I e
fH BT, MEf P =86.31%, [FE LT, W W Y% %
B8y < R OB N = A B L S S e B o 11 DK
JERN] L HILIR 2598 2 — B0 o



.58 - @ 7€

0.5
| i) [

0.4r ,.~‘“'"‘:,,

: s..\ull,, A |
0.3+ | 3
|

[/ 3 [/ &
% ) 4 ")
y gy

L il

I
|
|
/

0.2}

P i R AT

0.1F

0 . '
1234567891011121314151617181920
ik b A Al

Bl 4 bl B AN [ A O e e L - i
2.3 HTERELEEEAR

BDFG — HR Hi i i 2 Bl 1) i 12 05 =0l
IS, DAA S — 25 2 1 DU R A [ 8 2% 14 12 45
FnEL S Fros, orl B S (a) ANl 28 $din B 22 36
Fegk . ES(b) i AL A S A R L B S (¢)
A SIS AR R A B S P S () i N IR 2R R R
JeL kAR Rl o [RIAE ORASF R R Al 0 G 38, O o 34 42
7 AR B RE  o0 ffk Je A IREL S o LI 6 T
ATLAE B DU AR T 2N, o R SR RE I Dl i
T ATRUAE R 4 XA B BRI R, a 840750
S 2 %k A WA B R, A R D IR,
86. 13% , HEEGSARE I i b 4T AR 22
Seam IR S A LT 2% 4 XA AT DOiE (A, H
B A I B e AR, S R HRE D d i
S IFG e LR WEPE e v

I [

() Aty 2 IE O FRAlF 2 JE T 2

M [ D

() 43 3 5 4% 5 B £ (e 45 44 38 5 25 0 0RT K B £
(IR 1 22 ENEIFCEE e
3 AREEFEAAFENR

AN 126 BDFG - HR 5840 =Fh BDFG. Jo
XU JE& vy & 3 #JL ( Brushless Doubly — Fed Induction
Generator, BDFIG) | ] 5™ % 5~ JC kil RUI5E 2 FL AL
( Brushless Doubly — Fed Generator with Salient Pole Ro
—tor, BDFG - SPR) . Z |2 i 5 JC kil W15t & H AL
( Brushless Doubly — Fed Generator with Multibarrier Ro-
tor, BDFG - MBR) fEXJ [, HAKZE# & 7 frs,
PABSIE P4 th 25 4 8 T AT M S A 50k o

XFF =ML 58 BDFG BUBLEL 545 i AL 7 24K
P RS RF RLo BDFIG B2 145 14 0 £ 1) 5 B A
TG — R B 1 I R R e PR A
BDFG — SPR %145 1 & 45 32 22 MR AR I R 4K,

=
=F
-

FIFHZ B brist % 500 DU PR RE Oy H AR #1755 7 4
SR BDFG - MBR #% 1 %% % 1 S 7 T g
B RHREZI,

0.4

0.269 l..B_” 0.253
t "

A7 H W T

0.1r

a b c
i £ i A
(a) Wi {1

1007 §6.31 90.15 89.18 88.95

80r

601

40r

AW S P

a b c d
R I i A
(b) 47 F ¥ L

6 ik B AN ] e ey B o A I R (B 5 L

(a) BDFIG (b) BDFG=-5SPR (c) BDFG-MBR (d) BDFG-HR
B7 [ BDFG #745H

H A& RIS 7 BDFG HEHLE I RE St , [
FEERIATSL, R IEHAD AR, BIR A AR
HE FE SIBTPRAS, PiET PW Bidediie 47 Qi
#, CW ihidr il 3.1 A, Jih 12.5 He, B1i%
625 r/min, {4 PW ¥k H 110 V/50 Hz =4HH
&l 8 J&PUFh BDFG B KL B3 . 5] 8(a)
rhEE R LI RIXF T BDFIG, 2 XfH% CW JEhRs 5 < B
FELIRE I Bk 2 XAl LA KRN PW ARG A A5 1 4
XA, EARMIEE ST LA B 4 R b7 B
61.54% , R IR RIROR AT, RO A SO ik
iR AR 3, SR ERECH | S5 H TR RE A KR
Pt AR EE S TO R, R (A A2 10
XA AN R . 1] 8 (b)) oA R AR 1) 3 S8R A
2=, JHHE AR B 4 XRGR R (AR /N, A R
dT SR LR 43. 64% , A B (E A KO JEH] 8
XA ZE R, R 4 X%, A 0.325T, 4k
WLt Ry 64.28% , K51 RS HL i 1) 5% AE K Sl Fn PW
Hi MR, €] 8 (c) Ht BDFG — MBR B [RIAE RA &
FHRE 2 R 5 PW F CW A % BORH 5] 14 1 %5 385



6 1]

WES: BAHT IR & LB 5 04T

- 59 .

W, 4 SRR b BRI (Y 58. 07% o TR (B =5 TG
FHUS BT ECA 10 bt , 55 mgBARTR], B A
FE Y 35.93% o PRI AT g B - HL IR A T BEL % 7
TR & A O =W K WA RS i UL = e O
8(d) [ %1 BDFG — HR B il (i e e AR A5 R S 2 %o
W5 4 X tk, 4 XIS BEIRIE R 0.271 T, Ak
90. 15% , T G %% v 2 98 1 #5 h o™ A l BHL,
DAL R I AR X B3 D A B 5 T A R LA 2B, 8
XA TR 10 X A5 R 8 D R AE 4 =, AT X
MR, TR A, B ICH 8 XK
MR (AR AN, o TC RS R (A 10 R, 3
WLy 33.33%

ZE LAy Mr Al FAE CW MIAH R bR, PW A [R] £ 4K
FITEOLT , BDFIG n] DLy A 5 = 1) 4 h AR i e 1
RPEE R B PW S L i, (ELIRGERE A9 2 X6 B 30 90 s 1t
B, RO AR B, B P E AN R R,
Wi 4nee 152 s BDFG — HR A I8 i 5 5L i 1)
FLBil A i, RG34 RE ik, o5 EEik 90.15%
HAb K E BDFIG . BDFG — MBR, BDFG - SPR,
FLAr 50k 61.54% | 58.07% . 43.64%

1.6
1.2
0.8
E 04
= .
E_a 0
P 04
-0.8F
)
-1.6 . . . . .
(4] 6l 120 180 240 300 360
{ir ¥°
0.5
0.44433
0.4} P=B/B.=61.54%
=
= 030 §0.27343
i
=

[}]
1234567891011121314151617181920
Vi B A
() BDFIG*T P i 0 B HC A0 L Ml

T

i

0 60 120 180 240 300 360

{ur e

& 8

W R T

T

i

I R T

T

i

i B AT

0.5057%
P=B/B,=43.64%

0.22071

0
12345678 91011121314151617181920

i i A o

(b) BDFG—S PR i 1 1 JE A0 L ik o foe

0 60 120 180 240 300 360
fi e
0.5
0.410.37279 P=B/B.=58.07%
0.3

1.6

0.21648

12345678 91011121314151617181920
iR b e
(¢) BDFG=MBR*{ It i 45 B LA HL - 4 gt

1.2

0.8

0.4

-0.4}

-0.8}

-1.2}

-1.6 - :

0 60 120 180 240 300 360
fi e

0.5

0.4t P=B,/B.=90.15%

0.30054
i 0.27095

0
1234567891011121314151617181920
it B 2 4
(d) BDFG—HR*{[Bt i 5 B 3L {0 HL - 4 fi

ARIZER BDFG "SRG o3 Ai S A% B fige



. 60 - @ 7€

4 SRIGIIE

T HAE BDFG — HR 4 #0543 M7 5 32 A 5%
P, #ilE T —6 0.33kW BUEEHL, WK 9 FiR, K9
(e ) A A B BT et s 2 P %) I R R T 1

P e

(b) ¥ LA (c) ERISL 461
K9 BDFG - HR FEHLANLE v

R AL o AR T AT A it sl LR A0 R
DAL R -6 T LA 4R . TR 558, BDFG
— HR TR G20 35 = AT PR A v B 2, 5 S8 4 Dl
T AW S R S A AT . AL LAL T R] AP s
AR 500 v/min B, I8 T A2 5 4 5 R s A A
PW £ R AE 7R s M UE 110 V/50 Hz, HHIBLAL
T [A) 2P #s 4T RMIR T 500 o/ min [, JE#e CW {1 &
PIAHARRY , [RIREVRSY CW L i PW S B8 i i
Wi

BDFG - HR #£ 625 r/min #[6] £ 5 375 1/min
[R]85 I PW s LT 5 R R 5O i 8T 10 fT o,
HEL S FL O 0 A0 (L 00 3R 4 ] il o s e e 13 1
11 JEPIANEE R | R THD,  a] AR 2 i U i i
TRAEIIR /N, THD 255843508 3.53% 5 3. 4% , H,
JEJo R R4

HmsiC2) | 36215 A Fregi:2)5096217 HelmsdC4) 110259V Fregild) S0 22904 He

BF)/(20 ms/div)
(a) 625 r/minP Wi B HE 55 1 o T iR 16

TR e
Pt % i .
il T
Up
;;r.\ !
TmaiC2) 13407 A FreqiC249.98401 HeRmeiC4) 109515V FreqgiCA) S0.15246 He
BHE)/(20 ms/div)

(b) 375 e/minPW i L 55 HH L 3T 02 TE

K 10 625 r/min 5 375 r/min %€ 7178 & B PW S H -5 L

200
1sol THD=3.5318%
100
sof RV 41 113
<A N, S
H o
=

-150
=200 h h A
5.2 5.205 5.21 5.215 5.22
i Ta)/s
(a) 625 v/minPWhii B FETHD 3
200
150F THD=3.4026%
100
o S0 i
113
-a} 0
o
50t
100}
~-150}
=200 o . .
4.78 4,785 4.79 4,795 4.8

I jia)/s
(b) 375 t/minPWii WL FETHD i 55
K 11 625 r/min 5 375 r/min %5 2k & H PW &
THD 144

K] 12 B 245E 504 375 ~495 v/min V. F X [5) 5 3
£5505 ~625 v/min i H 4R [F] 20 @S2 R AE PW ] 22 3
TESUR Y E R . N 12 (a) BT LR 31 24 KU 7E+
25% BRI HAR ALY, AT RLE AL CW g AR
145 PW 3¢ & H 50 Hz ) = AHHL, 52045 % 5 4
P BT, V. F AR ) 20 e 2R Ay, o b
WYL IR . [ 12 (b) R AR UE PW 75 8 53 i) 5
S BUIE A, PRIE PW A 110 Vims F) = AH
ZRr s, BB PW ORI TR S HR R 6 Bl A A
A%, P 12(e) I CW Tl R AR 406 I Il Uit & FE,
HILAY F, L 42 1 48 X AT R B A R AR, FERLE 3. 1
Arms 7245, CW RN 5CT B R R A3 A 500 r/min
REVIRIRR, 18 AR R CW i AR/ B A%
T 0. CW Sl ity sl it S5 07 A R AR 22, 3X
St TREEH T R B R AR E K, fEpy
R PR SEPRIAR A) — R AN, R 22 TE SRV RY L
ZWe

60

50}F l—l—.—ﬂ—l—n—l—.—e—.—!
a0k ofp(iib) © ofeilliit)
& fpUiFED | o fediiin

Wi He

MR E R I Ll E Pt

350 400 450 500 550 600 650
F#/(r/min)
(a) B2



6 141 WK E%, FAHT ISR & LT 5 5 - 61 -

120 - 2.5
e e T e Y
loo| CPWHRMLE (it FOPWIl (i) | &

g, APWERHLIE ({0 vPWHLH ({i720) T
= .
80+ ; q1.5
w2 e e S wr v e B ow @

I F A ] 2 e LRE R DRt
60 . ; i ; . 1.0
350 400 450 500 550 600 650
5%/ (r/min)

(b) PWHL I HL i 4
OCWEEHLIE ( 5 roCW HLE (it )
6ok  RACWEZEHIRE ({71 FeCWHIGE ({71L)
13
2 40f *
-3 =
= e
412
20
0 s \ 1 . L |
350 400 450 500 550 600 650
53/ (r/min)
(c) CWHL T HLjiE
& 12 S [REE R)EE [RE3# BDFG - HR & His 17 Mg

5 &

ASCRABITE— IS5 5 IO XU A A AL (BD-
FG - HR), HAT & MR mirt + e Bk B i 2
FrVATAR, G R R A A FROGS
PR T EAT AR, FRR AL e 1 T0 R
A LA T BT P B S X e (5 L2
MSEREIREM, ASCIBEFE BDFG - HR 1 F454
P e FA SR I S R R RE T, AL AR
FeJoiet L LA R () A3 o S B A8l 3t
BoUE T BRI T IR A R, RS IO
A L LAY e T4 S R B

S 3k

[1] Cheng Ming, Zhu Ying. The State of the Art of Wind Energy Con

(2]

[3]

[4]

(5]

(6]

(7]

[13]

[14]

version Systems and Technologies: A Review[ J]. Energy Conversion
and Management, 2014, 88. 332-347.

Han Peng, Cheng Ming. Brushless Doubly-fed Machines: Opportu-
nities and Challenges [ J]. Electrical Engineering, 2018, 4 (2):
1-17.

RO, WhMG, BUBLE. JCRIXUSIX A R ALRY B T S
HILI]. B IE A, 2016, 31(19): 37-53.

Broadway A R W, Burbridge L. Self-cascaded Machine: A Low
Speed Motor or High Frequency Brushless Alternator[J]. Proceed-
ings of the Institution of Electrical Engineers, 1970, 117 (7):
1277-1290.

Chen Jiansheng, Zhang Wei. Harmonics in Brushless Doubly Fed
Induction Generator for Torque Ripple Analysis and Modeling[ J].
IEEE Transactions on Magnetics, 2014, 50(11): 1-4.

Han Peng, Cheng Ming, Zhu Xxinkai, et al. Analytical Analysis
and Performance Characterization of Brushless Doubly Fed Induction
Machines Based on General Air-gap Field Modulation Theory[ J]. E-
lectrical Engineering, 2021, 7(3): 29-41.

Gorginpour H, Jandaghi B, Oraee H. A Novel Rotor Configuration
for Brushless Doubly-fed Induction Generators [ J]. IET Electric
Power Applications, 2013, 7(2): 106-115.

Sadeghian O, Tohidi S, Mohammadi F. A Comprehensive Review
on Brushless Doubly-fed Reluctance Machine [ J]. Sustainability,
2021, 13(2). 842.

BN, 2T, EONFE. BT BRICHE A RERE e 0 i3
BB RIS ], ek, 2019, 52(7): 17-22.
felE, MREE, ERER, . RO TS5 0 RS ALY
PEREZHTLI]. BOEAL, 2017, 50(11): 1-5.

KEFE, FHIR, MM, & BRI XS R L T SE 4Bt
TRAFEIATT]. ML R 2, 2021, 25(6) : 38-45.
Cheng Ming, Han Peng, Hua Wei. General Airgap Field Modula-
tion Theory for Electrical Machines[J]. IEEE Transactions on In-
dustrial Electronics, 2017, 64(8): 6063-6074.

HBSEH. ToR s LR R R AT SRR [ M. dEst: L
Tl iR, 2008.

TERL, RS, RRPE, S ALHLATBREE % g0 — BEe KO
[M]. Jbat: HUBTAL HipRA:, 2021

(455 39 11)

S 3Lk

(1] &A, xIbeg, fLEES, . —RhIKSTIRS 0 R S AE Ll
SBOTEL]. KRS, 2022, 5(3): 84-90.

(2] FRfBAs, WM, TR, 4. SRPERBUR R Sh e R S Bk il
[J]. RaES5Hm, 2021, 4(3) . 83-90.

[3] Orlowska-Kowalska T, Szabat K. Optimization of Fuzzy-logic Speed
Controller for DC Drive System with Elastic Joints[ J]. IEEE Trans-
actions on Industry Applications, 2004, 40(4). 1138-1144.

[4]

(5]

(6]

WIUbk, AL, BEE, S5 EURTCRIHAL S i 15
SR RHSEBT]. HURSHIE, 2020, 48(23): 160-165.
REEE, FWA, SR IR S o U S5k
IELT]. LS shin , 2021, 48(11) . 27-32.

RN, MR, ZRERR, 45 T AIENE S MARTIE KA
PLE A EZHRIT]. BerHoR SR, 2022, 40(9): 20-23.
G Ellis. Control System Design Guide [ M]. 4nd Ed. Academic
Press, Boston, 2012.

AL, WAk RAERBS BB M]. Jbat REEE S
WAL, 2013.



ik € L

F51E HoH Vol. 57. No. 6
2024 45’3 6 H MICROMOTORS Jun 2024

RIRTENHUETREINREHRRERE

WxF, WRA, RAN, B %
CRRIAE: A TRE%BE, RIA 210096)

 E: TLB R OARTE ST R S0 TV N HE S T ARTE AT 3R e b B s R R o AR SCOE A R TC R i
WE AL B HLR 540 5 ), FEATEZ BB S p) = AP G el MG A URER A8 kX, TR iR T
= N A TC Ll W [F] 20 AL R SR AR SR TE R, 48t T TG R 0 LI AN R 2 A S8R

KR LR b, LR ; MG, MERa; GRS

hESES. TM341 XERIRERRG: A XEHS: 1001-6848(2024)06-0062-07

Wireless Excitation Synchronous Motor and its Research and
Development Review

FU Yunfang, YANG Yiling, HUANG Yunkai, PENG Fei
(School of Electrical Engineering , Southeast University , Nanjing 210096, China)

Abstract; The wide application of wireless power transmission technology in the field of charging has promo-
ted the rapid development in the excitation system of electrical machine. This paper firstly introduced the
structure and principle of wireless excitation synchronous machine. Then, the domestic and the international
development and research achievements of wireless excitation synchronous machine were illustrated from
three types of wireless power transmission technology, inductive coupled power transmission, capacitive pow-
er transmission and magnetically coupled resonance. Finally, the shortcomings and challenges of wireless ex-
citation synchronous machine were pointed out.

Key words: wireless excitation synchronous machine; wireless power transmission; inductive coupled power

transmission ; capacitive power transmission; magnetically coupled resonant type
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Research Progress of the Rotating Ultrasonic Motors Based
on In-plane Mode

CHEN Jianyi', LIN Xingling', WU Qingyong' , JIANG Lisheng’
(1. School of Intelligent Manufacturing , Xiamen City University, Xiamen Fujian 361008, China;
2. Division of Finance and Asset Management, Xiamen City University, Xiamen Fujian 361008, China)

Abstract; The ultrasonic motor works based on the inverse piezoelectric effect of piezoelectric ceramics and
mechanical resonance to obtain its motion and torque. It has a lot of excellent merits, such as fast response,
high positioning accuracy and can be directly driven. It has unique application advantages in fields such as
precision drives, aerospace, biomedicine, etc. Several mature products have been successfully applied and
industrialized. Currently, micro ultrasonic motors based on in-plane vibration modes are the most prone to
miniaturization, and have great potential and space for application in the field of micro-electromechanical
systems. Firstly, the working principle of ultrasonic motors was introduced. Secondly, two types of in-plane
driving rotary ultrasonic motors were reviewed in terms of two stator structural forms, namely sandwich type
transducer stator structure and patch type stator structure. The new developments and achievements in relat-
ed research were summarized from different structures, output performance, and application research. More-
over, the main performance of several motor prototypes was compared and analyzed. Finally, several issues
were pointed out that require further research and breakthroughs.

Key words: ultrasonic motor; in-plane mode; working principle; sandwich piezoelectric transducer; bond-
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Abstract: Described the calibration method, calibration steps, data processing method, and measurement

uncertainty evaluation method for synchro /resolver bridge in signal motor detection.
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