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2 Bfathifbidit; mha, =B Z JE DR TOPSIS 553X pareto JE 45 RS2 T RIS ITAL , RAFHALAEF R
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T B ERE . AT T, DA SR O B R A R L
K4 : Halbach BFEF| L RN, MA@ WA 3, TOPSIS Bk
hESHES: TM359.4 XHEbRERG: A NEHE: 1001-6848(2024)03-0001-07

Hierarchical Optimization Design of Halbach Linear Generator Based on
Entropy Weight Decision

CAO Deyuan, WANG Changkun, FANG Xinyu, LI Yang
(School of Energy and Power, Jiangsu University of Science and Technology, Zhenjiang

Jiangsu 212100, China)

Abstract: In order to achieve high power density and high conversion efficiency of direct drive wave genera-
tor, a layered optimization design method based on entropy weight multi-attribute decision making was pro-
posed for Halbach array linear generator. Based on the analysis of the basic principle, power generation per-
formance and test verification of the motor, taking the amplitude of open loop electromotive force and the dis-
tortion rate of voltage waveform as targets, the sensitivity method was used to screen the key variables, a hi-
erarchical optimization model was established, and the multi-objective optimization design was carried out by
combining NSGA-II optimization method. Finally, the TOPSIS algorithm of entropy weight multi-attribute
decision making was proposed to evaluate pareto non-inferior solution set, and the optimal solution of motor
structure size was obtained. The results show that the electromotive force amplitude increases by 13. 7% be-
fore and after motor optimization. THD decreased by 1. 06% , which verified the efficiency and feasibility of
the proposed optimization design method and the scientific objectivity of the decision method.

Key words: Halbach array linear generator; entropy weight multi-attribute decision making; hierarchical op-

timization; TOPSIS algorithm.
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Study on Feedback Voltage Characteristics of Isolated Pole of Ultrasonic Motor
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(1. Department of Physics and Telecommunication Engineering, Minjiang University ,
Fuzhou 350121, China; 2. Fujian Provincial Education Department Key Laboratory of Advanced
Motion Control, Minjiang University, Fuzhou 350121, China)

Abstract: The performance of ultrasonic motor completely depends on its driving control system. In order to
take advantage of the isolated pole characteristics of ultrasonic motor, the driving system needs to control the
feedback signal of isolated pole. Aiming at the isolated pole feedback of ultrasonic motor, the characteristics
of the isolated pole voltage of ultrasonic motor was first briefly analyzed in this paper, including the calcula-
tion of the isolated pole voltage and the variables that affect the isolated pole voltage, and the existing isola-
ted pole voltage of ultrasonic motor was tested to verify the correctness of the theoretical calculation, and then
the feedback signal of the isolated pole voltage was to be dealt, and the feedback control was to be designed.
Finally, the test results of the isolated pole voltage before and after adding the feedback signal were analyzed

and compared. The experimental results show that the fluctuation of isolated pole voltage can be reduced ef-
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fectively by using the isolated pole feedback voltage of ultrasonic motor.

Key words: ultrasonic motor; isolated pole voltage; feedback control
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Research on Structural Strength of Rotor of High Power Permanent
Magnet Disk Motor

HUANG Yishuai', LIANG Zhihong®, LI Fei', WANG Haibo’, SU Sen*
(1. Ningxia Power Co., LTD., National Energy Group, Yinchuan 750011, China; 2. Guizhou Power

Co., LTD., National Energy Group, Guiyang 550081, China; 3. Guoneng Ningxia Lingwu Power
Generation Co., LTD., National Energy Group, Lingwu Ningxia 751400, China; 4. Huachi Kinetic
Energy Beijing Technology Co., LTD., Beijing 101111, China)

Abstract ; In order to solve the problem that the rotor of disk motor is damaged by centrifugal force when ro-
tating at high speed, a disk motor rotor structure based on the flywheel rotor structure of energy storage was
designed in this paper. By comparing and analyzing the structural strength of the rotor of the traditional disc
motor, a method of using the high strength of the flywheel rotor material to offset the centrifugal force genera-
ted by the motor disc and magnetic steel was proposed, so as to increase the maximum speed limit of the disc
motor rotor. By analyzing the strength of the rotor structure of the new type disk motor under different speed,
the maximum stress curves of the rotor and disk were obtained. The results show that the theoretical maxi-
mum speed of the new disc motor rotor structure is 4. 3 times that of the surface mounted structure and 2.7
times that of the embedded structure, respectively. In order to further improve the performance and reliabili-
ty of the rotor structure of the new type disk motor, a calculation method for the optimal interference of the
rotor structure of the new type disk motor was presented. By comparing the safety factor of motor disc and ro-
tor at static and rated speed under different interference, the optimal interference value was obtained. The
new disc motor rotor structure designed in this study has great practical application value, and can provide a
high performance and high speed disc motor rotor solution for energy storage flywheel and other fields.

Key words: Disc motor rotor; structural strength; simulation analysis; maximum stress
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Speed Control Strategy of Switched Reluctance Motor Based on Fuzzy
Autodisturbance Rejection

WANG Ruyuan', LI Xintao’, YANG Hui', ZhANG Wei'
(1. College of Electronic Information Engineering, Taiyuan University of Science and Technology,

Taiyuan 030000, China; 2. Engineering Research Center of Ministry of Education of Heavy Machinery
Taiyuan University of Science and Technology, Taiyuan 030000, China)

Abstract; Due to the doubly salient structure of switched reluctance motor, the torque ripple is too large,
and the system has serious nonlinearity, the given speed changes greatly, and the load disturbance is large.
To overcome this problem, a fuzzy Active disturbance rejection control method was proposed. Combining the
characteristics of switched reluctance motor and mechanical Equations of motion, a simulation model of doub-
le closed loop system of switched reluctance motor was established. The speed loop used active disturbance
rejection control technology and fuzzy control to adjust its parameters. The torque loop used direct instantane-
ous torque control. Simulation experiments show that compared with traditional PI control, fuzzy active dis-
turbance rejection control can effectively improve speed regulation performance, reduce torque ripple, and
show good anti-interference ability.

Key words: switched reluctance motor; active disturbance rejection control; fuzzy control; anti-interfer-
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ence; torque ripple
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Research on Starting Control Strategy of Acceleration-regulated Aviation
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Abstract; In the process of starting a high-power turbofan engine, the change of the instantaneous power of
the ground electrical power source demanded by the special load torque characteristics has an impact on start-
ing reliability and causes problems such as power protection. In response to these challenges, the starting
control strategy of the three-stage start-generator based on acceleration regulation was proposed. On the
premise of ensuring the successful start of the engine, the acceleration in different speed ranges should be
reasonably planned to reduce the torque impact at the initial stage of start and decrease the power demand on
the ground electrical power source. Through the simulation analysis and bench-starting tests under the given

load condition, the effectiveness of the proposed starting control method was proved, providing a solid foun-

Vol. 57. No.3

dation for the application of aviation three-stage starter-generator system in turbofan engines.
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Design and Verification of a Low Cost and Miniaturized Missile Based
Servo Controller

GUO Chaomao', WANG Xuesong', SUN Lei’, KANG Changxi', LI Yuanming', SUN Liang'
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2. Air Force Representative Office in Lanzhou, Lanzhou 730000, China)

Abstract; In the face of the objective demand for low-cost and miniaturization of missile borne products, a
servo controller design scheme using switch type Hall sensors for semi closed-loop position control of electrome-
chanical systems was proposed. Innovatively utilizing the Hall sensor on the DC brushless motor body combined
with software control strategy, replacing the external absolute position sensor on the servo mechanism, not only
reduces product volume and cost, but also simplifies hardware circuit design and improves system reliability.
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Design of Crosstalk Suppression Driver Circuit for SiC MOSFET

YANG Mengguang' , JIANG Renhua'?, XU Shu'
(1. AVIC Leihua Electronic Technology Institute, Wuxi Jiangsu 214063, China;

2. Aviation Key Laboratory of Science and Technology on AISSS, Wuxi Jiangsu 214063, China)

Abstract: The switching speed of SiC MOSFET is significantly improved compared with the Si MOSFET |
but the increasing of switching speed causes the increase of voltage/current change rate , and the influence
of factors such as device parasitic inductance and wiring inductance on the circuit is increasingly prominent.
When the voltage and current of the device itself changes, it will lead to the expected surge voltage between
the gate and source electrode, which leads to the misdirection of the switching MOSFET. A SiC MOSFET
crosstalk suppression drive circuit without comparator Miller clamp was designed to solve the crosstalk prob-
lem of the high side and low side MOSFET of the bridge circuit. The experimental results show that the de-
signed SiC MOSFET crosstalk suppression drive circuit can effectively suppress the crosstalk between the
high side and low side MOSFET, and has important engineering application value.

Key words: crosstalk suppression;
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Design of a Micro Servo Driver

ZHOU Shi
(Shanghai Invt Indusirial Technology Co., LTD., Shanghai 2011142, China)

Abstract; Aiming at the requirements of small volume, light weight and strong current capability, a micro-
servo driver with high power density was developed for UAV, manipulator and exoskeleton robot. Using
high-density PCB stacked combination structure, efficient and fast switching technology, advanced three-ring
PID control algorithm, on the basis of the existing conventional servo to carry out the technical breakthrough

of miniaturization, high power density and easy installation. The experimental results show that all the inde-

xes of the drive meet the requirements.

Key words: servo driver; miniaturization; high power density
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Research on Fault Diagnosis Technology of Rectifier Module Based on DSP

CHEN Zhangheng, WANG Xiao, YUAN Zhenyu
(Wuhu Tianhang Equipment Technology Co., LTD., Wuhu Anhui 24110, China)

Abstract: In order to improve the effectiveness and reliability of the fault diagnosis system for the rectifier
tube assembly of aero-generator, a fault detection system was designed by using DSP chip and neural network
method, which could diagnose the normal operation of the diode of the rectifier tube assembly, single-tube
open circuit and double-tube open circuit. By analyzing the data of actual aero-generator, the results show
that the system diagnosis accuracy can reach 100% for the given data.

Key words: rectifier module; fault diagnosis; digital signal processor; back propagation neural network

Vol. 57. No.3

0 35| F

fil s e A I OB IRAN, AT RALAEUA R PR |
BN T, B2 B AR R, 3kl fe A X
A R A A, F TR A A RE P LA B R SE A Y R
AR . HATEN S iR, R A
Ve =X sgim K b, Rk, I EAL
EREHLA, HEPLATTE, ol AR A
PR UL A LAY B, T Al
RBIRER . B H BT R AL0F N AR SR 50
%, WA A AR RS O, RS L HIL A T SR
ORI R 2 Sy R e
T MR A R T B R R, i 2% b
PR (CAVR) , DU S8 i sl Jid,  dnate A g
TN A LA i e, (2, B SEOL
ABPE TAIE I, AFEBORE RS R LA
JEL BRSSO, , R A A LR 2 SRR, S

s HHEE: 2023 —08 —21

UERlES, AVR £33 f5h”, #E i s & s bl i
HURSRSE, FR B R HAE
TS T AR v, e AL U A Y R B — AR
AL, BAERE R Pt RE R, AR A
BEBBEEAT B o BRI, R R R A e A G
ik, PRBEATZS & ALIIE R TAE, XHE s a
o R T R TR =S E |

A EF D) TMS320F28335 37 45, 1 DSP 2y 32 %2
R, R TS A BL A U A A A T i 2l R
ZWIRSE, LAY F SIS i AL s R A
KA R T A B AVR SRR 5 % i R Y
IHERES T ED:, SPrEIE IR, R
RISy, BRI 1, 2, 6 K s AF
YU R AR Bl BPNN Tk R U 47
F5

IS G RAUE S, IRV T 1 B I A A Al
FEIZWT RGUA AL, BRAE T A 2S & o MILRE Il i AL A

fEEB®N: ME18(1995), B, Mt, B TARIFH, K AME L BIERS A8,
I wK(1982), B, AH, TARIF, RF & AT L BHIERE EME,
JLIRTF(1982), B, AF, TRIT, TH e AT K BIERE HH4,



34 WRERE S . 3T DSP (1 R4S 20 1 B 12 I AR B ST <45 -

BRI 22
1 BREAHFURERN

SR R LA A TR, R
T SREWI TR FR, EEA KB, WREL.
ERAEHLLI AVR 20887,

AL

|

I |

I k |

. | , ’ |

| ' Wl I

I | I |

| I I Toa Tos [p2 ! |
e i e -

|

|

I

|

KB % L

_ WAL

|
|
|
|
|
|

B =g A i HLEE R 5]
WAL s, REALE R 4 d 6 R
(D1 ~D6) AL AT AL BRI B, DB kR A 2
FERFR PR,

R EREAGHBESEES
75 il s 2 7Y BRI
1 TER R /
2 LA W D1 ~ D6 {E—4
3 [R)AF AU W i D1, D4
4 [Fi) 9 S B D1, D3
5 SRR KT D1, D6

AR AL IR R LR W R, TR
KBMFLE S S A b, o, R A 2 1F B i
RO 1 AV HG R 2 (AR, O A BIL A Bl 1 P VA 1
sl 23k LAY H = A R R
BEFIFR, s A B AL Rl i L O 1, o T T A
AT, A R ML AR AT DA R 2 4%
Ll P2 R e R R S B LT, AL A5 5t 4%
MMM o £ b, B R PR O A DA g e AG

G
2 HEML%

1T e AR BORCHE (9 B, B 2 2 B
ORGSR R, SEUR SR FET 2047
Z IR B IS PRI AN AR E Y, T A W e

o, AR E Ry, R SR A A A B R D C T
%, TRESX R SEIZ Wi BR1Z . BT R I]
RGN B R R B 22 W 28 7 YRR i RS
oyt . MAEMKINEARZ, HEHERHA
ARG S BLIN L, B L O BT A% 4 i 2 I 2%
(BPNN) , BP #5750 3 5ot iy A Kl 40 1 10 1% £ JF: B 1)
e 22 LA A i H B8 5 A ARBIE Rl g iR 22, Xt
RIS RS I ST, LAk BB A ) B Zh BE . BP
R A DL A T LS 1) A% 47 9 7 XS B L 75 5 R
2% By, RS 2 R B 4 45 A R
Z IR SEE] . AEASCH, A BPNN ] DU B4
W .

BPNN (s A RN X = {«,} (i=1, 2, 3.+, n)ky
WO Y =ty (=1, 2, 3=, m), WA W, 550k
WAR SRS R RS R S 2 Z B RE, &
2y =JZ BPNN S5H 7R B8 o

2 BPNN 45# &

IR B R = 2 BPNN VR Rl 12 W 43 2 2%
YRGS TS, BOLERIER 1, 2, 6
WISTAE R RRAE ), IR E — b A3, 1R RSt
BFEA . ARSCIRTTHR BP BEAEIZER R 3 -6 -3, XA

Gty o A,
R
TR ] BPNN (it v, & 58] Matlab 31 25
JFARH BPNN BB AU S 280G ok, flix e
WAtk DSP &gt BVa] LUSEAT IS W Fn o34 o

3 HWEICHREIEIT

AT LA G2 W [R) 25 A AL ) o L

31 RENAE

M2 R G BT AR & 3 iR, Al
S =R KL, PC AL, AD7606 %4
KA DSP & 45, 1 4e A AD7606 i F 3R 4
R AL WIS, IFAE Matlab 58 555 45013 3
Bl BPNN R 255 2 576 CCS #yF bt 3ik ik
frkit, it DSP R SCHLBEIZ Wi TIBE .



46 - e AU b

ADCIBUE 5 R A

i
illl&5:B PRI I—L“{ FFT{5 5 447 5 4b A8 |

S02H

e e P 5

BPHER 24 58 1 0 b
et

K3 RGBT
3.2 MEHHEEKIEIT
BT HL B IZ T 2R G B E 4548y DSP 3R 48 FI %L
PRAEBIAG L, FEGA
(1)F28335 F.tv A, 32 fiiF &8 DSP, FE4ii 150
MHz, IO HHLJE N 3.3 V 28 i F, K5 %
LESTo
(2)16 DAY “BOR "M A ADT6061 | fuiF 8
B [F) DR, HUH IE B R A 3Rl 200KSPS
3.3 HmHFiEIt
PR IRARE AR 4 B, EEA R ECRT
WY AR S AL BRER > AT RS W R O3
[ &m@%mm&

¥
| R

[ SETFFTINSIS 43 b
|

S

25

K4 Bprm e

(1) B SR 8 1) SRR 5 ik D s i v e, el
s T 1], A1 L AD7606 4 filk % U5k 2 B 4%
PO BB BRI R f. = 102. 4 kHz, ARy
N =1024 gi, MKHaPWrZE R, iR ss 72y nl )\
AD SR WU 10 o hE HSCEE SRR AT IR, W B 1 B AR
RS HERGE S 2R 2, NI IERE, [H
PRI AR, B TE A S DSP INFE P
THOUT s A7 LSS R & 5 DR PGSR, KR
AORFEEI, TRk f.=2f,, S fRpE {55 AL Y
ROR S A Stk

(2) X Tl B2 Wi B, AR 3 il s L O A2 AR 1Y

WRASURR P, RP B IR 1, 20 6 YRIE AR il by
MR IR o, — AU ZRAEAS, IR E
BRIZH, 55— VR INAAEA, T 3FAl BPNN
W RIS T R RCR
P22 00 2% 58 5 Matlab 28 B0 28 T H 46 newff |
train | sim RECHEATAIE, WL, fiE, JFHME=
JE2(3 xn, x3) MM LE, AN 3 4ER TS AL
i, F O IEE AL, B4 DI W EAIRUE DID2 1
% 3 MR [F] Al R, e tansig” IE Y] S AL 13
PRV e R Ak g, AR I =N (1) s .
n,=vn+m+a (1)
Horpr, my n 23505 AR, R R, a BT ~
10, PILEREZ Y A8 nl T4 ~ 13, 23X 1L,
AR SCHE FH Y s 6 T2

4 LWHERSH

HAE Matlab Il Z53REL ) BPNN BIRUAUE . (w5
ST HITE CCS B 7 b QA B R Al R, 2k
371 BPNN #5888 = )2 W48 454, BT LLFE £ A A~
BUE . P Fe. AR5 R I FE A S 7 [ O,
LA TIH—14k, 205 AR 4 202 W R e S B0
LS TR R, DA X I 3R AR %) e e 2 A
Wro 55 om S 12 W iE iR A SRR Y, B — A
A, X AR TR 2 W TR 5 v 0 A5 21 1 5 B o 2k
IR AMEHEAT W, DTS LI A [R] i e s A 2
YRI5 FEAC B IE BT & i sk R 2R R HEAT XS L, AT A
LS W IE# %

XFBTT I 2 B R G AT IR, B
LA HUAE D1 W s . DU D1D2 Bk s . IE
TR, XHINREAE AT T 40 IR WAL, S5
SEHAIESE, fE LR IE LT, 2 W g RAT
T, LSRRI 100% , s FAEN T 3
SIS R G AT HA S0

5 &

ARSI FRE XA e FATL R AL A 2L DB B
WEEBET 76T DSP fEURIZ I R GE, X RGN H
TG AR R A I Wl PR LA o EA T AR B, R O
FAEZEL, {diH] BPNN i B2 W 7 125 o il B 4 fiE 2
BT i, SCHRE SRR, AR SO B 4
PFRE L T i st R IS W BT A

(¥ 58 11)



it @ U

H5TH B3 Vol. 57. No.3
2024 Qg 3 H MICROMOTORS Mar. 2024

H T Kriging £¢ 12 8 i) T2 Rl X1 4 B8 WSS F4R 4L 18

TEHFE, mE¥, T &, KRE
(BT S TR BE, UBH 110870)

7 OE: TR AL T A SR R ISR, BIA N R A A BRI R R RS
KEMZ—, Tohl U5 & BAURREE T R R R SC LR e i3, LG 1 00RR 6 68 00 2 5% i FE ML RE 1Y
WERER, BIARSHEH T A S I S B RE  THs BG 450, T T ixFh i+ AR R S5 S H00 s i fe
HISENA, Jf42 H—Fh BT Kriging fCHARR Y 22 H A5 22 43 A0S 5 0 TORDSUS & LG PO vk . B e diarix
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Rotor Optimization Design of Brushless Doubly-fed Generators Based on
Kriging Surrogate Model

YU Siyang, TIAN Peijun, WANG Hao, ZHANG Fengge
(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract; The brushless doubly fed generator, seen as a promising mainstream candidate for wind power sys-
tems due to the absence of brushes and slip rings, relies on rotor magnetic field modulation for electrome-
chanical energy conversion. A novel series cage bar-assisted magnetic barrier rotor structure was proposed in
this paper. It investigated the impact of different rotor structural parameters on motor performance and intro-
duces a rotor optimization design method for the brushless doubly fed generator using a multi-objective differ-
ential evolution algorithm based on the Kriging surrogate model. The method started with establishing a para-
metric model of the innovative rotor, then used the Kriging model to map the relationship between optimiza-
tion variables and objectives, followed by the multi-objective differential evolution algorithm to identify the
optimal variable combination, and finally, finite element simulation to analyze the motor’s performance.

Key words: brushless doubly-fed generator; series cage bar magnetic barrier rotor; Kriging model; multi-

objective; differential evolution algorithm
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Transient Characteristics Analysis of DFIG and Research on High
Voltage Ride Through Control Strategy

WANG Yanjuan, SUN Xiao, CAO Deyin
(Tangshan Caofeidian District Power Supply Branch of State Grid Hebet Electric Power Co., LTD.,

Tangshan Hebei 063299, China)

Abstract: In the HVRT problem of DFIG, the fault response of DFIG is equivalent to the dynamic response
of DFIG by adding a voltage surge component to the original steady-state response. Based on this, the transi-
ent characteristics of DFIG were analyzed in detail, and the rotor current was further deduced. In addition,
because the traditional " de-excitation" control can not control effectively, and requires accurate measure-
ment, this paper proposed a current tracking control strategy to realize the HVRT of DFIG. On this basis,
the additional impedance control was proposed according to the fact that with the increase of R , £ increases,
and the larger ¢, the more obvious the suppression of DFIG oscillation. The joint control strategy of DFIG has
simple structure and remarkable effect, which overcomes the disadvantage that de-excitation control cannot
control T, and minimizes the pulsation degree of DFIG, and realizes the generalized fault ride through of
DFIG.

Key words: doubly-fed induction generator; high voltage ride through; transient characteristics; current

tracing; additional impedance
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Research on Minimum Copper Loss Control Strategy for Open Winding
Permanent Magnet Synchronous Motor

ZHOU Xuan', WANG Xiaona’, SHEN Haomin’

(School of Electrical Engineering, Naval University of Engineering, Wuhan 430033, China)
Abstract; The open winding permanent magnet synchronous motor is driven by two sets of inverters and has
the characteristics of high power and torque, which is applied to electric vehicles. Due to the extremely im-

portant energy consumption for electric vehicles, research has been conducted on reducing the copper con-

sumption of open-winding permanent magnet synchronous motors, and a changeable decoupling angle modu-
lation strategy based on this system has been proposed. It took the angle ( decoupling angle) between the

output voltage vectors of two sets of inverters as the control variable, and used tree-seed optimization algo-
rithm to select the optimal decoupling angle based on different load states of the motor, so as to reduce the

i1

copper loss of the open winding permanent magnet synchronous motor. Through simulation verification, un-

der light load conditions, the copper consumption can be reduced by 25% , proving the superiority of this

strategy and providing theoretical support for controlling the operating losses of electric vehicles.
tion algorithm; copper consumption

Key words: open winding permanent magnet synchronous motor; decoupling angle; tree species optimiza-
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Effect of Stator Temperature on System Efficiency Based on Bench Control

HUANG Wanli', LIU Mengxia', FAN Zhenyang'
( CATARC Automotive Quality Inspection Center( Ningbo) Co., LTD., Ningbo Zhejiang 315000, China)

Abstract; The driving range of electric vehicles is directly influenced by the efficiency of the electric drive
system. This study focused on the impact of stator temperature on the efficiency of a 200 kW electric drive
system based on efficiency mapping tests conducted on a dual motor test bench. Firstly, measured the stator
temperature and analyzed its influence on efficiency. Secondly, employed micro-ohmmeters to measure line
losses, addressing the impact of direct bus current losses. Furthermore, utilized a power analyzer to automat-
ically provide more accurate voltage and current measurements. Finally, data filtering and customized data
acquisition methods were implemented to enhance data accuracy and stability. These improvements lay the
foundation for improved testing accuracy in enhancing the efficiency of electric drive systems. The outcomes
of this research offer practical guidance for enhancing the driving range and performance optimization of new
energy vehicles.

Key words: dual motor test bench; stator temperature; efficiency; driving range
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