BIRA BEHE

EEH: EXRAREEERAE
(ERHZEFERESFL)
P BREBREEERAT
BRMBHNIESS
IR : (BIRA) IS0
thireafi: BJERHBREFES
i R 5
BHR: %8BS
RES (RUEHEHS)
st H
BFFR
=R:
B % &k FRER OB 2
HkE & BKIE O
MEE @ W R RS
BER =B = B =R
£ X & BFz 18LE
HheEE T OK EBERaFE B B
FEH BN B B BEE
Witk KERE K& A F
g F
MITER:
ZINFE  BRE B E HES
W E =EH TKE FT T
ESE S X X R X4
NWhE B E SDL4E SEK
TRE B R E 5 EHW
FE FNF O GHER  REER
wBs B F  FHlEA - WREEHR
BEMR  KIES K\ K&Kk
WiTESR: @ R (023)67039610
fmISEBESE: R B (023)67039613
#miEaR: (023)63502993
E-mail: diangong@chinaet.net
imEk: (023)67039610
E-mail: matrevhx@sina.com
%£13788: (023)63501714
foht: SRmALKIHFEIR18S
WR4m: 401121

patk:  www.chinaet.net
Eifl: BREAREEISERAT
k17 BRTHBBS(ERIIFLT)
TH: SESHBEE
mEHK{S: 78-61
FHEM: 30.000t $5.00
EFFtREELEE RS ISSN 1002-1388
ERSK—ELEERYS: CN 50-1072/TM
I"SEEEWELE: (GaFmL) #EF(19)50075
MREE AR
FRRELEMD: ERERETESH N2
RIFHARIE: (023)67621818
Hatth: BRI KRR B A2 S BARE TR
NERESTINZE, SRE%HENE, HNEERBHEEN
EEERRESBAUE T AT

MERBERE, HSEREORRENSERARRRIRMR
il BRTIRKERKERBAEIS (BEA ZRTH27-2)
#R4s: 400707

H 3) = il

R S

81 19805817l 2024/2483(25563083) 2024128 25H AR

B X

BzizH

1 ETHHEMRASIEMIEL B AGIR #18 Ioul X% F
5  LCC-SILZFTH ARG Hl KM B 5T I A
8  PMLSM Aoy B & s s i R gk it I E AR
11 AFH IR ARSI MR RS IR ARSI & 4 A AW
15 ASHLUREARZE A B S FAMERORIFSE B R ZuH B K F
19 BETPLCH AR LR ARG 5N fTE4
22 HEFSTMI2BHHLINFREG IR R 5k %M FER F ¥
25  ETS BN R X T R AT E IS S B R R R AT

Mek EF A R K& OF
30  JefR A& HLEAR S RGBT Btk FakiE ¥O& F

ATEERSEREAR

33  H T RobotStudio 5 TIA Portalf®) Tl HLas A Szl 4 BEA 0 B R S ik

A A ERA ®EE F
39 ANTHBFOCRAMSERI 5S4 b A 4 £ @ \REE F
44 FLT UG SRRV BB BE VR VR R 0y U AIF Y B4
50 FET AR 28 9 25 1 K g R T IR 1A A IR A I A 5 ke
53 ETHEIN A T A H O B GE T R R AT A SR S AT A B &
59 ELTHURER 4 FI51) By 7 I3 B (1) RUHE 3 B T 3 3Ry i
MEE % & MBS F
65 A TEFEIEA FOR A HL B IR AR F T i BE R S IRIRAS A I Ty v
KEt € F bk
70 BT IR L A B PR 2R 5 2 1% 31 5 AR B S )+ BHE

75 Sty T 0 I L
MEERRRSIH

79 A MEOCIREAREEITT BT £ XER WKk OF

BERE FI2H BHHA

83 FEHUL ORI B 237 2 A Pk ik i M I SR N L
89 JLARIF AL A% = I o T ML IR T e 9 47 wER R B o X
94  ETBuck-BoostEHrIKALUHAE R SIS MHE BTN 4R EAm & &

100 JETTOPSISYENHTBE TH 42 A i FE BC FL M 25 & 346 2 B
I W ¥ S . 3

103 ETIR A RERY LRI M R GETh A % il % & EEK
108 T AHdn 7 1 1 A RA [7] 26 A g e AL AL 4% i vk # Y

111 RHERRIGRIRER SRR SR BRI & R
116 Mf g mie i %5 3 Al 4E R AR B9 5L
119 BLT I [H] 9% 22 70 M 1) JXUH 37 46 L 2 Bt DR 5 3k

GES I e .
BAaaE FHA

X &AL



122
130
134
137
143
147

FF CiteSpaceA1iH 1% ) 2= 1% el X AT 7% 4734

BRI A B A R G XUy B i I W IB AT Kl i 57 23 A

G UPSER & ik F R G025 5 A AL e
BT ARG KB R NAZ TR
FLF R 5 TOPSIS Y 78 H AT 8 B PP A A B 1 5%
KOtht— A B i iz 4 R i it 5904

BhBamt

151
155
160
163
166
169
173
176
179
182

LT BPHITZR ) 45 11%) L 37 0 158 25 e ME AR 5T
FFPCS90001Y f7 fay it 12 il Lh BE BT 45 1

110 KV P i 472 Fa ol o B 450 R B  B wiad

- A B PIDAE A TRE A G I

FHL 77 TT 37 75 SR i) 1. ) 46 39 0 A T 000 B B A 5

H T DSP R fal FL I EL BB S5 o 1 00 % 32 okl 45 AR 5T

LT BB SR IT A0 0 R I H BB IR APFC2 il B R
HAFVMDAT IS SRR M A 2 DGIRE L 19 e e 0 B 7 3%
FET 58 4 B R E A VML B 2140 B AR ST
FASOEZFER AN HT ] 5250 44k

185 B AEZD B 110 KV EEZE R T 5T M S it
B8e&
188 FEPHAE ] 5| 4 AE o] 5 352 50 1) L 43 A

190
193
196
200
204
207
210
212
215
218
221
225
228
232
235
238

35 KVEEZ I Bk F 40 CHRAR IR R K 43 AT

110 KVHLZE 2 L B I A0 55 8 T b 2
AT 170 B 058 TEL 1) o — AR A R i 3t

AN ) M2 87 55 R 40 =X R VR B AR B 0 A A e — R A A o
FEL ] 6 e R A T R R PR BB R A T R R e T

WL ERI 25 ik

B HEK TRE AR 2 2 R 45

TR 4GSR R AR 4 M 4 % B 2 51 o A
HFFR RSP RIS AR

10 KVERIER & B A6 30 AT R 43 BT B ke itk

FEF 2y i IR R B0 R e R Go i e 4y vk
TU AR 0 7 20 A 2 BB L il v 1 P )

AR S A 0 i e e 4 il =X A T 9

I L 45 4 SCAR B W B T BT R

AR D P o i 2 i R BB R B B AR A

TN 2UAR R 212 W SR 9T

REBRAE

243
247
250
254

257
260
263
267
270
273
276
279
281

SR i P 2 T P RO B Ao 0 [ e 0 A
A HRL ik I 35 A4 S 3 A 2 AT B Ak L

i A B ARSI S R AR S

HL P A DR 4 e A A B SR

i R FL I 9 B 4 0 O P IR A T B YR

G i 1 475 B TV BE S 4 4 SCHY 7 M S Ak B

BT ROMAYIREN 47 7K A Se /MR LR SR

0 3 A PR AN — B B AR B A DR R Bl 2 A

E A HL i AL AR R A 2 L A Ao Oy

1 3l M 0 R AR AU A R T B b 0 I AR Y S T 5

220 KVAg Ll Fo T M8 B e
PGP RS 5| 22 1] 45 o 2k 4 Bk e 25 2F 0 A
LA RRIR RS BA RGBT

X A B

2T

&

INEH LK R
PURZEC S )

AR
A

w A

%
i+

F A
R
IAE
MR

ER-3 4

KKK i

il
e

XAl F
kROE R

TR OEEE

G
& &

¥ A e
1) 3k 3%
E A A
T XHAE

F R &
D

@A E A
) 2EH E

1 5

A=K

A2 —1R
BT
R A

2k
AN

WOR WA W e

B

R e
oA+
i &
EIHiz

1&.
A fa AE

#

s
g g o
&

3 48
IEFR F
® Sk

FEH
B
KEE F
xR F

kb
AR %
R B

i3

] S

WA ds S dp

 E

57

é‘s:z\\“vﬁﬁé‘-

x|
7 436
wih
X ik

B A5

X B HEF MWW
=4
&

bOX &

ERNE T
R —i
ERTRS
REE
LA K
o
3%

I A7
R AR

A &

SR

et ¥

X =

FME R



ELECTRIC ENGINEERING
(Automatic Control) No.24

CONTENTS

Automatic Control

1
5
8
11
15

19
22

25
30

Research on Enhanced Model Reference Adaptive System (MRAS) for Sensorless Control Systems «-------veeeeeeeeees
..................................................................................... XUE Wangql GUO Kalkal LI Wenhul et al

Research on the Control Strategy of LCC-S Based Wireless Charging System e, ZHANG Hui
PMLSM Automatic Door Without Position Sensor Control System Design -« SUN Zhiwei
Design and Simulation of Air Flow Organization of Intelligent Precise Air Supply Environment Control System for
Substation Control Cabinet ............................................................................. BAI Yang ZHOU Fashan

Research on Automatic Learning and Compensation Technology of Sampling Deviation in Substation =« ««----cooveeeeee

............................................................................... CAI Llangllang GONG Shimin TANG Bin et al
Design and Application of an Automatic Aeration Control System Based on PLC--------voorevveeeeeeeenns HE Wangjin
Design of a Environmental Monitoring System for Breeding Farms Based on STM32 Microcontroller «-------«---oveee-

................................................................................ LI Jingyang ZHOU Shanmin ZHANG Yu et al
Research on Adaptive Starting Strategy of Industrial Estate Flexible Power Load Based on Parameter Identification® -------
.................................................................................. SUN Hengdong HUANG Tao ZHU Jiao et al
Design of Photovoltaic Inverter Control System ««««---oovveeeeeeeees YAN Baoshuang ZHENG Hanyi PENG Xi et al

Artificial Intelligence and Sensing Technology

33
39

44
50

53
59
65

70
75

Establishment of a Joint Simulation System for Industrial Robot Training Equipment Based on RobotStudio and TIA
POrtal* ......................................................................... ZHOU Ll CHE Liangyou DONG Zehao et al
Application of Artificial Intelligence in Fault Detection and Maintenance of Photovoltaic Modules* ----------vveveeees

........................................................................................... HU Wel WANG Dl HU YaOI'OIlg et al
Load Forecast of New Energy Vehicles’ Charging Based on Modified Monte Carlo Method ««-+-+---ooooevvee- YIN Ming
Research on Fault Detection of Thermal Control Equipment in Thermal Power Plants Based on Fuzzy Neural
Networks .................................................................................................................. ZHANG Yln
Research on Optimal Strategy of Power System Reactive Power and Voltage Control Based on Short-term Load
Forecast ....................................................................................................................... LIAO Yu
A Wind Farm Theoretical Power Calculation Method Based on Wind Turbine Grouping and Lengtev Inverse Matrix*- -

.......................................................................................... XING Xllong LI Ru1 LAI XlaOlu et al
State Detection Method for Electric Vehicle Battery Energy Storage Systems Based on Digital Twin Technology-------

....................................................................................... ZHANG Leiguang CAO Yu CHEN Haitao
Short-term Photovoltaic Power Prediction Based on Bat Algorithm Optimizing BP Neural Network®-«----- LIAO Yaofu
Comparison of Fusion Algorithms for Short-term Wind Power Forecasts---- YANG Yankun LI Yuling YANG Shiyou

New Energy Systems and Equipment

79

83
89

94
100

103
108

111
116

119
122

130
134
137
143
147

Analysis of the Impact of High Proportional Distributed Photovoltaic Access on Energy Measurement---------------oo-
................................................................................... LI Xiaoping WU Zhlhua LIU Huoyuan et al
Locating and Sizing of DG and Grid-Connected Strategy Considering Current Protection -+ -+ ZHANG Hedong ZHU Ruiting
Three-voltage-vector-based Model-free Predictive Current Control of Grid-connected Inverters for PV Systems--«-----
................................................................................................... SHEN Yanchl XU Yong QIU Yl
Research on Pricing Mechanism of User-side Shared Energy Storage Based on Master-slave Game - -----»-»---coeeeeeees
...................................................................................... GUO Calhong TANG Guangyun GAO Xln
Comprehensive Evaluation and Analysis of New Energy Access to High Voltage Distribution Network Based on
TOPSIS Method .......................................................................... YANG Fan CHENG Wel]le XU an
Power Control of Photovoltaic Grid-Connected System Based on Hybrid Energy Storage* ------ YILei WANG Ruomu
Control Method of Permanent Magnet Synchronous Wind Turbine Based on Frequency Converter Capacity-------++----
...................................................................................................................... HUANG Jianming
Optimization of Uneven Tracking Algorithm for Inclined Uniaxial Photovoltaic Tracking Mounts™® ««------coeeeeveeeesne
.................................................................................. LEI Zhenzhou XU JiaWei LAI Wenbiao et al
Design and Implementation of Remote Monitoring and Intelligent Operation and Maintenance System for Wind Farm------
........................................................................................................... LIAO Futang LI Jiandong
Protection Method for Wind Farm Collection Lines Based on Time Difference Analysis «------wxoooroeeeeeeee WU Yihang
A Review of Research on Zero-Carbon Parks Based on CiteSpace Knowledge Mapping «««ccrerreeerrrrrrmrmmeeee.
......................................................................... LIU YlngXI OUYANG Zhangzhi WU Xiaogang et al
Grid-Connected Operation and Fault Disconnection of Wind Power Generation Based on the New Generation of
Centralized Control Automation System ................................................................... PU Yuan WANG Jun
Capacity Optimization Allocation for a New Type of PV/Storage UPS Combined Power Supply System™ -« ---c-cceeeeeee
.................................................................................................. GUO Zlqlang ZHUANG Guofeng
Research on Optimal Operation of Combined Power Generation System Based on Rational Abandonment of Energy ----
................................................................................................................................ LIU Heng
Research on Charging Pile Health Assessment Model Based on Entropy Weight Method and TOPSIS --------vevevveeeees
........................................................................................ GUO Zhengbin LI Ql WANG Yule et al
Design and Analysis of Integrated Wind-Solar-Energy Storage Power Operation and Maintenance System™® --«-«--------
........................................................................................... WANG Luoluo YANG Hul LI Jlanfeng



Power Automation

151
155
160
163
166
169

173
176

179

182
185

Research on Error Compensation of Electric Field Measurement Based on BP Neural Network® -----cccoooeveeeeeeees
................................................................................... LIU Jingwen HU Chunxuan LI Guorun et al
Function Design and Application of Load Batch Control Based on PCSO000 -« -« vvvvvrrrrrrrrrrereeeeeiieinienieieeee.
..................................................................................... ZHANG Yu TAO Hongqiang LI Chao et al
Exploration and Improvement of the Principle of Backup Power Automatic Switching in 110 kV Inner Bridge

Connection Substation <+« e SHI Lugiang WANG Baisong ZHANG Wanjia et al
Application of Event-triggered PID in Power Engineering---------- WANG Xiaojun SU Wenhui LIU Changyao et al
Study on the Short-term Load Prediction Model of Power Market Demand Response =---«-----vooe - ZHANG Jianzhong

Research on Power Quality Monitoring and Control Technology of Microgrid Based on DSP -« «----cvvveermeereeeeeenes
....................................................................................... BAO La LI angblng HOU Baojian et al
Microgrid Power Quality APFC Control Technology Based on Energy Storage Unit--- ZHU Jin GU Yang GU Jiaqi et al
Fault Location Method of Distribution Network with DG Based on VMD Traveling Wave Signal Feature Analysis- -
............................................................................................................................ CHEN Llang
Research on Automated Testing Technology Based on Fully Self Describing Communication Protocol ---------eveveeeee
............................................................................................................. XIANG Lihua LIN Chao
Analysis of SOE Resolution and Optimization of Experimental Method ------------ MOU Jinli SHI Zhiwei YUE Feng
Research and Implementation of Replacing 110 kV Bus Differential Protection in Intelligent Substation------«----------
.................................................................................... LIU Xuefei CHEN Jian YANG Baolin et al

Electrical Equipment

188

190
193

196
200
204
207
210
212

215
218

221
225
228
232

235
238

Analysis and Improvement of Misoperation of Operating Loop Caused by Closing the Cabinet Door ----------eveeeeeee
....................................................................................... YANG Yang ZHU Renjie LU Shuai et al
Analysis OfC Phase Damage Of 35 kV Bus Shunt Reactor ............................................................ XIE Hong
Analysis of Abnormal Increase in Test Data of 110 kV Capacitive Voltage Transformer---------cc--mvvreermeeeeeeeee.
................................................................................... SUN Melllng SUN Wen_]le LIANG Hul et al
Research of a New Generation of Smart Substation for the Energy Internet -«
.................................................................................... LIU Yufeng XIE Xiaopeng ZHANG Wenjun
Research on General Rules of Plug-and-play Boundary Conditions for Distributed Generation in Different Typical
Scenarios* ................................................................... ZHENG Shuang CHENG Yifan LIU Chao et al
Measurement Data Analysis of Intelligent Energy Meters Under Voltage Circuit Fault State ««-«--cooooroereeeeeeees
.............................................................................. CHANG Shlllang XU Hongyu LIU Ningtao et al
Research on the Testing Technology and Methods of Power InStruments -«
............................................................................... JING Cheng XU Jingsheng YANG Xlaodl et al
Study on the Capacity Selection of Transformer in Municipal Water Supply and Drainage Engineering «««--------------
................................................................................................................. LIU ang XU Dehua
A Case Analysis of the Hidden Insulation Defect of Oil-immersed Paper Transformer Bushing <« -ccoooeeveeeeeees
......................................................................................................... SU Quan ZHANG Welmlng
Scalable Testing Technology Based on Handheld Devices -« --wwevveeees DOU Huiguang SONG Yang XING Qiuxian
Analysis and Improvement of an Operation Failure of 10 kV Bus Coupled Backup Automatic Switching ----------------
........................................................................................... FU Xiaosong SU Xlaolel CHEN Llang
A Fault Line Selection Method for Flexible Grounding System Based on Zero-sequence Voltage Projection Coefficient
........................................................................................ YANG Dlng ZHANG Xla SONG Weltlng
Discussion on the Application of Redundant Measurement and Control Devices in Smart Substations -+ ooveeeeees
.................................................................................................................. JU Fubao CAO Jlng
Research and Application of Hardware Transformation and Control Mode Optimization of a Water Turbine Governor- -
................................................................................................................................ XIE Sang
Study on Solution of Condensation Problem in Low-Voltage Cable Branch Box «--------oeeeeeeeeees FANG Yan GU Jin
Study of Intelligent Detection Device for Concealed Wires of Low-voltage Users ---MIN Bo LI Xufeng CHEN Yifei
Research on Fault Diagnosis Methods for Oil Immersed Transformers: -« ««---ccwxrerrrrrrrerreeeee e
............................................................................. WANG Yuanbin WANG Liang WANG Peng et al

System Solution

243

247
250

254
257

260
263

267

270
273

276

279
281

Analysis of a Typical Accident Caused by Charging Fault Superimposed on Secondary Circuit Defect in Power
TranSMISSION LLITIE «++ v v rrrerrreremnrerenee it LI Xiaochun LIANG Xiangyang WANG Li et al
Analysis and Treatment of Abnormal Operation of the Knife Switch in Substation------------------ ZENG Ni NI Yiyang
Status Evaluation and Decision-making System of Main Equipment for Offshore Wind Power Supply-««--ccooeeeeereeeee
................................................................................... XU Rong GUO Chong WANG Junping et al
Management Strategy for the Entire Process of Power Grid Operation Risk* ---- WANG Youjun WANG Lei DU Lulu etal
Calculation Method of Current and Power Flow Distribution on Outgoing Submarine Cables in Offshore Wind Farm ---
............................................................................ SUN Shuyi WANG Hongjiang XIA Linglong et al
Analysis and Treatment of VBE Abnormal Message of Valve Control Unit in Converter Station ----- WU Kun FANG Wei
Research on Maintenance Strategies for Steam-Driven Feed Pump and Small Steam Turbines Based on RCM ----------
.......................................................................... WANG Kuixing YANG Xuhui MA Changliang et al
Analysis of a Maloperation of Line Longitudinal Differential Protection Caused by Inconsistent Channel Delay--------

............................................................................................................................... SUN Lixin
Overvoltage and Inhibition Scheme of Reactor Operation in Main Substation «---------- JIANG Lin KUANG Cantong
Coal-fired Power Plants Under Automatic Monitoring Data Tagging Rules Implementation of Automatic Marking of
Boiler Operating Conditions ............................................................................................. ZHOU Lel

Selection of Reactive Power Compensation Device for 220 kV Substation «««««-orrrrieeeeeeeee

............................................................................. ZHANG Zhenfu YiXiCuOmu Danzengbasang et al
Analysis of Trip Events in Multiple Collecting Lines Caused by Misoperation of Solitary Light Protection---- LIU Yun
Research on the Architecture Design of the Situational Awareness System for the Integrated Energy System ---- SUN Weile



