@Hﬁs’%‘ * fh# o EUFT ISSN1002-1388
PEBOCHTIGEERIEE CNKIRERRIITINEGHARSE XRATISIRE  PELTIH LT CN50-1072/TM

L T £ R

ELECTRIC ENGINEERING  2023/18

CHNT

[:—lmﬂ@g‘
ST o
22 )

CHN

ISSN 1002-1388

9771002 ‘||||||

13823



BIfA BOHE

FER: ERABREEERAE
(ERHZEEmEEFL)
NG ERARGEESERAE
BRMEIIEZS
migHAR: (BIHEA) HIES
thireafi: S|KRHRIRFS
#Hic: R 5
BHR: %P
HRES (U EHEHS)
S H
BT S
FR:
B % EBKX KRBE B 2
sHke f #E BKERE B A
MEE @ W EXE  REE
ZE R =B = B =R
FEE X 8 SBFfz=z BEF
ek F K Bax B B
FEH BN OB E HER
Witk KERE KEH B F
B F
RITER:
ZIhFE BREE B E HES
M E Z=EH =kE F T
EEE X O X R XUZKR
XN B4R SER ERE

M R
FINF
W &
FREERR

HiTER:
fRIGERE(E:
fmiEER:
E-mail:

hizmER:
E-mail:
EiT8:

ik :
HB4R :
Poaiik :
EDRY
£17:
T
BRA X3 :
SHAIEM:

E o\ EiE O E
BHER REER 38D
RAMEA - W/RELR
KiES  KEI K&k
@ FX (023)67039610
f& B (023)67039613
(023)63502993
diangong@chinaet.net

(023)67039610
matrevhx@sina.com
(023)63501714

BRMA XA 185
401121

www.chinaet.net
BEREAFRBHSERAT
BERHHBE(ERIIMRTFFRT
LEZHILE

78-61

30.007t $5.00

EfFtRELEHRY S ISSN 1002-1388
ERSZ—ELHREYS: CN 50-1072/TM

IESEFEIE: (I EF(19)50075

IRIRFAE  FERER

FHEEZEM: EXEEEMESHA UE
ERIAAHEIE: (023)67621818
otk BRMMICKILAREUEXE2SYEARET R

REREFTNNE, ERERFER, HUFERERHEER

FETEURIEIRIUR T AT

MBRBED, ESERROFEISERATHRRIRR
ot BERHIREKERKEREAE9S (RE ERTH27-2)

#B4s: 400707

H 3) = 1

(MR S

AT 1980F817 2023/18HA(=\5860088) 2023F9H25H LR

BzhizH

1
5

10
13

17
19

EF VT TPLCH B HIHLE N BT BT T
BT B R AR N RE TR O (X2
BT EGA PR B SR A 3 R RS BRI

LA L BR300 i e ik 31 28 2 B A i s O v
ke # A FREF
SRR R SOWAT R 95 9 kA% EHHE WOMLF
T AR R 0 KRS RS
THA xNIZE FHEZEF

ATERSEREAR

22
26
29
32
35
38
41

BT b YOLOVS ARy B BLA: I J5 vk x| &% TR
BT RO SR ISR 201 3 i SR AR 2 SR ) F OREE
sl ae A J il B A LA T 3k oM F OB OREEF
BT R IR RS LY. kB4 HhiE IR
BT GISTEA F i v 2 % e A8 B B AR Dy vk X G
17 2K S 0 AR G A F £ i ) aom R OB’ F OH
ETEEMD-SVRE 2 B AU iy i 258 i Fl 2 TN 7 3k

EERK MR EHTFF

MEERRRSIEH

44
49
54
57
60
64

68
73
77

| i R G il e ATy 58 B HLAE il SR X380 & KB
I R P AR 7K i S AR FL T B R T )42 o SR T 5 F= A
/NI RIRIEEINESAIE 3 NIV N = b2 ) Fx# Eny # Rl
BN Bl 9 4 22 R TE I e A £ i SR XN A&ME BAREZ E R

DRI EAR FL ot B HL 2 0% L 8 28 D AT e % Room A & RkEE
HT SR B PR AR 3 KR A AR B R SR 5

Kigk FELE R OFF
BT 2 Jo A = R GE I KTy AR G s i SR %
FRFRMALEARIMABEDR RBRHE  £246 AiE K2R
32 3O AR F A i FHC FEL I 453 52 W) 05 B0 AT

% wXE K OAF



80  ETFHIEBAHSPWMEL A 1 il S 5B 52
84 HEAELR R R I A [ DC-DCAE e i AR 2R T I Hh, 37 4 i

Bie&

89  RS-485il {H7EH ST R ARG Y R I BE T

93 HEfuh By Fh vk B B R WA

97 AR S 2R A KR A e A R IR o

100 HLJy A HURR IELIE 19 3 I 4% o 56 B A F 9 5 i b

102 BT FL [0 e i Sy 5 P AT 726 1 g B B30T (g I i R ) D5 9
105 AZ R4 B HIT K MU HERE B R 5T

107 1000 KV PR 2 e FiL 3L 2 748 el KR ) i DR e 2 Ak i
110 B REALA s 728 ALz AVl A 1 )

118 HefiliZk & BE A v 28 L U i 0 B AT i 5 T T 5
117 B AE 2L r uif A P 28 BT R AR BT 5 5 B

121 R EEE T AR R A T A

Z:bal =l

123 P B i F DX e e A 0 5 2 o e AR 5

128 4k HL AR i 3R G0 14 o] WAL K R4S 3

132 &N HTBYRL L N AR 18 1T 7 A S E (A B A L 5 R 5
135 ST Bl AR R TR A TG HL I 2 AR A R

138 HE T SCATZ I A 45 0 5V B B AR A% i I

141 HELLEHCEEN B R 5 LUk

144 Y RRAZ HL a3l P R S5

150 HETDCSHY &L HAR A RASTEL ML 7 78
153 LA RETR R 48 2 i ia) RO Ak

167 FLTBE R BT I A % F AR B30 8 & M1 LR 2y Yk

162 FT =B AR HL 5 ORI H A BB o] AT & 74 78
165 ASHLIH 1 W 454045 B 3R A 37 0 S i 22

REMRAE

169 LT3 F 00 fh B E YR £ o P R R SEME I ST

173 110 KV H 85 s il T 52 5 e ARG i 7%

176 3T EIE A2 3 2k N % R JR AR PR ST

179 EPCHL=TEAR Ha 3 H 45 21 i B

182 HifHL Jy R G TR B A B Y B 7

185 T FA H 2 40 B il 5 3 = 4 o 7 S PR FR ) o

188 HL Syl 53 LRSI 22 93 8 sl Ak 4 28 4 2
192 HL R R B R TR 1 T T e

195 HE TR BEAL AL uh SR HEF- & K R RGBT

197 R o HE A E 3 ot V0 /65 42 1) BT ARG A5 55 S TR A BT
200 —HEARHETE 8135 MW % o ATLZH B9k V) 2 %) - BT B o4t s 5% it
202 HLJyusf[R][A] 25 2R G5 B O AL 47 15 A i B A 5
207 110 KVHL )£ R W 4R B AT S AR 7 YA A AR
210 WL R G HL R IR IR 4k

X W & O EEEF
g A x| ¥ O K

HOR RAWAE PFREF
I 3

i REE K &

g i BiE

B

wF

IRF Hu K OEF
W

ThAk & #F F FF
BER

kK oo REFE IAMF

KEF DL K IRKEF
mAE FhEF KELF
EXT S 1
LEY BT ANEF
*FkE EEHE NERF
NG5 Ko R OEF
X NILE L BF

F m
BLE MR OEMMF
KEA T 4 HBAF
IFR & ¥ PHEEF
E A FEE BEARF

FEF EFHEW x| EAF

E

T i B ot ki
R OFE BRBE R A
ABEA RHF

B &

FEH FXR MTRMAF
R

T k& EME HF ORF



ELECTRIC ENGINEERING
(Automatic Control) No.18

CONTENTS

Automatic Control

1 Design of Timing Lock Function of Shield Machine Based on Siemens PLC -+++eereereeereerrerrrrrrmmmrmmrmeees HE Jianping
5 Design of Elder-specific Intelligent Bracelet for Based on Single Chip Microcomputer:---«------sssreereeeeeeees REN Zhenyao
10 Automatic Sorting System for Electronic Waste Based on Image Processing «+-------ooerrereeersmeereeneeee ZHONG Xiaoying
13 A Control Strategy of Maximum Power Point Tracking Converter with Precise Voltage and Current Limiting Function

for Photovoltaic Power Generation ««««««---sssssrrrrreeeeereiie ZHANG Xiangyang HUANG Gang LI Yongheng et al

17 Design and Implementation of Intelligent Traffic Light Based on Raspberry Pie® «««ecooreeererrremmmeer.
...................................................................................................... ZHANG Chunqian LI Mengyuan HE thang et al
19 Design of Intelligent Fire Alarm System Based on Narrowband Internet of Things Technology® »+««reerreesereeereereenneeeeenes
.................................................................................................................. DING Weijie LIU Yuting LI Jianying et al

Artificial Intelligence and Sensing Technology

22 Nest Detection Method Based on Improved YOLOVS Algorithm ««-eeeeeeereerreerrrrrmmremmmenneeeeee. LIU Xiangping LUO Caiyan
26 Distributed Generation Cluster Division Strategy Based on Fuzzy Clustering Method* ----- ZHU Mo ZHANG Dezheng
29 Optimization Method for Path Control of Robot ---------sosrreereerreeeeeeeeeeeeeeceeeeee GUO Nan LI Qiang JIA Desong et al

32 Research on Intelligent Alarm Safety Belt in Electric Power Enterprises Based on Sensing Technology «««««««tteerreeeeeeeee
.................................................................................................................... ZHU Guofu SUN Liguo WANG COngZhi
35 GIS-based Identification Method of Hidden Danger and Defect of Transmission Lineg-----sseeeeeeeeereeeeees LIU Shuangzhao
38 Application of Distributed Sensor Monitoring System in Power Transmission:---=+«+«------- YOU Min ZHENG Zi LI Jian
41 A Capacity Prediction Method for Capacitor Based on EEMD-SVR and Empirical Model:----seeereereemeeremmemeeereeen..
.................................................................................................. WANG Zhicheng SUN Junling MENG Xiangyu et al

New Energy Systems and Equipment

44  Access Scheme and Control Strategy for Integration of PV and Energy Storage with Traction Power Supply System
..................................................................................................................................... LIU LuOChuan HUANG Darui
49 Research on Control Strategy for Integrated Photovoltaic Water Electrolysis-Hydrogen Fuel Cell System------- LI Hang
54 Comparative Selection of Seawater Intake Methods for Nuclear Power Plant with Direct Seawater Cooling System
....................................................................................................................... LI Xinghua CUI Yazhong YANG Gang
57 Multi-objective Reactive Power Optimization Control Strategy of Microgrid System with Loops--+ssrrerremeeeeerereeeeeees
......................................................................................................................... LIU DOngWei MA Qiulan WANG Jun
60 Determination of Cable Economic Section of Collector Line in Large-scale Photovoltaic Power Station «-««-wxx--oseeeeeeeee
...................................................................................................................... DENG Peng ZHOU an SONG ZhaOfel
64 Case-based Reasoning Method for Predicting Wind Power Under Extreme Weather «««««teorrossvrrerrrereeermminniiineiene.
........................................................................................................... ZHANG Yanfeng GUO Jianhua SONG Ju et al
68 Control Strategy of Wind Power System Based on Neural Predictive Reactive Power Compensation System® «---++++ee---

................................................................................................................................................................... YANG TaO
73 Low Carbon Economic Dispatch of Virtual Power Plant in Integrated Energy System Considering Demand Side
Resources and Carbon Capture .............................................................. WANG Yumei ZHOU YOngXin ZHANG quln

77 Simulation Analysis on Influence of Integration of Distributed PV on Power Losses of Oil Field Distribution Network
...................................................................................................................... JING Feng CHI Wenyi ZHANG Ll et al
80 CPS-SPWM Modular Power Supply for Hydrogen Production ------+seeeeeeemeeeeees DANG Rui HOU Dan REN Junhui et al
84 Model Predictive Current Control of Bidirectional DC-DC Converter Considering Bus Voltage Stability™® ---eccceeeeeeeeeees
............................................................................................................... CHEN Xiongchun LIU siyan ZHONG Yong

.......................................................................................................... CHEN Gang XU Jingsheng LU Xiaoxiong et al
93 Research of Anti_icing and Ice_melting DeViCC for Catenary ........................................................................ XIANG Yu
97 Application of Safety and Stability Control Device in Intensive Integration of Wind Power Within Power Grid ----+++---*

..................................................................................................................... XIA Yukun QIAN Mlngjun CHEN Mlng



100

102

105
107

110

113

117

121

Research and Design of Adaptive Temperature Control Device for Power Communication Cabinet -«««--«--weeeereeereeeseeeneens
............................................................................................................................................. ZENG Rul YANG Jlrong
Method for Determining the Cause of Transformer Heavy Gas Protection Tripping Based on Power Grid Fault
OSCIIIO@IAITI ##+++###++eseeeeeeehhh WANG Shixiang
Research on Calibration Device for On-load Tap-changer Tester of Transformer -----+seeeeeeerreerrermeneneen... LIN Yong
Cause Analysis and Treatment for the Overthreshold of Zero Sequence Current Sudden Variable Observed in an
Operating 1000 kV High Voltage Shunt Reactor Protection-------------oooeeeeeeee WANG Chenyu LU Hongchi HE Fei et al
Applicative of Using Intelligent Mobile Device for Transformation Substation Inspection and Operation

Research on DC Bias and the Corresponding Countermeasures of Main Transformer in a Certain Pumped Storage
POWCI‘ Station* ..................................................................................................... DONG Junjie YU Tao LI ang et al
Design and Implementation of Digital Sampling for Stability Control Device of Intelligent Substations«-«----==+eereeeeeeeeee
.............................................................................................................................................................. ZHOU Yurong
Auxiliary Power Relay Protection Device with High Reliability:«------ ZHANG Xu QIAN Houjun WANG Dongbo et al

Power Automation

123

128

132

135

138

141

144

150
153

157

162

165

Study of Fault Detection and Location Technology for New-type Distribution Networks ««««--ssseeererrremmeeeeerme..
........................................................................................................ ZHANG Guoqing MA BO WANG Shunbiao et al
Visualized Development and Management of Control System for Relay Protection ««-««««wossrreerrrrrmmmmerrrrmin.
........................................................................................................ XIANG Lihua SU Xia()lei ZHANG Zejiang et al
A Closed Loop Method and System of Terminal Constant Value Management Adaptable to the New Variable Operation
Mode Of Distribution NetWOrk ..................................................................... WANG Yonggui XIE Kal SUN Chao et al
Multi-objective Optimization Dispatching of Active Distribution Network Based on Improved Gray Wolf Algorithm
.......................................................................................................... FENG Guokun LIAO Pengfei YU Xiaotao et al
Intelligent Checking Method and Its Application for Switching Operation Ticket Based on Text Mining ---------------------+
......................................................................................................... GUAN Zhenjian TANG Taotao LIU Zhlxln et al
Continuous Discretization Algorithm for Reactive Power Optimization of Power System - ---seeerereremmreeeermmeeen...
............................................................................................................... LIU Yigao CHEN Shuang ZHAO SOng et al
Realization and Application of Automatic Mapping Technology in Smart Substation:««««ooroorrrrrrrrrerrereemimimeeennn...
.............................................................................................................................. LIU Ge LIU Wenbiao JI Llng et al
DSC-based Online Monitoring Scheme for Electrical Equipment Status of Power Plants:«-----oeereerreemeeeeeeeeneeee LI Li
Multi—time Scale Optimization Dispatch Of Integrated Energy System* .........................................................................
..................................................................................................... GAO Ylyang YANG Peihong FAN Pengxiang et al
Energy-analysis-based Low Voltage Crossing Method of Key Frequency Conversion Equipment in Coal Mine ------------
.......................................................................................................... ZHANG Yanjie DING Jian CHEN Yonghe et al
Construction of Cloud Technology Based Visualization Platform for Management Data of Power Grid Technical
Reformation and OVerhaul ProjeCtS .............................................................. WANG YU.ChaO YU Qian YU Xlnlel et al
Research on Networked Automatic Bus Transfer and Sequential Load Shedding of Substationg:«««---:sssreeereemereeeeeeieennnen
............................................................................................................. WANG Gang LI Zhltan YANG Jincheng et al

System Solution

169
173
176
179
182
185
188
192
195
197
200
202

207
210

Research on Power Rellablhty Of Slngle Power Station Based on Microgrid .................................................................
................................................................................................................ SHI angfang WU Shlfan LIU Shengh et al
Research on Engineering Scheme and Technical Measures of 110 kV High Voltage Cable Laying ----++++------- WU Qiaosi
Research on Network Level Energy Management System for Urban Rail Transit------eceeeeeeeeeeeeeeeeeeeene PENG Qiongfang
Application Of EPC MOde in Substation PrOjeCt Management ...................................................................... LING ang
Modeling Secondary Equipment of New Power System «--roeerereeremrreerremin... CHEN Fei ZHU Jie XU Jianing
3D Reconstruction and Volume Measurement of Coal Storage Yard Based on Monocular Multi-view ««««eteesreeeeereeeeeeeen
.................................................................................................................... LU Jlanll LIU Plllang LIANG Long et al
Construction of Multi-level Automatic Evaluation System for Staff Training Effect in Power Energy Enterprises
.............................................................................................................................................................. GUO Wenfeng
Harmonic Elimination Measures for Ferromagnetic Resonance of Electromagnetic Voltage Transformers «---++++sxxxeeveeeeee
................................................................................................................................... DING Rul XU Nan ZHU JlaJla
Research on Water Conservancy System Operation Based on Intelligent Pumping Station Cluster Platform-----------------+
................................................................................................................................... DAI Xuan XU Shuyang FU Jle
Analysis of Abnormal Recheck Signal of Thyristor Control Electronics in UHV Converter Station -=--«texxxeeeeeeeeeereeenneee
.......................................................................................................................................... DU Xiaozhou WU Mingan
Analysis of a Trip Accident of 135 MW Generator Unit Caused by Loss of Excitation and the Corresponding
Counteracting Reformation ............................................................................................................................ ZHOU Yl
Experimental Study on Anti-spoofing and Anti-interference Device of Time Synchronism Systems of Power System
.................................................................................................................. LI Xiucai LI Wenmeng HE Xiaoyang et al
Fault Analysis and Protection Method Study on Single Phase Break of 110 kV Power Line --+--xx-oeeeereeeeeees ZENG lJiafu
Review on Control Measures of Voltage Sag in Power System® ««««-cceteeeeeeeee HE Mi WANG Linling GUO Cheng et al



