BIRA BEHE

TEBE: EXRARGEESERAE
(FRIEFAREEFLD)
Pl EXRAREEERAT
BRMEIIREZS
IR : (BIRA) IS0
thireafi: BJERHBREFES
Hi: R £
BHR: %8BS
RES (RUEHEHS)
st H
BFFR
=R:
B % &k FRER OB 2
HkE & BKIE O
MEE @ W R RS
BER =B = B =R
ZEE X & BFz= 1BES
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
FOE FNF O BIBIR REER
wBs B F  FHlEA - WREEHR
BEMR  KIES K\ K&Kk
WiTESR: @ R (023)67039610
fmISEBESE: R B (023)67039613
#migaE: (023)63502993
E-mail: diangong@chinaet.net
imEk: (023)67039610
E-mail: matrevhx@sina.com
%£13788: (023)63501714
foht: SRmALKIHFEIR18S
BR4R: 401121
RIik:  www.chinaet.net
EIR: BREARMESERAD
&iT: BXRMHEEIS(ERIMAFFRT)
T8 2ESHE
RS : 78-61
SHIEM: 30.005Tt $5.00

EfFtREELEHRYS : ISSN 1002-1388
EAR—ELEHEYS: CN 50-1072/TM
IESEFEIE: (AL EF(19)50075

WRIRERE

TR

FHREEZEMY: EXEEEMESHA LR

M ARIE: (023)67621818

ol BRTIRALKHUAREM BRE2 SUEARET R
REFAEFHNNE, EREHHAH, BUMEERERERM

BICERRIERUZ T AT

MERBERE, HSEREORRENSERARRRIRMR
il BRTIRKERKERBAEIS (BEA ZRTH27-2)

ip4R: 400707

H 3) = il

R S

81 19805817l

2024/2283(55562888) 2024115250 MR

B X

BzizH

9

12
17
21

BT PRI AR 7 R B IR K B R G I IS AT

I EE T
ETPLCHI KUy K AR R R G BF 7 5 it KZ
BRAIK ) PLCH i 22 58 T+ el i 73 A XEE B M
TRA SR ZhHER S 1 I 2R G5 ERRA EHE OLET F

Fo gl 4 B KB RO B R 4 Fe#k FRF Eowm F
il A B2y RGBT R E ATiP A TH Y
A BORTE B Bz il i B H Ak & &

AT HG@RSEREAR

24
29

32
36
39

43
47
51

Y it Transformerfd BG40 X IR TN AR &2 &
FEF OIS AR R B H DB A S AR S YA RS

* #

IRF F¥x

FT WL LIDAR A 2 B 1) i ri 2k B A I AR 3l 531 % 0 Hr

BT IR AT RAE SRR 0T i ) 25 6 L T Ak koOE K O#
FE T 2 AR R 2 ST LSRR A VR g S T D7 YA AIF 5T

% B FRE BKZE F

FF N AR A o I M 4% B B R 5 R MAME & R

FT 5 25 500 B L R T i I ¥ F I Kk W F

T HH IR 3 1 T PR 2R 6 1) S BRI 9
REAZ ELFZ % A

MEERRRSIEH

54
57
60

65
69

PR 0 A T 4 20 A ZOB AR AL TR R % X3
A O IR K ARG M AR ILAL T 56 W FRAE FHE F
JACHEHILZE i Bl A HEL 2 A0 L A PR B S P T 5

T & HwkiE B E F
DO B S BARTE A AT ) W B 5E -5 S Uk Rl g KK
ETPVsystiy Toll b X Ja i IR % i RGBT -5 & i s i

KA HAEHE KFR F



72
80
87
91
96
100

T P B AT-QRCNN-BILSTMAE A 1Y 22 4% £ I S 1 ' £R 2 35 X i) i 00 4 9
[R5 R R I SVGAE F 14 Ha 00 B AR B 9

B KA T 25 4 ) R G 1 AL A A

SRBIRTR A 2N 151 4 R B A R A SR A Ak

B RE G AR 2 B BB s B HE AT 44T

BB wh — AR g 43 A

R &H

103
105
109
112
115
118
122
127
129

R IR B2 TE500 KVHL N & 5 % 05T

Z WA A B F 4 e [ Sk R 2 R TR 4 A 45 LA AT
— R R sh 2R R G s

— P A HL R B R R B

HREUR HL U535 KVAR AR HEgi K B B 2k [ 45 i 4

TR R 300 A 2 O X s ) SR s

F T STMB20) A3 bk T 8 5 9K 3l H R

WA TELT K P, R L 80 S o /5 ) B A 0

HET P SO-BP N2 ) 25 1725 Fs g ik B 12 7y ¥

BhBmt

133
136
140
142
147
150
156
159
162
165
169
172
175

A5 VLt A B RS ULBTT 7

FL T TE 0 [ 2l Ak R GERC AL 2 s AR A i T

L R GRS AN AT AL R BT 5T

ek B DFT 5 14 v D BB AL 20 A 53k

FTF2 0 AR VR B R MU RE VR R ) 2R GEA0 R v ] 4 )
BT L1 SR B AR 1 1O AR HFE B B R 5

T M 02 ) 3 R AR T

FET ONNFHE L JRUFS A2 U326 Y 2 i 20 FL DR OIS HE I B2 ARBIF 5
BT BGE A I R R A I A S

% 18 2 2w .14 A2 L TR A TG L I R A KA A il R
fi VL B U DB RICR 23 A

R A me e W ST 3 A B Sh AL BRBIESE

ST B HERN A HL 1 - 97757 SR 5 R L Bl R DRI 5

REMREE

178
181
184
186
190
193
197
201
204
208
212
214
217

TR VA X iR A L A2 38 AR T Pk AR S e
35 KVEE A3 iy v 26 % SR D6 A L 1 1 5 AR
FEIFH 4 FL ZE W 2 N S B R T &

TR TRF AR M DX R R I 5 i R FE A Ak 3k

220 KVEFS LRI B AR B E A T T AR5 20 i
F T T-DSCNNA L e e 2k 1 VA9

BT Z R AIE o 25 A 1) 4 M B A W v

HF A stk R G000 f ) B e R R

T 1] R ) Sl B ) GW22 J S 3D BF S 5 1
R 1o R AR PR R A e 4 B AR I S B0 R R AR T
B ) ARG R T S TC L B A A e L
L A i TR R B ) Bl R AR A

PE LK) IR BE AL B T AR B AT

FTi& & W -

A X s B OAFK
A T A& 3 R OF
X B HERE®

FLR AREE HEX F
W

K& oA #¥E ¥

FEAH XEF

&R

| K w EKEB F
RRE F ot

oA
kiR
ARNAR B B FiHEFE F
RE#E FRF

KELE KRER BRE ¥

IR

EONE S

iz & )

E T

S S

R REHR W % F
R¥#L FiF x—K F
BV ¥4

F B K A

I #5 F

mo®

&

Himh EBRE

Wk ARER KEN ¥
KEg K om

BT A

GmuL X H

FER FuA EHE
T

e 7

LHA Frm Fre ¥
BRE £ F B M ¥
hsk H o® F 4 ¥

SIERES
mes REL RBHEX F
%K A



ELECTRIC ENGINEERING
(Automatic Control) No.22

CONTENTS

Automatic Control

1 Research on Grid-connected Operation of Photovoltaic System Inverter Based on Fast Power Control Method----------
........................................................................................................ YANG Yuting YANG Jingzhi

4 PLC-baSed PltCh Control System for Wlnd Generations .......................................................... ZHANG Zhel’l

6  Analysis of the Upgrade and Renovation of the PLC Control System in Chengdong Water Plant-----------vveeeeeeeenne

9  Study on Embedded Condition Monitoring System for Wind Turbine Drivetrain «««---«cooveerreereeemeeiee.
.............................................................................. JIN Chengfeng CAO Lingyan SHEN Yaoyu et al
12 Power Supply System for Mobile Electronically Controlled Firefighting Water Cannons «««««-:wwrerrrrrrrreeeeeeeeeeenes
.......................................................................... LI Zhuolin DENG Chengzhong WANG Bohan et al
17 Design of Automatic Dosing System for Mining Industry---«----c-ooveeeeees JIA Liujun HE Zhongsheng JIANG Xinfei
21 The Application of Cloud Storage Technology in Electrical Automation Control ------------ JU Wei LIU Dahai LV Pin

Artificial Intelligence and Sensing Technology

24 Modified Transformer Model-based Short-term Power Forecasting of Wind Generations -« -«:::wwvvvrrrreereeeeeeeeeeenes
.......................................................................................... CHEN Yueqlang WU Lel HUANG Hua

29 Modified Isolation Forest-based Abnormal Data Identification in Electric Marketing-------- WANG Hongyu LI Xuean
32 Automatic Recognition of Transmission Line Tree Obstacles and Individual Trees Based on Airborne LiDAR Point
Cloud Data .................................................................................................................. WU Rulql
36 Markov Chain Monte Carlo-based Reactive Power Compensation for Bi-level Voltage Management of Distribution
NetWOI'kS ....................................................................................................... ZHANG Fel SU Zan

39 Modified Multi-kernel Extreme Learning Machine-based Electric Load Prediction -« ««--xxeorereerrrerreeeieeeeeeee.,
....................................................................................... BAO La LI angblng HOU Baojian et al
43 Artificial Intelligence-based Power Grid Monitoring Aid Tool -« -«wvrvrrrrrreereeeeeeeeeennes GU Chunyang ZHANG Le
47 Electricity Consumption Prediction with Variance-based Optimum Searching Weighting «-------oeeeeeeee
....................................................................................... WANG Yang LI Jlang ZHANG Jlng et al
51 Intelligent Perception Analysis of Distribution Systems Based on Data-driven -«
...................................................................................... ZHAO Huicheng WANG Yuzhi CAO Gang

New Energy Systems and Equipment

54 Distributed Photovoltaic Power Dispatching System Under the Internet of Things Architecture------------ MENG Panlei
57 An Optimized Scheme for Grid-connection Protection of Distributed Photovoltaic Generation Systems --------eeeeee
...................................................................................... YANG Sheng LI Jianhui LI Zhaohui et al
60 Study on Dynamic Characteristics of Frequency in Wind Turbine-assisted Hydropower-dominated Power Grid*--------
........................................................................................ HE Xln YANG Ylnghal ZHOU Xln et al
65 Applicative Study of PEDF Technology in Transportation Industry -« ZHU Lijian YAN lJianhai ZHANG Bao
69 Design and Production Prediction of PVsyst-based Industrial Park Roof-top PV Generation System®--««---ccooveeeveeees
............................................................................. SONG Yuhang XU Guimin ZHANG Ziquan et al
72 Multivariable Time-sequential Short-term Photovoltaic Power Interval Prediction Based on Improved AT-QRCNN-

BILSTM Model ......................................................................... ZHOU Wen GAO Qiang MAO Zemin
80 Study on Transient Characteristics of Power Grid Considering the Effects of High-proportion Wind Generations and
SVG* .................................................................................. ZHENG JlaO]laO HE Xln LIU Cul et al
87 Research on Domestication of Control System for Wind-power Converter -+ LIU Yong XUANYUAN Shiyu

91 Optimization of Energy Management Control Strategy for Hydrogen-Electric Hybrid Train -«-««cccrrerrrereeeeeeeaeannes
.................................................................................... LI Wenrong DUAN Hulda SUN Shljle et al

96 Design and Layout Analysis of Solar Photovoltaic String Arrays™® «««:cccceeerrrrrerree., YUAN Lijian

100 Analysis of Primary Frequency Regulation Test for New Energy Stations - --- DAIJin YU Chao XU Menghua et al

Electrical Equipment

103 Study Of Series Reactor for 500 kV System ................................................................ LI Feike SHI Dajun



105

109
112

115

118
122

127
129

Simulation Analysis of Crimping Defects and Temperature Distribution of Multi-physics Coupling Single-core Cable
Joints ....................................................................................................................... LU Haoran
Design of a Marine Mobile Power Supply System «---c--veeeeeeeees MENG Shun CAI Cheng MENG Qingguo et al
A Monitoring and Protection System for Electrical Faults in Intelligent Electric Meters «««xxrcreerrrrrrrrrrreeeeeees
............................................................................................... ZHANG BO XU Jingsheng LI Qian
Discussion on Structure of Long-circular Coil of 35 kV Box-type Boost Transformer for New Energy Power Plant ----
................................................................................................................................. SU Quan
Control Strategy of Grid-tied Flyback MiCTOINVEIters <+« rrrrrerrerrrrrereeeieeeeninnes ZHANG Chuanlong
Design of STM32-based Adjustable High-voltage Driving Power Source for Dielectric Elastomer Actuators ««----------
....................................................................................... ZHU Yingchao WU Song LUO Qiyi et al
Design of Space-borne Array Power Supply Delay Start Circuit ==, SONG Minyan LU Junnan
Modified PSO-BP Neural Network-based Transformer Fault Diagnosis ........................................................
....................................................................... ZHAN Hongting ZHANG Wangrui JIANG ngxl et al

Power Automation

133
136
140
142
147

150

156

159

162
165

169
172
175

Study on Numerical Simulation of Waterlogging of Transforming Substations == YU Jiangshun
Architecture Design of Distribution Transformer Terminal in Power Distribution Automation System «----+- SUN Weile
Study on Calculation and Visualization of Power Flow in Electric Systems ««----xroroorrrreermeeeeieeenns XIE Huili
Power Harmonic Measurement System Based on Improved Interpolated DFT Algorithm ««-ccceeeeeeeeeerrrenees LI Shan
Differential Evolution Algorithm-based Coordinated Frequency Control of Large-scale New Energy Generation-
integrated Electric Systems ....................................................................................... YE Lin LIU Bin
Red-Yellow-Green Color Management-based Gridized Precise Investment Model «««wwrrrrrrrrereeeeeerenmnierieneene.

................................................................................. YE Chen LONG Zhengxiong QING Hua et al
Study on Detection of Electricity Thieving Users through Monitoring Devices =+ rrrrrrrrrrreeeeeennes

............................................................................... ZHAO Yanlong LEI Jiangping LIU Yimin et al
Research on the State Monitoring Technology of Relay Protection for Offshore Wind Power AC Transmission Lines
Based on CNN ........................................................................................................ WANG Dexing
Power Line Communication-based Online Monitoring of DC Battery Packs v, LI Yu CHEN Ke
Distributed Optimal Voltage Control of AC/DC Hybrid Distribution Networks Considering Active Response-----------

Analysis of High Harmonic Amplification in Transmission Lines «««--xx-rverererriiiiiieneniinnnes YAN An
Research on Load Balancing Automation Dispatching Technology of Digital Distribution Network -« CAO Rui
Research on Interactive Peaking Between Grid and Load Aggregator Based on Dynamic Price Incentive-----------wvvv-

.......................................................................................................... XU Hanshen MAO Xiaobo

System Solution

178

181

184

186

190

193

197

201

204

208

212

214

217

Challenges and Practices in Electrical Design for High-altitude Touristic Rail Transit® ««---«coocvereeereeereereen
................................................................................ XIANG Wang LIN Zong]iang LIN Yankai et a]
Joint Trajectory Design and Planning of 35 kV Overhead Transmission Line Inspection ««««cceeeeeerrrrrrmreereeeeeneeee.
....................................................................................................... ZHANG Xueyu ZHANG Han
Emergency Operation and Transformation Plan for Towing Cable Breakage of Quay Crane «««««---xorrrrreeeeeeeees
........................................................................................................ ZHAO Jianyu CHEN Junmin
Review of Optimized Scheduling of Microgrid and Energy Storage in High-altitude Areas™ «---««--veerevereeereeeenn.
......................................................................................................... BAI Maquzhen LIU Zixuan

Analysis of Reclosing Abnormality of Low Pressure Latching for 220 kV Line Protection ««««cceeeerrrrrmrerieeeeeeeee.

.................................................................................... GUAN Yansal LI Hallong ZHUANG XlnhaO
T—DSCNN—baSCd Faulty Line Determination ............................................................................ LU Yuhai
Ground Fault Detection by Utilizing Multiple Characteristic Variables ««««cwcrrrereeeeeererrmreee. CHEN Yingzi

The Remote Acquisition Method of Power Data Based on the Metering Automation System «--«««--vweerreerreeeeeeeees
..................................................................... AYIGULI Alfull LI Guangchang YU Zhongshuang et al
Applicative Study of GW22 Virtual 3D Courseware for Electric Training Base: -«
................................................................................. CHUAI Zhenguo YUAN Le YANG Yang et al
Design of a Measurement System for Characteristic Parameters of Earthing Devices in Ultra-high Voltage
Electromagnetic EnViI‘OIlmentS ...................................................... XU Haifeng CHEN Jle YIN Wel et al
Digitalization Retrofit of Distributing Station Buildings Under the Background of New Electric System Construction --
.............................................................................................................................. LIU Yuxing
Analysis of Two Cases of Line Restart Process Encountered by an Actual HVDC Inverter Station «------roeeeeeeeeeeeees
............................................................................... ZHU Jlnjln CAI Xiaowen RAO Xiongwen et al
Electrical Design of Xishan Water Plant Advanced Treatment Project---«------vveerrrereeeeeeeeeeens CHEN Changfa



