BIfHAK BEHE

FEHN: BERAREEBRAE
(EREEPFEREER L)
ENEGE: EXRAREESERAE
BRMBINIEZS
MmIgHAR: (BIHEA) miEE
thireaf: E|EXRHRIRFS
Hi: F £
28 %HBS
RES (RUEHEHS)
Eim:
BT
=R:
B % Ekx FRER B 2
BReE i M OBKIRE B Ak
MEE @ W R RS
B R O F= B = B =R
ZEE X & BFz= BES
ek BEaFE B B 2 ESH
®mOW BB BEE Btk
KEEE K& »E OB F
hiTER:
ZINFE  FRE B E HEs
W B FEH ZkE RS
Xk X R XU XUNER
oaR SR TKRE OB R
E oA EMiE ESE FAF
BHEIR  RRER  BBD B F
RAMEA - W/RELR FR{ERR
KiES  HKEIN  KZ:k
WiTESR: @ X (023)67039621
fmIERREIE: R B (023)67039613
#migaE: (023)63502993
E-mail: diangong@chinaet.net
mizEk: (023)67039610
E-mail: matrevhx@sina.com
%£13788: (023)63501714
foht: SRAILKILHFER18S
HB&R: 401121
RIik:  www.chinaet.net
ENfl: EREAFRMENSHERAR
&iT: BXRMHEEIS(ERIMAFFRT)
T 2ESHEE
BR&CEE: 78-61
SHIEM: 20.005t $5.00

EfFtREELEH Y S ISSN 1002-1388
ERS—ELEHRYS: CN 50-1072/TM

IEEEFEIE: (AT #EF(19)%0075

IRIREAE G

FHEEZEMA: EXEEEWESHA LR
BIMIARBIE: (023)67621818

otk BRMIBICKIUAREUYEXE2SYEARET R
REREFTNNE, ERERFER, HUFEREHEER

BCTBURIEIRUR T AT

MBERBED, ESERROFENSERATHRRIRR

otk ERTHIRERKERKHERREAE9S (RE HERTH27-2)

#B4s: 400707

H 3) = 1

BT £ R

= F T 19805617

S,
B X

B EhiE
1 NHREYURET U 1 4k
4 Ky ATV BT [RIVES T I — A Ak TR
7 FRERERE IR T I A I e B 5 E
13 REVAHALAR s S A R Gt
16 HTGPRSE AN N LSRR i R %1 st &
19 HE3S. 45HAL /0 S-S A S g

MEERRRSIEEH

2022/12HA(25857088) 2022868250 HR

H&E RN FF
X A Ehak
gE&E® XN BF
RS IRE
B mEEF
EEM

22 BT MARBR R AP b S BFH ¥ L
25 AITHAEREYRS LRI A R A% #ew ¥ OI4F
28 FAH g5 /K AGHDPER T8 R T ke B TR
30 HIEHHERRANLA R A SUZ K ® #
33 AR W0 KV T L X et ) s i o %
36 M HAEFREI RS AR LRI %324l
39 iR KA S E R ImA
AIHRSER—REA

43 BT N TR REMZE GBS A H ]2 25 B - 15 L RHIE
47 ASRLLANIRE RS WAL IR XLz AT F KR EF
49 UWBENBEARTER 72 B AL ALt rh g ] 7 A RSHE X OMF
53 BT N BRI R i riadE REE R AF

57
60
62

BT AR IRAR I GIS T T b T (S B UA FIWT R GRS
BRI A S IR R 5
BT N THERERARRE R i — AL I P R 5

Z:bal= bl

66

TN T MMCHA T IC FEL P R s D s S
F 7

JB X 3%
7K fu A8
# R

%

p
B
it



71
74
76
79
82
85
88
91
93
96

LT SVD I A/ INEE 2 W vy PR 2l (3 4% S B
FTAFEITARRIMMS ] -4 e i iy ¥k

B REAL LG TR LA RS TS

T 111 2 DR 38T A )l e 4 7 5 M T 5 AT 5

T 2 5 i AR GEHY ) e Ty e

FLTLightGBM A2 s i i s T 00 7 407 2 2 28 H il o ) 2D
FT GOOSERA M B — K e Bl RETAY LT 5L
KA H AE RO AR G A BT

BT AL i PR R HLRE T T

& 2 B A R PR ORI R UE 1B TR R

R E

100
102
105
107
109
112
115
118
121
125
127
130
133

T LabVIEW ) 4k H 25 il 2 il i BHL B 2t

— P A R A 1 A 7 2

WV 2 50 A 2l 2 4 B ik i

SRR PDURG: I 1) A2 T it 7 L AR 0 38 1S P A o
ETFPGAM IR A ST e R GE 1 52 2

— P IHT 111 % B 2R 0 9 = AHBUA PR 2 DC/DCAE e
R A M BE R EE  1Y TRER

JRUAI TR 45 W0 5 43 T T 468 BT B 45 4 1) 17 PR

ST P I B A 14 B e T e ) 44K r 8 A 6 AL T
B R H TR S o R AT A 9 Y

ZINAS R i 38 ) 2 S

20 KVIE W A5 Al T8 8 5 R SR TS
FFGFE(L) 12455 15 1y = AR 4L F 5T

REBRAF

136
139
142
145
147
151
1565
158
160
164
166
171
173
179
181
185

Ik XL 23 A P il A R V) T AR PR R 5 S
FTOCRM 455 B se i Bl -1 & 2

220 KVZAZ HL 3 55 1 e I oA i 1R sl VR 1) i IR 40 B S 4 i
FT G R 2 1 L I T ) 25 s v 5

T4 R A 1 H PH 2R 1 R
HT-DDZY733HLH g FR 1 H it N i R G o

BT T IR0 v 0y 5 SR v vt B

HL a8 B VR Y 1 i3 R e it

BT Z BB ER T 5 R I B B AP IR S TPA RS A
W97 4 - R €2 1% - S5 R E0G PV 00 2 O 7K e = i Y e
F T AR R HIASE A 1) 42 b AR A H P 8 43 1 R 9
et B gy X ERL RE TR 4 5 i 4 BT

IEC 61850 ED2.0—E(PE M £ 55 7 A

FT R R -AUE Y Z R R e HL I 35T 5 PP 5 v

320 MWAHILAL 55 i ik Pk i Jr 52 B 7 R AFF 9%

L B3 47K R Geim A7 i 5 i 43 B A 2

# o #®

REX B A REeLF
F th SWE BHEINF
wAsHT  RER Ak
R # L

Bo#% 5 & X MF
ERA BEEH GAARF
* K

% AF

N B FRE O® ORF

wOX WAEER &
#H B =k

R#5 HTAxk FILMF
MR IAEM WMEFF
ERAE E R HEAHK
B

Faekr R F

T HE oAl SRR
F f HiEKk ¥ SBF
FEE At R EF
REA

BFEL K M ONAEF
E 47

F B

RAR L OB ARERF
oM E#e #XFiE
NBH AHR L TF
I A B R FrESF
A M OFHRA AZKF
EokE HMmEA O ABREWE

x| ik F
i K E T RF



ELECTRIC ENGINEERING
(Automatic Control) No.12

CONTENTS

Automatic Control

—

13
16

19

Pick-up Path Planning for 6-DOF Manipulator®------------------ HU Mengtao SHANG Gaowei ZHANG Xiaoqing et al
Primary Frequency Regulation Optimization Strategy for Thermal Power Generating Units Based on Homologous
Design ............................................................................................. LIU Chunyu WANG Bingzhang

Design and Application of Second-class Short Circuit Detection Circuit for Electromagnetic Stirring Power Supply
...................................................................................... WANG Liang ZOU Zhlqlang LIU Yong et al
Design of Electrical Monitoring Control System for Large Petrochemical Substation------- PEI Cuiling WANG Xiaolei
Design of Underground Cable Anti-damage Early Warning System Based on GPRS Technology® «+--------eveeeeeeeeees

................................................................................. KANG HOngfel ZHOU Xln YANG TlngZhl et al
I/0O Counting and Problems Solving of Main I&C System of Tianwan Unit 3&4 ---ccooooeveeeeeieeeess WANG Xuepeng

New Energy Systems and Equipment

22
25

28
30
33
36

39

Flow Simulation of All Vanadium Redox Flow Battery Based on Interdigital Flow Field ------- WEI Yuge ZENG Yikai
Harmonious Development Strategy of Renewable Energy and Power Grid -«
....................................................................................... CHEN Wanyl SUN Jlnmlng DONG Ql et al

Study on Local Resistance of HDPE Pipe of Service Water System in a Nuclear Power Plant -« ----cvveeeeeees LV Yifeng
Bi-level Planning of Wind Farms Considering Stepped Fan Capacity ==, XIANG Meng
Analysis on the Influence of Distributed Photovoltaic Grid Connection on the Line Loss of 10 kV Urban Distribution
Network ....................................................................................................................... WU Jian
Experimental Study on Cooling Water Flow Distribution of Containment Cooling System in Nuclear Power Plant
............................................................................................................................. GONG Pelll
Analysis of the Development Mode and Operation Mode for Photovoltaic Power Generation™--------------- WANG Lijie

Artificial Intelligence and Sensing Technology

43

Construction of Complex Large Power Grid Dispatching Cockpit Platform Based on Artificial Intelligence and
Integrated EI'I'OI' Prevention ............................................................................................. CAI Xlnlel

47 Research on Panoramic Infrared Temperature Measurement Intelligent Diagnosis Patrol Instrument -« ----evvereeeeeeees
....................................................................................... LIU Weihong HE Yong ZHANG Ylfel et al
49 Application of Positioning Technology Based on UWB in Digital Twin Substation ««««--cxooorererereeeeee.n
.................................................................................... FANG Tao QIAN Shaofeng WANG Zhen et a]
53 Design of the Detection System for the Elderly Falling to the Ground Based on Accelerometer® ««««--r--rovvveeeeeeeeees
.............................................................................. ZHANG Xufeng SONG Zhlguo ZHAO Cheng et al
57 Research on Double Confirmation Judgment System of GIS Knife Switch Ground Knife Position Based on Hall
SenSOI‘ .................................................................................................................. ZHOU Wenrui
60 Intelligent Key Without Remote Control Entry Identification System -« ««---oovvrrrrrrrereeeieeeeeeeeee. ZHANG Xuchao
62 Intelligent Substation Integrated Monitoring System Based on Artificial Intelligence Technology ---------- XU Dongwei
Power Automation
66 Inter Pole Fault Protection Control Strategy for DC Distribution Network Based on MMOC - ------cvveeeereeeeeieeee.n.
...................................................................................................... LI Hul CHEN Ql WU Hal et al
71 Vibration Displacement Extraction Based on SVD Decomposition and Wavelet Denoising® - ----«ccceeeeeee--e JIANG Shu
74  Whole Process Monitoring Method of MMS Loop Based on Information Redundancy -«
.................................................................................. ZHANG Liangwu ZHOU Jle TAN Jinlong et al
76 Research on Safety Protection Status Monitoring of Secondary Equipment in Intelligent Substation «=««««rcccoeeeereeeeee
................................................................................................ LI Nan LV PeiWu GE Yachuan et al
79 Research on Error Prevention Monitoring Technology for Neutral Grounding in Plants and Stations Facing Multi-factor

Interference ................................................................................. LIN YuXin CAI Jlanyl YANG Xutao



82
85

88
91

93
96

Application and Function of Prepaid Electricity Sales System «-«cccoooorereermrereeiieiieeeee WU Yanwen
Application of Transformer Fault Prediction in Digital Twin Substation Based on LightGBM -« -+ vvveeeeeeeeeeeeeees

.................................................................................... QIAN Shaofeng FANG Tao WANG Zhen et al
Design and Implementation of Secondary Equipment Acceptance System of Intelligent Station Based on Goose

Technology ............................................................. WANG Longlong YIN Zhangtao MIAO Songhu et al
Application of Data Supplementary Extraction in Electric Energy Data Management System -+ HUANG Bing
Design of Electric Energy Metering Device Based on Online Monitoring Technology - «---------oooreeeeee-e GUAN Xiang

Stable Operation Control Technology of Microgrid with Multiple Distributed Power Sources -«
................................................................................................ LIU Rul LI Xiaorui CAO ang et al

Electrical Equipment

100
102
105
107
109
112
115
118
121
125

127
130

133

Automatic Test of Relay Contact Resistance Based on LabVIEW +cccoeevniieeeieeeeenes FAN Wen SHA Xirui XU Yan
A Cabinet Positioning Vehicle that Can Cross Obstacle «««rrrerrerrrrrrrrmrmmeee XU Yong GUO Yunchun
Design of Automatic Dosing Device for Valve Cooling System ---------vveee CAI Hanqi GAO Zijie LEI Yazhou et al
Development of AC-DC Storage Charging Pile Tester Based on Simulation Detection ««««xcxxerrrrrrrmrererereeeeeee

..................................................................................... YUN YquaO WANG Rulql YAO Xlngyu et al

Implementation of a Low-cost Time Keeping System Based on FPGA ------ HUO Yinlong WANG Hong CHEN Congjing
A Three-phase Double Active Bridge DC/DC Converter for Energy Storage System:-----«««---ovreeeeeeee-s ZHOU Hao
Engineering Application of Containerized Energy Storage System in Low Temperature Environment---------«----ooee -

................................................................................................................ JIANG Rusong SU Lel
Analysis of Windage Yaw Flashover Fault and Application of Insulating Protective Structure:---««--«««--evererereeeees
.............................................................................................. LUO Jlngfeng LI thang QIU Qluhul
Development of Intermediate Relay Calibrator for Protection Device Based on Internet of Things Technology----------
........................................................................................ LI Qian CHEN Haiyong ZENG Hong et al
Fault Analysis and Preventive Measures of LCD Screen of Smart Meter -«
.................................................................................. YIN Zhangzhuan XIAO Ql_]lng SI Haotian et al
Small Volume Modulation Telemetry Transmitter ............................................................... YUAN HuiChaO
Analysis and Research on Technical Parameters of 20 kV Live Working Tools and Devices -« «----oovvrrermeeeeeieeess
..................................................................................... MIAO Jiadong QIN Xiao SUN Mlngwel et al
Research on High Frequency Module Based on GFE(L)1 Radar -+ WANG Xinshu

System Solution

136

139

142

145

147
151

155

158
160

164
166
171
173
179

181
185

Exploration and Practice of Environmental Protection Communication Mode in Typical Substations in Urban Areas

Construction Scheme of Full Service Intelligent Auxiliary Platform Based on OCR ««rrrrerererrrrrreinieieee
................................................................................... GENG Lingna WANG Lel ZHAO XiaOXu et al
Cause Analysis and Preventive Measures of Signal Mistransmission and Reclosing Misoperation in a 220 kV
Substation .......................................................................... CHEN Peng LAN Binhuan HUANG Yuhan
Reactive Power Capacity Calculation Based on Graph Convolutional Network™® «««ccceeeeeeeeeereeiiannriei
................................................................................................. LIU Slyal’lg XIA Zlyuan JI Sl et al
Effect of Salinity on the Resistivity of Frozen Soil -------roorevereereeeeeens WANG Rui CHEN Cheng LI Jianhui et al
Research on Battery Test System Based on DDZY733 Watt Hour Meter* .....................................................
.................................................................................... ZHU Lln CHANG JunJle XIANG Yunfel et al

Design and Application of Power Demand Forecasting Method Based on Urban Clustering «««--«««xvvereerereeereeeees

..................................................................................... LI Blngjle HU Xlaoyan YUAN Xlaoyun et al
Design of Monitoring System for Field Work Range of Electric Power Overhaul------wcooooeeeeeeieeeeeeeenns LIU Xinyu
Evaluation Model of Distribution Network Operation State Based on Multi-level Fuzzy Comprehensive Evaluation
Method .............................................................................. FENG Tlngtlng DAI Hul DING Liang et al
Simultaneous Determination of Trihalomethane in Drinking Water by Purge and Trap Gas Chromatography-mass
Spectrometry .............................................................................................................. LIU Llfeng
Research on Distribution of Grounding Current Based on Different Earth Models™® =« xccceeererrrerrerereeeeee

............................................................................................... WEI Chao MA Yong SONG BO et al
Analysis of Influence of Impact Load on Electric Energy Meterin------------ Z0OU Lu GAO Qun ZHOU Xingwen et al
Analysis of IEC61850 ED2.0 Comformance Testing Experience----- ZHANG Haogong SHA Xuesong WANG Jianwei
Post-Evaluation Method Of Multi-index Distribution Network Project Based On Hierarchical-Entropy Weight Method
......................................................................................... LIU Fel YAN Xlaomlng ZENG Xiangwen
Study on Reconstruction Scheme and Application of Bypass Heating for 320 MW Unit--------eeeeeeeees XIN Zhiguang
Operation Control and Fault Analysis and Treatment of Startup Feedwater System in Nuclear Power Plant -« -+

............................................................................................................................ ZHOU Kaijie



