& v W Weeoe

2L W e

@Hﬁs’%‘ * fhE o EUFT ISSN1002-1388
PEBOCHTIGEERIEE CNKIRERRITINEHARSE PXRATISIRE  PELTIH LT CN50-1072/TM

L T $5% R

ELECTRIC ENGINEERING

CHNT
DDSY666 ‘

il iR STeTTe
2 0
I CHNT

ISSN 1002-1388

“”” ||[H i
02713822 ||||“|

9 ”7

710




BIfA BOHE

FEH: BRAREEERAE
(EREERFRER L)
NG ERARGEESERAE
BRMBINIEZS
MIGHAR: (BIHEAR) Mg
thipeafs: S|RHRRFS
Hi: F £
28 #BS
RES (RUEHEHS)
S H
BIFFR
ER:
B % EkX RER B 2
ERE i i BRKIE B OK
MEE @ W EE ORES
BER OE=BE = B =R
=EE X g BEfz= 184S
ek BaFE B B EST
BN BB BEE Bk
RERE KEH B F OB
hITER:
ZINFE  FRE B E HEs
W B FEH KE RS
X X R XU4RRR XUNER
oaR BER O TKE OB R
E R EMH ELRE ENF
BEIR REER BBD B &
FAEA - W/RELIR FR{ERR
KiES KB KZk
WiITER: @ KX (023)67039621
fmIERREIE: R M (023)67039613
#iEEE: (023)63502993
E-mail: diangong@chinaet.net
hizEk: (023)67039610
E-mail: matrevhx@sina.com
A1788: (023)63501714
Hoht: SRALXKIHFER18S
BBgR: 401121
RIik:  www.chinaet.net
EIR): EXREAFRMESERAE
&iT: BXRMHEES(ERIMAFFRT)
T 2ESHHE
BR&LES: 78-61
SHIEM: 20.005t $5.00

EfFtT SRS . ISSN 1002-1388
ERS—ELEHRYS: CN 50-1072/TM
IFEEEFENE: (aFmL) EF(19)%007S

WRIREAE

TR

FHEEZEM: EXEEEMESHA UE

BIMIARBIE: (023)67621818

otk BRMMICKILAREUEXE2SYEARET R
REREFHNNE, BREFHER, BMEEREEERN

FETEURIEIRIUR T AT

MBRBED, ESERROFEISERATHRRIRR
ot BERHIREKERKEREAE9S (RE ERTH27-2)

#B4s: 400707

H 3) = 1

(MR S

= F T 19805617

2022/14H3(5\8E57288) 20225 7H25HHR

BzizH

1

5
9
12
16

SN Skt T R T FCB Y RS B A il S

meE Ea& B BHF
FTPLCRYIE AL sl i 2O B SR T R MR
TR R H G IR SRR SO -5 T R HHE FTHF
BT BRI oM s I E R KAz MRER RATLF
BT SRz i R I A S Al A FR AR REFF

MEERRASIRH

19 KWL B HERHE JE 2 i ems FRZH LE KR O
21 LOLAYT M As gt Mol B s il A #
25 HXHIH1.5 MWHLH RS OHT K452 E itE BB &
28 I I ARG KL F i IS IRF F R HEFF
30 HrBEUE LA R B B A %k F oM Ktk
33 MEEIZ LA — S AT SR I Ak WRA P & 8
36  ETWHLRIEMAUSX IR E TSR e ZRE XEMF
42 HEAMZIN FR G H B A8 2% AT B G T x|
46 ETHARR A SSSCH RUKITIR R G R A E AP

FEH E#RE L OOF
52 RERTTREIE R AR HFAF I B
56 JEARTIFAAA PR WAL iy v % o2& W B OFH®EF
59— XU I BRI 5 | 0 4k i PR3P 2 I A 2 BT M %
AT ERSEREAR
61—l A RERL A A JCER FE L RFE ST S35 A%
64 WFEEE R RS SERRE R ST AL FHF I EBR
68 HTYEHMEANGERESEEEEGN RS R % £ K& K BEMG ¥
73 ETIGITERRIE I LY &5 B R8T

A H o2 R OKFER

76 ETYHME AL S REIN T H AEK Hik & BF
79 110 KVFF BTk 45 | AR SF LA AP LAS it

RER R A FELF



84
87
91

— T IR 1 4 I AR RE IR WA B
BT N TR BEBORRY S B it T 9037 %2 4 R ik

BT ZigBee sk 2.4 G T0 4 Jeytuk 00 18 15 42 1 s 4 B A BRASEZH 10T

Bie&

93

97

100
102
106
108
111
113
117
119
124
127

550 KVHEEL I 237 17 B4 BT S S5 B i
HERERSI LL TR RSN RSN

1o 25 ) W) g PR A A 4 A O A 13

T RT3 5 W B 19 22 e VR s 2 B AR
T AR A 2R A S 2

110 kKVF ARG L 52 10 578 Al S Ak 3
FE] 7 Al st Ak T 8811 2l s 2 A 5 ke it
TV SRR A AR 2 43 B B e T R B A3 BT
—HEPT i 78 HL 5 | L A% F v 4 2 FE 3 44 A
I HL PR AT O B R B R U Y 1R
ST Wik st TG T B S HE X 52 L A2 2 H AL R A T 5 40 BT
BT B A SRR R T4

C:pal =l

129
133
136
139
142
145
150
153
155
158
160
164
167

T D L AR B I % 5 BRI S

BT WU BOR 4R R PR3 B Rz 4E-F- 5 BORBEST
BT AR H IR A B RO — W R IR B AR S
TR LA AR T M 2B Y B A

A C LAY ) s AL T R A T

PR B AT B AR LB D AR BT 5 B
BT OPCI IS WL K R ALK H s U LU X 7 ik
BT 24 AR ) R R e ST

BET CONN RPN A 1 4k it AP S 808 7 SR B9

T L U A G 3 4 ) Dy SRS

31 3R YR KT TC R 00 9] 265 5 G 14 5 i F

B BB P il R [ T R M I RS Wi BRI 5
I E S 1 B AR 1A 0 P PR 2 B 13 T 3

REBRAFE

170
172
175
178
180
184
187
191
194
197
200
202
207
210

S AR Bl 2% e 1 A5

ST Aol R L ) B O I 2 T 4 o

W10 KVHL T RS AT SEPERT Y

500 KVER AT HURE 37 43 7 B B TR TR 9%

CRURR” s R Tl el X RV LI R G Sk

BT PR T B B AR kA T B R BT RE R R T
B o 2 Rl A A2 4 0 K] ) S B R S B i AR

B AR R BT 21 A AR ok 5

SEO B35 KVEEL BT S 0 M

S ML T R i it T

e} #2 i R G AE SRR

FT CHIE T 1 CAD U IT A7 b 75 1 PR 473 L 135 v i 1
A5 R il EL 59 B /N st ) 3 2 3K 2R 6 1 1

A 368 B AR A R g ST P B 55 I TR e

43 FAF K BF
A & I M

ENY

o IRIK E OKF
gL PHhE EA5EF
HHRRE RER HAE

R # F K IR

ERE E R HRAHK

hAE FEAR FRRF
FL8] FAFE RER

WA SRALF

x| =
OB ARMEAE K OBF
7l

FTHE ATEE REXF

FAE AR

B EHAR RARF
R4 K OR K OFF
RER REH FETF

e
WA E % AEEE
#ER 2EF R &F
Tl ALEH ERAF
BEH % A WESF
WER BAN K LF
S34 LB EREF
wlagk RRh BREMF

ER

RGH  ZRAX

I 4] M

N 2 WBIAE K OEF
%R A R EAR
E B O£ F KPk
ARR HAE 3R F

ZHE

E & FHW EREF
THRK

I

A EHFRK FHRRK
=

HiRAE ik %2 OBRF
REEF TR



ELECTRIC ENGINEERING
(Automatic Control) No.14

CONTENTS

Automatic Control

1

5
9

12

16

FCB Function Realization and Control Strategy for Partial Load Rejection in Actual Operation of Overseas Power
Plants .................................................................... YANG Zhongsheng WANG Xiangzhi JIAO Yang et al
Design and Application of Digital Speed Chain Paper Machine Partial Transmission Based on PLC ------ ZHU Jianrong
Design and Test of Photovoltaic Converter for Hydrogen Production Based on Double Loop Control------------vvvveeeee
................................................................................. MO Hongying TAN JianXin GUO Xuesong et al
Design of Outdoor Equipment Heating Device Based on Microcontroller® «««-««coovveerrrrrrereieeieeiieieen.
............................................................................ ZHANG Yunshuo XING Junqlang DAI Zhuwen et al
Flexible Optimization of Valve Flow Characteristics Based on Historical Data Mining:««-««cceerereeeerrrrrmmreereeeneee.
....................................................................................... LI Chuanbin XU Junyong ZHU Zhl_]un et al

New Energy Systems and Equipment

19 Damping Control Strategy of Fan Transmission Chain «««---croovvremeeeeeeeeeeees LI Haoyun MA Wenhai ZHANG Yi
21 TImproved Current Control Technology for LCL Type Grid-Connected Inverters --------xcvererrrrrrreeeeee.. XU Jia
25 Analysis and Technical Improvement Measures of Over Speed Incident of 1.5 MW Unit in a Wind Power Plant --------
....................................................................................................................... ZHOU Xiaodong
28 Application of Grid Connected Monitoring System in Wind Turbine------- WANG Shuqing LI Gang HU Guoqing et al
30 New Energy Fast Frequency Response Technology «----wcoororrerrerseeeeeiieeeenns LIU Huan LI Xiang JING Yanwei
33 Experimental Optimization of Coolant Leakage Rate in the Primary Circuit of Hainan Nuclear Power Plant-------------
............................................................................................... YU Lingbin YAN Lei CHANG Tong
36 DFIG-based Wind Farm Equivalent Model for Setting Calculation Based on Two-machine Characterization® «+---------
.................................................................................. ZENG Zhian WANG Liangyi WU Zhipeng et al
42 Analysis and Improvement Direction of Cable Shielding Ground Insulation in Outer Reactor Nuclear Measurement
SPSLEIIL =+« v v v s s e e e e e LIU Yang
46 Transient Stability Analysis of Wind-thermal Bindling System Based on New Current-limiting SSSC*-------c-vvevveees
............................................................................... CHANG Yurul KUANG Honghal WANG Kal et al
52 Thoughts on the Construction of Smart City Energy System® ««cccccceeerrrrrrneereeeneee. Z0U Xunyong WANG Cong
56 Fast Shutdown Simulation Control Method of Photovoltaic Power Optimizer* ------- HAN Fang XIE Rui QI Jizhi et al
59 Analysis of Relay Protection Setting Coordination Caused by a Trip Fault of Wind Farm--------coeeeeeeeeeennnns GU Yue
Artificial Intelligence and Sensing Technology
61 Parameter Design and Control of a Wireless Charging System for Intelligent Inspection Robot --------------- ZHOU Hao
64 Research on a Time Synchronous Distributed Dynamic Data Acquisition SyStem == --vcveeerrrrerrrriiiiieeeens

68

73

76

79

84

87

91

.......................................................................................... QIN Zhenhua LI Nianzai WANG YaObO
Design of a Remote Detection System for Human Health Parameters Based on the Internet of Things®----------vvveeee
............................................................................... CHEN LOng SONG Zhlguo GUAN Xiaopeng et al
Security Alarm Deployment and Control System of Electric Construction Machinery Based on Edge Computing
Technology ................................................................................. ZHU Bln LIU Wu ZHANG Xuechao
Multipoint Interactive Intelligent Training Application Tool Based on Internet of Things Technology «-----»---oeevveeee
.............................................................................................. YU JunWei XIAO Llfel CAO Yu et al
Design of Equipotential Maintenance Robot for Drainage Line of 110 kV Isolation Circuit Breake* «--------vevveeees
................................................................................................. CHEN Fuguo CAI Jle LI Juy1 et al
Design of Intelligent Recycling Bin for Bottle Garbage Based on Internet of Thingg™ -« ««---oovveerrrorerereieeeeieee,
..................................................................................... LI Shenghui DONG Chunfang FU Song et al
Safety Image Recognition Method of Line Construction Site Based on Artificial Intelligence Technology «««+«----------
................................................................................................................... DU Yuan SUN Yang
Design of Intelligent Management Module of 2.4G Wireless Cellular LAN Communication Transformer Based on
ZigBee PrOtOCOl Stack ................................................................................................ WANG Zhllel

Electrical Equipment

93

97

Simulation of Temperature Field of 550 kV Bus Bar on COMSOL Multiphysics ««---rrrereererrrreriiiiiieee..
.................................................................................. CAO Shaohua WANG Zhaomin CUI ang et al
Research and Application of Mobile Wireless Charging System for Electric Vehicle: - «-rrrrrrrrreeeeeeereeeeneneeen.
..................................................................................... DOU Ya]l SHEN Zhendong NIE Xiuyun et al



100

102

106
108

111
113
117
119
124

127

Optimal Design of Unlocking Latch Operation of High Altitude Knife Switch- -« --overeeeeeriiieeeiiieeeen
........................................................................................ YOU Junliang LIANG Weikang SU Weida
Development of Multi-power Instantaneous Control Device Based on High-power Thyristor:--------eeveeeeereeeeeee..
........................................................................................... ZHAO M]ao WAN Dal WANG Llnga‘ng
A Recording Device Based on a Non-Real-Time Bus -« creeeeeerereeenes HUO Yinlong WANG Hong CHEN Congjing
Analysis and Treatment of Abnormal Reset of 110 kV Main Transformer Gas Relay:-««««cccooerrrrrrrreeeeeee
..................................................................................... XU Yuanxiang LEI Guobin LI Baoyuan et al
Fault Analysis and Improvement of IIC Bus in Domestic Godson Processor -« -+ LI Wenming FU Mingjun ZHAO Weiyi
Analysis of Abnormal Cases of Dissolved Characteristic Gas Components in Oil ---------- CHEN Xiying QIU Jianyang
Analysis of a Substation Voltage Loss Accident Caused by PT Reverse Charging - ««-«cvvvrrrrrereeeeeeeeeennne. LIU Yun
Design of an Intelligent Auxiliary Debugging Device for Relay Protection Switch Value «««ccceeerrrrrerrmeeneeees
..................................................................................... CHEN Cong XI Chuanxin ZHANG KIll et al
Harmonic Detection and Analysis of AC-DC-AC Electric Locomotive Based on Instantaneous Reactive Power Theory
............................................................................................................................... HE Chuan
Efficient Production and Operation and Maintenance Measures for Smart Metering Terminals - ««««----roorveeeeeeeeeeeees
................................................................................... DONG Zhanguo KE Zhongfu XU Janwen et al

Power Automation

129
133

136

139

142
145

150

153

155

158

160

164

167

Research on Fault Monitoring and Recording Algorithm of Dry-type Air Core Reactor™® ------ RU Qiushi CHENG lJiaqiang
Research on Intelligent Operation and Maintenance Platform of Relay Protection Device Based on Internet of Things
Technology ................................................................................... CUI Na CUI Kejle GU Wuy1n et al
Integrated Photovoltaic Energy Storage Sag Management System Based on AC and DC Hybrid Power Supply
............................................................................................ ZHAO Jian CHEN Ran CHEN Yu et al
Design and Development of a Modified On-line Monitoring Device for DC Supply System -« ««cc-ooevereermreeeeeeeeee.s

.................................................................................... XIONG Fengjun DENG Al_]lao LI Alplng et al
Design of Configurable GUI Architecture for Secondary Equipment in Power System ««-----ceeeeroeeeeeeees HU Xiaorui
Design and Application of Control Cloud Data Exchange Platform in Anhui Electric Power Company-----------oooeeee-

..................................................................................... TAN Dashuai WANG Can DAI Huifang et al
Automatic Extraction and Comparison Method of Configuration Data of Telecontrol Forwarding Table Based on OPC
......................................................................................... XU Xuegang WU sufang CHAI Rao et al
Instant Data Statistics in Power System Based on Visual Logic Operation -«

.................................................................................. JI Xianghua ZHAO Huashi NIE Yongquan et al
Research on Relay Protection Parameter Inspection Scheme Based on CNN and RPN Technology -+

.............................................................................. CHEN Guodong HUANG Mln YAO Huichang et al
Study on the Sequence Control Scheme of Flexible DC Converter Station ««««cxcrrrrrerrerrieeeeeeenes

................................................................................... LIN Zeyuan HAN Benshuai ZHANG Fan et al
Research on the Influence of Distributed Power Access on Distribution Network Loss* «----ccveerrereererreeeeeeees

.................................................................................... LI Yingfeng SHI Tengxiao KU Chengyin et al
Research and Application of On-line Monitoring and Fault Diagnosis Technology of Secondary Circuit in Intelligent
Substation .................................................................... CHI Zhaorong QIN Xiannan FAN Yunpeng et al
A Backup Method for Relay Protection Device with User-defined Backup Path -« «cvcvvvrerreereeeeeeeeeennnn. WANG Hao

System Solution

170
172
175
178

180

184

187
191

194
197
200
202
207

210

Line Loss Reduction in Photovoltaic PoOwer Station ««««creeeeerrrrrmrmmerireee ZHAO Fuxiang WU Fengwen
Quality Control of Spring Isolator Installation Based on Process Supervision «------------- WANG Zhao GAO Mingkun
Research on Reliability of Airport 10 kV Power System «««---cvveerreeeeeereeeees LIU Bin SUI Guangjun FU Lei et al
Study on Electromagnetic Field Distribution of 500 kV Series Compensation Platform and Temperature Rise of Fence
......................................................................................... CHEN Yu ZHENG Yl JIANG Chengllang
System Architecture Design of Energy Internet in Industrial Parks under the "Carbon Peaking and Carbon Neutrality"
SHEALE@Y « v« v v v re e e e s e e WANG Qiang CUI Yong ZHANG Xiaowei
Research on Energy-saving and Consumption-Reducing Scheme of High-speed Railway Traction Power Supply
System Based on Regenerative Braking Technology® «------vcovoeeeeeeeeeeeees ZHU Tianle PAN Zhiou LIU Junnan et al
Method and Implementation of Data Center Infrastructure Operation Planning ««------cooororeeeeeeroeeeenns WU Ganxing
Solution for Infrared Temperature Measurement of Terminal Box in Intelligent Substation «------wxrooooreeeeerreeeeees

................................................................................. WANG Zhl LUO Zicong HUANG Xiaohan et al

Analysis of 35 kV Bus Voltage Anomaly Combined with the Simulation - DING Hongbo
Design of Weak Power MainRoomand Grounding Design and Construction «-««««:wwwrrrrrrereeeeeeeeeennns SHANG Ming
Research on the Application of Beidou Timing System in a Refinery ---------- YU Liping WANG Qingbin LI Dongbin
Application of CAD Secondary Development Based on C# Language in Calculation of Lightning Rod Protection
Range ...................................................................................................................... LIN Buyun

Development of Active Expelling System for Small Animals in Substation Cable Trench - ««-crvrereeeererrrrrreeeeens

...................................................................................... CHEN Weihua SHI Huaiyuan WU Jian et al
Review and Prospect on Research and Applications of Additive Manufacturing Technology in Electric Power System*
.................................................................................................................. ZHANG Jinze QI BO



