| % A

SICHUAN ELECTRIC POWER TECHNOLOGY

%47%@@@%
2024107
M)IEENTESS W) hRS R

1 { o ,.—g

-

o

EHE  HEW WD 4]

ISSN 1003-6954 o M)l —4R AT o hESARBTISE PN BIRESIHHRET
10 o B HEHHBTIR N AT o BB RIS E R W R T

o RESARIIT (FRIT) NREFT . BEHZEBENRHT

.

94771003"695241 B HER) ARE  (ENEAEA) B B (CAI-CDME) MUTHFLIRLIT




A HLAAE ., LA | BB RE . ke E:
R)FLAEA, N R b PR AT 2 LB R, AR
DLESA . LIPS . ASlSH . FAEHI . L2 AR SRS EI k) & 8 5T 2 B
A1 A A RO R R B SE RIS | B AR 457 FFR T T 2 W05, IS —E M50k,
N T AE M AR AR A HR) MG R IR SRR, DU AR ) P S R RS . 1 S < BERBH
BIIRE . HEhMARA IRERRITIRIBE B, B8 B bR AR RN L8, mESEER KiEE—
SRR AU [ ST R TR . P S R BT . s M A DGR (% 5 2 3 RHIE A BRI

—. fHRAE (BEERRET)

(1) AR OB HH SRR 5 0 ik (2) AR PtOR R RIS . RSP . AR P55
(3) BAMm#hs F ARt O i HA (4) AREMhAEOBO L AEH L 1 R GE P B ]

(5) RAAsE AL AR) (6) Pk AL AR I I (PO e

—. EkRdiE

20244F12 H 31 H kS, I CRUITH IR ) BT

=. IBREX

(1) WU BRI, RATFER, KR, N RELAL, R S AICA N H B e LS 2, AE# X
WSCA R I E SR 5

(2) $4%250~300F 10, AUz, BHEM . Jrik. 490 450, RN Sty ScRe s s,

(3) 315 Thirs B AW, TR0 RN AMIFE 5, 6H AT HADBIF S 00 CAREA TR ORI ITA s M [ SR, Jf
XF OB A — SR G SO BRI IR RGRTE R, A A B O E S BT R RS LUBCIT AR L O i
AR

(4) IESCIRITEERIZUCHEN . FAUGEH . IR . SCF 2k, B KR AT, TR 60007 (FE 51 3) 0 H .

(5) Z5IETRIY MRS SCREfF o TAR, 4 ialgrtt . I8 SvEasie.

(6) KRy HWordHERNT, 4%, % . ERERIESS I EAR ) SR W5 & e Ui .

(7) RSSO A . ARSI, TSRS,

. BB R
TEE s (DU AR Y FERMES . hitp//sedljs.ijournals.en/sedljs/home EMEE P 4 Ui AT R, Bkt Fg g% “JEfZfl
HENBIRARENE" L.

F. IRRHREA
BRE: 15198096957 FEHI: 028-69995169 B Ei. 028-69995168

XDAXIXI

N7

X

{

\
(XX




oy R
SICHUAN DIANLI JISHU

PINE— T A ARSI AT BB (P EZ AT (E

R Y BT &3 BRE Y R TI BB CAJ-CD #EY TR F R

REBT P EFARATIG S TN EORES T TR T ER %L R

Tégﬁiﬂéﬁ%&zﬁ&(ﬁ%%ﬁ?—#fE’)))\lﬂ.ﬁﬁ%J\((*EI#le‘)Eﬁ?'J(iiéiﬁ)%‘SZ?E
AT

5 5 3]

2024 410 A 20 H

(TR AR

REZERS
FEZR WEHM
BlFEEZR XIRH
= B (el IREmAE T N)T)

I35 E o5 EW4
GG RO T N
filEA 4 B R);TT
wERY B A @
ZE FHEY BaE
TERERE H ik HkH
b E AR BRI
FEOR M B
R MR RS
By AR
Fib I
TR
ISP ARE S A N
A F] 1978 4E41H)

T ERRHEE LIRS
ISSN 1003-6954
CN 51-1315/TM

2024 457 47 55 5 W (5 293 )
FERNL WA B IIATF
FINAL DU AL T R4

DU 1 e B 2E R 5 B
RATHH L ATF
¥ G FEE
Al E g RS
SRR - O] R TR ) S
Ko AT W SRR b
o ik ES T R R RV A 16 5
HE B - 610041
HL3% : (028)69995169/5168/5165
M4 : cdscdljs@ 163.com
B 3t PR AS 52k £ A R W

SCAALRE S )
Bl Rl pU)IAUAR BN S A IR BT A )
& N A B 12,00 6
[IAIEEARZSH ] CN 51-1315/TM =* 1978 *
b* A4 %112 % zh * P * ¥12.00 * 3000 * 16
%2024~ 10

H &
- BB N RS -
HL TSI B ) A T RS K ZBE S SVG DR PR A

-------------------- WG, THAS, £ B, e B WISk, AR FhEE R (1)
E AL T L 1 I I/ Iy A A P D s o SR

................................. WRl40, 0 ¥, 8 5 WIGSE  AUERE 2R K E(8)
HeT UV S A B ) O AL 2

.......................................... SRS IS I B U Tk MR (14)
— ol DX R IR By 9 2 RO A7 D Ak

.......................................... WOUTLER KL IK L EIEGE AR R (21)

CIMREIGZSESEE -

SF¢/N, 1A S GIS = AHILAR B4 3k K B IRLEE 437 B2 Wiy vk i 0 B 5T
............................................................... AR X AR, AR B, S B (27)
- BOZHFHEA -

R HBR T KR BRAZ SR R TR LR

X OBRERL B L& ) B R AR AR, 2R
LT AE A HL 1 Al /K B R H 3 2 L 5 AR A 2% 0 BT AR R
fTBEE TR EM M N RSO, TRBTIR (44)

#(34)

- BAEREA -

T IR USRI P A O 14 T P, PR T e i A )

e TR AR N IRILIR(53)
T R 2 YR BT VR RSO 47 0 ) S 2 i v, 2 S i 3 DXL 1l A 25

i MRETHE X B ARG, PNSORE, SR 5k AL BR 4, 2ERLSE(61)
FET IR G M 22 405 1) S8 LA TRIBR P 100 S 7 20 B 30 I 2 7

BREEHT R 5L, 5% O OREESS, TG, B AE I (66)
HL A A S S DG IN 5 5/N MRS IO 05
BOEARTRGE SEL R ORI K A, TR
TR AU RE 2 HL L TR R 32 S R A AL B 20 ] 1

Hit , 1 £ (76)

.......................................... o 5 FHei, TR, D fd LT B R (80)
LT R B A e 9 0 S AR A R s B A o K
------------------------------ SR TEREE VR Ve A BT, AR, A (86)

TEDAE = 1 O T s e D o e e e e vl 5 it
T nERPEEER,E FH(93)

BT M SLAE A R AT 5 1K AL IR 5T

................................................... JEIBA T B, L RS, B R (98)
A2 F 3 — B S RE 0 LI T- B A e K i
....................................... T B e R A XARSE, BB TE(106)

KEPSRERE £F

wiE AR ® F ¥ 4



5

2024-10-20

SICHUAN ELECTRIC POWER TECHNOLOGY

CONTENTS

- New Power System -
Coordinated Power Control of Variable Speed Pumped Storage Unit with Full-size Converter and SVG Based on Model Predictive Control
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ PAN Pengyu, DING Lijie, WANG Zhen, SHI Huabo, CHEN Gang, ZHANG Yuanzhi, ZHA Xiaoming, SUN Jianjun( 1)
Smooth Switching Control Strategy for Grid-connected and Islanding Operation Mode of Microgrid Based on Master-slave Structure
.................................................................. CHEN Renzhao, CHEN Yang, XIA Yan, YANG Yili, SHI Jinhui, LI Huizhu, ZHANG Rui(8)
Day-ahead Optimal Scheduling of Microgrid Based on Improved Sand Cat Swarm Optimization
........................................................................ ZHU Zhaoging, FANG Qinlu, XIA Yankun, XIE Bo, MENG Zhigao, CHEN Jianhua( 14)
An Optimization Algorithm for Data Caching of Blockchain-driven Dispatching Control Cloud
................................................................................. XIE Jiang, GUO Ling, ZHANG Jing, HUANG Sijie, LI Fajun, TANG Hanyuan(21)
+ Environmentally Friendly Insulating Gases and Equipment -
Simulation Study on Temperature Distribution and Diagnostic Method of Three-phase Enclosed Bus Joint Heating of GIS with SF¢/N, Gas Mixture
...................................................................................................... ZHANG Pipei, ZHAO Xiaonan, CONG Longgi, GUO Chenrui(27)
+ Electric Power Techno-Economics -
Overview of Carbon Accounting Methods for Thermal Power Plants under Dual Carbon Target
------------------------------------------------------ LIU Xueyuan, CHEN Yumin, WEI Yang, MENG Tuo, LIU Yue, ZHOU Qi, XIANG Yintai, LI Qian(34)
Capacity Allocation and Cost-benefit Analysis Model of Pumped Storage Power Station Based on Stocked Coal Power
............................................................................................. HE Puyu, ZHANG Yuhong, JIAO Jie, REN Wenshi, ZHANG Jiyuan(44)
- Operation and Maintenance Technology -
Arc Grounding Fault Detection in Distribution Network Based on Transient Features in Time-frequency Domain
............................................................................................................ ZHANG Hua, SU Xueneng, REN Jie, ZHANG Zhenyuan(53)
An Extreme Disaster Risk Assessment Model for Overhead Transmission Lines Based on Improved Analytic Hierarchy Process and Data Mining
~~~~~~~~~~~~~~~~~~~~~ ZHOU Lin, PENG Yuhui, LIU Yang, REN Chengjun, SUN Wencheng, ZHANG Yadi, ZHANG Jie, CHEN Zhao, LI Zhuowen(61)
AC Line Fault Location for AC/DC Hybrid Power Grids Based on Hybrid Neural Networks
........................................................................... CHEN Weizhe, SONG Hong, WU Hao,SONG Kuangwei, TIAN Haipeng, QI Ziyuan(66)
Wavelet Denoising Parameter Selection Method for Eddy Current Detection Signals of Lead Sealings of Cable Terminal
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TANG Jun, SHAO Qiangiu, REN Liang, CHEN Li, ZHANG Rui, WANG Ranran, DENG Rui, FENG Wei(76)
Mechanism and Suppression Measures for Receiving-end Commutation Affected by Voltage Rise of Sending-end Converter Bus
................................................................................. MA Xing, YIN Chunya, WANG Lichao, MA Jian, ZAO Weihong, DUAN Yu(80)
Discuss on Condition-based Maintenance Technology of Oil Less Equipment Based on Oil Pressure Monitoring and Its Application
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ WU Xiaohui, WANG Xiaohua, CHEN Ling, SHU Ping, TENG Yufei, LONG Zhenze, TIAN Qiangian(86)
- Experience Sharing -
Hidden Failure of Circuit Breaker Control Circuit Caused by GST Connection and Its Improvement Measures
............................................................................................................ WANG Ke, WANG Liping, JIANG Xingran, WANG Dan(93)
Experimental Study on Hydropower Units Based on Virtual and Real Integrated Simulation Platform
................................................................................................ LU Xudong, HE Xuan, TANG Yu, CHEN Jinbao, XIAO Zhihuai(98)
Construction and Application of Simulation Verification Platform for One-key Sequence Control Function of Substation

........................................................................... DING Yll, HAN Zhonghui, wU Jinbo, HONG Quan7 LIU Zhihao, XTAO Yaoyao( 106)

SICHUAN ELECTRIC POWER Sponsor ;

Sichuan Society of Electrical Engineering

TECHNOLOGY Sichuan Electric Power Research Institute
2024 Vol.47 No.5 Editor in chief: LI Fuxiang
(Ser.No.293) Editor & Publisher:
Bimonthly , Started in 1978 Editorial Department of SICHUAN ELECTRIC POWER

Address; No. 16, 2ND Jinhui West Street, High-tech Zone, TECHNOLOGY
Chengdu, Sichuan , China
Postcode : 610041



LT AR A T 2 ] 0 e T R AR A K B RE S
SVG I R 8 42 il

EHE,TEAR,E 8,045 Bk N, KR, EEE, EE
(1. ERPU)4E I3 F D BRARGEBE, U1 B 610041 ;2. HL 7B DU 1 44 81 05 SE g0 =,
PON BHE 61004153, IR 2EHAS A st b, 14t I 430072)

W E.AHFTEMREHRIA(FSC-VSPSU) BEH EHF TRABBANL W, LA 2 F ik T A 2 X5k 5 48
ks EEF KRR T2 RE, OTHRRGSEALAKSH AFRIFEALSLEE(SVC) REHF AL%E ER
., At SVG B LA R R AR IL, BF R FSC-VSPSU 5 SVG 2 F 94z 4], 547 T FSC-VSPSU 5 SVG £#hiA %
FobE 3R T R TRE AL TR 4% ) 64 2h B bR 4 ) ek R R B AL TN 45 ) b vf 2 B IR R ) 49 FSC-VSPSU 5 SVG,
Wi ERMEH AR AR RN R R E UM E L E FSC-VSPSU & R4k £ % AR SVC R &R XA A
AR A EE R TR 5 ) (MPC) Pl AR R MEIF 3] FSC-VSPSU 5 SVG #h A KL, @ity ARiE T AF 4242 2 Fm
PR 6 TAT AR AR T F Edshl g ALK

KEIF  RYPRASHKE RENLLL; SVG; BRIFUM ¥ ] ; DA

FESES . TM 46 XEIRERL A XEHS1003-6954(2024) 05-0001-07
DOI';10.16527/j.issn.1003-6954.20240501

Coordinated Power Control of Variable Speed Pumped Storage Unit with
Full-size Converter and SVG Based on Model Predictive Control

PAN Pengyu"?, DING Lijie'”, WANG Zhen®, SHI Huabo'*>, CHEN Gang"?,
ZHANG Yuanzhi®, ZHA Xiaoming’, SUN Jianjun’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. Power Internet of Things Key Laboratory of Sichuan Province, Chengdu 610041, Sichuan, China;
3. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, Hubei, China)

Abstract ; The variable speed pumped storage unit with full-size converter ( FSC-VSPSU) is connected to power grid through
back-to-back converters, which has the advantages of fast power adjustment and independent decoupling of active and reactive
power, so it has attracted wide attention in recent years. Due to the volatility of new energy station, it is usually equipped with
static var generator (SVG) to maintain the stability of system voltage, but SVG is also prone to insufficient capacity. Aiming at
this situation, the coordinated power control of FSC-VSPSU and SVG is studied, the reactive power regulation characteristics
of FSC-VSPSU and SVG are analyzed, and a coordinated power control strategy based on model predictive control ( MPC) is
proposed. Model predictive control is used to coordinate FSC-VSPSU and SVG with different response times, and the relationship
between reactive power and voltage is calculated by voltage sensitivity. A mathematical model of MPC problem is established
with the goal of minimum voltage deviation of FSC-VSPSU and point of common coupling, and maximum SVG reserve, and
then the power reference values of FSC-VSPSU and SVG are solved. The feasibility of the proposed model predictive control
and its superiority over droop control are verified by the simulation.

Key words :variable speed pumped storage unit with full-size converter; static var generator; model predictive control; power

coordination
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Smooth Switching Control Strategy for Grid-connected and Islanding
Operation Mode of Microgrid Based on Master-slave Structure
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(1. Zonergy, Zigong 643000, Sichuan, China; 2. School of Automation and Information Engineering,
Sichuan University of Science & Engineering, Zigong 644000, Sichuan, China)

Abstract: Addressing the critical technical challenge of mitigating voltage and frequency oscillations during the transition
between grid-connected operation and islanding operation modes in microgrid systems with a master-slave control structure is
imperative. Focusing on the dynamic characteristics of voltage and frequency during microgrid grid-connected operation and
islanding operation mode, a smooth switching control strategy is proposed based on parallel operation and numerical soft starter.
Through the synchronized PQ control and V/F control, the parallel operation effectively suppresses current fluctuations during
mode transitions. And the numerical soft starter plays a crucial role in smoothing the input reference values for current inner
loop, and reducing the impact of transient impulse current on current inner loop during switching process, which suppresses
the oscillations of bus voltage and frequency during microgrid mode switching. Finally, a model of photovoltaic-storage micro-
grid system is constructed using Matlab/Simulink, and the simulation experiments, covering scenarios such as grid-connected/islan-
ding mode transitions and load variations, verify the effectiveness of the proposed smooth switching control strategy.

Key words : microgrid; master-slave structure; grid-connected operation; islanding operation; smooth switching
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Day-ahead Optimal Scheduling of Microgrid Based on
Improved Sand Cat Swarm Optimization

ZHU Zhaoging' , FANG Qinlu*, XIA Yankun', XIE Bo*, MENG Zhigao’, CHEN Jianhua’
(1. School of Electrical Engineering and Electronic Information, Xihua University,
Chengdu 610039, Sichuan, China; 2. State Grid Chengdu Electric Power Supply

Company, Chengdu 610041, Sichuan, China)

Abstract : Microgrid systems include a variety of distributed energy sources. In order to reduce the integrated generation cost of
microgrid ,improve the reliability and security of power supply and reasonably arrange the microgrid day-ahead scheduling plan,
taking the minimum cost of operation and environmental protection as the objective function, a microgrid day-ahead optimal
scheduling model consisting of water, solar, micro gas turbine, and energy storage device is firstly established. And then, the
inverse learning strategy and Cauchy variation operator are incorporated into the sand cat swarm optimization ( SCSO) algorithm,
and an improved sand cat swarm optimization (ISCSO) algorithm is proposed to solve the above model. Finally, by comparing
the results of scheduling with other algorithms, the results show that ISCSO can arrange the output plan of each unit in a more
reasonable way, which obviously reduces the comprehensive cost of microgrid operation, and at the same time reduces the
carbon dioxide emission, and realizes the economic and environmental protection optimal scheduling of microgrid.

Key words: microgrid; day-ahead optimal scheduling; improved sand cat swarm optimization; inverse learning strategy;
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An Optimization Algorithm for Data Caching of Blockchain-driven
Dispatching Control Cloud

XIE Jiang', GUO Ling®, ZHANG Jing', HUANG Sijie*, LI Fajun’, TANG Hanyuan®
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Abstract; The dispatching control cloud is a cloud service platform for power grid scheduling services, which can reflect the
running status of power grid in real time and support online analysis and application of power grid. In order to reduce the delay
of caching edge servers for legitimate nodes in dispatching control cloud acquisition layer and prevent damage to the system
caused by malicious and unauthorized users accessing the edge servers, the framework of a blockchain-driven dispatching
control cloud caching system is proposed, which authenticates users based on the permissioned blockchainin edge servers,
and the monitoring data of legitimate users is cached. The deep Q network is proposed to minimize the time of edge plane for
legitimate users. Simulation results prove the effectiveness of the proposed algorithm.
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Simulation Study on Temperature Distribution and Diagnostic
Method of Three-phase Enclosed Bus Joint Heating of
GIS with SF, /N, Gas Mixture

ZHANG Pipei', ZHAO Xiaonan®, CONG Longgi’, GUO Chenrui'
(1. State Grid Shandong Electric Power Research Institute, Jinan 250003, Shandong, China;
2. State Grid Weihai Electric Power Supply Company, Weihai 264200, Shandong, China)

Abstract ; Gas insulated switchgear ( GIS) taking SF¢/N, gas mixture as insulating medium can effectively reduce environmental
pollution, and it has gradually been applied in GIS at 220 kV and below. Considering that poor contact of bus joint is a
common defect, it is necessary to study the temperature distribution of bus joint of GIS with SF¢/N, gas mixture during poor
contact. Firstly, a 3D simulation model of multi-physics coupling for 220 kV three-phase enclosed bus with SF¢/N, gas mixture
is established. By setting a resistance film at the bus joint to simulate the poor contact state, the temperature distribution law of
bus joint of different phases with poor contact is calculated and analyzed. And then, the method for diagnosing severe internal
heating defects using the surface temperature differences of shell is studied. The results show that when the contact of any
phase bus joint is poor, the highest temperature point will appear on the corresponding position of shell surface, and when the
top two bus joints are heating and the temperature differences on shell surface reach 2.5 K, or when the bottom bus joints are
heating and the temperature differences on shell surface reach 2.0 K, it could be diagnosed as a serious defect.

Key words: gas mixture; poor contact; temperature distribution; multi-physics coupling; defect diagnosis
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Overview of Carbon Accounting Methods for Thermal Power
Plants under Dual Carbon Target
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2. Power Internet of Things Key Laboratory of Sichuan Province, Chengdu 610041, Sichuan,
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Abstract ;" carbon peaking and carbon neutrality" goals proposed by China aim to address global climate change, reduce
greenhouse gas emissions and ultimately achieve a balance between carbon emissions and carbon absorption, so as to make a
contribution to global environmental protection and sustainable development. As the largest source of carbon emissions in China,
the thermal power industry bears a significant burden in emission reduction which makes its reduction efforts vitally important.
Carbon accounting in thermal power plants involves measuring, calculating and reporting the emitted greenhouse gases. The
main greenhouse gas from thermal power plants is carbon dioxide, and its emissions are related to the factors such as fuel type,
process flow and combustion efficiency. Aiming at carbon accounting of thermal power plants, an overview of main standards,
policies , methods and technologies is provided, the advantages and disadvantages of various methods and their applicability are
analyzed, and the development trends and challenges of carbon accounting in thermal power plants are prospected.

Key words : thermal power plant; carbon accounting; accounting boundary; carbon accounting method
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Capacity Allocation and Cost-benefit Analysis Model of Pumped
Storage Power Station Based on Stocked Coal Power

HE Puyu, ZHANG Yuhong, JIAO Jie, REN Wenshi, ZHANG Jiyuan
( State Grid Sichuan Economic and Technological Research Institute, Chengdu 610095, Sichuan, China)

Abstract; With the increasing penetration of new energy, the demand for flexible regulation resources is increasing year by
year. Pumped storage can effectively alleviate the problem of " peak-valley contradiction" caused by new energy grid connection,
and it is urgent to study the mechanism of pumped storage participating in electricity market and the cost-benefit model under
different operation modes. Firstly, the operation mechanisms of five pumped storage power stations are sorted out, and then an
optimization model of pumped storage capacity allocation based on the stocked coal power is constructed. The results show that
under the background of stocked coal power, the coal-fired power units should be flexibly reformed, so that all the coal-fired
power units are in start-up state, the minimum technical output is maintained throughout the day, and the corresponding
capacity of pumped storage is configured based on the minimum equivalent load. Finally, the cost-benefit model of pumped
storage power station under different operation modes is established. The research results show that in the fully market-oriented
mode, the electric energy income of pumped storage power station accounts for 67% , the auxiliary service income of frequency
modulation accounts for 16% , the auxiliary service income of standby accounts for 2%, and the auxiliary service income of
reactive power and black start accounts for 15%.

Key words: pumped storage; capacity allocation; new energy; equivalent load; cost benefit
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Arc Grounding Fault Detection in Distribution Network Based on

Transient Features in Time-frequency Domain

ZHANG Hua', SU Xueneng', REN Jie’, ZHANG Zhenyuan®
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China; 2. University of
Electronic Science and Technology of China, Chengdu 611731, Sichuan, China)

Abstract: Arc grounding faults in distribution network are a great threat to system safety and personal safety, and fast and
accurate detection means are one of the important technologies to prevent the risk. In order to achieve a high level of detection
speed and accuracy for different voltage levels and system configurations, an arc grounding fault detection method based on
time-frequency domain characteristics is proposed. The zero-sequence current is decomposed into single component sub-signals
of different frequency bands by singular value decomposition and variational mode decomposition, and the obtained sub-signals
have different band and center frequency, and it avoids the errors caused by mode mixing, which ensures the refine analysis of
different harmonic components. And then, the instantaneous amplitude, phase and frequency of sub-signals are obtained by
using Hilbert transform, and the instantaneous characteristics are taken as the main basis for detection. In order to ensure the
classification accuracy of sequence signals during online calculation, a fault classifier based on long short-term memory
(LSTM) network is designed to distinguish arc grounding from other cases. Finally, the performance of the proposed method is
verified by the fault data of arc grounding in an actual distribution network.

Key words:arc grounding; transient features; Hilbert transform; long short-term memory (LSTM)
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Transmission Lines Based on Improved Analytic
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Abstract ; Previous models for extreme disaster risk assessment of overhead transmission lines only calculated the subjective
weight values of risk indicators, resulting in poor evaluation performance. Therefore, an extreme disaster risk assessment model
for overhead transmission lines based on improved analytic hierarchy process ( AHP) and data mining is designed. Firstly,
based on the actual situation of overhead transmission lines, a hierarchical structure of risk assessment system is established
from three aspects: fault hidden dangers, operating conditions and natural conditions of transmission lines. And then, by
comparing different risk indicators at the same level in pairs, subjective weight value of risk indicators is obtained. The subjective
weight value of risk indicators is calculated and improved with the principle of minimum relative entropy to obtain the objective
weight value of risk indicators. Finally, data mining technology is used to extract the corresponding risk features and risk
levels form historical extreme disaster data, and the corresponding risk assessment model is generated. Through experimental
comparison testing, the proposed model based on improved AHP and data mining of extreme disaster risk assessment for
overhead transmission lines has an accuracy of 96.7%, and the evaluation effect is good.
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AC Line Fault Location for AC/DC Hybrid Power Grids
Based on Hybrid Neural Networks
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(1. School of Automation and Information Engineering, Sichuan University of Science & Engineering,

Zigong 643000, Sichuan, China; 2.Artificial Intelligence Key Laboratory of Sichuan Province,
Zigong 643000, Sichuan, China; 3.Aba Teachers College, Wenchuan 624000, Sichuan, China)

Abstract : With the increasing degree of mixing of AC/DC power grids, the complex grid structure makes it increasingly difficult

to accurately locate the faults. Aiming at the problems of the current location methods, a fault location method for AC line of

AC/DC hybrid power grid based on synchrosqueezing wavelet transform ( SWT) combined with hybrid neural network is

proposed. Firstly, the single-ended voltage data of AC line is processed by SWT, and then the energy of some low-frequency

regions in the time-frequency matrix is extracted to construct feature vectors. Finally, the feature vectors are constructed as a

data set, which is input to the hybrid neural network for training and testing to realize fault location. The experimental results

show that the proposed method has high positioning accuracy and certain anti-noise performance, and is less affected by different

fault types and transition resistances.

Key words: AC/DC hybrid power grid; AC line; synchrosqueezing wavelet transform; neural network; fault location
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Wavelet Denoising Parameter Selection Method for Eddy Current

Detection Signals of Lead Sealings of Cable Terminal

TANG Jun', SHAO Qiangiu®, REN Liang', CHEN Li', ZHANG Rui', WANG Ranran',
DENG Rui', FENG Wei'
(1. State Grid Nanchong Electric Power Supply Company, Nanchong 637000, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: The quality of lead sealings of cable terminal has a direct impact on safe and stable operation of high-voltage cables,
so it is necessary to carry out the pulse eddy current non-destructive testing to avoid the defects. But the eddy current detection
signals can be impacted by noise in actual engineering, and wavelet denoising is an effective measure to filter out the white
noise. However, the previous researches on wavelet denoising have typically selected wavelet parameters based on experiences,
ignoring the impact of parameter variations on actual denoising effect. Hence, a wavelet denoising parameter selection method
for eddy current detection signals is proposed based on particle swarm optimization algorithm, which adopts an evaluation index
called normalized correlation coefficient (NCC) as fitness function. Through quantifying distortion degree of denoising eddy
current detection signals near the peak, the optimal wavelet denoising parameters are obtained, that is, Sym25 wavelet,
ten-layer decomposition layer and median threshold function, which makes the relative error between peak value of eddy
current detection signals after denoising and peak time be less than 3%. The research results can provide a method reference
for automatically determining the optimal wavelet denoising parameters for eddy current detection signals under different noise
interference.

Key words: cable termination; lead sealing; eddy current detection; wavelet denoising; particle swarm optimization algorithm
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Mechanism and Suppression Measures for Receiving-end
Commutation Affected by Voltage Rise of
Sending-end Converter Bus

MA Xing"?, YIN Chunya’, WANG Lichao'*, MA Jian'?, ZAO Weihong"*, DUAN Yu'

(1. Electric Power Research Institute of State Grid Xinjiang Electric Power Co., Ltd., Urumqi 830011,
Xinjiang, China; 2. Xinjiang Key Laboratory of Whole Process Simulation for Power System,
Urumgqi 830011, Xinjiang, China; 3. School of Electrical Engineering,

Xinjiang University, Urumqi 830017, Xinjiang, China)

Abstract :In order to avoid the commutation failure due to the decrease of extinction angle of inverter caused by voltage rise of
converter bus at sending end, the occurrence mechanism is studied from the variation characteristics of electrical quantity and
the exchange characteristics of reactive power respectively. Based on the derived expression of extinction angle, it is found that
the voltage rise of converter bus at sending end will increase DC current, which will lead to the decrease of extinction angle. At
the same time, the increase of DC current will lead to the increase of reactive power consumption of inverter, resulting in
voltage drop of converter bus at receiving end, further leading to the decrease of extinction angle and inducing commutation
failure. Therefore, a measure to suppress commutation failure by improving controller at sending end is proposed. This measure
increases the trigger angle of rectifier when the voltage of converter bus rises at sending end to suppress the rise of DC current
and increases the reactive power consumption of rectifier, so as to slow down the voltage rise of converter bus at sending end.
Based on PSCAD/EMTDC electromagnetic transient simulation platform, CIGRE HVDC benchmark model is used to verify the
correctness of theoretical analysis and the effectiveness of suppression measures.

Key words : commutation failure; conerter bus voltage; DC current; reactive power; high voltage direct current transmission
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Discuss on Condition-based Maintenance Technology of Oil Less
Equipment Based on Qil Pressure Monitoring and Its Application

WU Xiaohui', WANG Xiaohua®, CHEN Ling’, SHU Ping*, TENG Yufei’, LONG Zhenze’ , TIAN Qiangian’
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China; 2. Chengdu Jiaxin
Electrical Engineering Technology Co., Ltd., Chengdu 610041, Sichuan, China; 3. State Grid Sichuan
Electric Power Research Institute, Chengdu 610041, Sichuan, China; 4. State Grid Panzhihua
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Abstract : Traditional overhaul of oil less equipment is mainly based on periodic power outage inspection, but it is difficult to
find out the abnormalities at the first time, which easily misses the best time to overhaul and ultimately leads to an explosion
accident. The current on-line monitoring methods such as leakage current, dielectric loss and partial discharge are also difficult
to monitor the fault information of equipment in real time. To solve these problems, firstly the oil pressure analysis model for
oil-immersed bushing and current transformer is established. And then, a technical route of condition-based maintenance is
proposed for oil less equipment based on oil pressure online monitoring, fault early warning, oil sampling with load,
chromatography analysis and defect handling. Further, a complete set of oil pressure online monitoring equipment, live
calibration equipment and live oil sampling and refueling equipment are developed. Finally, with typical on-site cases, the
feasibility of condition-based maintenance technology based on oil pressure monitoring is verified.

Key words: oil less equipment; oil pressure monitoring; oil-immersed current transformer; oil-immersed bushing; condition-

based maintenance
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Hidden Failure of Circuit Breaker Control Circuit Caused by GST
Connection and Its Improvement Measures

WANG Ke', WANG Liping', JIANG Xingran®, WANG Dan’
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China; 2. State Grid
Sichuan Extra High Voltage Company, Chengdu 610041, Sichuan, China)

Abstract : The disconnection of breaker control circuit is a critical defect that seriously endangers the safe operation of power
grid, and its hidden development increases the probability of circuit breaker refusing to operate. As a part of the reclosing
function of breaker protection, GST connection will cause the circuit breaker to have a hidden failure in which the control circuit
is disconnected and cannot be alarmed under special circumstances. The design, principle and function of secondary circuit of
GST connection in breaker protection are analyzed and studied through practical cases. Finally, the improvement measures are
put forward according to the sufficient conditions for hidden failure.

Key words :relay protection; hidden failure; GST connection; breaker protection; control circuit disconnection
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Experimental Study on Hydropower Units Based on Virtual and
Real Integrated Simulation Platform

LU Xudong', HE Xuan', TANG Yu', CHEN Jinbao®, XIAO Zhihuai’
(1. State Grid Yinxiuwan Hydroelectric Power Plant, Chengdu 611830, Sichuan, China;2. School of
Power and Mechanical Engineering, Wuhan University, Wuhan 430072, Hubei, China)

Abstract : With traditional energy technologies based on fossil fuels gradually being replaced by clean energy technologies such
as wind energy, photovoltaic power generation, green hydrogen electrolysis and tidal energy, and the scale of power system
interconnection continues to increase, the scheduling and operation methods and controls are becoming increasingly complex.
In this context, conducting the experimental research on hydropower units which undertake the peak shaving and frequency
regulation tasks is of great significance for improving the stability and disturbance resistance of power system. However, due to
the huge cost and risk, the types of experiments are greatly limited. To this end, a virtual and real integrated simulation
platform for hydro-turbine regulation system is constructed, which includes both real and virtual components. The rationality of
experimental research on hydro-turbine units based on the virtual and real integrated simulation platform is verified
through experiments such as automatic start-up, no-load disturbance, continuous load increase, load rejection and fault
simulation. The research results show that the constructed virtual and real integrated simulation platform can effectively simulate
the transition process of hydropower units, and achieve routine testing and fault simulation testing of regulation system
of hydropower units at low cost and risk.

Key words : power system; hydropower units; virtual and real integrated simulation platform; experimental study
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Construction and Application of Simulation Verification Platform for
One-key Sequence Control Function of Substation

DING Yu', HAN Zhonghui’*, WU Jinbo', HONG Quan', LIU Zhihao', XIAO Yaoyao'
(1. State Grid Hunan Electric Power Research Institute, Changsha 410208, Hunan, China;
2. State Grid Hunan Electric Power Company Limited, Changsha 410004, Hunan, China)

Abstract:In order to solve the problems of one-key sequence control in substation, such as difficult acceptance and difficult
transformation of power outage, a simulation verification method of one-key sequence control function based on digital twin
technology is proposed, and a simulation verification platform for one-key sequence control function in substation is constructed
in simulation environment. Based on the simulation verification platform, the state changes of primary and secondary
equipment in substation are simulated, and the one-key sequence control function verification test is carried out without power
outage of the equipment, and the configuration file of one-key sequence control system in substation is comprehensively verified.
Through practical engineering applications, the proposed method is compared with the traditional manual acceptance method.
Firstly, the verification logic is more detailed and comprehensive. Based on the simulation verification method, it can simulate
various verification conditions of sequence control and improve the comprehensiveness of logic verification of sequence control
configuration files. Secondly, the acceptance efficiency is higher. The verification testing work can be carried out before the
start of new construction and renovation projects. Problems in the sequence control configuration files can be discovered in
advance to ensure the smooth implementation of site work, thereby shortening the construction cycle of the project and improving
the acceptance quality and efficiency of one-key sequence control in substation.

Key words: digital twin; one-key sequence control; simulation verification; virtual-real interaction; automatic testing
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