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Research Review on Wind-induced Vibration Response of
Pillar Equipment in Strong Wind Area

LIU Jinghua', LI Peng®, HAN Jingshan®, LI Danyu®, LIU Bin’>, GAO Chunhui’
(1. State Grid Corporation of China, Beijing 100031, China; 2. China Electric Power Research Institute
Co., Ltd., Beijing 100192, China; 3. Electric Power Research Institute of State Grid Inner Mongolia
Eastern Power Co., Lid., Huhehaote 010010, Nei Menggol )

Abstract : The problems of opening and closing difficulties in disconnectors, fatigue damage and fracture caused by large-scale
wind-induced vibration of pillar equipment in strong wind areas are a disaster form affecting the safe and stable operation of
substation ( converter station) , which needs urgently to be solved. According to the wind-induced damage characteristics of
different pillar equipment, the disaster accidents caused by wind-induced vibration in substation are classified. According to
the simulation analysis of pillar equipment and the design and construction of pillar equipment, the current research situation
at home and abroad is described, and the analysis and research of the whole structure are compared. The shortcomings in the
calculation of pillar equipment model in substation are analyzed from the static point of view, and the existing problems in
dynamic analysis and test research for wind-induced vibration response of pillar equipment are pointed out. In addition,
the future research directions for opening and closing difficulties in disconnectors, fatigue damage and fracture caused by
large-scale wind-induced vibration of pillar equipment in strong wind areas are prospected.

Key words :substation; pillar equipment; strong wind; wind-induced vibration response
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A Review on Active Defense Technology of Extreme External
Disasters in Power System
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Abstract:In recent years, the frequent occurrence of extreme external disasters such as typhoons, mountain fires, ice cover
and rainstorms has become a major threat to the safe and stable operation of power system. Network-wide situation awareness,
online decision-making and integrated collaborative prevention and control are urgently needed. Based on the " double carbon"
energy transformation and the new situation of power system construction, the new features of extreme external disasters and
their impacts on power grid are described, the extreme external disaster prevention system based on information flow in
decision-making process is constructed, and the resources planning is put forward to expand power line to the system level and
equipment level. Finally, the development direction of active defense technology for extreme external disasters in power system
is prospected.
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Bypass Protection Strategy with High Reliability for MMC
Sub-module Faults in Extreme Environments

LIU Fan, BU Xianghang, FU Zhengzheng, FAN Songhai, ZHU Ke, ZHANG Zongxi, CUI Tao, ZHAO Fuping
( State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : Power system has a large spatial range and all links are closely connected. Extreme environments such as lightning
strikes, earthquakes, and extreme cold are likely to have direct and indirect impacts on power equipment, and further cause
drastic changes in electrical quantity of the system. Studying fault protection of MMC sub-modules in extreme environments is of
great significance to improve the safe and stable operation level of power system. The fault characteristics of MMC sub-modules in
extreme environments are analyzed, and a fault diagnosis method based on sub-module capacitance-voltage comparison is used to
propose a bypass fault protection strategy with high reliability for MMC sub-modules in extreme environments where thyristors are
installed between the output ports of sub-modules. The redundant energy supply circuit is configured to ensure the controllable state
of sub-modules, and the overvoltage breakdown of thyristor is used as a backup passive protection. Combined with the multi-level
protection of sub-modules and the input of hot and cold backup redundant sub-modules, it can realize the highly reliable bypass
protection for faulty sub-modules in exireme environments. Taking the £+800 kV UHV HVDC flexible transmission system for
example, the proposed strategy has good feasibility and can improve the reliability and quickness of sub-module fault protection
in extreme environments. In order to meet the long-term bypass flow requirements, forced cooling must be carried out through the
radiator after the breakdown of the installed thyristor.

Key words: MMC sub-module; fault protection; extreme environment; overvoltage breakdown; thyristor
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Overvoltage Analysis and Suppression Strategy of Sending AC Grid
with High Renewable Energy Penetration under DC Blocking

SHI Huabo', DING Lijie', JJAO Haoran®, JIN Xiao®, NIAN Heng’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. College of Electrical Engineering, Zhejiang University, Hangzhou 310027, Zhejiang, China)

Abstract : Renewable energy power generation technologies dominated by wind power and photovoltaics have grown rapidly in
recent years. Considering the spatial distance between renewable energy-rich areas and heavy loaded areas, high voltage direct
current (HVDC) transmission technology is a method that can efficiently transmit power to improve renewable energy
consumption. Converter blocking of HVDC transmission system, especially DC bipolar blocking, can cause overvoltage surges
in AC grid, which can force the renewable generators to be off-grid. The mathematical model of overvoltage of sending AC grid
under DC blocking is established. The influence of reactive power of renewable energy generators on overvoltage in AC grid under
DC blocking is analyzed. An optimal active power distribution strategy is proposed to increase the overall reactive power margin of
sending AC grid to reduce overvoltage surges. A case is designed based on Matlab/Simulink to verify the proposed optimal active
power distribution strategy.

Key words: renewable energy generation; high voltage direct current transmission; optimal output distribution; overvoltage

suppression; DC blocking
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Protection Configuration and Setting Method of Variable-speed
Pumped Storage Unit with Full-size Converter

ZHOU Wenyue, SHI Huabo, CHEN Gang
( State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : Correct protection configuration and setting method is the key to safe operation of variable-speed pumped storage unit
with full-size converter( FSC-VSPSU) . Combined with the typical connection mode of FSC-VSPSU, and based on the analysis
of unit operation characteristics, the protection configuration method suitable for various operating states is put forward. In view
of the influence of frequency converter on short-circuit characteristics of unit, the overcurrent protection is proposed as the
main protection of the special area. The applicable calculation method of protection setting is also given. The proposed protection
configuration and setting method have been applied to FSC-VSPSU in Chunchang Dam Pumped Storage Power Station.

Key words : variable-speed pumped storage unit with full-size converter; relay protection; setting calculation; generator protection
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Regional Meteorology Correlated Wind Power Prediction

Based on Digital Twin

DAI Jiakun', XIANG Yue', LIU Junyong', ZHANG Xin®
(1. College of Electrical Engineering, Sichuan University, Chengdu 610025, Sichuan, China;2. Department
of Automatic Control and Systems Engineering, The University of Sheffield, Sheffield S10 2TN, England )

Abstract ; With the construction of new power system, clean energy has a great development. Because the wind power has
strong correlation with meteorological factors such as wind speed, wind direction and temperature, it has the strong volatility.
And there lacks historical data of weather and power generation in the newly-built wind farms, so it is difficult to accurately
predict the wind power. Therefore, a regional wind power prediction method correlated with meteorology based on digital
twin is proposed. Firstly, the physical entity of wind farm system is combined with the data-driven model to realize data
synchronization and real-time update. Then, the multivariate meteorological factors that have a great impact on generation power
of wind farm are screened out by the gray correlation analysis method, and the optimized wind power meteorological data set is
trained by extreme gradient boosting( XGB) algorithm and the future generation power of wind farm is predicted in combination
with the weather forecast. Finally, the training model of wind farms with historical data is used to predict the newly-built wind
farms without historical data. Cases are given to analyze and predict the wind farm data of a certain region in Sichuan province,
which verifies the effectiveness and rationality of the proposed method and can obtain more accurate prediction results than the
traditional prediction methods.

Key words: wind farm; generation power prediction; digital twin; meteorological factors; correlation analysis
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Optimal Dispatching of Regional Integrated Energy System
Based on Improved Salp Swarm Algorithm
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Abstract:In order to reduce the carbon emissions of regional integrated energy and improve its economy, an optimal dispatching
model of regional integrated energy system is established with the objective function of minimizing the operating cost and
environmental cost. Levy flight and nonlinear convergence factor strategy are used to improve salp swarm algorithm, and
an improved salp swarm algorithm is obtained, which improves the global search performance and convergence ability of
the algorithm. Then, the improved salp swarm algorithm is used to solve the optimal dispatching model of regional integrated
energy system. The results show that the improved salp swarm algorithm finds the optimal solution of 2536.24 yuan after 47
iterations. Compared with other algorithms, the number of iterations and the convergence time are less, and the solution
accuracy is higher. According to the dispatching scheme based on the improved salp swarm algorithm, the output of each
equipment is reasonable, and the economy and environmental protection of system operation are good, which verifies the
practicability of the proposed optimal dispatching model and solution method of regional integrated energy system.
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A Coordinating Control Scheme of Source Side Based on
Electric and Heating Smart Energy System

SUN Haicui, SUN Yang, ZHOU Mengjie, GU Yushun
( East China Electric Power Design Institute Co., Ltd., Shanghai 200063, China)

Abstract: The smart energy will play a major role in pushing the energy production and consumption reform, as well as building
a clean, low-carbon, safe and efficient energy system. A load distribution control method by sorting and positioning of hierarchical
control architecture based on smart energy station is proposed herein for source-side coordinated control of electric and heating smart
energy system. By considering the comprehensive coefficients of each energy station in smart energy system, sorting and
positioning methods are carried out for load distribution coordination, and automatic optimization and cyclic activation
mechanisms are adopted to promote the reliability of load distribution, so as to ensure the organic coordination and reliable
and economic operation of source side of smart energy system.

Key words :smart energy; source side; coordinated control; sorting and positioning
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A Distributed Adaptive Overcurrent Protection for Microgrid

ZAO Weihong"?, QI Xiaoxiao"?, DONG Xuetao'*, LI Decun"?, ZHI Kaihua®
(1. State Grid Xinjiang Electric Power Research Institute, Urumqi 830011, Xinjiang, China;

2. Xinjiang Key Laboratory of Whole Process Simulation for Power System, Urumqi 830011, Xinjiang,
China; 3. College of Electrical Engineering, Xinjiang University, Urumqi 830011, Xinjiang, China)
Abstract; Aiming at the problem that the traditional constant current relay protection can not respond to the topology changes of
microgrid in time, a decentralized adaptive overcurrent protection scheme is proposed. According to the fault characteristics of
microgrid, the feeders in microgrid are divided into upstream area and downstream area with the distributed generator (DG) as
the center. And distributed protection laws based on instantaneous relays are configured for different regions. Finally, the
microgrid model is built on PSCAD/EMTDC platform to test different types of faults. The results show that the proposed
method can correctly cut off faults in different operation modes, topology and DG operation states of microgrid, and can improve

the reliability of protection.

Key words :adaptive overcurrent protection; microgrid protection; instantaneous overcurrent relay
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Analysis of Unbalance Current and Overvoltage of BP13 High-voltage
Capacitor in +800 kV Yalongjiang Converter Station

LIU Lei', LI Xiaopeng', ZHANG Chun', HUANG Yu®, ZHANG Zeng”, ZHANG Huajie' , ZENG Xueyang'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;2. State
Grid Sichuan Electric Power UHVDC Center, Chengdu 610041, Sichuan, China)

Abstract : High-voltage capacitor of filter is a device with relatively high failure rate in UHVDC transmission syste, and it is
usually equipped with unbalance protection to reflect its internal fault. In order to further clarify the quantitative relationship
between internal fault conditions and external fault performance such as unbalanced current and overvoltage, and provide
theoretical support for the configuration and optimization of unbalanced protection in practical engineering, BP13 high-voltage
capacitor of £800 kV Yalongjiang converter station is taken as the research object. Considering two typical faults, the partial
capacitor unit disconnection and the partial capacitor element disconnection in capacitor unit, the corresponding relationship
between the unbalance current and the number of faulty units/components is analyzed and derived, and the expressions of
overvoltage at different positions of high-voltage capacitor after the capacitor unit fault are given. Based on PSCAD/EMTDC
simulation platform, the correctness of theoretical derivation is verified. Finally, the specific fault conditions that can lead to
the existing three-section unbalanced protection action are identified.

Key words: HVDC transmission; DC filter; unbalanced current; overvoltage
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Overvoltage Inversion of Power System Based on Tail-end
Current Monitoring of Lightning Arrester

HU Siyu', HUANG Zuoliu®, LIU Shoubao', GUO Haixia>, WANG Shixu®, ZHANG Feng’
(1. Datang Hydropower Science & Technology Research Institute Co., Lid., Nanning 530007, Guangxi, China;

2. Datang Guanyinyan Hydropower Development Co., Ltd., Kunming 650011, Yunan, China)

Abstract: Lightning arrester is the main equipment for overvoltage prevention and control in power systems. The existing
monitoring devices for lightning arrester can realize real-time monitoring of current and voltage, but lack further data analysis
functions, and most online monitoring devices use voltage transformers to monitor overvoltage online, which has a certain
impact on the performance of primary equipment. A device for overvoltage analysis based on current monitoring at tail end of
lightning arrester is designed. It uses the current transformer to collect the current at the end of broadband and designs a local
edge computing unit with a built-in high-frequency sampling chip and an intelligent program. And the unit realizes the intelligent
inversion of the head-end voltage based on the tail-end current monitoring results and then realizes the data analysis of overvoltage
process, which provides the basis for the overvoltage prevention and control.

Key words:overvoltage; tail-end current; fast Fourier transform; lightning arrester
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W EUPAET A THAHT— K HCMS000 EHRPFEHRARFEEHFHERSBHEAAN L AN ERLE
M, AHZHERSEIKAAME AR AR BT AT HCMS000 X E ez 4l k% RIDSFA-F &, MR T AT
HCMS5000 #9 4% & = %A B F s R 645 AT 6K /0 59 &N 3R3F 4 5 9L XA @ 34789 s itk 46 56 , 9F =t
GAFEHAGRMEREFERAFTHY, RE, AL RBLERE B RAFERATG, BIE T 15 L4 R AR
FER, SR A AT HCMS5000 0945 35 B RSB AM BIEHNEY AAHG AT & TAAE G ERSAIELAK
W, B G W B AT R R AR B AR SRR A R R,

KR R A YU HCMS5000; {5 EF-F 5 RTDS

FESEES . TM 743 XEIRERS:A XEHS:1003-6954(2023)02-0070-06
DOI;10.16527/].issn.1003-6954.20230212

Implementation and Application of Hybrid Cascaded DC
Transmission Simulation System Based on HCMS5000

LIU Chen', XIAO Kun’, LI Chuanxi', WU Qingfan', LIU Xuhui', SONG Yantao', TENG Shangfu’, LI Guiju'
(1. XJ Electric Co., Lid., Xuchang 461000, Henan, China; 2. State Grid Corporation of China,
Beijing 100031, China; 3. State Grid Economic and Technological Research Institute
Co., Lid., Beijing 102209, China)

Abstract ; The technical characteristics of control and protection platform based on Xuji's new generation HCM5000 and the
basic structure of hybrid cascaded UHVDC transmission system are introduced. Taking hybrid cascaded UHVDC transmission
system as the object, the control and protection RTDS simulation platform based on HCM5000 device is built, and the
improvement measures from two aspects of 1/0 interface and inner loop logic implementation for simulation platform of hybrid
cascaded UHVDC transmission system based on HCM5000 are described, and the system architecture and configuration
scheme of simulation platform are explained. Finally, it is verified that the simulation results have met the requirements of national
standards by comparing the test results with the relevant standards, which shows that the simulation platform of hybrid cascaded
UHVDC transmission control and protection system based on HCM5000 can provide a reference basis for the study of operation
characteristics and control and protection strategies of hybrid cascaded UHVDC transmission system.

Key words : hybrid cascaded DC transmission system; HCM5000; simulation platform; RTDS
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Inter-harmonic Detection Algorithm Based on apFFT and
Least Square Fitting with Constraints

WANG Tianxing, SHU Qin
( College of Electrical Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract:In the case of non-integer period sampling, when using traditional fast Fourier transform ( FFT) for parameter
estimation of dense spectral inter-harmonics adjacent to the fundamental/harmonic, the inter-harmonic detection error is relatively
high due to the influence of spectral leakage, and it is even difficult to judge the existence of dense spectrum. Therefore, an
inter-harmonic detection algorithm based on all-phase fast Fourier transform (apFFT) and least square fitting with constraints
is proposed. The principle of the proposed algorithm is to first estimate the inter-harmonic parameters by using the apFFT, con-
struct a fitting function and set constraints on the basis of the pre-estimated parameters, and then use the least square fitting to
correct the inter-harmonic parameters. By comparing the effects of different constraint methods, the best constraint method is
selected to constrain the amplitude and phase respectively. Simulation experiments show that, compared with other FFT-based
algorithms, the proposed algorithm can effectively reduce the detection error of inter-harmonic parameters and has good noise
immunity.

Key words:apFFT; inter-harmonics; least squares fit; inequality constraints
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Characteristic Analysis and Suggestion for Stage Difference Coordination
of DC Power Supply System of 500 kV Substation

DONG Hanbin', ZHANG Mingli’, JIANG Zhi’, LI Shugi', LUO Yang', LI Jing', WANG Jiayi'

(1.State Grid Sichuan Electric Power Research Institute, Chengdu 610041,

Electric Engineering & Consulting Co., Lid., Chengdu 611730, Sichuan, China;3.Sate Grid
Sichuan Extra High Voltage Company, Chengdu 610041, Sichuan, China)

Sichuan, China;2.Dongfang

Abstract : Taking override trip of protective device in DC power supply system of a 500 kV substation during hand-over test for
example, the stage difference coordination is analyzed. Firstly, according to the constraints on parameters of DC power supply
system, the problems existing in stage difference coordination is studied. And then, based on the detailed configuration and
rectification difficulty, a solution is proposed to realized the stage difference coordination between upper-stage protection and

lower-stage protection by reducing the DC cable section to control short-sircuit current level. Finally, the effectiveness of the

proposed method is verified by experiments.

Key words:DC power supply ;stage difference coordination; DC protective devices
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Simulation Analysis on Displacement by Bolt Looseness of Blade

Root Flange and Its Monitoring Scheme Optimization

WU Weijun', LIN Jiamin', WEI Dongyuan', CHENG Qingyang”, WANG Dongli*, LI Hongren’
(1. Fujian Jianning Electric Power Co., Ltd. of China Power Investment Corporation, Jianning 354500,
Fujian, China; 2. Shaanxi Zhongke Qihang Technology Co., Ltd., Xianyang 712023, ShaanXi, China)

Abstract: Bolts of blade root flange play a vital role in ensuring safe operation of wind turbines. Combined with the actual
project, based on the basic theory of bolt connection and the traditional simulation analysis method, the bolt connection model
of blade root flange is established, and a simulation analysis method based on displacement change of bolt looseness is
presented to optimize the monitoring mode of flange displacement under bolt looseness. The displacement change of blade root
flange of a wind turbine is tested and compared with the simulation, and the results come to the same thing. This research can

provide a direct guidance for sensor layout and optimization of bolt looseness monitoring, and provide a reference for real-time

monitoring and remote warning of bolt looseness state of wind turbines.

Key words:wind turbine; blade root flange; bolt looseness; layout and optimization of sensorsn
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