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Improved Subsynchronous Oscillation Parameter Identification
Based on Eigensystem Realization Algorithm

ZENG Xueyang'®, CHEN Gang'*, LIU Yilin’, ZHANG Fang’, SHI Huabo'?, WANG Xi'?
(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, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Based on the simplicity and low computational cost of eigensystem realization algorithm ( ERA), an improved
parameter identification method for subsynchronous oscillation is proposed. The improved algorithm constructs the real domain
Hankel matrix by splicing the real part matrix and the imaginary part matrix of synchrophasor and decomposes it to get the
system matrix, and then it calculates the eigenvalues of system matrix so as to extract the angular frequency of subsynchronous
oscillations. The efficient identification of subsynchronous oscillations parameters can be realized only by using the synchrophasor
sequence of 200 ms. The improved ERA effectively solves the limitations that the pairwise conjugate constraints of angular
frequency of fundamental and oscillatory components are not considered in the identification process of existing ERA. Finally,
the improved ERA is verified by using the synthetic and actual synchrophasor measurement terminal data, and the results show
that the proposed algorithm can accurately extract the fundamental and subsynchronous/supersynchronous oscillation parameters,
and effectively realize the dynamic real-time monitoring of the subsynchronous oscillations.

Key words : synchrophasor; subsynchronous oscillation; parameter identification; eigensystem realization algorithm
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Research on Open-phase Operation Mechanism of Outgoing Lines
Connected to New Energy and Its Impact on Protection

LUO Yiping', ZHANG Yongjie’, ZHOU Wenyue', YANG Qi’, XIANG Bo’, ZENG Yi'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Economic Research Institute, Chengdu 610041, Sichuan, China;
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Abstract : The operation practice of power system has shown that overvoltage and overcurrent exist in the system during the
open-phase operation of outgoing line connected to new energy, which may affect the performance of protection. To reveal the
open-phase operation mechanism of outgoing line, the analytical expressions of voltage and current on new energy side are
derived, and their effectiveness are verified using actual fault recording data. Based on the derived expressions, the effects of
new energy control methods, power levels and outgoing line length on overvoltage and overcurrent are investigated. Combined
with the protection configuration of the system, the adaptability of outgoing line protection and transformer protection to the
open-phase operation state is also analyzed. Research results show that during the open-phase operation, the current of sound
phase rises to about+/3 times of the rated current, and the overvoltage amplitude is mainly affected by the transmission line’s
impedance and the equivalent positive-sequence impedance of new energy power. In addition, the compound voltage overcurrent
protection on high voltage side of transformer may have malfunction due to the higher negative-sequence voltage and overcurrent.

Key words:new energy; open-phase operation; overvoltage; fault current; protection adaptability
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Analysis on Three-phase Current Unbalance Mechanism under
Parallel Connection of Short Conductors

ZHANG Chun"?, ZHONG Wei', SHI Tao', LIN Bo', SU Minghong"*, XIONG Pan’
(1. Sichuan Shuneng Electric Energy Technology Co., Lid., Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
3. State Grid Louzhou Electric Power Supply Company, Luzhou 646000, Sichuan, China)

Abstract : Aiming at the troubles in production and operation brought by three-phase current unbalance caused by the parallel
connection of short conductors in power system due to the lack of standard specification constraints, the mechanism of three-
phase current unbalance mechanism under parallel connection of short conductors is revealed from the perspective of impedance
parameter differences, and it is pointed out that the essence is the differences in current distribution caused by the mismatch in
the ratio of three-phase impedances in parallel circuits. The simulation research is carried out through the typical cases in Sichuan
power grid, such as double-circuit transmission line on the same tower, double-circuit transmission line on separate towers,
hybrid tower line and conductors inside the switchyard, and it shows that the current balance degree can be improved effectively
through phase sequence adjustment or phase commutation measures. The research findings provide theoretical basis and practical
references for the design and operation and maintenance of short-distance parallel conductors. It is recommended to pay attention
to the consistency of three-phase impedance or the matching of impedance ratios in the planning of parallel conductors.

Key words:short conductors in parallel; three-phase current unbalance; impedance matching; phase sequence optimization
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Ultra-short-term Power Prediction Method Considering Correlation
Characteristics of Multiple Wind Turbines

ZHU Tong', WANG Yanfeng', YE Xi', HUANG Gechao', LI Gan', ZHU Linli®,
ZHANG Wei®, WANG Yuhong®
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;2. College of
Electrical Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract : Due to the complex correlations among neighboring wind turbines, deeply exploring the spatial features of multiple
wind turbines is beneficial for improving wind power prediction accuracy. Therefore, an ultra-short-term power prediction method
considering the correlation characteristics of multiple wind turbines is proposed. Firstly, the energy valley optimization ( EVO)
algorithm is employed to optimize the key parameters of variational mode decomposition (VMD) , which decomposes the original
wind power data into multiple mode components that are more conducive to prediction. And then, a temporal attention
mechanism is introduced into the bidirectional gated recurrent unit ( BiIGRU) sequence prediction network to fully extract the
complex relationships among multiple wind turbines and accurately predict each mode component from a spatiotemporal
perspective. Finally, the predicted values of each mode component are reconstructed to obtain the wind power prediction for
multiple turbines. Experimental results show that, compared to other prediction models, the proposed method not only
effectively can improve the ultra-short-term power prediction accuracy for multiple wind turbines, but also can reduce the
training time.

Key words: energy valley optimization algorithm; variational mode decomposition; bidirectional gated recurrent unit; temporal

attention mechanism; wind power prediction
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Defect Detection for Transmission and Transformation Lines Based on
SAM Data Augmentation and Deformable Convolution

WANG Yixuan'*?, XIANG Siyu"?, LIANG Huihui"”, KUANG Junwei*, ZHANG Juling"*, LIU Songjia’
(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. Department
of Computer Science, North China Electric Power University, Baoding 071003, Hebei, China;
4. State Grid Luzhou Electric Power Supply Company, Luzhou 646000, Sichuan, China;
5. State Grid Zigong Electric Power Supply Company, Zigong 643000, Sichuan, China)

Abstract:In order to enhance the detection precision and efficiency of various defects in transmission and transformation lines
under the influence of long-term operation and natural environments, an improved algorithm based on YOLOv8 and deformable
convolution is proposed. Aiming at long-tail distribution problem caused by the significant disparity in the quantity of various
defect samples, the segment anything model (SAM)is proposed to augment the data so as to enhance data balance. Within the
Backbone, DCNv2 is introduced to dynamically adjust the shape of convolutional kernels to adapt to the features contained in
various samples, thus enhancing generalization capability. Moreover, the integration of multi-CA attention mechanism guides
the network to focus on the fusion information of each channel, and WloU is utilized to guide the model learning, which enables
adaptation to anchor boxes of different qualities. Comparative analysis with other algorithms shows an increase in detection
accuracy for the defects in transmissi on and transformation lines achieved by the proposed improved algorithm.

Key words:DCNv2; YOLOvS; segment anything model; WloU; multi-CA
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Corrosion Characteristics and Rapid Detection of Oil-immersed Contact
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Abstract : The strap contacts in the oil of valve-side of UHV converter transformer serves as a key component to achieve the
electrical connection between the winding lead-out line and the valve-side bushing. Operating under harsh conditions such as
high voltage, large current, and high ambient temperatures in long-term service, it is difficult to avoid issues such as corrosion
and degradation. Based on a case of degradation failure of strap contacts in the oil of valve-side of an in-service UHVDC
converter transformer, the microscopic morphological evolution and the main components and content of corrosion products on
the surface of strap contacts are investigated using scanning electron microscopy, energy-dispersive X-ray spectroscopy, X-ray
diffraction, and other detection methods. At the same time, the distribution characteristics of corrosion products are investigated
through the cross-section and surface polishing. The research results show that the majority of corrosion products adheres only
to the surface of strap contacts,and it is inferred that the corrosion product Cu,S is mainly deposited by the combination of Cu
ions and corrosive sulfides in the oil. Finally, a rapid detection and analysis method based on machine learning algorithms
combined with laser-induced spectroscopic signals is proposed, which achieves an effective identification of four different
levels of corrosion on strap contacts, with an accuracy up to 99.25%.

Key words: converter transformer; strap contacts; corrosion; laser-induced breakdown spectroscopy (LIBS)
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Online Assessment for State of Charge of Energy Storage
Battery Based on FFRLS-UKF

LUO Fei', RAO Junxing', WANG Jianglin®, LI Ligiu', CHEN Yao',
XIAO Jun', ZHANG Bo', YUAN Qifeng'
(1. State Grid Zigong Electric Power Supply Company, Zigong 643000, Scihuan, China; 2. School of
Automation, Chongqing University of Posts and Telecommunications, Chongging 400065, China)

Abstract ; The accurate estimation of state of charge (SOC) can make the battery management system more stable and reliable,
which is of great significance to ensure the safe and stable operation of lithium ion battery system for energy storage. For the
problems of inaccurate parameters of equivalent circuit model of energy storage lithium battery and uncertain complex environmental
noise of energy storage, first of all, the interval constant current discharge data is measured, and recursive least square method
with forgotting factor is used for parameter recognition of Thevenin equivalent circuit. Comparing the calculated voltage after
recognition with the test voltage, the advantages and disadvantages of the recognition model are verified and the best
parameters of the model are obtained. The algorithm based on unscented Karman filtering is proposed for accurate estimation of
battery SOC. The proposed method is compared with the extended Karman filter algorithm and the Ampere-hour integration
method, and the effects of different initial SOC on the estimation results are analyzed. The experimental results show that the
proposed method can quickly converge at different initial SOC, and under the conditions without errors of initial SOC and model
parameters, the estimated accuracy is as high as 99.2%.

Key words : energy storage system; state of charge; model-driven; unscented Kalman filtering
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Research on Line Icing Thickness Detection Technology
Based on Intelligent Image Processing

ZENG Hanye', LI Qingdong”, LIU Chengcheng', LI Bocheng®’, LI Yawei’

(1. Zhaotong Yongshan Power Supply Bureau of Yunnan Power Grid Co., Ltd., Yongshan 657300, Yunnan,

Chinaj 2. Zhaotong Power Supply Bureau of Yunnan Power Grid Co., Ltd., Zhaotong 657000, Yunnan, China;

3. School of Electrical Engineering, Southwest Minzu University, Chengdu 610041, Sichuan, China)
Abstract:In order to solve the problem that rain and snow weather seriously affect the quality of line icing image and the
calculation of standard icing thickness, a line icing thickness detection method based on intelligent image processing is
proposed. The wire is manually iced and simulated in the laboratory, and artificial cold fog is simulated. The icing images
under foggy and fog-free conditions are collected, and the proposed method is used to detect the wire icing thickness. The
pre-processing for these collected images is carried out through defogging, grayscale processing, histogram equalization
and spatial filtering, and the edge detection of the processed images is also carried out by a variety of operators to calculate the
icing thickness. The results show that histogram equalization and spatial filtering can improve the image quality after defogging
icing images, and Canny algorithm is proven to have more advatages to detect the edges of icing images, which can obtain
more accurate detection results of icing thickness even in foggy conditions.

Key words : transmission line; icing thickness; image processing; edge detection
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An Anomaly Detection Algorithm for Power Equipment
Integrating BiFPN and Attention Mechanism

ZOU Wan', YANG Yueping”, LIAO Wenlong®, LIU Rui’, WANG Zhenyu®, SUN Lu’, TANG Hao’
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan,China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan,
China; 3. School of Information Science and Technology, Southwest Jiaotong
University, Chengdu 611756, Sichuan, China)

Abstract: In order to improve the accuracy of anomaly detection of power equipment, an improved YolovSs anomaly detection
method for power equipment by combining bidirectional weighted feature pyramid network (BiFPN) and triplet attention (TA)
mechanism is proposed. In the integrated BiFPN, the cross-scale connection lines are added into the feature fusion structure to
retain more deep semantic information, which can effectively promote the classification and accurate location of the target. The
addition of three-branch structure of TA mechanism can better extract the spatial interactive attention and channel spatial
interactive attention, and suppress the useless feature information. Finally, using Soft NMS to replace the traditional NMS
algorithm can effectively reduce the omission of the target and improve the accuracy of detection. Experimental data show that
compared with the original YOLOvSs model, the accuracy rate of the improved YOLOvSs network model has been increased
from 88.3% to 90% , the recall rate has been increased from 89% to 93% , and the mAP@ 0.5 value has been increased from
88.7% to 92.8% , which effectively improves the detection accuracy.

Key words: YOLOvSs model; deep leamning; attention mechanism; object detection
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Development Status of Firestop Materials for Power System

ZENG Xiaoliang'*, LAN Xinsheng'*, LI Wenxiong’, GUO Deming’, WANG Yan'?, ZHAO Haibo’
(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. College of Architecture and Environment, The Collaborative
Innovation Center for Eco-Friendly and Fire-Safety Polymeric Materials( MoE) ,

State Key Laboratory of Polymer Materials Engineering, National Engineering
Laboratory of Eco-Friendly Polymeric Materials ( Sichuan) , Sichuan
University, Chengdu 610064, Sichuan, China)

Abstract: The development history of firestop materials in electrical systems in systematically reviewd, and their applicability
in different scenarios as well as future trends are discussed. Firstly, firestop materials used in electrical systems are categorized
and the characteristies of each type of material and the advantages of their individual or combined use are discribed in detail.
Secondly, through case analysis, the appropriate selection strategies of firestop materials for buildings with different functions,
electrical facilities and sealing locations. Finally, the future development direction of firestop materials in electrical systems is
prospected combined with national standards and recent research progress.

Key words :firestop materials; type evolution; scene adaptation
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Optimal Switch Planning Model of Distribution Network
Considering Conditional Value at Risk

JIANG Jun, LU Yang, YANG Tao, ZHOU Longxiang, DENG Daoqiang
(State Grid Luzhou Electric Power Supply Company, Luzhou 646000, Sichuan, China)

Abstract : The installation of switch equipment can effectively improve the reliability of distribution network and reduce the cost
of power outages. However, the random of failures will affect the value of switch planning scheme, which will bring financial
risks. Therefore, an optimal switch planning model of distribution network considering conditional value at risk is proposed to
deal with this risk. The model can plan the number and configuration location of switches, which can maximize the expected
profit and minimize the financial risk. Among them, the random of failures is modeled by sequential Monte-Carlo simulation
and fast forward reduction technology, and the risk is expressed by the conditional value at risk. The expected profit and the
conditional value at risk are integrated into the same objective function through the risk index to consider the risk appetite of
grid company. The model is modeled as a mixed integer linear model, which can be solved within effective runtime by using
commercial solvers such as CPLEX. Finally, the RBTS4 distribution system is taken as a case for simulation analysis.The
result shows the necessity of considering conditional value at risk in optimal switch planning problem, and the influence of
different key parameters on switch planning scheme is analyzed.

Key words: distribution network ; conditional value at risk; switch planning; reliability; mixed integer linear programming
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Design of Three-phase Switching Power Amplifier and Research

on Zero-sequence Circulating Current Suppression

XU Lin"?, LIU Chang'*, LU Zihao®
(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:In order to meet the requirements of hardware-in-the-loop testing and grid-connected converter testing, an AC-DC-
AC three-phase power amplifier is designed, and a parallel interleaved T-type multilevel topology on inverter side is adopted to
meet high switching frequency, high power level and low loss requirements. In addition, the flow path of zero-sequence
circulating current in three-phase switching power amplifier is analyzed, an equivalent model of zero-sequence circulating
current is proposed, and the mathematical expression of zero-sequence circulating current is given, which is verified in
simulation experiment. Finally, common-mode inductor is proposed to replace power frequency transformer to suppress circulating
current, which can greatly reduce the device size and save cost, and the effectiveness of this measure is verified in the
simulation experiment.

Key words : switching power amplifier; parallel interleaving; zero-sequence circulating current; circulating current suppression
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Design and Implementation of Conditioning Circuit for High-frequency

Magnetoelectric Coupling Current Sensor

LIU Sujie', MO Jintao®, WU Jingen®, LI Fuchao'

(1. State Grid Sichuan Electric Power Company Marketing Service Center, Chengdu 610045, Sichuan, China;
2. Electronic Materials Research Laboratory, Key Laboratory of the Ministry of Education, School of
Electronic Science and Engineering, Xi'an Jiaotong University, Xi'an 710049, Shaanxi, China)
Abstract ; The sensing mechanism and structure design of a d,5; mode high-frequency magnetoelectric coupling current sensor is
introduced for detection needs of high-frequency transient current component up to MHz level in new power system. In order to
effectively improve sensitivity, detection limit and other core performances of current sensor, a high-frequency conditioning
circuit is designed and developed, and its performances are estimated by simulation. Furthermore, a high-frequency current
test system is established to verify its performances. The experimental result shows that the sensitivity under conditioning reaches
14.24 mV/mA, the linear regression coefficient reaches 0.999 68, the fluctuation of output signal RMS is less than 3% within
the frequency range of 0.9 MHz to 1.1 MHz, and the detection limit is within 10 wA. This conditioning circuit significantly
improves the high-frequency detection performance of magnetoelectric coupling current sensor, which has great potential for

high-frequency transient current component detection up to MHz frequency in new power system.

Key words: magnetoelectric coupling; current sensor; high-frequency current; conditioning circuit
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Response Characteristics Test for Built-in UHF Sensor of
GIS and Its Result Analysis

HE Yuhang', ZHANG Zhulin®, ZHANG Jing', YAO Xiao', SU Minghong®, XUE Zhihang'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. High-tech Branch of Sichuan Shuneng Electric Power Co., Ltd., Chengdu 610041, Sichuan, China)

Abstract:In order to guarantee the reliability of partial discharge monitoring system in gas insulated metal enclosed switchgear
( GIS) installed with built-in ultra-high frequency ( UHF) sensors, the tests for frequency response characteristics of 665
built-in sensors used in newly-built 1000 kV and 500 kV power transmission and transformation projects are carried out through
the gigahertz transverse electromagnetic ( GTEM) platform, and the detection sensitivity test is carried out by using a modulated
pulse generator for some sensors already installed on GIS. Based on the principle of sensors design and installation requirements,
the test results are analyzed, and the suggestions are proposed for the application of built-in UHF sensors and partial discharge
monitoring systems.
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Analysis and Research on Heating of Fittings of Ground
Wire of 500 kV Overhead Transmission Line

LYU Pinlei', ZHAO Fuping', GUO Lirui®, LU Jinkui*, CHEN Jun®, QIU Zhonghua’, ZHANG Zongxi', ZHU Ke'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China; 3. State
Grid Sichuan Extra High Voltage Company, Chengdu 610041, Sichuan, China)

Abstract ; Heating and melting incidents of ground wire fitting are a frequent occurrance in recent years, leading to wire breaks
and endangering line stability. Aiming at the heating issue of a 500 kV overhead transmission line in Sichuan, through theoretical
analysis and simulation, the preventive measures are proposed for line safety. Firstly,through EMTP simulation modeling, the
law of induced voltage and current changeing with load is obtained. And then, a 3D finite element model is esatablished to
calculate the impacts of contact resistance, induced current and wind speed on fitting heating. Finally, the analysis reveals
abnormal heating due to an abnormal induced circuit formed by multiple grounding points on the tension section, causing large
currents and heating. It offers the solutions and preventive measures for such typical heating issues, and will ensure the safe
operation of overhead transmission lines.

Key words :overhead ground wire; heating; induced potential ; contact resistance
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