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Research on Anti-vibration Optimization Design of Line Section with
Large Span for +500 kV Debao Line

LIU Jinghua', ZHAO Bin*, ZOU He’, LI Peng’, LI Mengxuan®, HAN Jingshan®, YANG Zhi’
(1. State Grid Corporation of China, Beijing 100031, China; 2. China Electric Power
Research Institute Co., Lid., Beijing 100055, China; 3. China Electric Power
Technology and Equipment Co., Ltd., Beijing 100052, China)

Abstract ; Affected by the cold air, northern Sichuan is easy to suffer from sudden low temperature and strong wind, which
causes the dynamic bending strain of aeolian vibration of overhead conductors to approach the safety threshold (200 pe) for
ordinary section, or even exceed the safety threshold (120 pe) for large-crossing section frequently. The end position of the
existing conductor and the conventional vibration damper are in high-intensity working state for a long time, which seriously
threatens the operation safety of Sichuan power grid. Aiming at this problem, taking No. 424 ~ 425 line section with a span of
1437 m in £500 kV Debao line for example, and according to the existing anti-vibration design standards of large-span line
section, the optimization research for the effect evaluation test of anti-vibration design is carried out, and the anti-vibration
design which is more suitable for large-span line section in sudden low temperature and strong wind area in northern Sichuan is
given. The recommended anti-vibration design scheme is obtained through simulation test, analysis and optimization in the
indoor test, which meets the relevant technical requirements of anti-vibration. It is of great significance to avoid fatal defects in
large-span line sections of transmission lines and ensure the long-term safe and stable operation of regional power grid.

Key words: grid operation and maintenance; transmission line; low temperature and strong wind; anti-vibration design
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Landslide Hazard to Transmission Line and Its Prevention and
Treatment Measures

YU Qiang', GUO Yanjun', BAO Tao', LIU Quan®, LIU Fuhai’
(1. Sichuan Electric Power Design & Consulting Co., Litd., Chengdu 610041, Sichuan, China;
2. State Grid Economic and Technological Research Institute Co., Lid., Beijing 102209, China)

Abstract: Landslide is one of the most common disasters in transmission lines and has serious harmfulness. In order to study
the harm of landslides to transmission lines and its prevention and control measures, firstly the landslide inducing factors of
transmission lines are analyzed, which are mainly divided into natural factors and human factors. Then according to the practical
engineering experiences, the adverse effect of landslide disaster to transmission towers and foundations is described respectively,
and the engineering measures in transmission line design to prevent landslide disaster are summarized. Finally, several
common landslide treatment methods in transmission line engineering such as the anti-slide pile and pile retaining wall,
anchor rod (rope) lattice beam, gravity retaining wall and micro pile etc, are introduced. The research results will provide
experiences for the prevention and treatment of landslide disaster in transmission lines in the future.

Key words : transmission line; landslide; harzard analysis; prevention and treatment measures
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Theoretical and Experimental Study on Arc Extinguishing Device with
Multi-gap Structure against Lightning for 10 kV Line

TANG Jiaxiong
(State Grid Guang'an Electric Power Supply Compan, Guang’an 638000, Sichuan, China)

Abstract: Aiming at the difficult problem that the lines of distribution network are subject to lightning stroke which causes
insulator flashover resulting in power failure, a device called arc extinguishing device with multi-gap structure is studied based
on the idea of " dredging-arc extinguishing".The device uses insulation coordination to discharge lightning current into the
ground before insulator breakdown, and at the same time, uses its recoil structure and multi-fracture structure to extinguish the
arc rapidly. Firstly, the structure and arc extinguishing principle of the device are introduced. And then the arc extinguishing
process of recoil structure and multi-fracture structure are described by mathematical model. And next, the main factors that
affect the arc extinction are discussed, and it is concluded that increasing gas velocity is an effective way to improve the arc
extinction efficiency and shorten the arc extinction time. Finally, the arc extinguishing test with high power frequency current
proves that the proposed device has good arc extinguishing effect, and can extinguish the arc with 2 kA in 4 ms, and under
four pieces of insulator shed, this device can also control the arc to get into its interior.

Key words : distribution network ; flashover; insulation coordination; electric arc; air velocity
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Research on Rapid Restoration Resilience of Distribution Network
in Extreme Natural Environments

FAN Guoqi', WANG Ke*, LI Jian®, ZHOU Jinhui®, LIN Zhen', LI Peng’
(1. State Grid Jinhua Electric Power Supply Company, Jinhua 321001, Zhejiang, China;
2. State Grid Zhejiang Electric Power Research Institute, Hangzhou 310014, Zhejiang, China;
3. State Grid Taizhou Electric Power Supply Company, Taizhou 318000, Zhejiang, China)

Abstract: The extreme natural environments are the great threat to power grid. As the relatively weak part of power grid, the
distribution network is more vulnerable to natural environments. Moreover, the distribution network is directly related to the
customers, so it is urgent to improve the rapid restoration resilience of distribution network. Therefore, a three-stage resilience

enhancement strategy based on " pre-disaster-disaster-post-disaster" is proposed for extreme natural environments. Firstly, the
pre-disaster preparation capability is improved in terms of hardware capability at weak location. Secondly, the resilience and
absorption, response and adaptation capability in the disaster are enhanced in accident plan, and then the post-disaster rapid
recovery capability is enhanced in terms of full-awareness distribution grid self-healing technology. Finally, the actual
engineering experiences in Zhejiang region in terms of rapid restoration resilience, typhoon and lightning resistance are
introduced, which will provide a reference for other regions in building rapid restoration resilience of distribution grid under

extreme natural environments.

Key words : extreme natural environment; distribution network ; rapid restoration resilience
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Abstract ; For the dynamic reconfiguration of distribution network, it is usually necessary to consider the rational planning of
distribution network under a long time scale. And it should consider the load variation and output changes of solar, wind and
other distributed power, change the network topology in time to make the network loss and voltage deviation as small as possible,
and at the same time it also needs to consider the conflicts of switching times and the combination of circuit-breaker when
network topology changes. So a two-stage dynamic reconfiguration method of distribution network based on comprehensive
coordinated optimization is proposed, which is divided into two stages: in the first stage, taking minimum network loss as
object, the grey wolf static reconfiguration algorithm with heuristic rules based on ordered ring is used to reconstruct and optimize
the whole periods of distribution network, and in the second stage, the optimal solutions of whole periods are comprehensively
coordinated and optimized, and the switching times of dynamic reconfiguration are reduced sequentially according the proposed
reduction rule strategy and period fusion strategy. The simulation results show that the proposed method can not only reduce the
network loss and improve the voltage value of each node, but also greatly reduce the switching times.

Key words:dynamic reconstruction of distribution network ; comprehensive coordinated optimization; improved grey wolf

optimizer algorithm; reduction strategy for circuit-breaker; period fusion strategy
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Economic Benefit Calculation of HESS for Improving Credibility of
Dispatching Plan of Wind Power Grid-Connection

CAI Gaolei', LIU Guilong®, CAI Jingjing’
(1. State Power Investment Yangize River Hydrogen Technology Co., Lid., Shanghai 200120, China;
2.China Haisum Engineering Co., Ltd., Shanghai 200031, China;
3. Shanghai University of Electric Power, Shanghai 200090, China)

Abstract ; Aiming at the economic of wind power and hydrogen energy storage system ( HESS), HESS is proposed to improve
the credibility of dispatching plan of wind power grid-connection. The mechanisms for improving the credibility of dispatching
plan of wind power grid-connection is analyzed, and the charging and discharging pricing strategy system is proposed considering
output prediction, actual output and dispatching output of wind power of HESS to improve the credibility of dispatching plan of
wind power grid-connection. A mathematical model for income and cost of HESS is established, and on this basis, a
mathematical model for economic benefit calculation of HESS life-cycle is constructed to improve the credibility of dispatching
plan of wind power grid-connection. Taking a wind farm for example, the proposed model is verified, and the sensitivity
of economic benefit to dispatching error and electricity price is analyzed. The results show that the proposed economic benefit
calculation model for HESS is right and effective, which can provide a reference for the economic evaluation of early construction
of HSEE.

Key words:wind power generation; hydrogen energy storage; credibility of dispatching plan; charging and discharging;
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Security Checking Method of Regional Power Grid under
Market Environment

XIONG Zhijie', ZHANG Dawei', WANG Yanfeng', DENG Zhisen', YANG Qian’
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Economic Research Institute, Chengdu 610041, Sichuan, China)

Abstract: The security check of provincial power spot market generally adopts the boundary equivalent mode, which can not
guarantee the accuracy of future power flow of each member of tie-line, so it is necessary to carry out the security check
and correction of regional power grid. Therefore, a regional power grid check scheme considering provincial electricity market
operation is designed. Firstly, based on the initial tie-line schedule, each province carries out the initial clearing and reports
the clearing result to the regional dispatching. Secondly, the overall regional security check is carried out to obtain the accurate
power overrun results, and the correlations between the violated security constraints and the units are established through equal
and opposite quantities in pair. Finally, the violated regional security constraint sets are distributed to the corresponding

provinces, and provincial electricity markets are cleared again. The proposed method is verified by a power grid example.

Key words :regional power grid; provincial electricity market; security check; security correction
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Simulation Research on AC Fault Ride-through of
MMC-MTDC Transmission System

ZHANG Shihao', SHI Ruolin®, DING Yixuan’

(1. College of Electrical Engineering, North China University of Water Resources and Electric Power,
Zhengzhou 450000, Henan, China; 2. Yalong River Hydropower Development Co., Lid.,
Chengdu 610000, Sichuan, China; 3. State Grid Henan Extra High Voltage Company,
Zhengzhou 450000, Henan, China)

Abstract ; Aiming at the problem that when failures occur in AC side of MMC-MTDC system, the voltage at the point of common
coupling (PCC) between DC system and power grid also drops, an AC fault ride-through technology is proposed to maintain
voltage stability of PCC. According to the voltage sag degree of PCC, the corresponding reactive power is increased to maintain
the voltage stability of PCC and ensure the active power transmission of the system. When the voltage sag of PCC is large, the
additional reactive power will cause the overcurrent of AC system. So it is proposed to reduce the reference value of active
power at the fault end, thus reducing the current amplitude in AC side and avoiding the generation of overcurrent. At the same
time, in view of the phenomenon that the reduction of active power will further increase the unbalanced power of the system,
resulting in large fluctuations in DC voltage, the unbalanced power of the system is absorbed by the constant DC voltage
converter station based on the change of DC voltage, thereby to achieve the purpose of maintaining DC voltage stability of
multi-terminal flexible DC transmission system.

Key words: MMC-MTDC transmission; AC fault ride-through; point of common coupling; overcurrent limit; power balance;
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Research on Acoustic Impedance Matching of Partial
Discharge Detection for Transformer

TU Yanming', ZHANG Jing', HE Yuhang', XUE Zhihang', YAO Xiao', DING Dengwei’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. Sichuan Energy Internet Research Institute of Tsinghua University, Chengdu 610213, Sichuan, China)

Abstract ; Partial discharge detection is one of the most important methods for transformer insulation diagnosis, and the sensor-
externally-installed method is the most used ultrasonic detection method at present. In view of the low sensitivity of current
external ultrasonic detection method, the feasibility of improving transmission intensity of ultrasonic signal of transformer
partial discharge by acoustic impedance matching is studied. By theoretical analysis, it is found that the transmission coefficient
of ultrasonic signal can be increased by adding matching layer between transformer oil and shell when the acoustic impedance
of matching layer is between those of the transformer oil and shell. The variation rule of transmission coefficients with frequency
and the relationship between center frequency and thickness of matching layer are obtained. The simulation test results show
that when the acoustic impedance matching layer is added between transformer oil and shell, the amplitude of the measured
ultrasonic signal is about double that of the ultrasonic signal measured in opposite side without the acoustic impedance matching
layer, and the transmission coefficients of ultrasonic signal is significantly enhanced, which verifies the feasibility of improving
the intensity of the measured ultrasonic signal by the acoustic impedance matching.

Key words : transformer; partial discharge; ultrasound; acoustic impedance matching; transmission coefficient
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Cable Fault Location Using Low Voltage Impulse Method
Based on Short-time Cross-correlation

ZHOU Tao, WAN Ziyi, DUAN Yongsheng, WU Chenyang, QIAN Qi
( Kunming Power Supply Bureau, Yunnan Power Grid Co., Ltd., Kunming 650200, Yunnan, China)

Abstract: In order to improve the cable fault location ability of the traditional low voltage impulse method, the low voltage
impulse method based on short-time cross-correlation is proposed to locate the cable fault. Firstly, the low voltage impulse test
is carried out on the cable to get the corresponding test waveform. Then, the short-time reference signal is obtained according
to the input signal waveform, and the cross-correlation coefficients of time-shifted short-time reference signal between the test
waveform are calculated. Finally, the cable fault is located according to the peak position of sequence curve of the absolute

cross-correlation coefficients. The simulation and measurement results show that the proposed method can effectively improve

the recognition ability of the reflected information and the location ability of cable fault.

Key words: cable; fault location; short-time cross-correlation; low voltage impulse method
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Fault Analysis on Instant Opening after Closing of CQO6
Pneumatic Operating Mechanism for Circuit Breaker

HUANG Kaimin
( Shenzhen Electric Power Supply Bureau Co., Ltd., Shenzhen 518000, Guangdong, China)

Abstract : During the normal operation of power grid, the circuit breaker provides an important guarantee for the safety of power
grid. Pneumatic operating mechanism is an important part of circuit breaker, and the reliability of operating mechanism greatly
affects the reliability of circuit breaker. So it is very important to ensure the reliability of pneumatic operating mechanism.
Aiming at the phenomenon of instant opening after closing of CQ6 pneumatic operating mechanism for circuit breaker of
GIS equipment manufactured by Xi'an Xidian Switchgear Co., Ltd., the root causes of mechanism defects are analyzed from
the aspects of electrical circuit, mechanism mechanical transmission, parts and materials detection and so on.Finally, it is
concluded that the abnormal opening and closing operation of the mechanism has nothing to do with the parts, materials and
design. The main reason is that the return spring of opening iron core is too short and the elastic force is insufficient. The
treatment and preventive measures are put forward for reference.

Key words: pneumatic mechanism; instant opening after closing; CQ type pneumatic mechanism
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A Detection Method for Safety Helmet in Substation Based on
Improved High-precision Faster-RCNN

ZHANG Yankai', YU Feihong™’, XIA Yan™’, LIU Yong™’, ZHANG Rui*”

(1. Lanzhou Longneng Electric Power Science & Technology Lid., Lanzhou 730000, Gansu, China;
2. School of Automation and Information Engineering, Sichuan University of Science & Engineering,
Yibin 644000, Sichuan, China; 3. Intelligent Electric Power Grid Key Laboratory of Sichuan
Province, Chengdu 610095 ,Sichuan, China)

Abstract : Aiming at low efficiency and a high error rate of safety helmet detectionin substations by the traditional manual video
detection method, a helmet detection method based on the improved high-precision Faster-RCNN is proposed. Firstly, the feature
pyramid network module is introduced into the RPN backbone network, so that the representation ability of shallow semantic
information and deep semantic information are enhanced. Secondly, the K-Means++ clustering algorithm is introduced to
improve the anchor parameters, so that the ability to detect small targets is enhanced.And then, Rol pooling is replaced by ROI
Align to eliminate the quantization error and the mapping deviation between original image and feature map, thereby improving
the detection accuracy. Finally, the open source dataset of safety helmet is used to train and test the improved network, and
the model is combined with YOLOv3, RFBnet and traditional Faster-RCNN. The results show that compared with RFBnet,
YOLOvV3 and traditional Faster-RCNN models, the improved Faster-RCNN increases the mAP value by 6.81%, 9.57% and
5.09% , which reaches 92.43%, and the detection speed is 18 frame/s,which can enhance the high-precision recognition ability
of safety helmets in substations.

Key words :substation; edge detection; Faster-RCNN; K-Means++ clustering; ROI Align
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Abnormal QOil Level Detection of Gas Relay Based
on Machine Vision

MENG Yuan, MO Qinsen, CHEN Kun
(State Grid Guang'an Electric Power Supply Company, Guang’an 638000, Sichuan, China)

Abstract ; Aiming at the false alarm caused by mechanical fault when the oil level of traditional gas relay is abnormal, a method
for measuring the oil level of gas relay based on machine vision is proposed, which provides a new method for detecting the
abnormal oil level of gas relay and effectively improves its working safety. Due to the complex background and large interference
in gas relay window, the traditional liquid level extraction method based on image processing has a large error and can not
obtain satisfactory results. Therefore, an algorithm combining color space domain conversion and structure complexity of Canny

edge detection is proposed to extract the oil level of gas relay. The experimental results show that the proposed algorithm is better

than the traditional method in the extraction of oil level of gas relay, and can meet the actual engineering needs.

Key words: Rect function; histogram equalization; color space conversion; Canny edge detection
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Analysis and Treatment on Transformer Core Overheating
Caused by Blockage of Oil Channel

LI Xinbo
(State Grid Tianfu New Area Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract: A heating defect caused by a blocked oil channel of 220 kV transformer core is analyzed. The dissolved gas-in-oil
analysis determines that there is a medium-temperature overheating problem inside the transformer and a potential risk of
deterioration of the internal insulation. After the disassembling in the factory, it is found that the oil gaps inside core limbs and
between core limb and paper cylinder in low-voltage coil are small, and some of silicon steel pieces have large burrs, so it causes
the poor oil flow on the inner and outer surfaces of core and the low heat dissipation capacity of core, which causes the aging
of insulation materials of core and clamps. Using the simulation modeling method, abnormal temperature rise of pulling plate is
found .The improvement for internal oil channel insulation, core structure and radiator of core limb are carried out, thus to
improve the heat dissipation performance of the core.

Key words: transformer; oil channel; heating; aging
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Analysis of Burning Damage Defects of Contacts of On-load
Tap-changer in 220 kV Main Transformer

LIANG Hongyi', WU Xiong®, WU Xiaohui’, LUO Xinyu*, LIU Rui*

(1. Southwest Electric Power Design Institute Co., Ltd. of China Power Engineering Consulting Group,
Chengdu 610021, Sichuan, Chinaj 2. State Grid Meishan Electric Power Supply Company, Meishan 620000,
Sichuan, China; 3. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;
4. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: The defects of burning damage are analyzed, which are reported for the first time in an in-depth maintenance of
on-load tap-changer in a 220 kV main transformer. After electrical test and hanging-core inspection, it is found that the
contacts in phase A of odd-numbered active contact group turns black, and the rotating shaft is sintered and loses its function.
The overheating caused by the abnormal increase of contact resistance of rotating shaft of contact group in odd-numbered side

directly leads to burning damage of the contacts. The cor responding suggestions for daily operation and maintenance of on-load

tap-changers are put forward, which provides precious experiences for the follow-up similar works.

Key words: power transformer; on-load tap-changer; contact; burning damage; overheating
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An Image-based Single-phase Grounding Fault Line Selection
Method in Distribution Network

CEN Jun', QIN Suling’, LI Qilin’
(1. College of Automation Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. College of Computer Science and Technology, Shanghai University of Electric Power, Shanghai 200090,
China; 3. Metering Center of State Grid Sichuan Electric Power Company, Chengdu 610045, Sichuan, China)

Abstract: Aiming at the problems that the fault current is weak caused by the neutral point grounded through arc suppression
coil, and the fault characteristics are not obvious, which leads to slow and difficult line selection when a single-phase ground
fault occurs in resonant earthed system, an image-based single-phase grounding fault line selection method in distribution
network is proposed. This method obtains the zero-sequence current of each feeder fault, through continuous wavelet transform
(CWT), the zero-sequence current obtains the CWT coefficient matrix, and then the coefficient matrix is generated into RGB
images. Finally, the Hamming distance between RGB images generated by the normal feeder and the faulty feeder is calculated
by perceptual hash algorithm, which is used to judge the difference between RGB images, and then the faulty feeder is determined.
The line selection methods based on Pearson correlation coefficient and based on EMD decomposition of high frequency
components of zero-sequence current are compared. The results show that the proposed method has fast line selection
speed and is not affected by factors such as fault resistance, fault location and initial phase angle of the fault when applied
to the resonant earthed system.

Key words: resonant earthed system; fault line selection; zero-sequence current; continuous wavelet transform; perceptual

hash algorithm
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Heating Fault Analysis of Open-type Isolation Switch
under 3/2 Connection Mode

WANG Laiyuan, LEI Changcheng
( Ultra-high Voltage Company of State Grid Ningxia Electric Power Co., Lid.,
Yichuan 750011, Ningxia, China)

Abstract: Aiming at an abnormal event of protection device caused by poor contact of isolation switch under 3/2 connection
mode, the characteristics of contact temperature rise caused by the equal circuit under 3/2 connection mode, current distribution,
the increase of contact resistance and line load are analyzed. The characteristics are compared with that of temperature rise
caused by poor contact of isolation switch under double bus connection mode. The relationship and differences between contact

temperature rise caused by poor contact of isolation switch and the change of load and preferred circuit resistance under 3/2

connection mode are obtained.
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