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Analysis on Heating Fault of Package Transformer
Core in Wind Farm

Liu Shoubao', Yang Yaowu®, Yuan Zhi’, Tong Li', Fang Yuan', Wei Changwei'
(1. Datang Hydropower Science & Technology Research Institute Co. ,Ltd. , Nanning 530007 ,Guangxi ,China;
2. Chongqing Branch Company of China Datang Co. , Ltd. , Chongging 400020, China;
3. State Grid Sichuan Maintenance Company,Chengdu 610041 ,Sichuan,China )

Abstract ; Package transformer is an important equipment for energy transfer in wind farm. Aiming at three cases of package
transformer core heating faults occurring continuously in a wind farm, oil analysis and disintegration of the fault transformer are
carried out, and the fault points causing the heating are found. In order to analyze the mechanism of the fault, the eddy cur-
rent field analysis model is established by using finite element analysis software ANSYS MAXWELL to analyze the change.
Quantitative calculation is carried out for the heating condition of the winding and core. Through the analysis, it is determined
that there are defects in the manufacturing process of package transformer, and the reason of heating failure is that the low —
voltage winding at the head contacts too closely with the iron core.

Key words:wind farm; package transformer; heating fault; finite element method; eddy current field
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Selection of Power Supply Mode of Transmission
Monitoring Device in Plateau Area Based on Clustering
Analysis of Meteorological Parameters

Ma Xiaomin', Wang Chao’, Yuan Zhi’, Liu Fan', Fan Songhai'
(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 Maintenace Company,Chengdu 610041 ,Sichuan, China)

Abstract ; Online monitoring is an important means to gurantee the safe operation and implement risk control and intelligent op-
eration inspection in large power grid. Unlike substation equipment, the online monitoring outstanding function of transmission
equipment lies in these plateau areas with remote traffic, complex geographic conditions, difficult operation and maintenance
management. The adaptability problems of insufficient power supply and long endurance time of monitoring devices are promi-
nent and its operation status highly depends on the environmental and meteorological conditions through which transmission
lines pass, so the selection of environmental meteorological judgment is particularly important. The key environmental meteoro-
logical factors affecting power supply selection for online monitoring of transmission equipment in plateau area are proposed,
and clustering algorithm is used to realize environmental meteorological classification in plateau area. Four typical meteorologi-
cal regions affecting power supply selection of online monitoring devices for transmission lines in plateau area are obtained.
Furthermore, some suggestions on the universality of power supply mode selection of online monitoring devices for transmission
lines in plateau area in each typical meteorological region are proposed, which can provide a reference for power supply selec-
tion for online monitoring construction and transformation of transmission lines in those areas.

Key words:plateau area; transmission line; clustering algorithm; meteorology classification
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Research on Development and Distribution Rules of
Earthquake Damage for Transmission Line Induced by High
Intensity Earthquake in Mountain Area

Liu Xiangyun, Huang Xing, Liao Xingjun, Song Linglin
( CPECC Southwest Electric Power Design Institute Co. , Lid. , Chengdu 610021, Sichuan, China)

Abstract: As Wenchuan earthquake and Lushan earthquake were of high magnitude and high intensity, it caused a considera-
ble damage to power grid project in disaster area. Field investigations are carried out for KangChong 500 kV transmission lines
in Lushan earthquake area after the earthquake, and the general distribution situation of the transmission line damage is ob-
tained. Then the relationship between the earthquake intensity, the seismogenic fault distance, the slope steepness, the topog-
raphy and the foundation type of tower is investigated statistically. And an overall view of the development and distribution
rules of earthquake damage for transmission lines in high intensity earthquake zone is obtained. On this basis, transmission
line damage is mainly due to the fault of observation tower site and foundation failure.

Key words: high intensity earthquake; transmission line in mountain area; earthquake damage; development and distribution
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B EMEMHN I ERRRG R R, Lo ER B AR I BT L ARG S, AR LS BE
110 kV 4, &35 & 09 b7 & ik, /£ ATP — EMTP #k4F 22 5 110 kV 322 L7 F A b X5 & #MH%#E'%}’L?}%&
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Study on Lightning Withstand Level of Composite Cross
Arm Tower in 110 kV Transmission Line with Glyph Tower

Bo Jiyun', Wang Yibo’, Cheng Fanxian’

(1. Sanya Electric Power Supply Bureau of Hainan Power Grid Co. , Lid. , Sanya 572000, Hainan, China;
2. Hainan Electric Power Transmission and Transformation Engineering Co. , Ltd. of Hainan Electric
Power Grid Co. , Ltd. , Haikou 570203, Hainan, China; 3. Qionghai Electric Power Supply Bureau of
Hainan Electric Power Grid Co. , Ltd. , Qionghai 571400, Hainan, China)

Abstract ; With the continuous maturity of material technology, composite materials are gradually increasing in the application of
transmission line tower engineering. In order to study the lightning protection performance of composite cross arm tower in 110
kV transmission line, the simulation model of composite tower of 110 kV typical transmission line with glyph tower is established
in ATP — EMTP software. The lightning withstand level of composite tower is studied from the ground elevation and the different
length of cross arm. According to the calculation results of lightning withstand level, the structure scheme of composite tower
which can satisfy the optimization of lightning protection performance and safety margin at the same time is put forward.

Key words : composite cross arm tower; 110 kV; transmission line with glyph tower; lightning withstand level ; electromagnetic
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Cause Analysis on Burning Failure of the Outer
Sheath of 110 kV High - voltage AC Cable

Liu Yunlong', Shao Yu', Zhou Daming' ,Huang Huixian®,Yuan Zichao' ,Wang Cong', Xie Xian',Zhang Liping'
(1. State Grid Chongqing Jiangbei Electric Power Supply Branch Company, Chongqing 401147, China;
2. State Grid Chongqing Electric Power Company, Chongqging 400100, China)

Abstract ; High — voltage single — core cable is widely used in urban transmission network, but it will produce a different de-
gree of floating potential when its grounding system is abnormal. Based on the cause analysis of the burning failure of the outer
sheath of 110 kV high — voltage AC cable, the possible floating potential of actual cable line is discussed and studied. The
floating potential after the aluminum sheath grounding disappears is proportional to the line voltage level and is related to the
grounding state of the graphite (semi — conductive) layer of the cable. When the direct grounding is disconnected and the
graphite layer is not effectively grounded, the floating voltage of graphite layer of the cable may reach more than 90% of the
phase voltage, and the high floating voltage will inevitably lead to the high — frequency charge and discharge of the graphite
layer on the weak ground insulation, and the constantly ablation of the outer sheath, causing fire and other serious conse-
quences.

Key words : burning failure of the outer sheath; graphitic layer; floating potential; high — voltage cable
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Comparison of Direct Lightning Protection Design
Based on 500 kV Substation

Yin Qin', Ren Jie’
(1. China Energy Engineering Group Guangdong Electric Power Design Institute Co. , Ltd. ,
Guangzhou 510663, Guangdong, China; 2. Guangzhou Electric Power Supply Bureau Co. , Ltd. ,
Guangzhou 510000, Guangdong, China)

Abstract: Polygon method is widely applied in direct lightning protection in 500 kV substation, and rolling sphere method is
applied in DC converter station. According to the requirements of China Southern Power Grid code, rolling sphere method
should be applied in the important 500 kV substations. The calculation principles of two direct lightning stroke shielding meth-
ods are analyzed, and taking the important 500 kV substations for example, the scope of lightning protection of important 500
kV substations is calculated with these two methods. The differences of the results in two methods are compared and the reason

of the differences is given. At last, the application experiences of these two methods are summarized, and the suggestions of

direct lightning protection design for important 500 kV substations are given.

Key words :rolling sphere method; polygon method ;direct lightning protection
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Multi — agent Particle Swarm Optimization Control
Strategy for Optical Storage Power Station

Zhang Yuning', Wang Haiyun', Liu Shuwei’
(1. College of Electrical Engineering, Xinjiang University, Urumqi 830047, Xinjiang, China;
2. Chengde New Energy Power Generation and Grid Connection Engineering Research Center,
Department of Physics and Electronic Engineering, Hebei Normal University for Nationalities,

Chengde 067000, Hebei, China)

Abstract : For the large — scale complex system, the photovoltaic output fluctuates greatly, and the state of charge (SOC) and
the depth of discharge are inconsistent. A control strategy of optical storage power station based on multi — agent and particle
swarm optimization is proposed. The output power objective function of the optical storage combined power station is estab-
lished. The particle velocity in the algorithm is expressed by the charge and discharge power of each PCS in each energy stor-
age unit area, and the particle position is represented by the SOC corresponding to each PCS. Through continuous optimization
of constraints and objective functions, the optimal solution is found. The simulation results of Matlab/Simulink show that the
proposed multi — agent particle swarm optimization algorithm effectively reduces the power fluctuation rate and optimizes the
SOC of battery corresponding to the main agent of the optical storage power station.

Key words : energy storage power station; multi — agent system; particle swarm optimization; power fluctuation
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Utility Harmonic Impedance Estimation Based on Fault Component

Gong Hualing'”, Qing Junjie', Li Guanyu', Zhang Zece', Zeng Xue',
Linghu Jingbo', Chen Ziyang', Li Yuanyuan'
(1. State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichaun, China;
2. State Grid Tibet ELectric Power Research Institute , Lhasa 850000, Tibet, China)

Abstract: A new calculation method for harmonic impedance of system side based on fault component is proposed. Based on the
equivalent analysis model of harmonic pollution, the characteristics of harmonic voltage and current fluctuation at point of com-
mon coupling (PCC) caused by the failure of the customer side are analyzed, and the harmonic impedance of the system side
is accurately calculated by calculating the volt — ampere characteristic ratio of PCC. The simulation analysis and field data cal-
culation results show that the proposed method can effectively avoid the interference of harmonic voltage fluctuation caused by
point of common coupling on the system side, so as to obtain more accurate harmonic impedance value on the system side. The

research work can be used to evaluate the level of harmonic emission and to divide the responsibility of harmonic pollution.

Vol. 43 ,No.5
Oct. ,2020

Key words : point of common coupling; harmonic impedance; fault component; computing method
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Analysis on Protection Reformation Method in 110 kV Substation

Huo Dan, Wu Jing, Tian Jun, Zhang Kui, Ye Lixin
( State Grid Hangzhou Electric Power Supply Company, Hangzhou 310006, Zhejiang, China)
Abstract : The security measures, reformation method and commissioning method are summarized as well as the matters nee-

ding attention in 110 kV substation with extra service during the protection reformation in a few power rationing condition. The

time cost and labor cost of several protection reformation plans are compared, and the optimal plan is deduced, which provides

a reference for protection reformation in 110 kV substation in China.

Key words : reformation method ; time cost; labor cost; security measures; commissioning method
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Comparison of Domestic and Foreign Operation
Circuit of High — voltage Circuit — breaker

Liu Chao, Li Qian, Xiao Yi, He Lei
( Central Southern China Electric Power Design Institute of China Power Engineering
Consulting Group Corporation, Wuhan 430071, Hubei, China)

Abstract ;: With the continuous promotion of " the Belt and Road" construction, the export of power equipment has become an
inevitable trend of industry development. However, the domestic control and protection equipment, especially the operation
circuit of high — voltage circuit — breaker, is quite different from overseas products in device design, operation and mainte-
nance habits. As a result, the domestic design concept is often not accepted by overseas counterparts. In order to improve the
applicability of domestic operation circuit in overseas countries, a comparative study on the operation circuit of domestic and
foreign high — voltage circuit — breakers is carried out from the aspects of device configuration, circuit design, operation and
maintenance habits and coordination with primary equipment. The differences between domestic and foreign technical solutions
is summarized. Based on the experiences of electrical secondary design of =800 kV Belo Mount II DC transmission project,
the connotation of domestic and foreign technical differences is analyzed, and the key problems to be solved for overseas pro-
motion of the relevant domestic equipment are pointed out.

Key words : operation circuit; holding circuit; LOCKOUT circuit; operation box
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Research on Short - circuit Test for Jinan Metro R3 Line

Liu Xin', Wu Shuang’, Zhang Guilin’, Liu Guanghui’

(1. Electrification Design Institute Branch Company of China Railway Liuyuan
Group Co. , Litd. , Tianjin 300250, China; 2. Jinan Rail Transit Group Construction
Investment Co. , Ltd. , Jinan 250300, Shandong, China; 3. Zhengzhou Railway
Vocational and Technical College, Zhengzhou 451460, Henan, China)

Abstract : Short circuit is seriously harmful to the traction power supply system of urban rail transit. The safe and reliable oper-
ation of DC overcurrent tripper of circuit — breaker and comprehensive automatic protection device can reduce the impact of
short — circuit fault. Based on the short — circuit test of Jinan R3 line, how to arrange the test and measure its data reasonably
and scientifically is discussed, and the test results of the short circuit remote and near substation are analyzed. The test results
show that the protection equipment of Jinan R3 line is sensitive and reliable to short — circuit fault, which provides a reference

for the short — circuit test research of DC power supply system.

Key words: urban rail transit; power supply system of electric traction; short — circuit test
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Discrimination Analysis for Single — phase
Ground Fault in 10 kV Ungrounded System

Li Fei, Wang Wensong, Wang Nengjin, Nie Huiyuan, Li Cheng

(Jinping Hydropower Station, Xichang 615000, Sichuan, China)
Abstract: The circuit theory analysis and mathematical formula derivation are used to analyze the characteristics of single —
phase ground fault in 10 kV ungrounded system. Combined with the analysis of fault recording and CAD software in a practical

accident case, a new method of judging the fault phase for single — phase ground fault in 10 kV ungrounded system is pro-

posed.

Key words :neutral point ungrounded system; vector analysis; high — resistance grounding
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A Short - circuit Location Method for Transmission
Line Based on Fault State Simulation

Zhang Lingzhu
( State Grid Ningxia Economic Research Institute, Yinchuan 750001 , Ningxia , China)

Abstract : Transmission lines are a vital part of power system and are prone to a variety of short — circuit faults. It is imperative
to identify the fault location to restore the system as quickly as possible for maintaining the system integrity. Impedance —
based fault location algorithms are most commonly used but they are prone to several sources of errors such as fault resistance
and mutual coupling between the lines and may not provide accurate results in the presence of complex network configurations
such as three — terminal lines. Though the information about mutual coupling or knowledge of complex network configuration is
known, they cannot be directly used in impedance — based fault location algorithms. A novel automated generic framework for
model — based fault location approach is proposed which uses the power system model to overcome the shortcomings of imped-
ance — based fault location methods. A combination of power system simulation software and a control and processing software
provide the flexibility to be able to incorporate all the available information about the system to accurately estimate the fault lo-
cation. Furthermore, the key insights to implement the proposed framework in an effective and efficient manner are provided
by using reduced equivalent circuits.

Key words: fault state simulation; fault location; short — circuit model; transmission line
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Research and Analysis on New Scheme of
Introducing Optical Cables

Feng Ping', Yuan Liang’, Zhong Yu', Wu Chengfeng'
(1. State Grid Guangyuan Electric Power Supply Company, Guangyuan 628000, Sichuan, China;

2. Guangyuan Economic and Information Bureau, Guangyuan 628000, Sichuan, China)

Abstract : With the rapid development of electric power communication, higher requirements are put forward for electric power
communication links, especially for incoming optical cables. The traditional method of introducing optical cables into substa-
tions can no longer meet the technical requirements under the new situation. The research and analysis on new scheme of intro-
ducing optical cables into substations are carried out to comprehensively solve many practical problems in the traditional mode,
such as multi — point grounding of incoming OPGW , mixing of incoming optical cables with OPGW etc. , which lays a founda-
tion for the safe and stable operation of power system communication network, and is of great significance to the reliable opera-
tion of power system optical cable network.

Key words: electric power communication; incoming optical cables; new scheme of introducing optical cables; safety and sta-
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Research on Multi — adaptive Planning System of Sichuan
Power Grid Considering Development of Power Grid
and Power Source Coordination

Wang Ronghua
(State Grid Sichuan Economic Research Institute, Chengdu 610041, Sichuan, China)

Abstract : Building an internationally leading energy Internet enterprise with Chinese characteristics is the new long — term de-
velopment strategic goal of State Grid Corporation of China. Traditional empirical power system planning generally considers
power supply and grid planning separately, and it is difficult to adapt to the coordinated development of power industry under
the energy transition situation. To comprehensively promote the high — quality development of power grid and focus on impro-
ving the adaptability of power grid planning, starting from the aspects of economic development adaptability, energy structure
adaptability, power grid structure adaptability and network security adaptability, an in — depth research on key issues such as
adaptive planning index system and grid — source coordination multi — adaptive planning methods is carried out, and the corre-
sponding technical models and solutions are proposed, which can provide a plan for improving the grid planning efficiency,
promoting the coordinated development of power source and power grid, and better serving the social and economic develop-
ment.

Key words:energy transition; power grid and power source coordination; multiple adaptability; planning system; planning
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Medium and Long - term Forecast of Provincial Electricity
Consumption Based on Improved MGM

Yu Jin, Yu Guokang, Guan Honghao, Gao Guiliang, Ren Juan
(State Grid Xinjiang Economic Research Institute, Urumgqi 830049, Xinjiang, China)

Abstract: The current electricity consumption environment in China fluctuates nonlinearly and irregularly with the global econo-
my, and the medium and long — term forecast method of electricity consumption used before is difficult to meet the current pre-
cise planning requirements, both the traditional grey model (GM) (1,1) and multivariable grey model (MGM) (1, n) are no
longer adapted to the current new laws due to their natural properties. Based on the total power consumption and GDP change
trend of different industries in a provincial power grid, the logical relationship and change rules between the data are analyzed,
and a background optimization function that is compatible with the current changes is constructed to improve the MGM to meet
the current precise planning requirements of electricity demand forecast. The total electricity consumption of the whole society in
a province from 2010 to 2018 is predicted, the prediction results are highly reliable and the prediction accuracy meets the current
planning needs.

Key words: multivariable grey model (MGM) ; electricity forecasting; planning; gross domestic product ( GDP)
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Research on Construction of New Integrated Information
Management Platform for Substation Materials

Tan Yangyang, Liu Jun, Yang Hongquan, Jiang Bo, Zhong Peng, Guo Songning, Wang Gang, Shu Wenjing
(State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract : Substation materials have a large number and diversified models. Whether it is information collection methods or
material management methods, the equipment management department is facing huge challenges. On this basis, a new solution
for the integrated information management platform of substation materials is proposed, and the software architecture and hard-
ware structure of the platform system are designed, including APP programs, Windows programs, network communications and
smart warehouses etc. The designed smart warehouse uses radio frequency identification ( RFID) technology and face recogni-
tion technology as the interaction of material storage information, and Q —learning RFID anti — collision technology is used to
avoid the problem of data loss caused by multiple RFID tags scanning at the same time. A three — dimensional face recognition
algorithm based on facial geometric features and local descriptors is used to solve the impact of facial expressions on recognition
accuracy, and the linear programming model and information security active defense technology are used to solve the problem
of the optimal allocation of materials in smart warehouse and network security. Through adopting the proposed solutions, the
intelligent, scientific and standardized management of the substation materials will be realized.

Key words: material management; smart warehouse; radio frequency identification; face recognition; Q — learning
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Analysis on High Pressure Loss of Heating Pipeline in
A Cogeneration Enterprise
Wang Bo, Qu Huancheng
( Huadian Electric Power Research Institute Co. , Ltd. , Hangzhou 310030, Zhejiang, China)

Abstract : The basic concepts of urban heating system and pressure loss of heating pipeline are demonstrated and the factors af-
fecting pressure loss of heating pipeline are introduced in accordance to the correlative theoretical knowledge. The reason of

high pressure loss of heating pipeline is investigated based on the statistical data analysis and check. Finally, the correspond-

ing measures are suggested to solve the existing problems based on the production practice.

Key words : pressure loss of pipeline; data check; data analysis; preventive measures
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Analysis and Calculation of Abnormal Moment Value of
Pre - tightening Force for High - volgate Switchgear Fastening Bolt

Liu Bo', Xia Yalin', Cui Shan®
( Shanghai Sieyuan High Voltage Switchgear Co. , Lid. , Shanghai 201108, China;
2. Sieyuan Electric Co. , Ltd. , Shanghai 201108, China)

Abstract: After the dynamic and thermal stability test of high — voltage switchgear products, the required moment value is less
than the standard moment when the bolts inside the product are dismantled, and the change of temperature will affect the mo-

ment value of bolt fastening. Aiming at the change of vibration load and temperature, the cause analysis and theoretical dem-

onstration of their influence on moment are carried out.

Key words : high — voltage switchgear; dynamic and thermal stability; vibration; temperature; bolt; moment
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