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Time Synchronization Network in UPIoT Based on
Satellite Common — view Technology

Duan Xiangxi, Feng Shilin, Li Xiaopeng, Wu Jie, Gao Yiwen, Long Cheng
( State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract:In order to achieve high accuracy and cross — regional time synchronization between the control centers, between the
control center and the substation,and between the substations in ubiquitous power internet of things ( UPIoT) ,the realization
method of space — based time synchronization network based on satellite common — view technology is studied. The satellite
common — view timing device is developed and a space — based time synchronization network experiment system is built. The
space — based time synchronization network based on satellite common — view not only eliminates the influence factors such as
satellite clock error, ephemeris error and so on, but also improves the accuracy of time synchronization, and solves the prob-
lem of traceability of scalar value transmission.

Key words : ubiquitous power internet of things ( UPIoT) ; satellite common — view; time synchronization network ; common —
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Application of Multi — energy Scheduling Optimization
to Smart Energy Control Platform

Zhang Duo', Ma Chao', Li Jiayi®
(1. Southwest Electric Power Design Institute Co., Ltd., CPECC, Chengdu 610021, Sichuan, China;
2. Research & Development Center for Smart Grid, CPECC, Chengdu 610021, Sichuan, China)

Abstract : Integrated energy system plays an active role in improving energy efficiency, energy saving and emission reduction,
strengthening energy security and optimizing energy structure. The physical architecture and functional requirements of the re-
gional intelligent energy management and control platform are analyzed, and the key technologies used in the platform develop-
ment are pointed out. Finally, considering the multi — energy balance in diversified user needs and changeable scenarios, the
integrated energy management system and its functions are introduced. A 24 — hour economic optimization model has been es-
tablished to demonstrate the most economic way of energy dispatching.

Key words: integrated energy system; multi — energy scheduling optimization; real — time scheduling; energy service; intelli-

gent operation and maintenance
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Reliability and Economy Analysis of Cyber Physical Power
Systems Considering Self — recovery Ability

Luo Zihang, Guan Xiangyou, Wei Zhenbo
(College of Electrical Engineering, Sichuan University, Chengdu 610041, Sichuan, China)

Abstract ; With the development of ubiquitous power internet of things ( UPIoT) , the power network and communication net-
work are deeply coupled, and it is of great theoretical value and practical significance to study the reliability and economy of
cyber physical power systems ( CPPS) in new growing trend. Firstly, the running characteristics of perception layer and net-
work layer of UPIoT and its influence on the coupling between power network and communication network are systematically
described. Secondly, a completely one — to — one model of CPPS interdependent network is established based on the theory of
interdependent networks, and the cyber — attack mode and self — recovery ability of communication nodes are introduced. Fi-
nally, the reliability of power network and the economy of communication network under the combination of four attack — recov-
ery modes are analyzed and compared by cyber — attack simulation in CPPS. Therefore, some reasonable suggestions on the
preliminary development of UPIoT are put forward.

Key words : ubiquitous power internet of things ( UPIoT) ; cyber — attack; self — recovery ability; reliability; economy
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Research on Generation Planning Based on Big
Data of Electricity Metering

Cai Gaolei',Liu Guilong’
(1. Shanghai Liangji New Energy Investment Co.,Ltd., Shanghai 200245, China;
2. China Haisum Engineering Technology Co., Ltd., Shanghai 200031, China)

Abstract: It has been difficult for the traditional power grid planning to meet the requirements of the safety for large — scale
wind power system. To solve this problem, the information of wind power output is fully exploited using big data technology,
and the quantitative analysis of wind power fluctuation risk is achieved. On this basis, the source — network — load coordinated
planning model is established taking maximum wind power penetration and minimum grid — connected risk as the object, and
game theory is applied to the twin goals of bargaining to solve it. Finally, taking a power system with wind power in the north-

west region for example, the correctness of the proposed coordinated generation planning method based on big data of electrici-

ty metering is verified.

Key words : electricity metering; big data; wind power;generation planning
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Sensitivity Analysis Method for Multiple Operational
Index Coordination of Distribution Network with Renewable Energy

Zhang Qinghui', Wu Changyuan®’ ,Wu Jiekang’, Wu Fan®, Tang Huiling’, Chen Lingmin’

(1. Guangdong Institute of Urban and Rural Planning and Design,Guangzhou 510290, Guangdong, China;
2. School of Automation, Guangdong University of Technology, Guangzhou 510006, Guangdong, China;
3. Shaoguang Power Supply Bureau, Guangdong Power Grid Corporation, Shaoguan 512028, Guangdong, China;
4. Guangxi Bo Yang Electric Power Survey and Design Co., Ltd., Nanning 530028, Guangxi, China)

Abstract ; Collaborative control of voltage and loss indices in distribution network has always been an important work and has
been highly valued. In the renewable energy environment, the coordinated control of voltage and loss index in distribution net-
work is more difficult and challenging. According to the changing relationship and interaction characteristics of each physical
quantity in distribution network, physical quantity are divided into three types: independent parameter variable, state variable
and control variable, voltage and loss operation index of distribution network under new energy environment is established, and
the sensitivity matrix for power flow distribution, node voltage and loss of distribution network is constructed for distributed
generation and traditional reactive power compensation devices. Taking the local voltage stability index as the technical index,
and the investment and operation and maintenance cost of the distributed generation as the economic index, the impact of large
— scale distributed generation on the voltage and power loss is analyzed. The simulation results of an example of the IEEE 30
system verify the applicability and feasibility of the proposed method.

Key words : distribution network ; renewable energy; multiple operational index collaboration; distributed generation; reactive

power compensation device
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Research on Energy Management and Coordination
Control for Combined System of Wind Power and Energy
Storage to Smooth Wind Power Output

Zhan Zhonggiang', Fu Juxia’
(1. State Grid Xinjiang Electric Power Research Institute, Urumqi 830011, Xinjiang, China;
2. School of Electric Engineering, Xinjiang University, Urumqi 830047, Xinjiang, China)

Abstract : In order to realize wind power integration with the grid friendly, hybrid energy storage system is adopted to mitigate
wind power fluctuation. Firstly, according to the random fluctuation characteristics of wind power, the moving average filtering
algorithm and adaptive wavelet packet decomposition method are used to obtain the grid — connected power, and the advantages
and disadvantages of different methods are analyzed according to the fluctuation requirements of wind power integration with the
grid. Secondly, for the power vacancies and surpluses of grid — connected power, the hybrid energy storage system composed
of battery and supercapacitor is adopted to carry out the compensation and absorption, and the power instructions of each ener-
gy storage equipment are allocated according to the different response frequency of energy storage equipment because of the dif-
ferent performances. Then, combined with the state of charge (SOC) of energy storage equipment and output limit con-
straints, a coordinated control strategy of the combined system of wind power and energy storage is proposed to achieve energy
complementarity and prolong the service life of energy storage equipment. Finally, based on simulation analysis of historical
wind power data, the effectiveness of the proposed method is verified.

Key words:wind power;energy storage ; moving average ; adaptive wavelet packet ; coordinated control
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Research on Load Forecasting for Electric Vehicle Charging
Using Monte Carlo Method Modified by Kalman Filter

Li Xiaoyu,Xiao Han,Li Jiayi
(Southest Electric Power Design Insititute Co. ,Ltd. ,Chengdu 610021 ,Sichuan , China)

Abstract ; Electric vehicles (EV) are to be widely promoted and utilized, and will have great impact on power system. The
load forecasting of electric vehicles is an element task for analyzing the impact. The existing Monte Carlo method is based on
EV operation characteristics, whose output is merely an expectation value, far from accurate depicts on the actual situation.
Within sampling real — time measurement, a Kalman filter is proposed to modify Monte Carlo method, and the method is ap-
plied in a district. This method can provide a new theoretical strategy and generate certain ideas for EV load forecasting and
orderly charging.

Key words: electric vehicle charging; load forecasting; Monte Carlo method; Kalman filter
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Logical Regression Based Fault Diagnosis for External — fusing
Double — Star Power Capacitor

Teng Yufei', Tang Jiayi’, Duan Xiangxi', Song Liang’, Li Shilong'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Economic Research Institute, Chengdu 610041, Sichuan, China;
3. State Grid Sichuan Maintenance Company, Chengdu 610041, Sichuan, China)

Abstract: In order to increase the accuracy of fault diagnosis of external — fusing double — star power capacitor, a logical re-

gression based fault diagnosis method is proposed. The RMS of voltage on the bus, the RMS of three — phase current and the

RMS of current in the neutral line are all utilized in this method to overcome the problem that the initial unbalance rate may re-

duce the sensitivity of the diagnosis method only based on neutral line current. At first, the study set is generated by random

sample method, and then the characteristic indexes could be calculated. Then according to the study set, determine function

can be obtained by logical regression. Finally, based on the measure value of voltage and current, the fault probability of the

capacitors can be obtained by the determine function. Simulation results show that the sensibility of the proposed method is

much higher than the conventional one, which only uses natural line current.

Key words: logical regression; external — fusing double — star power capacitor; fault diagnosis; machine learning
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Development of Portable Interface Circuit Tester
for Smart Substation

Gong Hualin, Zhang Zece, Zeng Xiangli, Li Guanyu, Linghu Jingbo, Zeng Xue
( State Grid Chengdu Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract ; Ubiquitous power internet of things ( UPIoT) is a smart service system with comprehensive state awareness, efficient
information processing, convenient and flexible application. Strong smart grid and ubiquitous power internet of things comple-
ment each other. As an important part of smart grid, smart substation is being used more and more widely. A special portable
interface circuit tester for smart substation is proposed. In order to ensure the primitiveness of GOOSE message and not be
changed by any test equipment, a function of capturing and storing the actual message is designed, and the captured and
stored message can be sent off — line and non — real — time to test other equipment. Finally, the validity of the proposed meth-
od and the usability of portable interface circuit tester in smart substation is verified by field tests in several substations in
Chengdu area.

Key words : ubiquitous power internet of things; interface circuit; intelligent tester
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Configuration and Implementation Scheme for Integrated Lightning
Protection System of Distribution Network Based on Insulated Crossarm

Lin Lijian
( State Grid Fujian Electric Power Company, Fuzhou 350003, Fujiang, China)
Abstract ; Due to the limitations of design specification, the distribution network has low insulation level and weak lightning
protection ability. With the application and promotion of composite insulation materials in 10 kV distribution network, through
the comparison of the characteristics of insulation crossarm and conventional lightning protection measures, the excellent pro-
tection ability against lightning flashover and power frequency continuous current of insulated crossarm can be realized to sig-
nificantly improve the lightning protection ability of 10 kV transmission line. In order to further reduce the occurrence of light-
ning tripping or wire breaking accidents in 10 kV distribution network, a comprehensive lightning protection system of section

distribution network based on insulated crossarm and combined with conventional lightning protection measures is proposed to

realize multi — level and three — dimensional lightning protection system.

Key words : distribution network ; insulated crossarm; lightning protection measures; integrated lightning protection
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Measures for Improving UHVDC Delivery
Output in Second Phase of Jinsha River Project

Chen Hanxiong, Li Xiaoming

( Sichuan Electric Power Design & Consulting Co. , Lid. , Chengdu 610016, Sichuan, China)

Abstract : Double — circuit +800 kV UHVDC transmission project in the second phase of Jinsha River project of State Grid are
planned and constructed in the year of 2021 ~2025. According to the hydrologic output characteristics of Baihetan hydropower
station and the substantial surplus of Sichuan green clear energy in the year of 2021 ~2025, and combined with the character-
istics and advantages of double — circuit =800 kV UHVDC transmission project in the second phase of Jinsha River project,
the measures for improving UHVDC delivery output in the second phase of Jinsha River project are proposed. The research re-
sults show that: by taking the measures, the quantity of abandoning energy in high flow period of Sichuan power grid can be
decreased about 5000 GW -+ h and the annual utilization hours of double — circuit =800 kV UHVDC transmission lines in the
second phase of Jinsha River project can be increased about 470 hours.

Key words : power system; double — circuit +800 kV UHVDC trasmission lines in the second phase of Jinsha River project;

Baihetan hydropower station; abandoning energy; renewable energy
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Prevention and Control of Safety Risk in Remote
Operation of Substation Sequence Control

Zou Peiheng' ,Dai Yuhan®,Guo Guo®,Zheng Yongkang
(1. State Grid Sichuan Leshan Power Supply Company, Leshan 614000, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
3. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract : Through the analysis of the key links of remote operation of substation sequence control, the safety risks in the
process of remote operation of sequence control are investigated, and the corresponding safety protection measures are put for-
ward from different angles. The focus is on the safety risks and prevention and control measures in each link of remote opera-
tion. If the process risk and safety control of remote operation of sequential control are strengthened, it is of great significance

to ensure the safe and stable execution of substation sequential control, greatly shorten the operation time of substations, and

Vol.42,No. 5
Oct. ,2019

reduce the related economic losses and social impact.

Key words :sequential control ;intelligent operation; risk management and control; preview check; network security
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Analysis on Influence of Horizontal Load
on Bearing Capacity of Branch Pile

Wang Hong'*?, Peng Sheqin'*?, Zheng Weifeng’, Sun Zhenmao®
(1. State Key Laboratory of GeoHazard Prevention and GeoEnvironment Protection,
Chengdu University of Technology, Chengdu 610059, Sichuan, China;2. College of Environment
and Civil Engineering, Chengdu University of Technology, Chengdu 610059, Sichuan, China;
3. China Electric Power Research Institute, Beijing 100192, China;4. Sichuan Electric Power
Design & Consulting Co. ,Ltd. , Chengdu 610041, Sichuan, China)

Abstract: For the two cases, that is, individual vertical compressive load and combined horizontal compressive load, the nu-
merical analysis method is adopted to systematicly study the bearing behaviors of branch pile, including settlement, distribu-
tion of shaft axial force and branches friction etc. The magnitude of vertical bearing capacity of branch pile is further obtained.
The research shows that the axial force of pile decreases with the increase of depth, and decreases obviously at the upper and
lower sides of the branches. Compared with individual compressive load, when the load is less, the settlement is greater at the
top of the pile which is borne combined load. The existence of horizontal load has an effect on bearing capacity of branch pile,
which makes bearing capacity of branch pile increase slightly, but not too large.

Key words : branch pile; vertical bearing capacity; horizontal loading; numerical analysis
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Research on Event — based Correlation Analysis Method for
Monitoring Information Serving Power Grid Operation

Dai Yuhan', Zou Peiheng’, Zhang Fengxi’, Huang Huawei®, Sun Yongchao', Luo Rongsen'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Leshan Electric Power Supply Company, Leshan 614000, Sichuan, China;

3. State Grid Ganzi Electric Power Supply Company, Kangding 626000, Sichuan, China;
4. State Grid Nanchong Electric Power Supply Company, Nanchong 637000, Sichuan, China)

Abstract : There are many alarm signals triggered by faults in power grid. Especially in the case of power grid accidents, a
large number of monitoring information will be triggered in a short period of time. It is difficult for supervisors to quickly iden-
tify the corresponding events in a short time. There is a huge amount of information in regulating and controlling the main sta-
tion nationwide, and it consumes a lot of manpower and resources to analyze information events. By studying the corresponding
relationship between monitoring information and events, the experiences of automatic event deduction for monitoring informa-
tion are formed, and an event — based correlation analysis method is proposed for monitoring information of power grid opera-
tion based on information — event deduction logic.

Key words : deduction logic; associated information; discriminant rules; information eventalization; signal set
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Research on Selection for Number of Insulators
of 500 kV AC Transmission Line in High Altitude Area

Tang Wei' ,Liang Ming',Sheng Daowei' ,Huo Feng’,Liu Congfa'
(1. Southwest Electric Power Design Institute Co., Ltd., Chengdu 610021, Sichuan, China;
2. State Grid Electric Power Research Institute, Wuhan 430070, Hubei, China)

Abstract : There are many 500 kV tranmission lines running in high altitude area below 2000 metres above sea level, which has
accumulated rich experiences in design, operation and maintenance. However, in the areas over 2000 metres above sea level,
there is a lack of experiences in insulation configuration and running data of 500 kV AC transmission lines. With the planning
and development of hydropower resources in Lancang river, Nujiang river and Yarlung Zangbo river basin, and the planning
and construction of backbone power grid in Tibet or western Sichua, many 500 kV transmission lines will be constructed in
high altitude area above 2000 metres above sea level. According to the experiment results of artificial pollution flashover per-
formance executed in low atmospheric pressure under imitated condition of high altitude by State Grid Electric Power Research
Institute, the creepage distance method and the pollution withstand voltage method are compared which are often used to
choose the insulators under pollution condition, and the pollution flashover performance of double — shed, triple — shed and an-
ti — fog insulators are also compared. The influence of low atmospheric pressure on the pollution flashover performance of insu-
lators and the altitude correction methods for flashover performance contaminative insulator are discussed, and the insulation
configurations for 500 kV AC transmission line in high altitude areas are recommended.

Key words:500 kV AC; transmission line; number of insulators; selection; ultra high altitude
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Research on Overheating of Capacitive Voltage Transformer
Caused by Induced Current in Abnormal Circuit

Guo Shixiao, Ai Fei, Hu Wei, Hong Li, Lin Nan, Zhang Ruhong
( Hangzhou Power Supply Corporation, State Grid Zhejiang Electric Power Company,
Hangzhou 310009, Zhejiang, China)

Abstract ; The capacitive voltage transformer ( CVT) is significant for the normal operation of secondary electrical equipment
and reliable power systems, so it is necessary to identify the cause and maintenance timely if the running CVTs have unusual
situations, which depends on effective techniques of fault detection, fault diagnosis and fault maintenance. Based on the famil-
ial fault of a 110 kV CVT which has been detected recently, the fault phenomenon, diagnosis process and final handling meas-
ures are provided, the formation reasons of the familial fault are theoretically analyzed, and then the specific heat spot is
locked out. It is determined that the cause is failure of factory installation process, thus the investigating and handling methods
of the similar fault are sorted out. Finally, combined with routine inspections, infrared temperature measurement, electrical
test and work experiences, the references and suggestions for fault diagnosis, operation and maintenance of CVT are proposed.

Key words: capacitive voltage transformer; heat fault; fault diagnosis; infrared temperature measurement
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Promotion Strategy of Condition Based Maintenanc Based on
Flaw Characterization of Extra — high Voltage Substation Equipment

Wang Xin', Wang Zijian', Wei Yang’
(1. State Grid Sichuan Electric Power Maintenance Company, Chengdu 610031, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract;In the context of promoting clean energy and hydropower consumption, the development status of condition based
maintenanc and charged detection in Sichuan is described combined with the uniqueness of Sichuan power grid. The problems
in equipment condition evaluation are also pointed out. According to the achievements of charged detection in last three years,
the suggestions of promotion strategy are proposed for condition based maintenanc through the analysis of the defects character-

istic relation between defects and terrain, load, lightning stroke, operation life and equipment type. These suggestions include

data application, maintenance, inspection, design purchase and equipment maintenance operation.

Key words: extra — high voltage; defects; condition based maintenanc; strategy
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Unbalance Analysis of Three — phase No — load Voltage in Low
Voltage Side of Main Transformer

Wang Nengjin, Zhou Ziyang, Li Fei, Qin Chunyang,Wang Zhe
(Jinping Hydropower Station, Xichang 615000, Sichuan, China)

Abstract : The no — load test of main transformer often occurs in power plants and substations, due to differences in factory pa-
rameters of equipment, there is three — phase voltage unbalance in low voltage side of main transformer under no — load condi-
tion. Through vector analysis and equivalent circuit method, the reasons for three — phase voltage unbalance are analyzed, and

the parameters of different units are measured. The data computation provides a reliable basis for three — phase voltage unbal-

ance in low voltage side of main transformer under no — load condition.

Key words: main transformer with empty load; low voltage side of main transformer; three — phase voltage unbalance
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