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Research on Harmonic Amplification Mechanism of Centralized
Photovoltaic Power Plant Based on Impedance Model

Wang Ruohan', Xu Lin®, Zheng Lianqing', Dong Chengfu'
(1. State Key Laboratory of Power Transmission Equipment & System Security
and New Technology, Chongqing University, Chongqing 400044, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: Aiming at the lack of modeling of large — scale centralized photovoltaic power generation systems in the study of the
existing multi — inverter grid — connected systems, the Norton and Thevenin equivalent methods are used for equivalent model-
ing of power generation units, boost transformers, transmission lines and power grid for centralized photovoltaic grid — connect-
ed systems, and the impedance model of grid — connected power system is established. On this basis, the relationship between
harmonics and system impedances is derived, and the frequency domain analysis is used to study the amplification mechanism
of harmonics in the transmission process. The influence of equivalent power coefficient and equivalent coupling admittance of
the impedance model on harmonic current amplification factor is given by the simulation results, which provides a theoretical
basis for the subsequent research on harmonic suppression strategies.

Key words : centralized photovoltaic power plant; impedance model; frequency domain analysis
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Research on Aging Degree of Qil - film Dielectric Based
on Partial Discharge and PDC Method

Zhao Kailin', Zhang Chenmeng’, Hou Shiying', Gao Chenlu', Cheng Ming'
(1. State Key Laboratory of Power Transmission Equipment & System
Security and New Technology, Chongqing University, Chongqing 400044, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : The power capacitor will age continuously with time in its long operation cycle of several decades, mainly caused by
operating overvoltage. Internal insulation of capacitor — the oil - film dielectric will suffer from the decline of insulation state
and even the early failure of insulation after it has been subjected to multiple impulse voltages. In order to have a preliminary
judgment of oil — film dielectric with different aging degree, an oil —film dielectric aging and testing platform is established to
apply multiple impulse voltage, and the partial discharge (PD) under AC and polarization and depolarization current ( PDC)
method are used respectively. The results show that the initial discharge voltage of PD decreases with the aging degree of oil
film dielectric, and the maximum depolarization current of PDC curve increases. Finally, the above changes are explained by
the changes of the internal molecular structure of oil — film dielectric under the impulse voltage.

Key words:oil - film dielectric; impulse voltage; partial discharge; PDC method
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Research on Measuring Device for Wideband Transient Electric Field

Dong Chengfu'?, Xiong Zhenzhong™’, Xie Shijun®, Zheng Lianqing', Wang Ruohan', Xiang Jun*
(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongging University, Chongqing 400044, China; 2. State Grid Sichuan Electric Power Research
Institute, Chengdu 610041, Sichuan, China; 3. School of Electrical Engineering, Southwest
Jiaotong University, Chengdu 610031, Sichuan, China; 4. State Grid Panzhihua Electric Power
Supply Company, Panzhihua 617000, Sichuan, China)

Abstract ; Transient overvoltage is one of the important factors affecting the stable operation of power grid, and the accurate
measurement of transient overvoltageit is of great significance. For this reason, a measuring device for wideband transient elec-
tric field is designed based on the measurement method of space electric field effect. Firstly, the principle of measuring the
electric field based on non — contact capacitive transformer is introduced. Secondly, the design of its external structure and in-
ternal circuit is completed. Finally, under laboratory conditions, power frequency and impulse voltage tests are performed on
the developed measuring device. The results show that the measurement error of the proposed measuring device is within 5% ,
and its frequency response covers 5 Hz and 5 MHz. It can effectively capture the power frequency voltage and the standard
lightning full wave of 1.2 ws/50 ps.

Key words: overvoltage measurement; electric field measurement; space electric field effect; coupling capacitance; frequency
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Research on Wide - frequency — domain Transfer Characteristics
of Electronic Current Transformer with Rogowski Coil

Xing Haozhong', Wu jie’, He Zirun'
(1. State Key Laboratory of Power Transmission Equipment & System Security
and New Technology, Chongqing University, Chongqging 400044, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract; The large — scale commissioning of intelligent substations has made electronic current transformer with Rogowski coil
more widely used. Based on the principle of sensing unit of Rogowski coil , the influencing facfors of its transfer characteristics
are analyzed, the transfer function of sensing unit and external integration link is calculated, and its frequency response char-
acteristics are obtained. The ideal experimental model and the actual power grid model are established respectively with Matlab
and PSCAD simulation platform. The correctness of the theoretical derivation provides a theoretical guidance for improving the
transfer characteristics of electronic current transformer with Rogowski coil.

Key words: Rogowski coil; current transformer; transfer characteristics; frequency response characteristics; unloaded switc-
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Comprehensive Analysis of Factors Affecting Ultra — low Frequency
Oscillations in Power Grid and Research on Control Measures

He Zirun', Chen Zhen’, Xing Haozhong'
(1. State Key Laboratory of Power Transmission Equipment & System Security
and New Technology, Chongqing University, Chongqing 400044, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : In recent years, there have been many ultra — low frequency oscillations in the domestic power grid, which seriously
affect the safe and stable operation of power grid. Relevant research shows that the main reason for the occurrence of ultra —
low frequency oscillations is that the turbine governing system exhibits significant negative damping in the ultra — low frequency
range. In order to further analyze the factors affecting ultra — low frequency oscillation, based on the establishment of a single
— machine system with load, a comprehensive analysis based on the idea of the stable region shows that the water hammer time
constant, the proportional and integral parameters of turbine governor will significantly affect the system stability, then cause
the ultra — low frequency oscillation. On this basis, a governor parameter optimization model considering the uncertainty of wa-
ter hammer effect is proposed for a single — machine system with load, and is solved by particle swarm optimization ( PSO) al-
gorithm. Finally, the simulation results in a single — machine system with load verify the effectiveness and robustness of the
proposed governor parameter optimization model.

Key words :ultra — low frequency oscillations ; complex damping torque ; characteristic root; stability region; governor parame-

ter optimization model; robustness
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Identification of Production for Pollution Emission Enterprises
Based on Ensemble Support Vector Regression

Jin Dan, Tang Wei
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : Under the background of big power data and environmental supervision, the identification of enterprise production
status is studied, which is characterized by enterprise electricity consumption and tax payment. Regression analysis is adopted
to solve the problem of data anomaly and partial missing, which improves the robustness of analysis results. Support vector re-
gression model is established to identify the production status of pollution emission enterprises, and multiple support vector re-
gression models are selected through grid search to identify the production status of pollution emission enterprises, which in-

creases the generalization ability of the model and improved the classification accuracy. Finally, the simulations confirm the

Vol. 43 ,No. 3
Jun. ,2020

accuracy and applicability of the proposed method based on ensemble support vector regression (e —SVR).

Key words: ensemble support vector regression, gird search, identification of production
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Population Mobility Evaluation of Residents Based
on Electric Power Data

Liu Chang', Teng Yufei', Tang Wei', Jin Dan', Li Fuxin’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract : In view of the long period and low accuracy of manual survey of community population, an evaluation method of pop-
ulation mobility based on electric power data is proposed. Firstly, the user’s historical load consumption data are obtained
based on user profile, and the missing data completing and abnormal data processing are used to ensure the validity of load da-
ta. Then, the clustering method is used to mine the stable power consumption of residents in different scenarios. On this ba-
sis, load mutation criterion and population mobility criterion are defined to evaluate population mobility of residents. Finally,

statistical method is employed to analyze the population mobility of the community. Taking the actual data of a residential area

in Chengdu for example, the effectiveness of the proposed algorithm is verified.

Key words : power big data; electricity consumption feature; population mobility evaluation; load mutation criterion
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Research on Power Consumption Fluctuation Characteristics
of Main Industries during the Spring Festival

Dai Songling, Tang Quan, Ren Zhichao
( State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract ; Holidays, especially long holidays, have a significant impact on the curve of power consumption. The characteristic
parameters of industry power consumption fluctuation during the Spring Festival are put forward, and the curve clustering anal-
ysis based on K — means algorithm is carried out, which reveals the internal relationship between the daily power consumption
of main industries and service industry and the long Spring Festival holiday. The results show that the main industries can be
divided into four categories, and the main service industry can be divided into three categories. The power consumption of
some industries is basically not affected by the Spring Festival, and among the industries that are obviously affected, there are
U —shaped curves and V — shaped curves, some of which have a large decline but rapid recovery, some of which have a small
decline but slow recovery, and some of which are highly overlapped with the Spring Festival holiday.

Key words : during the Spring Festival; K — means; clustering analysis; industrial industry; service industry; daily electricity
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Design and Implementation of Wearable Safety Guarantee System
for Electric Power Operation Site

Chang Zhengwei' , Peng Qian', Zhang Tai', Xie Xiaona’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. Chengdu University of Information Technology, Chengdu 610025, Sichuan, China)

Abstract : There are strong ultraviolet rays, lack of oxygen and large temperature difference in the areas with high altitude and
extremely cold climate. The safety of electric power operators is difficult to be guaranteed and even life — threatening in such a
harsh environment. A wearable safety guarantee system is designed and implemented, which uses smart watch to detect the
physiological characteristics of human body. The wireless wearable gateway is used as the environment monitoring and data
communication center to centrally manage the wearable device information and exchange the remote data with the background

server. The system can perform real — time monitoring, health warning and safety management of the working environment and

Vol. 43 ,No. 3
Jun. ,2020

physical signs of operators.

Key words : wearable system; safety guarantee; information processing gateway; safety management software
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A Vision Assisted Positioning Method with Autonomous
Navigation of Electric Robot

Xie Xiaona', Liu Xi*, Chang Zhengwei’, Peng Qian’, Xu Shuo'
(1. Chengdu University of Information Technology, Chengdu 610025, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : In order to improve the localization accuracy of the robot in the complex environment of electric power operation site,
a vision assisted positioning method with autonomous navigation is proposed. Based on laser simultaneous localization and map-
ping, the robot position is calibrated using the robot vision information and image processing algorithm, so that it can accurate-
ly stop at the task position. The application results show that the proposed method can effectively improve the positioning accu-

racy of the robot and the localization error is less than 1 cm.

Vol. 43 ,No. 3
Jun. ,2020

Key words : electric robot; autonomous navigation; vision location; calibration
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Application and Research on Intelligent Inspection of

Unmanned Aerial Vehicle in Transmission Lines

Li Qianzhu, Du Yongyong, Yang Yang
( State Grid Chengdu Electric Power Supply Company, Chengdu 610041 ,Sichuan, China)

Abstract : The traditional manual inspection of transmission lines has many deficiencies such as high labor intensity, high safe-

ty risks and low operating efficiency, which seriously restrict the intelligent transformation of the operation and maintenance for

transmission lines. Unmanned aerial vehicle (UAV) inspection has been continuously applied to the operation and mainte-

nance of transmission lines for its high efficiency and high defect discovery rate. The application results of UAV in the trans-

mission line inspection are studied, various constraints in the development of UAV inspection are analyzed, and the key tech-

nology to realize the intelligence of UAV inspection is discussed, which provides the research direction of promotion and devel-

opment in UAV intelligent inspection.

Key words : transmission lines; UAV intelligent inspection; constraints; key technology
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Research on Ferro — resonance Harmonic Elimination
Method for Active Distribution Network

Zhu Zimin', Qin Yanhui'”*, Zhu Yongming’, Duan Qingxi',
Kang Pengpeng®, Liu Yong’, Dong Xuetao', Fan Guogqi’
(1. State Grid Xinjiang Electric Power Research Institute, Urumqi 830011, Xinjiang, China;
2. School of Electrical Engineering, Southeast University, Nanjing 210096, Jiangsu, China;
3. State Grid Xinjiang Changji Electric Power Supply Company, Changji 831100, Xinjiang, China;
4. State Grid Xinjiang Electric Power Co. , Ltd. , Urumqi 830011, Xinjiang, China;
5. Anhui Zhengguang Electric Power Technology Co. , Ltd. , Hefei 230000, Anhui, China;
6. State Grid Jinhua Electiric Power Supply Company, Jinhua 321001, Zhejiang, China)

Abstract : The ferro — resonance is a typical fault occurring frequently in the medium and low voltage neutral ungrounded distri-
bution network, its triggering mechanism and inhibition method are analyzed, and a novel active resonance inhibition method
based on real — time sound phase voltage magnitude tracking and open — delta resistance regulation is proposed. Furthermore,
based on a full digital real — time simulation platform of power system called ADPSS/ETSDAC, according to actual parameters
of a 35 kV substation, a simulation model of ferro — resonance in a distribution network is established. Feasibility and validity
of the proposed resonance inhibition method are verified by the simulation results.

Key words :neutral ungrounded distribution network ; ferro — resonance; active resonance inhibition method; ADPSS
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Application of Voltage Regulator in Low
Voltage Control for 10 kV Line

Luo Yang', Jiang Wei', Zhang Xinghai', Wei Shuchao’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Liangshan Electric Power Supply Company, Liangshan 615050, Sichuan, China)

Abstract: With the continuous improvement of peoples living standard, household appliances and farm machines and tools
have become the standard configuration of rural households, which causes a huge increase in rural power load. However, the
development of rural power grid is still relatively lags behind, which does not match with the rapid growth of electricity load,
and low voltage problem of rural power grids is very outstanding, which seriously affects the normal life and work of people.
Applying voltage regulator to 10 kV line of rural power grid is an effective method for low voltage control with good effect and
lower cost. The working principle of voltage regulator is analyzed, and through establishing the equivalent circuit of distribu-
tion line with 10 kV voltage regulator, the theoretical calculation of voltage regulator in 10 kV line is carried out. Combining

with the practical situation of rural line, the installation effect of voltage regulator is verified, which provides a reference for

Vol. 43 ,No. 3
Jun. ,2020

low voltage control in rural power grid.

Key words:line voltage regulator; low voltage; constant power; constant impedance
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Comparative Analysis on Influence of Passive Damping and Active
Damping of LCL Filter on Multi — inverter Grid — connected Resonance

Zheng Jialong', Yang Ge', Liu Yijun', Liu Bei’
(1. Sichuan Water Conservancy Vocational College, Chengdu 611231,
Sichuan, China; 2. State Grid Batang Country
Electric Power Supply Company, Batang 627650, Sichuan, China)

Abstract ; The resonance of grid — connected multi — inverter system is the result of the joint action of filter output harmonic
and grid harmonic. The resonance of LCL filter is one of the main factors of harmonic output of filter. Therefore, the influence
of the resonance damping method of LCL filter on the resonance of grid — connected multi — inverter system is analyzed. First-
ly, the mechanism of harmonic interaction in grid — connected multi — inverter system is analyzed. Secondly, the impedance
model of grid — connected multi — inverter system with passive damping and active damping is established. Then, the influence

of two damping methods on low frequency resonance and supraharmonic resonance is compared and analyzed. Finally, 3 grid

— connected inverters are used for simulation experiment to verify the effectiveness of the above — mentioned theory.

Key words: grid — connected multi — inverter; resonance; LCL filter; passive damping; active damping
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Research on Residual Magnetism Detection Technology
of Power Transformer Based on Frequency Response Method

Tan Zhihong', Zhang Yu®, Shan Fei’, Mu Zhou®, Cheng Ming*
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
3. Wuhan University, Wuhan 430072, Hubei, China; 4. Chongqing University, Chongqing 400044, China)

Abstract: UHV AC/DC interconnected power grid is the main form of power grid in the future, and large capacity transformers
are widely used. When the main transformer of a new substation is put into operation or put into operation after maintenance,
large inrush current will appear in the transformer with residual magnetism, which has an important impact on AC and DC
power grid. In the long — line weak — link power grid, the inrush current and sympathetic inrush current generated by the
transformer with residual magnetism will lead to the disoperation of the transformer differential protection and the harmonic
voltage for a long time, which is an important hidden danger of the security and stability for power grid. Therefore, it is neces-
sary to analyze the generating mechanism of residual magnetism in power transformer, explore the detection method of residual
magnetism, and eliminate the influence of residual magnetism on power grid. The demagnetization test is carried out for the
transformer, and based on the frequency response of winding, the residual magnetism detection method has been studied. The
research results show that: by comparing the frequency response in a certain sweep frequency range, it can accurately deter-
mine whether the transformer contains residual magnetism, and can determine the magnitude of the residual magnetism content
of the transformer.

Key words : frequency response method ; residual magnetism detection; sweep frequency; frequency response characteristics
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Design and Implementation of Monitoring Alarm Information
Display System Based on Unity3d
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Abstract ; Under the current situation of information, data and intelligent management, the existing monitoring mode which

only judges and disposes through the text alarm information is not suitable for the new development needs, which shows the
disadvantages of low management efficiency and low intelligence. In order to promote the reform and development of substation
monitoring business, a monitoring alarm information display system based on Unity3d is designed. The system visualizes the
relationship between substation equipment posture, equipment and alarm signal and the data flow through Unity3d platform

based on 3D mode, which is not only helpful for the monitor to master the actual situation on site, but also to guide the opera-

Vol. 43 ,No. 3
Jun. ,2020

tion and maintenance, and will has a profound impact on industry development.

Key words : monitoring; substation; signal; 3D model; virtual; Unity3d
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Power Flow Calculation of Distribution Network Based on
An Improved Forward/Backward Substitution Method

Zhang Jie, Xu Yan, Zhang Xuefei
( State Grid Shanghai Shibei Electric Power Supply Company, Shanghai 200072, China)

Abstract : With the increasing scale of power system, the requirements for the distribution network are constantly increasing,
and the power flow calculation of distribution network has become a hot research topic. Aiming at the limitations of the tradi-
tional forward/backward substitution method, some improvements are proposed. Firstly, the ordinary method must number the
nodes according to the certain requirements before performing the iterative calculation, but the improved one can omit this step
by forming three matrices. Secondly, converting the transformer load to the high voltage side can make the distribution network
a simple one — line diagram, thereby reducing the system scale. In addition, replacing the node injection power with the node
injection current can save the branch loss calculation time . Finally , the reactive power correction equation of PV node can
effectively process the distribution network with PV nodes, which solves the problem that the original method can not handle
the PV nodes in distribution network system. The validity and feasibility of the proposed method are verified by the compara-

tive simulations on IEEE 33 bus distribution network system and a 10 kV system with PV nodes.

Key words : distribution system; power flow calculation; pre — back /forward method; PV node
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Analysis of Influence of Connection Error on Transformation
Ratio of Tap Type Current Transformer

Liu Gang', Qin Jian', Hu Juan®, Ai Bing', He Na', Liu Kun', Zhang Fuzhou'
(1. Metering Center of State Grid Sichuan Electric Power Company, Chengdu 610045, Sichuan, China;
2. State Grid Sichuan Maintenance Company, Chengdu 610041, Sichuan, China)

Abstract : The connection error of secondary winding will seriously affect the transformation ratio characteristics of tap type cur-
rent transformer. The influence regulation of different loads connected to the non — working connection on the transformation ra-
tio of tap type current transformer has not been studied in depth, which leads to the inaccurate analysis on the changes of
transformation ratio of tap type current transformer when the non — working connection is connected. Theoretical analysis and
test are used to analyze the influence of different loads connected to non — working connections on the transformation ratio char-
acteristics of tap type current transformer. The results show that the ratio of primary current to working winding current has a
positive linear relationship with the load connected to the non — working connection, and the ratio of primary current to non —
working winding current has an inverse relationship with the load connected to the non — working connection. The results can
provide a technical reference for power stealing analysis of current transformer when the non — working connection is connected.

Key words:tap type; current transformer; transformation ratio; load
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