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Overview of Analysis Methods and Suppression strategies for
Low Frequency Oscillation

Guo Lei', Zhang Yingmin®, Li Xingyuan®
(1. Huizhou Power Supply Bureau of Guangdong Power Grid Co. , Ltd. , Huizhou 516001 ,
Guangzhou, Chinaj 2. College of Electrical Engineering and Information

Technology, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract : Based on the cause analysis for the occurring of low frequency oscillation, the analysis methods of low frequency os-
cillation is concluded, which has two kinds, that is, based on the system measured signal and based on the system mathemati-
cal model separately, and the concrete analysis methods is refined. The strategies used in suppressing the low frequency oscil-
lation in AC — DC interconnected system are summarized, and then the current states of the key problems about suppressing
the low frequency oscillation are introduced in detail. Finally, the prospects are carried out on the follow — up hot researches of
low frequency oscillation.
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Q - V Characteristic and Overvoltage Prevention for Isolated Power

Grid in Tibetan Area of Sichuan Province

Sun Xinwei', Shi Huabo', Tang Wei', Lai Yong’, Yu Lina’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Cangdu Power Supply Company,Changdu 854000, Tibet, China;3. China Three Gorges
New Energy Limited Company Southwest Branch, Chengdu 610023, Sichuan, China)

Abstract : Power — frequency overvoltage is a major threat to the isolated power grid of remote mountainous areas in Tibetan ar-

ea of Sichuan province. Firstly, a novel N —1 check principle for isolated power grid in remote mountainous areas is proposed.

Furthermore, the mechanism of power — frequency overvoltage in isolated power grid is analyzed based on steady — state Q -V

model and electromechanical transient model with consideration of low excitation limit. Finally, the countermeasures to reduce

the damage of power — frequency overvoltage are presented. This research is helpful for promoting the security level of the iso-

lated power grid in remote mountainous areas.

Key words:isolated operation; power — frequency overvoltage; Q —V characteristic; low excitation limit; N -1 check
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Research on Wind Power Accommodation Capability of Xinjiang

Power Grid Based on Peak Shaving and Grid Structure Constraints

Song Pengfei' , Zhang Feng’, Kang Pengpeng', Guo Xiaolong’, Fan Guowei’, Chang Xigiang’
(1. State Grid Xinjiang Electric Power Research Institute, Urumqi 830000, Xinjiang, China;
2. State Grid Xinjiang Electric Power Co. ,LTD. , Urumqi 830000, Xinjiang, China)

Abstract : Taking the contradictions between load shaving and new energy output encountered in the actual operation of Xin-
jlang power grid as a starting point, and taking the peaking capability and power balance constraints as the main means, the
optimal solutions for the minimum start — up mode and the maximum new energy output to satisfy the requirements of peak
shaving in Xinjiang power grid are determined through the prediction methods based on extreme learning machine (ELM) to a-
chieve the economic dispatch and intelligent scheduling.

Key words: peak shaving; wind power generation; minimum start — up; extreme learning machine ( ELM)
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Analysis on Harmonic of Armature Current for Brushless
Excitation System of Nuclear Plant

Liu Nian', Wang Hexin’, Zhao Xin®
( 1. Department of New Energy Engineering, Jincheng College of Sichuan
University, Chengdu 611731, Sichuan, China; 2. Department of Electrical Engineering,
Sichuan University, Chengdu 610065, Sichuan, China)

Abstract : Brushless excitation system is an important part of turbine — generator unit in nuclear plants. When the rotating rec-
tifier of brushless excitation system rotates with the rotor together, there will be some different failures because the rotating rec-
tifier bears a strong centrifugal force, and the harmonic of armature current of different failures is different. The harmonic of
armature current is analyzed theoretically aiming at three conditions, that is, exciter rotating rectifier of six phase brushless ex-
citation system in normal operation, one arm open and one arm to be short circuit. The three — phase and six — phase brushless
system are established in Matlab/Simulink for simulation analysis. Through comparing with three — phase brushless excitation
system, it is concluded that the fault characteristics of six — phase brushless excitation system are similar to three — phase
brushless excitation system. So the fault detection method of three — phase brushless excitation system can be used for six —
phase brushless excitation system.

Key words: brushless excitation system; rotating rectifier; harmonic analysis; fault diagnosis
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Risk Assessment and Countermeasures for De — icing Devices
under Unipolar DC Fault Condition

Li Xun', Xu Lin®, Ding Lijie’
(1. State Gird Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: The de - icing devices are normally connected to the AC substation using the commutation inductance, instead of i-
solation transformers, which results in DC voltage coupling of the SCR converters to the AC networks under unipolar DC fault
condition, thus causing significant neutral point voltage deviations, saturation of potential transducers ( PTs) and breakdown of
fuses. The risk assessment of different de — icing methods is presented, and the mechanism of PT saturation and fuse break-
down are revealed. Based on the practical operation conditions, the protection and control strategies of the existing de — icing
devices are analyzed and significantly enhanced. The effectiveness of the proposed strategy has been validated by the electro-
magnetic transient simulation results, and the operation risk under unipolar DC faults can be remarkably reduced, which can
be widely applied in the practical applications of de — icing devices.

Key words: unipolar DC fault; potential transducer (PT) saturation; DC de —icing device; neutral point voltage deviation
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Effect of Distributed Capacitance in Transmission Network on Negative

Sequence Directional Element and Its Countermeasure

Wang Yunhao, Liu Xianxu, Wu Jie
(State Grid Tianjin Chengxi Electric Power Company, Tianjin 300113, China)

Abstract; The distributed capacitance has effect on the stability of power system. The effect mechanism of distributed capaci-
tance on negative sequence directional element is analyzed in detail. The analysis results show that the distributed capacitance
will have a greater effect on negative sequence directional element when the transmission voltage decreases. Then, a novel
countermeasure based on the change trend of positive sequence fundamental current is presented. A lot of simulations with

PSCAD/EMTDC prove these conclusions to be correct.

Key words : transmission network ; distributed capacitance ; negative sequence directional element; positive sequence current
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Optimization Configuration of Dual BESS for
Suppressing Wind Power Ramp Event

Dai Changchun', Zhang Yifan®
(1. Anhui Electrical Power Dispatching and Communication Center, Hefei 230061, Anhui, China;
2 Hefei University of Technology, Hefei 230009, Anhui, China)

Abstract:In order to avoid the wind power ramp event and reduce the probability of wind power fluctuation, the synchronous
and asynchronous control strategies are proposed based on wind power ramp event and dual battery energy storage system
(BESS) to allocate the battery charge and discharge time rationally and optimize BESS parameters. The wind power ramp e-
vent is analyzed by considering the wind curtailment, and the life time and installation cost of the battery are optimized as well
as the penalty cost of wind curtailment and deficiency based on the improved particle swarm optimization algorithm (IPSO).
The simulation results show the accuracy of dynamic definition to the wind power ramp event, the effectiveness of the asyn-
chronous control strategy, and the economics of reasonable planning of wind curtailment.

Key words : dual battery packs; ramp event; configuration; improved particle swarm optimization
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HESES. TN TEHERS. A TE4E.1003 - 6954(2018)01 —0036 — 03

Application of Carrier Phase Shifted - SPWM to Continuous
Co - phase Power Supply System

Guo Xiaoyu
( Power Supply Department of Urumqi Railway Administration, Urumqi 830011, Xinjiang, China)

Abstract: In order to solve the problem that the harmonic content in output current ( voltage) of AC — DC — AC converter is
higher, carried phase shifted — sinusoidal pulse width modulation ( CPS — SPWM) method is proposed to improve the output
voltage waveform by taking cascade multiple single — phase inverter as output device. Then, the simulation model is estab-
lished in Matlab/Simulink. The simulation results show that the proposed CPS — SPWM can improve the power quality of trac-
tion power supply system efficiently, reduce the THD content of load voltage, and lower the peak voltage of power electronic
devices.

Key words: continuous co — phase power supply system; AC — DC — AC converter; carried phase shifted — sinusoidal pulse
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width modulation ( CPS — SPWM) ; total harmonic distortion ( THD)
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WS T —RERSHREFROLA AR T LES B FHTHEE R G TP 62 EF RS2
SESRIA) AR R A SRUL AT AR 1 5 S % BRI ; 4R Bl ik

FESEKS . TM403.2 TEFRER:B XE4HS:1003 -6954(2018)01 - 0039 - 05

Analysis of One 110 kV Transformer Winding Deformation
Fault and Disassembly Validation

Wu Bo', Ding Dengwei’, Tang Ming', Wang Jing', Zhang Jungiang', Tang Linkai'
(1. State Grid Mianyang Power Supply Company, Mianyang 621000, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: The defects found in the routine inspection of 110 kV three — winding transformer after power failure are introduced,
which provides a typical case of precise diagnosis for transformer. According to the data of electrical test and oilification test as
well as the live vibration test, a comprehensive analysis is carried out for the transformer. The results show that the medium
voltage side (35 kV side) of transformer suffers from the current shocking resulting in winding deformation, and it is verified

after disassembly. The accurate diagnosis of the transformer avoids a potential transformer accident, and the suggestions and

maintenance experiences for the routine inspection and live testing are also given.

Key words : transformer; winding deformation; frequency response; short — circuit impedance; vibration test
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Fault Analysis of 220 kV High - voltage Prefabricated Cable
Joint and Its Treatment

Liu Fenglian', Xue Zhihang', Deng Yuanshi', Zhu Ke', Zhang Hanyi*, Du Hao’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Chengdu Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract: The insulation breakdown of 220 kV high — voltage prefabricated cable joint, which occurs several times during the
trial line charging and AC voltage withstand test process, is analyzed. The comparisons of discharge channels, installation pro-
cedures etc. are done to find out the main reason of joint faults. After the disassembly of broken — down joints, similar features
are found. Discharge channels starts at the edge of semiconducting band which is winded around the metal connecting pipe,
and surface discharges on the main insulation of cable are found in each broken — down joint. The installation procedure in
critical parts is found to be changed, such as the expanding process of prefabricated cable joint and the treatment process of
metal connecting pipe. Based on these phenomena, it is concluded that the change of installation procedure in critical parts,
which leads to poor performance of the prefabricated cable joint after installation, is the main reason of insulation breakdown.

Key words : high — voltage cable; prefabricated cable joint; expanding process; fault analysis
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Research on the Mechanism of Partial Discharge in 35 kV GIL and

Improvement Scheme Based on Finite Element Modeling

Geng Chao, Xu Nan, Li Ning
( State Grid Shanghai Municipal Electric Power Company, Shanghai 200122, China)

Abstract: As the power supply intensity keeps growing in large cities, the gas — insulated metal — enclosed transmission line
(GIL) has been widely used in urban substations. Especially in the ultra — large cities such as Shanghai, GIL has gradually
substituted the traditional open — type bus benefited from its large capacity and smaller space demand. However, several par-
tial discharge faults have occurred on the support insulator during the operation. A finite element model is established and the
mechanism of partial discharge is simulated. With the calculation result, an effective improvement scheme is proposed. The
model simulation and practical implementation show that the improvement scheme can eliminate the partial discharge on sup-
port insulator, which can greatly improve the operation reliability of GIL.

Key words: gas — insulated metal — enclosed transmission line ( GIL) ; support insulator; partial discharge; finite element
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Analysis on Mal - operation of Reactor
Differential Protection and Its Strategy

Bao Shunxian', Han Anbing”,Li Hui’
(1. NR Electric Co. , Ltd, Nanjing 211111, Jiangsu, China;
2. State Grid Luzhou Electric Power Supply Company, Luzhou 646000, Sichuan, China)

Abstract: The behavior of reactor differential protection is analyzed when switching on shunt reactor at the low voltage side of
transformer, and it is pointed out that CT transient saturation is the root cause of triggering mal — operation. Applying ratio —
brake characteristic and second harmonic blocking can avoid mal — operation to a large extend, however, in the case of small
phase current and small brake current, the ratio — brake characteristic cannot play its due function. Furthermore, after CT sat-
uration, second harmonic in differential current is very low, which will cause second — harmonic blocking invalid. A new algo-
rithm is presented to avoid mal — operation caused by CT transient saturation. This algorithm makes use of the ratio of DC and

fundamental component to get a correction factor, and then get a corrected differential current. Theory and practice show that

Vol. 41,No. 1
Feb. ,2018

there is not any mal — operation of shunt reactor differential relaying since this new algorithm is applied.

Key words : shunt reactor; differential protection; transient saturation; mal — operation
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Analysis on Relationship between Circuit — breaker Failure

Protection Loop of Main Transformer and Delay Time Settings

Guo Xiaoming

(State Grid Tianfu New Area Electric Power Supply Compamy, Chengdu 610041, Sichuan, China)

Abstract ; There is a big difference in the circuit — breaker failure protection of main transformer in different substations due to
the differences of protection configuration and connection mode of secondary circuit. Maintenance personnel in the field and
protection value setting operators cannot understand the differences very well. The realization methods and characteristics of
circuit — breaker failure protection of main transformer are analyzed and compared based on the variety of protection configura-
tion schemes, and the setting delay of failure protection are discussed in detail, which can straighten the characteristics of fail-
ure protection loop and guide the setting work of relay protection.

Key words : main transformer protection; busbar protection; failure protection; setting delay
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Study on Effect of Hardware —in — the — Loop Real — time Simulation
Delay on Hysteresis Current Control for Grid — connected Converter

Zhou Honglin, Wu Xiaotian, Dai Tongzhen
( Central Research Academy of DongFang Electric Corporation, Chengdu 611731, Sichuan, China)

Abstract:In recent years, hardware — in — the loop ( HIL) simulation such as RT — LAB and RTDS are widely used in the re-
search of power electronic system. In order to keep the simulation accuracy, the main concern of researchers normally focuses
on the minimum simulation step size of the simulator, while neglects the role of input — to — output delay of the simulator. Ai-
ming at the grid — connected converter with hysteresis current control, the importance of simulator delay is studied. Through
theoretical analysis, simulation and experiments, it is found out that the delay of the simulator seriously affects the control per-
formance: it can apparently increase the hysteresis current band, reduce the switching frequency, increase the current THD
(total harmonic distortion) and therefore deteriorate the control. With the input — out — delay, even if the simulation step is
kept small, the simulation results are neither accurate nor trustable. With the increasing of switching frequency nowadays, oth-
er technical means should be adopted to alleviate the effect of delay rather than purely reducing the simulation step.

Key words : hardware — in — the loop ( HIL) simulation; real — time simulation; delay; hysteresis current control; grid — con-

nected converter
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Research of Modular Defect Elimination Technology
for Runner Chamber of Axial Flow Turbine

Xu Haibo, He Zhiping
( Dongfang Electric Machinery Co. ,Ltd. ,Deyang 618000, Sichuan, China)

Abstract : According to the requirements of repair cycle, and combined with the particularity and defect features of hydroelec-
tric power plant B, the defect elimination scheme for the runner chamber is formulated. Based on the thought of modulariza-
tion, the compensation block is proposed to eliminate the defects, which divides the runner chamber into multiple modules and

replaces those defective modules with the compensation block. And, the application of the proposed modular defect elimination

technology to the overall replacement process of runner chamber is studied.

Key words: axial flow turbine ;runner chamber; modularization ; defect elimination ; compensation block
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Analysis on Electromagnetic Vibration and Noise
of Hydraulic Turbine and Its Technical Reform

Liang Yugiang
( Dongfang Electric Machinery Co. ,Ltd. , Deyang 618000, Sichuan, China)

Abstract : Aiming at the excessive vibration and intensive noise of Fujian G power station, the force wave spectrum which cau-
ses electromagnetic vibration is analyzed based on the basic electromagnetic vibration theory, and the vibration amplitude is
calculated. The research shows that the fundamental reason that causes the vibration is the excessive harmonic and small size
of stator core yoke. According to the analysis results, the corresponding reform measures are proposed. The electromagnetic vi-

bration and noise are reduced obviously after the technical reform.

Key words: hydraulic turbine ; electromagnetic vibration ; noise ; harmonic analysis ;technical reform
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Transmission Expansion Planning Considering Adaptability
of Grid to Short - circuit Current

Chen Wei', Liu Ying’, Liu Xiaoyu’
(1. State Grid Sichuan Maintenance Company, Chengdu 610001, Sichuan, China;
2. State Grid Sichuan Economic Research Institute, Chengdu 610041, Sichuan, China)

Abstract: The power consumption grows with the social and economic development, so it needs a bigger and stronger power
system. As a decision — making work, transmission expansion planning influences the operational flexibility and the cost of
whole system. However, with the expansion of construction scale, the rapid increase of short — circuit current in transmission
network endangers the security and stability of power grid. An optimization model of transmission expansion planning is estab-
lished from the prospective of economy, which makes the calculation of short — circuit current more precisely by correcting net-
work impedance. The Garver — 6 bus system is used as an example to verify the feasibility of optimization model, and it proves
that a better and more economical planning scheme can be found after considering the adaptability of grid to short — circuit cur-
rent.

Key words: transmission planning; short — circuit current; gird adaptability
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Formulation of Black - start Scheme and Practical Decision Support System

Shi Huabo', Ding Lijie', Chen Gang', Yuan Guichuan®, Tang Lun'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. Sichuan Electric Power Dispatching Control Center,Chengdu 610041 ,Sichuan, China)

Abstract : Combined with the specific situation of Sichuan power grid,the black — start path generation method and the load re-
covery strategy in black startup are studied. A practical method for calculating load recovery quantity and recovery speed is
presented as well as the automatic checking technology of transient stability, overvoltage and other problems in the operation of
black startup. On this basis, a set of black — start scheme formulation and decision support system is developed. The proposed
system is used to formulate the recovery plan of Sichuan power grid, and gives the reference value of load impact and the rec-
ommended recovery strategy in the early stages of black — start in the system where black — start power supply is hydropower u-
nits.

Key words:black — start; scheme formulation; decision support; practical system
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Reliability Management System for Medium
Voltage Power Supply Based on Big Data

Chen Shanbing, Zhao Jing
( State Grid Yibin Power Supply Company, Yibin 644000, Sichuan, China)

Abstract ; The application of big data technology can greatly optimize the reliability management for medium voltage power sup-
ply of distribution network. The concept of big data and the analysis methods of big data technology in the field of electric pow-
er are introduced. A reliability management system for medium voltage power supply based on big data is developed: it can get
the information of power supply reliability for urban power grid and rural power grid. It can analyze the repeated blackouts rate
in one area (including repeated blackouts on lines and repeated blackouts of transformer districts) and the planned blackouts,
and can provide the quality services such as fault repair efficiency analysis for distribution network and power outage loss esti-
mation. The analysis results of the proposed system can provide a reference for the staff to improve the reliability of medium
voltage power supply.

Key words:big data; reliability management system for medium voltage power supply; repeated blackouts; quality service
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Active Distribution Network Planning Management

Serving Development of Urban Areas

Wu Huaibo, Chen Fei, Ren Zhilian, Chen Yang, Sun Lei, Xu Tao, Cao Dandan
( State Grid Huangshan Electric Power Supply Company, Huangshan 245000, Anhui, China)

Abstract : Under the background of " big planning" system by State Grid Corporation of China, and based on the urban distri-
bution network planning of Huangshan city, the problems existing in distribution network planning management are analyzed,
and the ideas of active distribution network planning management is proposed for the interconnection of municipal/power grid
and serving the development of urban areas. Based on the precise " gridding" planning method of distribution network, the ac-
tive planning management mechanism of three — dimension system with target, organization and strategy is established, which

can carry out distribution network planning with high efficiency and high quality. Finally, the innovation, accuracy and effec-

tiveness of the proposed planning management system is verified by the results of implementation.

Key words: distribution network ; planning; management system; gridding
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