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Fig.1 Charging and discharging operating
area of electric vehicles
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Fig.2 Control structure of electric vehicles parti-
cipating in a primary frequency regulation
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Table 1 Simulation parameters of power system
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Simulation analysis of arc extinguishing performance of

C,F,N/CO, gas with under impulse arc
WU Dong, CHEN Wengui
(Key Laboratory of Advanced Manufacturing and Automation Technology ( Guilin University of Technology) ,
Education Department of Guangxi Zhuang Autonomous Region, Guilin 541006, China)

Abstract ; Currently , the C,F,N/CO, hybrid gas is regarded as one of the most promising SF, substitutes. In order to explore the
arc quenching capabilities of the C,F,N/CO, gas mixture,a set of arc energy balance equations is developed in accordance with
the arc energy balance theory to determine the change law of overpressure within the arc-quenching pipe with time. In the
paper, COMSOL Multiphysics software is used to establish a two-dimensional magneto-hydrodynamic model of the arc quenching
structure of the pressure-explosive gas flow lightning gap,and the arc quenching characteristics of the different ratios of C,F,N/
CO, gas mixtures in the pipeline are simulated and analyzed in the condition that the amplitude of the lightning current is 4 kA
under the action of the impulse arc. Based on the above method, the change laws of conductivity, velocity and pressure are
analyzed in the model by combining the arc energy balance theory. When compared to the theoretical results,it can be shown
that 20%C,F,N/80%CO, extinguishes arcs more effectively than 10%C,F,N/90%CO, or 5%C,F,N/95%CO, does,while the
arc quenching time is in line with the specifications for air blowing to extinguish arcs.

Keywords: C,F;N/CO, hybrid gas; arc quenching capabilities; arc energy balance theory; magneto-hydrodynamic model;

impulse arc;arc quenching time
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Primary frequency regulation control strategy for electric vehicle

aggregation based on charging and discharging margin
WU Shengjun', CAO Lu*, CHEN Hao’, DING Haoyin®, JIA Yongyong', ZHU Xinyao'
(1. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China;
2. East China Branch of State Grid Corporation of China,Shanghai 200120, China)

Abstract: Aiming at the problem of insufficient primary frequency regulation resources of power grid in the future,an adaptive
control strategy based on charging and discharging margin is proposed for virtual energy storage of electric vehicle aggregation to
participate in primary frequency regulation of power grid. Firstly, regulatory and operating range of the electric vehicle is
analyzed. Secondly,the primary frequency regulation method of electric vehicle aggregation participating in the power grid is
studied. Considering the margin of charging and discharging time and state of charge (SOC) , charging and discharging margin
index of electric vehicles is designed. Then, an adaptive primary frequency regulation control strategy based on charging and
discharging margin is proposed to optimize the droop power of electric vehicles participating in primary frequency regulation,
which considers both requirements of primary frequency regulation of power grid and charging, discharging of electric vehicles.
Then , the primary frequency regulation capability of virtual energy storage in electric vehicle aggregation is evaluated by regular
update ,and the evaluation index of primary frequency regulation effect is proposed. Finally,through the simulation analysis of
regional power grid cases,the effectiveness of the proposed strategy in reducing the system frequency deviation and optimizing
the primary frequency regulation output of electric vehicles is verified.
Keywords : electric vehicle aggregation; virtual energy storage; primary frequency regulation; droop control ; adaptive control;

charging plans
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