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Fig.1 Topology and control block diagram of electrical spring
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Fig.2 Locus and range of steady-state network voltage
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Fig.4 Simulation results
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Analysis on Steady-state Operating Range and Off-limits Malfunction Mechanism of Electrical Spring

CHENG Yisheng', LU Zhengang®, WANG Keyou', ZHAO Guoliang® , HUANG Xin', LIU Jinsong®
(1. Key Laboratory of Control of Power Transmission and Transformation (Shanghai Jiao Tong University),
Ministry of Education, Shanghai 200240, China; 2. National Key Laboratory for Advanced Transmission Technology
(Global Energy Interconnection Research Institute), Beijing 102211, China;
3. Electric Power Research Institute of State Grid Shanghai Municipal Electric Power Company, Shanghai 200437, China)

Abstract: With the background and basic principle of the electrical spring (ES) described, the modulability of ES is analyzed at
length by the vector diagram method, and the operation range of the line voltage under which ES can work is investigated.
Besides, the malfunction mechanism is analyzed, and a new computational method for optimizing the specified value of critical
load voltage is found. When the line voltage changes in the range, the critical load voltage can be stabilized on the standard
value by ES, but when changes are beyond the range, the ES will break down, and the critical load voltage will deviate from
the standard state, or even the system can become unstable. Given the permissible fluctuation range of the critical load voltage,
the expanded safety regulation domain of the ES system can be obtained by optimizing the specified value of the critical load
voltage. Finally, the analysis results are validated by simulation and experiment results.

This work is supported by National Key Research and Development Program of China (No. 2016 YFB0900504) and State
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Key words: electrical spring (ES); steady-state operating range; off-limits malfunction; phasor analysis
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