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Fig. 1 Change process of voltage at grid-connection
point of renewable energy station
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Fig.2 Structure and equivalent circuit of renewable
energy station
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Fig.3 Frequency-domain characterisitic curves of
synchronous condenser with and without consideration of
excitation control
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Fig. 4 Frequency-domain characterisitic curves of
synchronous condenser in two control modes
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Construction Scheme of Voltage-supporting Renewable Energy Station Based on Distributed Synchronous

Condensers—Part One Mechanism Analysis

LIANG Beihua', XIE Huan', ZHAO Tiangi', LIANG Hao', HAO Jing', XIN Huanhai’
(1. State Grid Jibei Electric Power Research Institute (Flexible Resource-Network-Demand-Storage
Co-operation and Control Laboratory), Beijing 100045, China;
2. College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: The integration of distributed synchronous condensers into renewable energy stations can effectively improve the short-
circuit ratio index and the system transmission capability. However, the influence and quantitative evaluation of the control
characteristics of synchronous condensers on the voltage-supporting capability and the power grid strength are rarely studied. First,
this paper explains the requirements of the voltage-supporting function of the station throughout the entire process. Based on the
frequency-domain index, the difference in voltage-supporting capability of synchronous condensers with two strategies of voltage
control and cascaded reactive power outer loop control is compared and analyzed. It is revealed that the introduction of the reactive
power outer loop will cause the characteristic of the synchronous condenser at the low frequency to transform into that of the
current source, reducing the voltage-supporting capability of the system during the dynamic regulation process after fault clearance.
Next, a short-circuit ratio index for the entire process of a renewable energy station with synchronous condensers is proposed,
whose physical meaning is voltage sensitivity. This index can effectively describe the influence of different control strategies on
voltage stability at multiple time scales, which explains the adaptability of using subtransient reactance parameters of the
synchronous condenser to calculate operation limits. Finally, the correctness of the analysis conclusions is verified through RTDS
hardware-in-the-loop simulation.
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