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with N-unit connected to the grid by VSC-HVDC
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Table 2 The comparison of main oscillation modes
before and after line resistance is ignored
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Reduced-order method and oscillation risk assessment for
renewable energy with VSC-HVDC system

CHEN Hao, LI Zhao, DU Wenjuan, WANG Haifeng
(College of Electrical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Linearized modeling of large-scale renewable energy stations with a voltage-source converter-based high-voltage
direct current (VSC-HVDC) system faces significant challenges. These arise from the diverse dynamic characteristics of
generating units and the high system order. As a result, conventional modal analysis methods are often ineffective. To address
this issue, a reduced-order analysis method is proposed for the stability evaluation and oscillation source identification of such
systems. Renewable energy plants are equivalenced as multiple identical units. The equivalent systems are then reduced in
order, considering the dynamic interactions with the external system. System stability is assessed using modal analysis.
Oscillation sources are identified based on unstable modes. Dominant components are determined through participation factor
analysis. The proposed method is validated through simulation studies. It is demonstrated that the reduced-order approach
significantly lowers system order, reduces computational complexity, and effectively evaluates instability risks. Moreover,
system stability is enhanced by tuning parameters of the dominant components.

Keywords: renewable energy power system; voltage-source converter-based high-voltage direct current (VSC-HVDC);

wideband oscillation; identification of oscillation sources; homogeneous consistency; equivalent model order reduction
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