5520 % 55 2 ) EHEMEAR Vol. 20, No. 2

2026 4F 2 H SOUTHERN POWER SYSTEM TECHNOLOGY Feb. 2026
NXEHRS :1674-0629(2026)02-0001-10 hE S TM712 NHEARERG: A

DOI: 10. 13648/j. cnki. issn1674-0629. 2026. 02. 001

i+&EE.IJ|LBEﬁ§UE,]7k%E7‘I‘ZZEE ZHEERIEY
RExESRTREES

EARm!, RN, ZHE, KME, %ﬁﬂél EHEM?, E2FR°

(1. HF e RAFHRTE, S0 510663; 2. &M@ KFEEIEFR, B% 710049)

WE: A AW ARBGREIAR L ZERAASR N RAGH AR TR ERRATET L., G, FEBEELHN
HRE T RE FHERBOIR R Rk, A T8 gEd w8k T4 R R AT R LR o o R ey P kA
X Hk, RESDRINEFEEEZERERIIRAGBITAX, FHZERIRAEAE TR LR AT AR TR
MRS IEAF, RAFEGE T RARE ZARABR VIR A LML, KL B bp sFE ik 24 AR TR Hn
i, #mRET AR BRAZETIRATRIBENREBERNANETFE, RS, BIEMNRGFABIETEERR
HEAR GBI Y 0B E AR, B ITR TR AR ke A 2k

A B HLE, KEEAR A%, FRAARSE,;, HARFHBLN,; SHMEN

Transient Synchronous Stability Analysis of Hydropower and Photovoltaic
Integration System via VSC-HVDC Considering Current Limiting

CAI Dongxiaol, ZHAO Shixingz, LI Guiyuanl, ZHANG Yangz, HUANG Weihuangl, LI Jiapengz,
LI Yujun’
(1. Electric Power Research Institute, CSG, Guangzhou 510663 ; 2. School of Electrical Engineering, Xi’an Jiaotong
University, Xi’an 710049, China)

Abstract: A study is conducted on the transient synchronization stability of a hydropower and photovoltaic power generation system
transmitted via voltage source converter high voltage direct current (VSC-HVDC) considering current limitations. Firstly, accounting
for the current-limiting control strategies of photovoltaic inverters and flexible rectifiers during faults, a mathematical expression for
the active power output of hydro-generating units before fault clearance is derived based on Thévenin’s theorem. Secondly, leverag-
ing the equal area criterion, an analytical formula for the critical clearing angle of the transmission system is deduced. This critical
clearing angle served as a key indicator for evaluating the transient synchronization stability limit of the system. The influence of
parameters such as the saturation current angle of photovoltaic and flexible converter stations, as well as the hydro-photovoltaic power
ratio, on the transient stability of the transmission system is systematically assessed. Subsequently, an optimal control parameter tun-
ing scheme is proposed to enhance the system’s transient synchronization stability. Finally, time-domain simulations verify the ac-
curacy of the analysis on factors affecting transient synchronization stability and the effectiveness of the proposed optimal control
parameter tuning method.
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Fig. 2 Control structure of photovoltaic power generation
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Fig. 3 Output power characteristic curves of hydropower units
under steady-state conditions
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Fig. 6 Output power characteristic curves of hydropower unit
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