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Hydro-PV Complementary Generation System

XuYin', Wang Jiaxuan', Wu Xiangyu', Wang Sijia', Chen Gang’
(1. School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, China)

Abstract: To solve the ultra-low frequency oscillation problem (less than 0.1 Hz) in hydro-PV complementary systems
with a high proportion of hydropower, two oscillation suppression strategies are proposed. First, a damping torque
analysis was conducted for the open-loop model of the turbine and governor, where it was concluded that the nega-
tive damping effect of the turbine and governor is the leading cause of ultra-low frequency oscillation. Second, to
compensate for the negative-damping induced lagging, a series correction control method for the governor of the
hydropower units is proposed. The damping torque analysis proved that series correction could improve the damping
characteristics of the ultra-low frequency band. A series-correction optimal control parameter tuning model was devel-
oped by employing particle swarm optimization for finding the control parameters. Next, based on the ability of ac-
tive photovoltaic power to regulate the system frequency, an additional photovoltaic active power controller is pro-
posed. The motion equation and damping torque analysis of the generator showed that the additional photovoltaic con-
trol could increase the damping of the system frequency oscillation. Owing to the fluctuation of photovoltaic outputs,

the local adaptive adjustment coefficient was designed to adapt to the fluctuation characteristics of the photovoltaic.
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Finally, the actual hydro-PV complementary system simulation in PSCAD/EMTDC at a particular Sichuan Province

area was considered a test case. A series correction link was added to the hydropower units to compare and analyze the

system frequency. The suppression effect of the series-correction control on the ultra-low frequency oscillation was

discussed. By employing an additional active power controller to the photovoltaic system, the suppression effect on

ultra-low frequency oscillation was compared and analyzed under different proportions of reserved photovoltaic out-

put. The larger the reserved proportion, the better the suppression effect. However, the economics of photovoltaic

power generation should be considered to avoid wastage. The simulation results showed that the two control methods

presented in this paper have an excellent suppression effect on ultra-low frequency oscillation.

Keywords: hydro-PV complementary; oscillation suppression; damping torque analysis; ultra-low frequency oscil-

lation; water hammer effect
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MX SR 0.4 10
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Tab.2 Parameters of PID governor of the hydroelectric
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YIW HLu 2.0 1.0 0 0.2 1.5
HIQ Hiuk 1.5 0.8 0 0.2 2.0
MGQ HLuk 2.5 1.2 0 0.2 1.0
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