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Application of overall matrix method in operation stability analysis

for frequency regulation mode of hydropower stations

MA Anting', YANG Jiandong' YANG Weijia',
TANG Renbo', FENG Wentao’, HOU Liangyu'

(1. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China;

2. Guangdong Hydropower Planning and Design Institute, Guangzhou 510635, China)

Abstract: The operation stability is a key problem in design and operation of hydropower stations. In the
past, theoretical analysis based on transfer function method and numerical simulation were mostly used to
analyze the operation stability of hydropower stations. However, when the pipeline system is more complex,
such as a system with multiple generating units sharing a same pipeline, it is difficult to deduce the sys-
tem transfer function, and it is not easy to establish the simulation model and get a more accurate stability
region. The aim of this paper is to study the above problems. First, the expression of the impedance of hy-
dropower generating units is derived. Then, based on the analysis method of oscillation characteristics of hy-
draulic system, an overall matrix of the hydropower generation system is established, and the stability crite-
rion is applied based on whether the maximum damping ratio is smaller than zero. In order to verify the
method, two engineering examples are given in this paper. For a hydropower station with one generating
unit, the proposed overall matrix method is compared with transfer function method and numerical simula-
tion based on MATLAB/Simulink; for a hydropower station with four generating units sharing the same con-
duit, the proposed overall matrix method is compared with the numerical simulation based on MATLAB/
Simulink. The results show that the overall matrix method can accurately solve the stability region of the
complex system and can be adapted to various layout forms of hydropower stations by modifying the order
of the corresponding matrix arrangement of the system, which greatly facilitates the calculation and analysis
of the stability of hydropower stations.

Keywords: hydropower station; overall matrix; complex pipeline system; stability
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