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Schematic diagram of pumped storage power station
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Fig.2 Stable domain and values of ¢’ (K, )
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Fig.3 Time responses and phase space

trajectories under 3 state points
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Stability Analysis of Pump Turbine Governing System

with Asymmetric Water Diversion System

ZHANG Nan',HAN Xuan', XUE Xiao-ming' ,ZHOU Jian-zhong’
(1. Jiangsu Key Laboratory of Advanced Manufacturing Technology , Huaiyin Institute of Technology , Huaian 223299, China;
2. School of Civil and Hydraulic Engineering, Huazhong University of Science and Technology , Wuhan 430074, China)

Abstract: Based on Hopf bifurcation theory, the stability of pumped storage power station considering asymmetric
water passing system is studied. Firstly, the mathematical model of the speed regulation system of the pumping and stor-
age unit of the one-pipe two-machine asymmetric water passing system with the upstream surge chamber is established.
On this basis, the Hopf bifurcation analysis is carried out to obtain the theoretical stability region of the speed regulation
system, and the dynamic response characteristics of the unit under different control parameters are analyzed to verify its
theoretical stability region. Furthermore, the multi-scale oscillation characteristics and its generation mechanism of the
dynamic response of a pipe double pump storage unit are revealed. Finally, the influence laws of flow inertia time con-
stant, turbine inertia time constant and surge chamber time constant on system stability are explored. The results show
that the Hopf bifurcation of the speed control system of the pumping and storage unit of the one-pipe two-machine asym-
metric overflow system with the upstream surge chamber is supercritical, and its stability region is determined by two bi-
furcation lines; The hydraulic interference between the surge chamber and the units makes the response characteristics of
the units show obvious multi-scale oscillation characteristics; Larger flow inertia time constant and smaller turbine inertia
time constant are beneficial to system stability, and the influence of surge chamber time constant on system stability pres-
ents saturation characteristics. The research results have important guiding significance for the intelligent control of pum-
ping and storage units and the design optimization of water passing system in power stations.

Key words: pump turbine governing system; upstream surge tank; asymmetric water diversion system; stability;

Hopf bifurcation





