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Abstract; Pumped-storage stations can store energy and generate power according to load fluctuations,
and play an important role as efficient and effective regulators in the electric grid. The safety and stability
of pumped-storage station are directly related to S characteristics of pump-turbines. When pump-turbines
reject their load, servomotor often fails with uncertain issues, thus leading to guide vane closing failure
and the unit will go into runaway operations with high rotational speed. Pump-turbine S characteristics,
however, will prevent unit parameters from converging to constants as normal Francis turbines, thus
aggravating the accidents with some harmful oscillations. This phenomenon occurred in pumped-storage
stations installed at the downstream surge tank was studied. The linearization method of pump-turbine
characteristics was adopted to gain the transfer coefficients of pump turbines. Then, a coupling
mathematic model composed of pump-turbines, conduits, surge tank and generators was established based
on matrix method. It was used to deduce the stability criterion of runaway operations. It can be concluded
that the runaway oscillation of pump-turbines was caused by a couple of factors, in which the slopes of
characteristic curves at the runaway point were dominated. Model tests were conducted on a model
pumped-storage station in the laboratory which is composed of nine sub-systems. The model data of
runaway conditions of two different pump-turbines were gained, and the conclusions of the theoretical
analyses were validated.
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Fig.1 Sketch map of a pumped storage plant
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