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Influence of variable speed pumped-storage unit operating speed
on load rejection transient process

ZHANG Wenke, ZHANG Jian, YU Xiaodong* , CHEN Sheng
(College of Water Resources and Hydropower, Hohai University, Nanjing, Jiangsu 210098, China)

Abstract: In order to analyze the influence of the initial running speed of the variable speed pumped-
storage unit on the load rejection transient process by adjusting the parameters of the guarantee, aiming
at the operation characteristics of variable speed pumped-storage unit, based on the theory of one-di-
mensional transient flow characteristic line method, the initial variable speed pumped-storage power
station running speed calculation and transient process simulation model was established, combined
with the engineering example, the influence of unit running speed on power generation efficiency under
different head operating conditions, and the influence of variable speed pumped-storage unit starting
running speed on water hammer pressure and speed rising rate under the accident load rejection condi-
tion were studied, and the reasons for those were explained. The results show that when the variable
speed pumped-storage unit is running at rated output under high water head and rated water head, with
the decrease of initial operating speed, the maximum speed rising rate increases after the accident load

rejection, and the water hammer pressure increases. The reason is that the change of initial speed of
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variable speed pumped-storage unit results in the change of torque and flow rate during the load rejec-

tion. The research results can provide reference for the selection of running speed and optimization of

maintenance parameters in the transition process of load rejection in similar projects.

Key words: variable speed pumped-storage unit; operating speed; load rejection transition process;

water hammer pressure ;speed rising rate
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Tab.1 Basic specifications for pumped-storage
power station
LA SR SO A SR SO A

H,/m 1 654.20 Hyy/m 1 240.00
H/m 1 654.00 n/(r+ min~!) 375.00
H,/m 1 625.00 P/MW 255.10
Hy/m 1 262.20 J/(t - m?) 5 600.00
Hyp/m 1 262.00
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Fig.1  Relation curve of initial operating speed and
the generation efficiency
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Fig.2  Variation process of the maximum volute pres-
sure, the maximum speed rising rate and mini-
mum tail water pressure under working
condition T1 at initial running speed
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Fig.3 Variation process of the maximum volute pres-
sure, the maximum speed rise rate and the
minimum tail water pressure under working
condition T2 at initial running speed
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Fig.4 Time-dependent curve of torque under T1 con-
dition at different initial operating speeds
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Tab.2 Steady-state calculation parameters at dif-

ferent initial rotational speeds under
working condition T1

ny/(r - min~!) n/% Qy/(m? - s71) 7o/ %
337.50 92.13 69.5 78.89
356.25 91.50 70.0 82.42
375.00 90.69 70.7 85.55
393.75 89.80 71.4 88.93
412.50 87.47 73.4 95.01
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Fig.5 Variation process of flow rate with time at dif-
ferent initial operating speeds under working
condition T1
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Fig.6  Variation process of volute pressure with time
at different initial operating speeds under
working condition T1
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