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Simulation Analysis of the Vibration Causes of Underground Powerhouse in Pumped Storage Power Station

WANG Xue qian,ZH A O Lair hao
(College of Water Conservancy and H ydrop ower Engineering, H ohai University, N anjing 210098, Chi na)
Abstract: The three dimensional finite element analysis method was used to simulate the dynamic characteristics and dynamic re
sponse of two units in the main pow erhouse of the pumped storage pow er station. According to analysis results of the natural vi
bration frequency of the whole pow erhouse structure, natural vibration frequency of the partial structures, and t he staggered de
gree of main vibration frequency of the pow erhouse, resonance does not occur for the whole structure of pow erhouse, and the se
vere vibration of the powerhouse is caused by the resonance of the partial support components under the excitation frequency of
vibration source. With the comparative analysis of vibration acceleration distribution patterns obtained from the field tests and
the time history response of the finite element model, the main hydraulic vibration source stimulating the pow erhouse vibration
is the pressure pulsation between the rotor and the vanes. The frequency of pressure pulsation ( 100 Hz) is twice of the blade
overcurrent frequency. The analysis of the vibration causes of the pumped storage pow er station can provide references for the
antr vibration check during the design stage and vibration cause analysis during the operation period of the pumped storage pow-
er station.
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Fig.1 The finite element model grids of the No. 1 and

No. 2 units of the powerhouse
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Table 1 T he material parameters
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Table 2 Characteristic frequency of pressure fluctuation
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Table 3 Natural frequency of the whole structure of pow erhouse

3 RS [ puRs

A 1 2 3 4 A 1 2 3 4

1 2.959 16.257  18.068  25.406 11 32.358  36.707  38.078 44. 694
2 5. 181 24172 24.640  28.475 12 32.622 37929 39.012 45.200
3 16.411 26,014  26.718  31.690 13 33.240  38.605  39.659 46.475
4 23.394  28.853  20.583  34.044 14 34483 40.207  40.916 47.281
5 24770 29.432  30.231  36.024 15 34748 41.336  42.372 48.544
6 25.166  32.221 32.980  38.236 16 35.114  41.861 43111 49.010
7 27131 33.638  34.686  40.073 17 36. 117 42.947  43.956 49.207
8 27.574  35.050  35.355  40.679 18 36.400  43.815  44.597 49.357
9 20260  35.942  37.310  41.557 19 36.928 44399 45.729 50. 532
10 30.170  36.316  37.492  42.261 20 37150 45.743  46.650 51.017
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Fig.2 Comparison of the resonance staggered degree
of partial structure of powerhouse
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Fig. 3 Dynamic response in the X direction of partial structure
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Fig.4 Dynamic response in the Y direction of partial structure
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Fig.5 Distribution of vibration acceleration in the Z direction
of the field test points at the generator floor
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Fig. 6 Distribution of vibration acceleration in the Z direction of

the generator floor under the pressure fluctuation of vaneless region
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Fig. 7 Distribution of vibration acceleration in the Z direction of

the generator floor under the pressure fluctuation behind guide vanes

Fig. 8 Distribution of vibration acceleration in the Z direction of
the generator floor under the pressure fluctuation

in the hypothetical volute
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