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Cross-sectional view of the plant
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Fig. 2 Layout diagram of the on-site measurement

points of the pumping station plant
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Tab.1 Plant prototype test conditions
[VAS (VAR iR RAESE] /s AR/ He
1 K I JE R 100 256
2 HE A 100 256
3 kS 4 100 256
4 B ALZE B 100 256
5 L 100 256
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Fig.3 Three-dimensional finite element model of the
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pumping station structure
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Tab.2 Mechanical parameters of materials

MOB EE/(KNem*)  #APEER /(N mm Y AL

C30 28 3.0X10" 0.167
C20 25 2.0X10" 0.167
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Fig. 4 Z-acceleration power spectral density

at typical locations
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Tab.3 Typical position primary and secondary frequencies
and their principal pressure amplitudes
X Y A

EHCOUOR OWRE B R BEE W W M
/Hz /Hz /mm /Hz /Hz /mm /Hz /Hz /mm
KEZHM 66,68 83.41 15.286 33.34 58.38 18.599 66.68 33.34 87.681

TR 33.34 58.38 53.326 33.34 83.41 90,925 33.38 58.38 125.245
K 33,34 58.38 119.383 33.34 83.41 315.522 66.68 58.38 176,233
AHLZMA  83.40 66.68 12.926 83.41 33.34 14.052 58.38 66.68 102764

L 33.34 29,17 280.864 25.01 33.34 100,092 33.34 16.66 348,547
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Tab.4 The 20th-order natural frequency in front of the plant
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fi

i1y R 573 R 573 g B MR
% /Hz % /Hz % /Hz # /Hz
1 2.121 6 4.049 11 5.245 16 5.904
2 2.932 7 4. 304 12 5.426 17 6.010
3 3.075 8 4. 884 13 5.475 18 6.084
4 3.333 9 5.011 14 5. 544 19 6.357
5 3. 645 10 5.122 15 5.777 20 6.448
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Fig. 5 Typical order mode shape diagram of the whole plant
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Fig. 6 The first 10 natural frequencies of the local structure
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Tab.5 Root mean square and peak value of acceleration

at typical measurement points
FIIrf/ (mm » s~ ) WE{E/(mm + s %)

M

(ALY X Y Z X Y Z
KFEZMEM 17.21  11.34  76.87 56.68 43.23  286.53

gy 68.13 88.41 53.61 292.42 413.73 198,07
HKZE 81,03 95.21 100.69 423.67 456,92 512,37
HEHLZEER  27.28  15.52  99.97 132,17 62.58 423.12

EER N 41,94 47.09 67.67 192.77 185.52  297.48
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Tab. 6 The root mean square values of acceleration in three
directions in the pumping station building

Wl ATE EIE (mme s | WA AE IEE/ (mm e s )
Mg W x@ vmo ozm | ME OWE X ovE Z[
AFEE 1 1L18 155 6177 11 8168 83.76 90.31
Bl 2 1721 1134 76,87 12 106,63 110,48 112,78
324,42 1400 96.48 |HLHLZ 13 23.08 12.26 58.31
419.90 19.25 76.42 || #AL 14 27.28 15.52 99.97
FE 5 1877 8.36  45.41 15 59.95 21.13 68,25
6 68.31 88.41 53.61 16 18.03 25.78 68.45
7 83.82 141.80 58.56 || EHL 17 59.06 49.47 57.62
8 104.19 153.53  63.79 18 41.94 47.09 67.67
WAk 9 7190 26.84  73.53 19 18.51 47.15 78.71
10 81,03 95.21 100.69 20 48.82 57.31 67.79
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Tab.7 Grouping of monitoring points categories
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1 1 5 9 13 17
2 2 6 10 14 18
3 3 7 11 15 19
4 4 8 12 16 20
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Analysis of Vibration Characteristics of Powerhouse Structure Under

Pressure Pulsation Excitation of Vertical Axial Flow Pump
WANG Jian-kang', JIANG Qi*, ZHAO Yu'?, ZHANG Jian-wei’, LIU Xi-zhu®

(1. School of Civil Engineering and Transportation, North China University of Water Resources and Electric Power,
Zhengzhou 450045, China; 2. School of Water Resources. North China University of Water Resources
and Electric Power, Zhengzhou 450046, China; 3. Jinan Key Laboratory of Digital Twin and Smart Water

Resources, Shandong Provincial Water Resources Survey and Design Institute Co. , Ltd. , Jinan 250013, China)

Abstract: In order to explore the influence of pressure pulsation of the pumping unit on the powerhouse structure,
the powerhouse of Dayuzhang pumping station was taken for an example. Based on the prototype observation data, the
vibration source composition and vibration characteristics of powerhouse structure were analyzed using three-dimensional
finite element simulation. The safety of the structure was analyzed and evaluated from the perspective of structural reso-
nance check and vibration response. The results show that the hydraulic pulsation caused by RSI and the rotational
frequency excitation caused by the operation of the unit have the greatest impact on the vibration of powerhouse under the
stable operation condition of the unit, and the natural frequency of the local floor structure has a small degree of
coincidence, which is easy to resonate. However, from the perspective of vibration response. the vibration response of
each local part is within the allowable range, the outlet elbow and pump seat are the largest, and the pump floor slab is
the smallest. This study has important theoretical value and practical significance for realizing the long-term and safe
operation of the pumping station powerhouse structure.

Key words: prototype observations; modal analysis; resonance review; vibration response





