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A Coupled Vibration Analysis for Large-sized Vertical Pumps and a Pumping Station

by Michiko SUGIYAMA, & Shuji YAMASHITA

The Finite Element Method (FEM) was used to predict vibration of large-sized vertical pumps, as well as that of the pump station
where they were to be installed. When such pumping stations have a structural foundation with low rigidity, vibratory problems such as
vibratory reaction between pumps, and increases in vibration, due to resonance caused by pump excitation frequencies and natural fre-
quencies of the foundation, tend to occur. The following discusses an actual case of coupled vibration analysis and the effective appli-
cation of resulting data in reinforcing the pumping station and installing additional pumps. The vibration levels of the pumps were
found to be well below the allowable limit and the resonance phenomena was prevented.
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Fig. 3 Seawater intake pump station
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Table 1 Pump specifications
HEER Y7 BERER v 7
Additional pump Existing pump
[
Number of pumps 2 2 2
£ (mm)
Discharge size ¢ 900 ¢ 700 ¢ 600
= 3 H
it L&k (m®/min) 147 715 50
Capacity
. (m)
Total head 17 21 50
. -
B 47 #EE (min™) 503 990 980
Speed
IR (kW) 550 355 560
Power

G @ FEBEMIRE & FEMEAICIIPE900 mm K v 72 H
AR L4
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Table 2 Natural frequencies by FEM eigenvalue analysis

E—F ACPIEB)E— F RYTRIRE—F RYTR2ZRE—F
Mode Horizontal mode 1st mode of pump floor 2nd mode of pump floor
il A7 R ) 2 %#@ 6.18 Hz 11.81 Hz 16.8 Hz
Natural frequecy Original
Py
R 7.'<ﬁ® 6.02 Hz 11.81 Hz 15.90 Hz
einforced
TN
Mode shape
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Fig. 5 Analysis model
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Fig. 6 Measurement points and FFT of actual vibration acceleration at the pump station
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Table 3 Results of frequency response analysis by FEM on original pump floor

Ry7 JERRIRAE | BERAR 7 IR O JRE) i ( umP-P) Ry JERZIRAE | BERR ¥ 7RI QR i ( wmP-P)
Pump Operating Vibration amplitude Pump Operating Vibration amplitude
condition with existing pumps driven condition with additional pumps driven
X Y VA X Y Z
HaEx ¢ 900-D x 105.48 14.46 6.35 HaRk ¢ 900-D @) 94.40 76.05 20.05
Additional | ¢ 9002 x 54.12 24.16 445 Additional | ¢ 900-2) @) 95.26 76.82 20.10
3 ¢ 700-D X 6.12 408 5.59 3 ¢ 700-D X 1353 6.92 13.24
Existing ¢ 700-2 @) 61.24 69.70 873 Existing | ¢ 700-2 x 8.76 0.46 841
¢ 600-D O 33.29 13.88 7.10 ¢ 600-D x 11.83 0.08 5.84
¢ 600-2 (@) 30.79 28.80 547 ¢ 6002 X 795 058 367
O : iz Operated X : {81 Stopped
R4 JHBEBUCEIRATA R GRS 1)
Table 4 Results of frequency response analysis by FEM on reinforced pump floor
Ry7 JERRTE | BERR 7 IR O HRE) i ( umP-P) Ry JERZIRAE | BEROR ¥ 7 IRFE O R ( wmP-P)
Pump Operating Vibration amplitude Pump Operating Vibration amplitude
condition with existing pumps driven condition with additional pumps driven
X Y VA X Y Z
HERx ¢ 900-D x 57.87 475 6.42 Hagk ¢ 900-D O 76.13 60.18 14.57
Additional | ¢ 9002 x 2749 1471 7.25 Additional | ¢ 900-2) O 76.66 60.53 14.65
X ¢ 700-D x 5.63 198 542 U % ¢ 700-D X 11.15 2.87 1131
Existing ¢ 7002 O 63.71 63.63 3.58 Existing | ¢ 700-2 x 8.05 0.18 791
¢ 600-D @) 45.50 29.13 745 ¢ 600-D X 11.16 0.34 5.63
¢ 600-2 @) 47.40 29.83 9.69 ¢ 6002 X 7.56 0.86 3.38

O : J#i#ix Operated X : {51 Stopped
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Table 5 Vibration amplitudes of additional pumps

Unit : umP-P
WExH AR T SR G A FEHME
(HEEER Y 7) Analysis results on vibration Measurement on vibration amplitude
Measured pump amplitude during actual operation
(Additional pump) X Y 7 X Y 7
B AR > 7 i ¢ 900-D 57.87 475 6.42 13.00 18.00 3.00
Exiting pumps
driven ¢ 900-2) 2749 14.71 7.25 7.00 11.00 2.00
BN 7 ¢ 900-D 7613 60.18 14.57 20.00 16.00 3.00
Additional pumps
driven ¢ 900-2) 76.66 60.53 14.65 10.00 15.00 5.00
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