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Influence of Axial Stress on Critical Rotational Speed of
Multistage Centrifugal Pump Rotor

Tian Yabin Qi Xueyi
(School of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The dry state critical speed of the rotor of the high speed multistage centrifugal pump of
3 x8 3/4 —10stg HSB was first calculated by means of the method of finite element and ANSYS software.
After that, the effects on the critical speed of the rotor impressed by the support stiffness, gyroscopic
couple, fluid softening effect, and mouth ring support, were computed respectively. Finally, the effect of
the axial stress on the critical speed of the rotor was computed. The results showed that critical speed of
the immersion rotor still existed deviation when only considering the fluid-solid coupling effect, and that
considering the effect of the axial stress on the rotor dynamic characteristics the first critical speed was
improved by 21% based on the fluid-solid coupling, and the ones of other order were also improved. It
illustrated that the axial stress had an important effect on the critical speed of the rotor system and could
improve the rotor stability.
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Tab.1 Natural frequencies of rotor with different bearing stiffnesses Hz
" SCANIEE/N-m ™!
514
5.6 x10° 5.6 x10° 5.6 x107 5.6 x10* 5.6 x10° 5.6x10"
—& 14. 65 43.20 84.83 96. 84 98.20 98.33
1y 50. 57 80. 94 184. 66 266. 39 276.78 277.71
=k 171. 89 181.96 251.73 2901.24 295. 28 295.78
g i 303.53 304. 34 316.52 353.19 353.19 353.19
x2 AEAHETEZERBEAERETFHERME
Tab.2 Natural frequencies of rotor with gyroscopic couple in various rotationl speeds Hz
Y3 /v« min ~!
(573 1 000 5000 7500 10 000
i 5l E#ES) 2 i# 5l E#ES) S i# 5l E#ES) B E#ES)
—Br 96. 76 96. 93 96. 42 97. 26 96. 22 97.47 96. 01 97. 68
—& 266. 12 266. 66 265. 06 267.72 264. 39 268. 39 263.72 269. 05
=M 291. 12 291. 36 290. 62 291. 86 290. 31 292. 18 290. 01 292.49
VY By 353.19 353.19 353.19 353.19 353. 19 353.19 353. 19 353.19
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Tab.3 Natural frequencies of rotor for various choma bearing stiffnesses Hz
S -1
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1.5 x10 1.5 x10 1.5 x10 1.5 x10
N J 97.12 114. 00 220. 65 289. 47
1E 98. 34 115.22 221.85 291. 13
— J 262. 18 268. 24 288. 64 353.19
iF 266. 12 272.10 290. 31 (%)
B i 290. 20 290. 48 326.42 366. 27
1E 292.03 292.39 330. 40 367.91
17y ik 353.19 353.19 353.19 567. 17
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The first three order mode shapes map of dry state
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Fig.2 The first three order mode shapes map of wet state
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Fig.3 Mode shapes map of axial tensile stress in wet state
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