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Critical Speed Analysis of a Vertical Pump

0.S. Jeon - J.T. Kim - B.D. Lim

Abstract

A critical speed analysis of a pump shaft has been investigated. Among various methods in
the shaft critical speed calculation, a transfer matrix method has been examined in this

research.

After a brief review on the transfer matrix method, a modeling procedure for a continuous
structure has been discussed. Then, a critical speed of a multistage pump shaft has been
estimated up to several low modes. Throughout an analysis, parametric effects on the bearing
stiffness, a degree of the modeling order, and attachmant of the impeller have been

investigated.

As an application example, a critical speed analysis of a vertical pump which has been
implemented in domestic electric power plants for cooling water circulation has been
conducted in order to provide a safe operation as far as a pump vibration is concerned.
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Fig. 1 Element of a rotating part.
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Station No.: 16, Length: 2032 mm, Weight: 512.34 Kg.
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Fig. 3 Cross section of the rotor.

Rotor : Soft Bearing

#3 (5162 RPM)

#1 (1605 RPM)
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Fig. 4 Critical speed of the rotor: Soft bearing
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Fig. 5 critical speed of the rotor: Stiff bearing.

Table 1. Bearing stiffness effect on the critical

speed.
k=2x10° k=2X%10¢ Increment
Mod
°%% kg/mm kg/mm %)
1 1605RPM 1667RPM 3.8%
2 4302 4336 0.8
3 5162 5326 3.1
4 5698 6198 8.7
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Mode Shapes
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-

#2 (3356 RPM)

#1 (1132 RPM)
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Critical speed of the rotor after model
simplification : Stiff bearing.

Table 2. Critical speed of the simplified model.
(bearing stiffness : k=2 x 10°kg/mm)

Modes Critical Speed
1 1632RPM
2 3356
3 3734
4 5418
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Fig. 7 Critical speed of the rotor when an impeller is

attached : Soft bearing.

Rotor with Impellers: Stiff Bearing
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Fig. 8 Critical speed of the rotor when an impeller is
attached : Stiff bearing.

Table 3. Critical speed of a rotor attached to an

impeller.
Modes k=2x10°kg/mm k=2x10°%kg/mm

1 1169RPM 1169RPM

2 1316 1332

3 1894 2041

4 4973 5417
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Fig. 11 Critical speed of the pump shaft.
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