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ABSTRACT

The mathematical modeling on the free vibration and stability of a multi-stepped shaft of turbo
compressor is performed in this study. The multi-stepped shaft is modeled as a non-uniform

Timoshenko beam supported by anisotropic bearings. It is assumed that the shaft is spinning with

constant speed about its longitudinal axis and subjected to a conservative axial force induced by

front and rear impellers attached to the shaft. The structural model incorporates non-classical features

such as transverse shear and rotary inertia. A structural coupling between vertical and lateral motions

is induced by Coriolis acceleration terms. The governing equations are derived via Hamilton’s varia-

tional principle and the equations are transformed to the standard form of an eigenvalue problem.

The implications of combined gyroscopic effect, conservative axial force, bearing stiffness and damp-

ing are revealed and a number of pertinent conclusions are outlined. In this study analytical results
are compared with those from ANSYS finite element analysis and experimental modal testing.
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Table 1 Material properties

Model SM45C

Density p 7850 kg/m3
Elastic modulus E 2.05+E11 N/m’
Shear modulus G 8.0+E10 N/m’
Poisson’s ratio v 0.29
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Table 2 Experiment results(natural frequencies) Mode number 2
Mode Natural frequency o
1st 1.9125 kHz
Mode sh R gy
2nd 4.9625 kHz oce shape ‘
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Mode number 1
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Table 5 Comparison of natural frequencies(Hz) of a
shaft without bearing

Mode |Experiment mzlgel Dif{s:/ze):nce FEM Difi‘i/rsnce
Ist | 1912.50 | 1975.05 | 3.29 % |1923.30| 0.57 %
2nd | 4962.50 | 5130.84 | 3.32 % |4976.80| 0.28 %
3rd 10450 [10947.10| 4.75 % | 10555 | 1.00 %

Table 6 Comparison of natural frequencies(Hz) of a
shaft, bearing stiffness included

K _=45x10° K, =25x10°
Tr Yy

Mode TB model FEM Difference
1st B 1566.365 1520.1 3.02 %
Ist F 1581.779 1534.4 3.06 %
2nd B 1760.031 1727.1 191 %
2nd F 1839.004 1800.8 2.16 %
3rd B 5642.092 5537.3 1.90 %
3rd F 6501.051 6359.9 223 %

Table 7 Comparison of natural frequencies(Hz) of a
shaft, bearing stiffness & damping included
(K, =45x10%,K, =25x10°,

vy

C,, =5x10",C,=7x10")

Mode TB model FEM Difference
Ist B 1598.553 Hz 1553.4 Hz 2.70 %
Ist F 1598.553 Hz | 1553.6 Hz 2.70 %
2nd B 1955219 Hz | 1950.4 Hz 0.25 %
2nd F 1955.219 Hz | 1952.8 Hz 0.25 %
3rd B 7996.026 Hz | 8081.3 Hz 1.05 %
3rd F 7996.026 Hz 8094.0 Hz 1.21 %
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