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Vibration Analysis of a Multi-Stage Rotating Shaft Shape
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ABSTRACT

This paper contains various vibration analysis of multi-stage shaft shape such as the bending,
torsional and axial vibration.The shaft system is modeled as Timoshenko beam with the transverse shear
and rotary inertia effect and the equation of motion is derived by Hamilton’s principle with considering
clamped-free boundary condition. Then, eigenvalue problem of discrete equation of motion for multi-stage
shaft model is solved and got results of the natural frequency through the numerical analysis. Obtained
numerical analysis results through Matlab program were compared with those of FEM analysis to verify the

results. This study suggests that design of shaft system be
bending vibration.
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Fig. 1 Geometry of multi-stage rotating shaft shape
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Tablel Dimensions and property of multi-stage shaft model

ry(m) | rp(m) | rz(m) | L(m)

Dimensions 0.0075 0.01 0.0125 0.182
E(N/m?) |G(N/m*) |p(kg/m*) kg
Property 200 x 10°| 90 x 10°| 7800 1.1
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Table2 Natural frequency results of
numerical analysis and FEM

FEM(Hz) Matlab(Hz) Error(%)
1 bending 233.23 236.55 1.42
2" bending 233.49 236.55 1.31
3" bending 1730.1 1779.8 2.87
4" bending 1731 1779.8 2.81
5" torsion 2312.1 2466.8 6.69
6" bending 5239.4 5451.6 4.05
7" bending 5247.4 5451.7 3.89
8" axial 5333.7 5490 2.93
9™ torsion 8238.2 8706 5.67
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Fig. 2 1* bending mode shape of multi-stage shaft model
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Fig. 3 2™ bending mode shape of multi-stage shaft model Fig. 6 5" torsional mode shape of multi-stage shaft model

Fig. 4 3" bending mode shape of multi-stage shaft model
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Fig. 5 4" bending mode shape of multi-stage shaft model
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Fig. 8 7" bending mode shape of multi-stage shaft model
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Fig. 9 8" axial mode shape of multi-stage shaft model
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