- FZFAA7EEA A 6 B A 4 & 1997, 12
ﬁi Journal of the Korean Society of Machine Tool Engineers

52 4

Mode Shape of Timoshenko Beam
Having Different Circular Cross-Sections

Oh Sung Jun”*

[ |

| Abstract |

shapes are continuous.

Natural vibration(Zf2 %), Vibration mode(A 2 $E)

The study suggests a method to analyze the vibration of the multi-stepped beam having the
different circular cross-sections. The rotatory inertia, the shear deformation and the torque applied at
both ends of the beam are considered in the governing equation. The complex displacement and the
variable separation are introduced to derive the solution of the equation of each uniform beam element
having constant cross-section. Then boundary conditions are applied to solve the total system. This
method uses the mathematically exact solutions unlike numerical method such as the finite element
method in solving the problem having the simultaneous differential equations of Timoshenke beam
theory. The natural frequencies and the corresponding mode shapes are precise, especially the mode
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Fig.1 Uniform beams having circular cross-section
(E=2100000kg,/cm*, 0=0.0078kg/cm®, v=0.29).
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Table 1. Comparison of natural frequencies

(T=0)
natural frequency (Hz)
. . This method
Euler theory (using Timoshenko theory)
1st 100.9 1st 100.6
model (a) | ond | 403.4 2nd 399.4
3rd 907.7 3rd 887.7
Ist 806.9 Ist 704.8
model (b) | ond | 3.227.4 | 2nd 2.204.9
3rd | 7.261.7 3rd 3.930.0
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Fig.2 Multi-step circular beam.

Table 2. Specification of model(Fig.2).

No. element Length(cm) | Diameter(cm)
1 3 4
2 17 5
3 10 4
4 10 6
5 10 5
6 10 4

(E=2100000kg/cm®, p=0.0078kg/cm’, v=0.29).
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Fig.3 Modes of natural vibration.
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Table 3. Natural frequency depending on applied
torque.

Natural Frequencies (rpm)
Torque

(kg.emr/s7)
gom th %Ah 3th Ath 5th

0~ 1000000] 16,120.1 | 66.354.6 | 145.334.8 | 253.943.3 | 367.958.8

10.000.000 | 16.116.1 | 66.392.8 | 145.347.3 | 253.987.5 | 367.958.6

1.000.000.000 | 15.790.5 | 68.239.0 | 145.860.2 | 256.272.0 | 367.786.3
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