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Flapwise Bending Vibration of a Rotating Timoshenko Beam with

Transition Parameter”
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Abstract In different beam models, the contribution of axial force to shear force varies, and this charac-
teristic can be described by using transition parameter. This paper studies the influence of the transition
parameter on the flap-wise bending vibration of Timoshenko beams when rotational effects induce axial
centrifugal force. At the beginning of the study. the flap-wise bending vibration differential equations for
the rotating Timoshenko beam were derived, which considered the transition parameter. In the following
section, the differential equations were solved by using differential transformation method (DTM). At
the same time, the natural frequencies and mode-shapes of system were obtained. In the end, the effects
of transition parameter, rotating speed, cross section shape, and height-to-length ratio were discussed.
The results show that transition parameter has an impact on the natural frequencies and mode-shapes of
rotating Timoshenko beams, with a more significant effect observed at high rotating speed, thin-walled

cross section, and large height-to-length ratio.
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Fig. 1 The model for Timoshenko beam under axial
centrifugal force loading
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Fig. 3 Variation of the first three natural frequencies with
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Table 3 Variation of fundamental natural frequency with rotating speed 2 for beams of different cross sections
while «=0 and a=1 (A=0.2,L=1m,v=0.3,E/G=8/3)
Fundamental natural frequency / o

a  square Rectangle Cirde  Thinwalled
=0 a=1  a=0 a=1  a=0 a1

0 3.4078 3.4078 3.4108 3.4108 3.5111 3.5111 3.2131 3.2131

2 4.0182 4.0167 4.0212 4.0198 4.1318 4.1318 3.8227 3.8079

4 5.4295 5.4220 5.4329 5.4259 5.5775 5.5775 5.2109 5.1366

6 7.1472 7.1223 7.1515 7.1284 7.3497 7.3496 6.8892 6.6481

8 8.9739 8.9096 8.9793 8.9197 9.2418 9.2417 8.6798 7.9178

R4 a=0Me=1 NAEAEETREFHESEL A WENX(L=1m,/0=1,k=5/6,v=0.3,E/G=8/3)

Table 4 Variation of fundamental natural frequency with height-to-length ratioat A different rotating speed
while «=0 and «=1 (L=1m,h/b=1,k=5/6,v=0.3,E/G=8/3)

Fundamental natural frequency / w

A 6 8 10
"""" «=0  e=1  «=0  «=1  a=0  a=1
0 7.3604 7.3604 2568 9.2568 11. 2023 11. 2023
0.06 7.3386 7.3383 2262 9.2256 11. 1609 11. 1594
0.12 7.2766 7.2730 1414 9.1319 11. 0503 11. 0292
0.18 7.1833 7.1665 0196 8.9758 10. 8997 10. 8041
0.24 7.0696 7.0216 8784 8.7548 10. 7341 10. 4555
0.3 6.9452 6. 8408 7305 8.4564 10. 5663 9.7763
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Fig. 7 Variation of the relative difference RD with height-to-length
ratio A under different rotating speeds
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