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Analysis of Coupled Bending Vibration of the Pre-twisted Uniform
Timoshenko Beam using Transfer Matrix Method
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Table 1 Material properties for Euler beam g
Notation Description Value 3
EI, Bending stiffness of in-plane 5333.333Nm>
EI,, | Bending stiffness of out-of-plane 21333.33Nm? @
m The mass per unit length 6.28 kg/ m o 02 deimensiona?@ngth 08 !
L The length of beam 02 m
E elastic modulus 200 GPa Fig. 2 Fifth bending displacements for a
G Shear modulus 76.923 GPa twisted beam.(45 deg.)
ky, k. | Shear deformation coefficient 0.8496732
A The cross-sectional area 0.0008 m*
p Density of the beam material 7850 kg/ m?
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Table 2 The first five natural frequencies for a twisted

beam. (0 and 45 deg.)
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0, 45, 90 HIEY Z+& /A

e

(b) Fifth bending displacement of out-of-plane

d Natural frequencies (Hz) fih de sh b
Mode = = Fig. 3 Fifth mode shape given ANSYS
Number p=0 p=45 & pe g y
Present ANSYS Present ANSYS
1 404.52 408.01 406.39 409.10
2 791.09 795.52 774.80 778.46
3 74 =
3 242597 2446.00 2483.33 2500.80 = —
4 4268.19 4293.10 4131.65 4150.50
5 6385.56 6442.20 6593.04 6646.10 =
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Table 3 The comparison results between Bernoulli-Euler 016 2 ol Ao o o =
and Timoshenko theory. (90 deg.) A o dve S ANSYSSHe] HlWE Fdk]
3lo] 3 2= o]o)
Natural frequencies (rad/s) e T MMq—' _ N
Mode st D@ e F2E arE 4 I8 9% 5
umber
Present Bernoulli-Euler theory | Error(%) 9= " S A A EFA T
1 411.98 416.27 1.04 —
A ako 7} ol =X Ao
2 734.12 751.95 243 2) @] Lumped mass7h ofdl SRy AdS
=] S5 2~ o] o
3 2636.88 2844.29 787 T7FE F A WS AA ST
4 3840.18 4343.64 13.11 3) Agdde] SREAL AL ALEFrozH
5 7075.66 8460.55 19.57 =) 5
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