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ABSTRACT

In this paper a transfer matrix method is developed to solve for bending vibration of beam with

linearly reduced width, and subsequently used to

determine the exact natural frequencies for such

problems. The differential equation, shear force, and bending moment are derived from Hamilton's

principle, and the roots of the differential equation are computed using the power series solution of

the Frobenius method. The effect of various taper ratio for bending vibration of beam with linearly

reduced width is investigated in detail, and to validate the accuracy of the proposed method the re-

sults computed are compared with those given from commercial software(ANSYS).
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Fig. 1 Notation and coordinate system
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Table 1 Material properties

Notation Description Value
E Elastic modulus 200 GPa
p Density of beam material 7850 kg/m3
Length of beam 0.8 m
by Width of cross-section 0.03m
hy Height of cross-section 0.0l m

Table 2 The first three natural frequencies when ¢=0

Natural frequency (Hz)
Mode _
c=0
number
Present ANSYS Diff. (%)
1 12.740 12.763 0.178
2 79.842 79.925 0.104
3 223.56 223.55 -0.005
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Table 3 Effects of tapering on the first three natural frequencies when ¢=0.1, 0.2 and 0.3

Natural frequency(Hz)
Mode _ _ T
number c=0.1 c=02 c=203
Present ANSYS | Diff. (%) Present ANSYS | Diff. (%) Present ANSYS | Diff. (%)
1 13.157 13.180 0.175 13.635 13.658 0.171 14.190 14.213 0.164
2 80.638 80.719 0.101 81.535 81.616 0.099 82.565 82.645 0.097
3 224.33 22431 -0.009 225.21 225.18 -0.013 226.24 226.20 -0.017
Table 4 Effects of tapering on the first three natural frequencies when ¢=0.4, 0.5 and 0.6
Natural frequency(Hz)
Mode
—— c=04 c=05 c=0.6
Present ANSYS | Diff. (%) Present ANSYS | Diff. (%) Present ANSYS | Diff. (%)
1 14.845 14.869 0.159 15.636 15.660 0.154 16.615 16.640 0.152
2 83.771 83.849 0.094 85.222 85.300 0.091 87.041 87.117 0.088
3 227.47 227.43 -0.018 229.00 228.95 -0.023 231.00 230.94 -0.028
Table 5 Effects of tapering on the first three natural frequencies when ¢=0.7, 0.8 and 0.9
Natural frequency (Hz)
Mode
Nl c=07 c=0.8 c=09
Present ANSYS | Diff. (%) Present ANSYS | Diff. (%) Present ANSYS | Diff. (%)
1 17.870 17.896 0.147 19.558 19.587 0.147 21.996 22.027 0.141
2 89.455 89.529 0.083 92.964 93.037 0.078 98.918 98.986 0.069
3 233.81 233.74 -0.031 238.23 238.15 -0.036 246.81 246.69 -0.050
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