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ABSTRACT

A transfer matrix method has been developed to determine the more accurate natural frequencies

for the bending vibration of Bernoulli-Euler beam with linearly reduced width and a concentrated tip

mass. The proposed method can be computed an infinite number of the natural frequencies using a

single element. Using the differential equation,

shear force, and bending moment in which can be

deduced by the diverse variational principles, a transfer matrix is formulated. The roots of the differ-

ential equation are computed by the Frobenius method. The effect of the concentrated mass for the

natural frequencies of width-tapered beams is examined through a parametric study, and to show the

accuracy of the proposed method, the computed results compared with those obtained from commer-

cial finite element analysis program(ANSYS).
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Fig. 1 Notation and coordinate system
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Table 1 Properties of beam

Notation Description Value
FE Elastic modulus 200 GPa
Density 7850 kg/m3
L Length 0.8 m
by Width of cross-section 0.03 m
hy Height of cross-section 0.0l m
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Table 2 The first three natural frequencies: ¢=0, ¢

=0.5
Natural frequency(Hz)
Mode c=0, MC:Okiff c=0.5, MC:Oksff

iff. iff.
Present | ANSYS (%) Present | ANSYS (%)
12.740 | 12.763 | 0.178 | 15.636 | 15.660 | 0.154
79.842 | 79.925 | 0.104 | 85.222 | 85.300 | 0.091
223.56 | 223.55 |-0.005| 229.00 | 228.95 | -0.023

Table 3 The first three natural frequencies: ¢=0, M.

=1lkg
Natural frequency(Hz
Mode _q y(Hz)
c=0
number -

Present ANSYS Diff. (%)
1 7.170 7.157 0.175
2 61.070 60.970 0.164
3 187.07 186.93 0.075

Table 4 Effects of the taper ratio on the first three natural frequencies of beam with the same tip mass:

() ¢c=0.1, 0.2, 0.3 and M.=1kg

Natural frequency(Hz)
oS c=0.1 c=02 c=03
number
Present ANSYS Diff. (%) Present ANSYS Diff. (%) Present ANSYS Diff. (%)
1 7.157 7.148 0.123 7.176 7.165 0.148 7.179 7.168 0.142
2 61.691 61.623 0.110 61.167 61.093 0.121 61.276 61.203 0.119
3 186.81 186.79 0.010 186.99 186.94 0.025 186.92 186.88 0.022
(b) ¢c=04, 0.5, 0.6 and M.=1kg
Natural frequency(Hz)
Mode _ _ _
c=04 c=0.5 c=0.6
number
Present ANSYS | Diff. (%) Present ANSYS Diff. (%) Present ANSYS | Diff. (%)
1 7.171 7.161 0.130 7.157 7.148 0.123 7.135 7.126 0.121
2 61.539 61.468 0.116 61.691 61.623 0.110 61.862 61.792 0.113
3 186.83 186.80 0.017 186.81 186.79 0.010 186.83 186.81 0.009
(¢) ¢=0.7, 0.8, 0.9 and M.=1kg
Natural frequency(Hz)
Mode _ _ _
c=0.7 c=0.8 c=09
number
Present ANSYS | Diff. (%) Present ANSYS Diff. (%) Present ANSYS | Diff. (%)
1 7.100 7.092 0.114 7.048 7.040 0.104 6.967 6.960 0.092
2 62.032 61.964 0.110 62.177 62.110 0.108 62.200 62.137 0.102
3 186.88 186.86 0.009 186.92 186.91 0.005 186.78 186.79 -0.008
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Table 5 Effects of different tip masses on the first three natural frequencies of beam with the same taper ratio:
(@) ¢c=0.5 and M.=0.1, 0.2, 0.3 kg

Natural frequency(Hz)
Mode _ _ -
number M.=0.1kg M.= 0.2kg M.=0.3kg
Present ANSYS Diff. (%) Present ANSYS Diff. (%) Present ANSYS Diff. (%)
1 13.379 13.359 0.146 11.854 11.837 0.146 10.747 10.732 0.135
2 74.575 74.501 0.099 69.855 69.782 0.104 67.231 67.160 0.105
3 204.87 204.87 0.001 197.19 197.18 0.004 193.51 193.49 0.009
(b) ¢=0.5 and M.=0.4, 0.5, 0.6 kg
Natural frequency(Hz)
Mode M,=04k M.=05k M.= 0.6k
number o= Ui I ch IS cl: OICS
Present ANSYS | Diff. (%) Present ANSYS Diff. (%) Present ANSYS | Diff. (%)
1 9.900 9.886 0.134 9.224 9.212 0.131 8.670 8.658 0.132
2 65.568 65.497 0.109 64.420 64.349 0.110 63.581 63.510 0.111
3 191.35 191.34 0.008 189.94 189.92 0.009 188.95 188.93 0.012
(¢) ¢=0.5 and M.=0.7, 0.8, 0.9 kg
Natural frequency(Hz)
Mode
number M.=0.7kg M.=0.8kg M.=09kg
Present ANSYS | Diff. (%) Present ANSYS Diff. (%) Present ANSYS | Diff. (%)
1 8.204 8.193 0.130 7.806 7.796 0.125 7.461 7.451 0.127
2 62.941 62.870 0.112 62.437 62.366 0.113 62.030 61.959 0.114
3 188.21 188.19 0.012 187.64 187.62 0.013 187.19 187.16 0.015
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