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Abstract

A linearly tapered beam immersed partially in other material is considered and is modelled
as a linearly tapered Bernoulli-Euler beam fixed at the bottom with a concentrated mass at
the top. Its governing equations is derived and its free vibration analysis is performed
for various boundary conditions. And the rotatory inertia of the eccentric lumped tip mass
is considered.

The problem of determining the natural frequencies leads to an eighth order determinant.
The solutions of the frequency equations are obtained numerically. The non-dimensional
frequency parameters are given in tabular form and the influence of non-dimensional
parameters on natural frequency is discussed for various conditions.
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Table 1. Variation of frequencies with respect
to the dimensionless diameter(a) for n=1/3,
P0.1, 0.1, £=0.9704572

a 1st 2nd 3rd 4th
0[12]  3.85290 11.6712 48,3657 117.188
1.1 3.72670 11.0422 49.2710 121.124
1.2 3.63748 10.3744 50.1970 125.041
1.4 3.56543 8.94051 52,1959 132.881
1.5 3.59240 8.17545 53.2097 136.821
1.6 3.67800 7.36540 53.3077 140.778
1.8 4.45934 5.18988 56.6427 . 148.746
2.0 ~ - 59.1436 156.772
Table 2914+ &Y EAA7} a=1.2,
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Table 2. Variation of frequencies with respect
to the dimensionless immersed length(n) for
a=1.2, P=0.1, 0.1, k=0.9704572

n 1st 2nd 3rd 4th

0 3.63801 10.3800 50.7912 127.994
1/3 3.63748 10.3744 50.197 125.041
1/2 3.63435 10.3474 49,1211 124.462
2/3 3.62395 10.2918 48.5592 122.792

1 3.55053 10.1711 48,2438 121.216
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Table 3. Variation of frequencies with respect
to the dimensionless mass moment of inertia(P)
for a=1.2, n=1/3, @&0.1, £=0.9704572

P 1st 2nd 3rd 4th
0 4.34079 32.0600 93.9808 188.720
0.1 3.63748 10.3744 50.1970 125.041
0.2 3.12074 8.65819 49,7330 124.815
0.3 2.75551 8.03993 49.5790 124.740
0.4 2.48769 7.72850 49.5022 124.702
0.5 2.28272 7.54257 49,4562 124.680
Table 4. Variation of frequencies with respect
to the dimensionless moment(Q) for a=1.2,
n=1/3, ~0.1, k=0.9704572
Q 1st 2nd 3rd 4th
0 4.26055 10.7101 58.3841 134.931
0.1 3.63748 10.3744 50.1970  125.041
0.2 3.22128 10.2081 48.2950  125.416
0.3 2.91986 10.1095 47.2158 119,565
0.4 2.68914 10.0444 46.5218  118.449
0.5 2.50536 9.99819 46.0383 117.702
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Fig. 2. Variation of frequencies with respect
to the dimensionless diameter(a) for n=1/3,
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Fig. 3. First frequency with respect to the
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