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ABSTRACT

In this study, a transfer matrix method (TMM) for a twisted uniform beam considering the effect

of rotary inertia is developed, and the differential equation and the displacements and forces are de-

rived from Hamilton’s principle. The particular transfer matrix is derived by applying the distributed

mass and transcendental function while using a local coordinate system. In addition, the results ob-

tained from this method are independent for a number of subdivided elements, and this method can

determine the exact solutions for the free vibration characteristics of a twisted uniform Rayleigh

beam. To validate the accuracy of the proposed TMM, the computed results are compared with those

reported in the existing literature, and the comparison results indicate notably good agreement. In ad-

dition, the method is used to investigate the effects of rotary inertia for a twisted beam.
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Fig. 1 Coordinate system and notation
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Table 1 Material properties for Euler beam

Notation Description Value
EL, Bending stiffness of in-plane 2869.7 Nm®
EI, | Bending stiffness of out-of-plane | 57393 Nm’

m The mass per unit length 34.47 kg/m
L The length of beam 3.048 m

A The cross-sectional area 0.001483 m’
p Density of the beam material 2700 kg/m3

Table 2 The comparison results between Euler and
Rayleigh theory

Natural frequencies(rad/s)
6=0 B = 40°
Mode|
Present Ref. (11) Present Ref. (11)
Rayleigh| Euler | Euler |Rayleigh| Euler | Euler
1 3.452| 3.453| 3453 3471 3471 3471
2 15.440| 15.442| 15.442| 13.340| 13.341| 13.341
3 21.638| 21.640| 21.640| 25.163| 25.167| 25.167
4 | 60.586| 60.594| 60.594| 56.358| 56.368| 56.368
5 96.685| 96.779| 96.779|103.173| 103.263 | 103.263
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Table 3 The comparison of the natural frequency of
a twisted blade obtained using different
numbers of elements

Natural frequencies(rad/s)
Mode B=0 B = 40°
1 element [100 elements| 1 element (100 elements
1 3.452 3.452 3.471 3.471
2 15.440 15.440 13.340 13.340
3 21.638 21.638 25.163 25.163
4 60.586 60.586 56.358 56.358
5 96.685 96.685 103.173 103.173

Table 4 Effect of stiffness ratio on the non-dimen-
sional natural frequencies of a Rayleigh
twisted beam, 3 = 0°

Non-dimensional natural frequency
r Mode
Ist 2nd 3rd 4th 5th 6th

1 2.269 | 2.269 7.365 7.365 | 13.890 | 13.890
10 | 2.636 | 3.693 | 9.177 | 11.155 | 17.982 | 19.270
20 | 2.734 | 4.114 | 9.780 | 12.382 | 19.384 | 21.107
30 | 2.789 | 4.365 | 10.145 | 13.121 | 20.240 | 22.244
40 | 2.826 | 4.546 | 10.409 | 13.658 | 20.864 | 23.082
50 | 2.854 | 4.688 | 10.617 | 14.082 | 21.357 | 23.750
60 | 2.876 | 4.807 | 10.788 | 14.434 | 21.765 | 24.308
70 | 2.895 | 4908 | 10.934 | 14.736 | 22.115 | 24.790
80 | 2.910 | 4.997 | 11.061 | 15.001 | 22.420 | 25.214
90 | 2.924 | 5.076 | 11.174 | 15.238 | 22.692 | 25.593
100 | 2.936 | 5.147 | 11.276 | 15.451 | 22.938 | 25.937
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Table 5 Effect of stiffness ratio on the non-dimen-

sional natural frequencies of a Rayleigh
twisted beam, 3=45°
Non-dimensional natural frequency

T Mode

Ist 2nd 3rd 4th Sth 6th
1 | 2269 | 2269 | 7.365 | 7.365 | 13.890 | 13.890
10 | 2.092 | 4.449 | 8.739 | 11.618 | 18.050 | 19.376
20 | 1.914 | 5276 | 9.280 | 12.930 | 19.848 | 21.085
30 | 1.785 | 5.707 | 9.775 | 13.590 | 21.246 | 21.985
40 | 1.685 | 5.932 | 10.282 | 13.968 | 22.417 | 22.595
50 | 1.604 | 6.040 | 10.790 | 14.199 | 22.857 | 23.632
60 | 1.537 | 6.081 | 11.283 | 14.350 | 23.094 | 24.663
70 | 1.480 | 6.081 | 11.748 | 14.461 | 23.250 | 25.617
80 | 1.430 | 6.058 | 12.172 | 14.560 | 23.351 | 26.492
90 | 1.386 | 6.021 | 12.541 | 14.670 | 23.414 | 27.288
100 | 1.347 | 5975 | 12.842 | 14.814 | 23.451 | 28.003

the non-dimen-
of a Rayleigh

Table 6 Effect of stiffness ratio on
sional natural frequencies
twisted beam, 3 = 90°

Non-dimensional natural frequency
T Mode
Ist 2nd 3rd 4th 5th 6th

1 2269 | 2269 | 7.364 | 7.366 | 13.890 | 13.890
10 | 1.656 | 4.502 | 9392 | 11.449 | 18.741 | 19.249
20 | 1.392 | 4.663 | 10.685 | 12.709 | 19.580 | 22.538
30 | 1.241 | 4.555 | 10.960 | 14.134 | 19.835 | 24.665
40 | 1.137 | 4.405 | 10.882 | 15.429 | 20.011 | 25.751
50 | 1.060 | 4.257 | 10.708 | 16.392 | 20.320 | 26.200
60 | 0.999 | 4.120 | 10.508 | 16.953 | 20.871 | 26.357
70 | 0.950 | 3.995 | 10.304 | 17.178 | 21.626 | 26.391
80 | 0.909 | 3.882 | 10.105 | 17.201 | 22.454 | 26.389
90 | 0.873 | 3.779 | 9.915 | 17.131 | 23.431 | 26.497
100 | 0.842 3.684 | 9.733 | 16.989 | 23.871 | 26.577
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