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On a Finite Dynamic Element Method
for Free Torsional Vibration of the Beam

B. S. Yang and W. D. Yeo

Abstract

The traditional finite element method applied to dynamic problems employs shape functions

which are based on a static displacement assumption. The more exact approach uses

frequency-dependent shape functions and frequency-dependent mass and stiffness matrices.

Such matrices are developed for a torsional vibration of shaft element. Numerical examples

are presented for a cantilever beam.
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Table 1. Ratios of w/w,, for torsional vibrations of a fixed-free shaft

Frequency Number
! v [ e [ s [ 4 s ] e [ ] s [ 9 ] 10
1 s
) 10015 | 1.0687 —®—_¢rr_@—__¢v ______
(1,0259) | (19469 | LA A -
5 | L0003 [ 101911 10827 n=1.2 .10
(1.0115) | (1,1027) | (1.2002)
4 1, 0000 1. 0067 1, 0405 1. 0829 l¥ 1
(1.0064) | (1,0583) | (1.1535) | (1.1915) !
5 1, 0000 1. 0029 1. 0191 1. 0573 1.0792
) (1,0041) | (1.0373) | (1,1027) | (1,1811) | (1, 1815)
6 1. 0000 1. 0015 1. 0099 1.0323 1, 0687 1, 0746
(1.0029) | (1,0259) | (1.0719) | (1.1365) | (1,1946) | (1.1728)
7 1, 0000 1. 0008 1. 0056 1. 0191 1. 0443 1,0761 1. 0701
(1,0021) | (1,0189) | (1.0529) | (1.1027) | (1,1605) | (1.2001) | (1.1655)
8 1, 0000 1. 0005 1. 0034 1,0118 1. 0286 1. 0544 1. 0804 1. 0660
(1.0016) | (1,0145) | (1.0405) | (1,0792) | (1,1279) | (1,1769) | (1.2014) | (1.1594)
9 1. 0000 ) 1, 0003 1, 0022 1, 0077 1. 0190 1,0377 1. 0624 1. 0827 1. 0624
(1,0013) | (1.0115) | (1.0320) | (1.0627) | (1.1027) | (1.1479) | (1,1877) | (1,2002) | (1.1543)
10 1. 0000 1. 0002 1. 0015 1. 0052 1,0131 1. 0265 1. 0459 1, 0687 1. 0836 1, 0593
{1.0010) | (1.0093) | (1.0259) | (1.0508) | (1,0837) | (1.1228) | (1,1633) | (1.1946) | (1.1978) | (1,1500)

% Numbers in parenthesis represent values obtained from conventional analysis
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