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Improvement of the finite element dynamic model by using exact
dynamic elements

Yong-Ju Cho, Jong-Wook Kim and Seong-Wook Hong

Key Words: Finite elements(f+3t 2.24~), Exact dynamic elements(d ¥ 3 52 Q4) Interpolation
function(E2.7t ), Discretization(©]4+3}), Laplace variable(2+Z 82 W)

Abstract

To improve the modeling accuracy for the finite element method, this paper proposes a method to

make a combined use of finite elements and exact dynamic clements.

Exact interpolation functions for

a Timoshenko beam element are derived and compared with interpolation functions of the finite
element method (FEM). The exact interpolation functions are tested with the Laplace variable varied.

The exact interpolation functions are used

to gain more accurate mode shape functions for the finite

element method. This paper also presents a combined use of finite elements and exact dynamic

elements in design problems.

design procedure with the proposed method.
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A Timoshenko frame with tapered sections is tested to demonstrate the
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Fig. 1 A uniform beam and the sign conventions.

Table 1 Specifications of numerical model 1
Property Data
Length, m 0.25
Thickness, m 0.025
Width, m 0.025
Young's modulus, GN/ mt 200
Poisson's ratio ( V) - 0.3
Shear coefficient (k) 10(1+ W/(12+11 )
Density, kg/ m° 8000
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Fig. 2 Variation of shape functions with changing
the frequency.
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Fig. 4 Numerical model 2

Table 2 Natural frequencies of numerical model 2
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Natural frequency(rad/s)
Mode # FEM Exact

1 12131.165 12121475

2 31254.974 31094.516

3 57179.990 56250.625

4 88657.826 85480.915

5 125378.351 117457.691

6 166881.102 151296.023

7 209336.743 186417.470

8 341185.243 222426.327
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Fig. 5 Comparison of mode shapes synthesized by
EDEM(A), FEM+EDEM(B) and FEM(C)
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Table 2 Specifications of numerical model 3.
Property Data
Length 75 m
pillar . X .
(tapered) Thickness top:1.5 m, bottom:2.5 m
Width top:4.0 m, bottom:5.0 m
Length L m
span Thickness 0.5 m
Width 4.0 m
Young's modulus 200 GN/m”
Poisson ratio( v ) 0.3
Shear coefficient(k) 10(1+ vy Y/(12+11 )
| Density 8000 kg/m’
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(a) single span system.
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(b) mesh

Fig. 6 Numerical model 3.
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Fig. 7 First six natural frequencies with changing the
length of span.
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