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Numerical Evaluation of Various Numerical Integration Methods

in Free Vibration Analysis

Song, Ju Han - An,

Dae Soon + Oh, Sang Jin * Park, Kwang Kyou

ABSTRACT

Numerical analysis is sometimes used to solve the problems in the engineering and

natural science fields. On this reason, the faster, more practical system in computing the

numerical solution is required. This paper deals with the numerical evaluation of various

numerical integration methods which is frequently used in the engineering fields. This paper

choices four integration methods such as Euler method, Heun's method, Runge-Kutta

method and Gill's method for evaluating the each integration method.

In numerical

examples, the free vibration problem on an elastic foundation is chosen. As the numerical
results, the natural frequencies and the running time are obtained, and these results are

compared to examine the practicality of integration methods.
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Table 1. Comparison of results by the end

constraints

End Frequency Parameter, p;
.| Method error

constraint P | b2 | P3| P4
Slosed | 987 | 3948 | 8883 15791 -
Hinged | Euler | 990 | 39.90 { 90.97 |164.81 | 2.04
hinged |Heun | 988 | 3958 | 8936 |15050| 0.50
Rk4 | 9.87 | 3048 | 8883 | 157.92| 0.00
Gill | 9.87 | 39.48 | 8883 |157.92| 0.00
Slosed | 1541 | 49.96 | 10425 | 17827| -
Hinged | Euler | 1548 | 5064 | 107.22 | 187.10] 2.40
clamped |_Fean | 1643 [ 50.13 110498 | 18041 | 059
Rkd | 1542 | 49.97 | 104.25| 17828 | 002
Gill | 1542 | 4997 | 10425 | 17828] 002
Stosed | 2237 | 6167 | 12090 {19986 -
Clamped | Euler | 2250 | 6269 | 124.91 | 211.01 | 1.98
clamped |_Beun | 2241|6193 1218920255 | 049
Rka | 22.37 | 61.67 | 12091 |199.88] 001
Gill | 2237 | 6167 | 12091 | 199.88| 0.01
Slosed | 352 | 2208 | 6170 [12000| -
Clamped | Euler | 352 | 2215 | 62.74 | 12491 | 156
fee | _Heun | 352 | 2206 | 6195 [121.88] 051
Rk | 352 | 2203 | 6170 [120.91| 0.17
Gill | 352 | 2203 | 6170 | 12091 | 0.17
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o] ate sk vlwsld 25% oluldl Uz,
I A#AL Runge-Kutta method, Gill's method,
Euler method, Heun's method, Euler's method
£MYS ¢ & A 53] Runge-Kutta method,
Gill's method= F&slo] Wf s 2HTL & & 3
th.

Tabl 2= ©AQA Y fol F< 34-34 KoM
ARA S EE HWIHANIEA dF
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st vingg zlojth. o] He| HAuke} o
FA ] A= 20% ololy, HEAE Runge-
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Table 2. Comparison of results by the foundation
parameter(simple ‘beam)

Foundation Frequency Parameter, p;
parameter Method error
Dr | D2 | D3| D4
(;izzefrf 14.05 | 40.73 | 89.39 [158.23] -
Euler | 14.07 | 41.13 | 91.52 [165.11] 1.96
k=100 [ Heun |14.05 [ 2083 | 89.91 |150.90( 047
Rk4 | 14.05 | 40.73 | 89.39 |158.24] 0.00
Gill | 1405 | 4073 | 89.39 |158.24| 0.00
sﬂﬁiiﬁ\ 1725 | 41.94 | 89.95 | 15855| -
Euler | 17.27 | 42.33 | 9207 | 165.42| 1.93
k=200 | Heun [17.25 | 42.03 | 90.47 |160.22] 046
Rké | 1725|4194 | 89.95 {15856 0.00
Gill |17.25 ] 4194 | 89.95 | 15856 0.00
ngifi\ 1994 | 43.11 | 90.50 |15886] -
Euler | 19.95 | 4350 | 9261 [165.72] 1.90
k=300 | Heun [19.94 4321 | 9102 [16053] 046
Rk4 | 1994 | 43.11 | 90.50 [158.87} 0.00
Gill | 1994 | 43.11 | 90.50 |158.87| 0.00
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Table 3. Comparison of computing time(sec)
with changing the number of divid-

ing element

Number of the dividing element
Method
51 101 151 201
Euler 3 4 5 7
Heun 7 12 17 22
Rk4 10 20 28 37
Gill 13 24 34 45
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