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Abstract

A finite element program for elastic stress wave propagation is developed in order to investi-
gate the shape of stress field and analysis the magnitude of stress wave intensity at time incre-
ment. Accuracy and reliance of the finite element analysis are acquired when the element size is
smaller than the product of the stress wave speed and the critical value of increasing time step.
In the finite element analysis and theoretical solution, the longitudinal stress wave is propagated
to the similar direction of impact load, and the stress wave intensity is expressed in terms of the
ratio of propagated area. The direction of shear wave is declined at an angle of 45 degrees
compared with longitudinal stress wave and the speed of shear wave is half of the logitudinal

stress wave.
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L Read : input data ]

[ Determine of injtial condition 1

L’l‘ime Time + Time step ]

| Read : stress in each node ]

| Zero setting of [M), [K] matrix and force vector () ]

I
l Calculate of Jacobian _I
T

Calculate element mass, stiffness matrix and force vector
[M), [KL (N

Formulation global matrix using Newmark-3 method
(K (0)iene = {F')ea

T
[ Boundary condition I

[ Gauss elimination ]

[Ca!culate displacement, velocity, acceleration and strain, stregl

Fig. 1 Flowchart of finite element analysis for stress
wave propagation
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Table 1 The geometrical shape and material properties of bar

Width (cm) | Length (cm) oung’ smodulus(E)| Density (o) Poisson’s ratio Stress wave speed
(Pa) (Kg/m?) (m/sec)
20.0 20.0 6.2x10" 2300 0.24 5200
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Table 2 The number of total node point and element used in finite element analysis for each element size

Element size Node number Element number
Case 1 lcmx1lcm 441 400
Case 2 2/3cmx2/3cm 961 900
Case 3 0.5cmx0.5cm 1681 1600
Case 4 0.4cmx0.4 cm 2601 2500
Case 5 1/3cmXx1/3cm 3721 3600
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200 [
175 F
15.0 F
E12.5 E
L S
100 F
s £
(2]
T? 7.5 E
> s0F
25 F
0.0 :lllllllllllllllllllllllllllllJIIlIllllL
00 25 50 7.53 10.0 12.5 15.0 17.5 20.0
X—dist. (cm)
(¢) Case 3
200
175 E /\
150 | N &£ =
c125 F N @
I o
100 [
s !
7] E
g 75 f Q&Q\
. I
> s0F X =
2.5 g‘ Qol\—mj
00 R [SRNEES NN NN RN AN E AN RN NN
0.0 25 50 7.5_ 10.0 12,5 15.0 17.5 20.0
X~dist. (cm)
(d) Case 4
20.0
175 E /—\
15.0 F 9 q
»
=125 F
I =
N C
100 [ ¢ q
- +
17} o
g 75k S
L )
> 50 F %Q’(
25 F Qo,\/-
D.O B IS NI RNV NS NN AN AN RN NN AN
0.0 25 5.0 7.5_) 10.0 12,5 15.0 17.5 20.0
X—dist. (ecm)
(e) Case 5
Fig. 2 Iso-stress contour of stress wave propagation

for each case at time t=19.2 usec (time step =

1.92 x 10-® sec)
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Fig. 4 Decrease of stress wave intensity for stress
wave propagation
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Table 3 The error percent of stress wave intensity for each element size

Element size Maximum error(%)
Case 1 lecmxlem 17.0
Case 2 2/3cmx2/3cm 9.9
Case 3 0.5cmx0.5cm 7.66
Case 4 0.4 cmx0.4 cm 5.28
Case 5 1/3cmx1/3cm 4.37
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Fig. 5 Visualized result of simulated stress wave!'®
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