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ABSTRACT We have proposed a new setting of the elastic free boundary in numerical analysis of elastic waves by
FD-TD method. When we only let the stress be zero at the discretized points on the free surface, the velocity of the sur-
face acoustic wave does not correspond to the analytical theory. We found out that it is necessary to decrease the density

factors in the neighborhood of the points. This conception is interpreted by the analogy with electric distributed circuit

theory. Using this setting, we have successfully calculated a surface wave by FD-TD method.
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Setting of Free Boundaries in Numerical Analysis of Elastic
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Bl1 Fundamental unit of the 2-dimensional distributed cir-
cuit for an elastic wave. Here, the solid is assumed to be
isotropic and to be placed in a x—z plane strain filed.
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2 Setting of a free boundary in the analysis by FD-TD
method. The stress (— T) nodes are shorted and parti-
cle velocity nodes are opened at the free boundary.
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3 Fundamental distributed circuits of a 1-dimensional z—
direction compressible wave in a thin bar on the mobili-
ty analogy. (a) L-type circuit. (b) T-type circuit. (c)
m-type circuit. @ is particle velocity in the z direction;
— T3 compressible stress in the z direction; 533 compli-
ance; p density.
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4 L-type circuit element of the 2-dimensional elastic

wave shown in Fig. 1.

(a) In case the circuit contains the node at which com-
pressible stresses — T and — T correspond to vol-
tage.

(b) In case the circuit contains the node at which
shear stress corresponds to voltage.
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Bl15 The node, at which the voltage corresponds to particle
velocity @ in the z—direction, is constructed by the 2—
dimensional L-type circuits in Fig. 4.
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B16 New setting of a free boundary in the analysis by FD—
TD method. The proposed free boundary setting,
where the particle velocity nodes of L-type circuits are
opened.

d FiR T (3/4) xp24d (LFEBEA 3 D07 eh o T
5.) Lhth. T, HRHERONFEEMAZ,
KD X5eERLEhS.

p24d . ey
—4--2—A—t{w (G+1,0) —&" 2(i+1,0)}
=—[{-T5'G+1,1)}] (7)
3 24d . 20
TP?A—z{u G, 1) —a"7%G, 1)}
=—[{-T7'G+1, D}—{-T7'G—1, 1)}]
—H{—-7:G, 2}] (8)

—%, KN te, iR, BISSOEYEL
L, BIFEEMARZERE L O, H206UTO
Xy ERIhS.

pQ—A—d{w"(i-i-l, 0)—#""2(i+1,0)}

2A¢
=—[{-T5"'G+1, D}] (9)
2Ad Y =2
PE{u G, )= D}
=—[{—T1'G+1, D}—{-T7'G—1, D}]
—[{—737'G,2)}] (10)

Thbt, HREEHELONTFEES S0 L iDE
B, 23 p4d ¥ ETHD. - T, LIZEEK
TR AHGROBEERL, R4 TRELMEL Y
PAREL D, MEBOMBEEREX, (AF7FA+
BEE) H1/28 LB E B DT, EEAL T, 2
HHEE L, Bl hEB D EFRIZhS.

4. BERECH T EMERER OB

HHEEROBEREHREOERYERT 10D, B
24X, M710Y5kRECHELYT -, BHEIK
i, JERFVEELRSE L, AQ3AHRE, B8
B, A4¢ TR 1 ROBBERTHB. ATEXRDE

vial—vgv HIEHLIE

NI | -El ectronic Library Service



Japan Society for Sinulation Technol ogy

147
w 2r
ﬂ Free boundary \3", B nﬁ;ly‘f/ (@)

‘ . . ;.0 | k r\f‘!\u[l‘ AlY’M IM /‘\ J
3 | P e @M @
S | S 3 H

i X | -2-

g | 1 ® .
21 o | IF 2- -
y 2| iz . W
gl gl iz e 1" ()
I: | V4 © : gn .;\0 ! L y .;‘\ UA
: | E £ —xnd 200 h 400
g 600Ad J g = G
> S “1 -2 i
© L 2N __-:<1 ‘
% Absorbing boundary B8 Calculated results of the particle velocity # and @ on the

free surface, when one period sinusoidal particle veloci-
ties @y are induced on the free boundary. The time
period of the input signal is 100 4¢. Time step is 1200.
A number of discretized points on 2-dimensional field

7  Analysis model to confirm the validity of our proposal
on free boundary.

is 600 X 600.
B I R L R Lk B (a) 'g‘i;fr;;s. nodes are shorted on the free surface
(b) Particle velocity nodes 4 and @ are opened on the
cplcs cr/cs free surface shown in Fig. 5.
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