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o Introduction

Finite difference method (FDM)
Finite element method (FEM)
Boundary element method (BEM)
Meshless method
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o Governing eguation

Woe'kx T / \ X

Helmholtz equation
(V2+k2) u(x)=0, xeD

u : acoustic potential c : sound speed
k : wave number, k=a/cC D : domain of interest
o . angular frequency VvZ:Laplacian operator
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® Boundary integral formulation

Interior case Exterior case

U(s,x) = —irHY (kr) /2

i oX T(s,3) = oU (s, X)
| on,

X D

o : i(s) = 851;5)

D* ;

27ru(x):fBT(s,x)u(s)dB(s)—fBU(s,x)t(s)dB(s), xeD

Null-field integral equation
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o Degenerate kernel

U'(xs)= Z A;(X)B;(s), x<s x (field point)
j

s (source point)

U(X,s) =+

UE(x,s):iAJ—(s)Bj(x), X>S
L j

X=(p, 9) O
Oz S = (R, 9)
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° Degenerate kernel

G.E. (V? + kU (X,S) = 276(X —S)
Fundamental solution: U (s, x) = —imrH® (kr) /2

Degenerate kernels:

U'(s,x):_—MiJm(kp)H:ql’(kR)cos(m(e—¢)),R > p
U(s, x) = 2 o

c Tl &
U* (s, X) ZTZ H®(kp)J (kR)cos(m(d - ¢)), p >R
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Vector decomposition technique for
potential gradient

True normal direction
\d

8u (x)

N = [ .M, 6:0u)dB(s) - [ L, (5 X)ts)dB(E), x €D

8u (x)

f M, (s, X)u(s)dB(s) — f L, (s, X)t(s)dB(s), x € D

Non-concentric case:
10U (s, X)

oU (s, x)er_

L (s,Xx) =
p(5:%) dp p  0¢

s
COS(E —¢+¢)

AT (5, %) —, L9T(s,X)
9 cos(¢ €)+p 96

M (s, x) =

wx§—<+o

Special case (concentric case): (= ¢

I_p(s,x):6U(s,x) M (5.X) = 8T(;s , X)
p
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o Adaptive observer system

X = (p, @) : Collocation point

R; : Radius of the jth circle

O, : Origin of the jth circle
B, : Boundary of the jth circle

7
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Linear algebraic equation

Uit} =[THu}

where Index_ of collocation circle
w o
Up| Uy - U r\r :[[0
[U] _ U:1o U:11 U:1N fty= tl }
Uwo U U /t?
Index_of routing circle <— Column vector of Fourier coefficients

(Nth routing circle)
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"

{tk}:

Ui (1)
Ui (¢,)
Ui (¢2)

Ui (9u)
Uk (Gawr) Ui (¢2M+1) Uk (¢2M+1)

Explicit form of each submatrix [U ]

and vector {t,}

Ui (1)
Ui (¢2)
Ui (¢2)

Ui (1)
Ui (¢2)
U i (¢5)

1C (¢2M ) 15 (¢2M )

Number of co[[ocatzon points

{

Py

)
SN Ve

Fourier coefficients
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Truncated terms of
F ourier series

Wig)
U s ()
u. v (¢3)

U (6)
U, 2 ¢ (02)
U, e (9253)

U Mc(gbzm) U MS(%M)
U Me (¢2M+1) U < (Do +1)
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: Stress

Analytical | coocation point method

___________________________________________ I

| Potential

>

Integral equation for domain point

Algebraic equation
AX=Oor AX=B
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Image concept

Eiﬁ.'(x sin ¥4y cos ¥)

Mechanics Sound Vibration Laboratory HRE.
RI@W /ind.ntou. edu. tw/~msviab/

gi'k{xsci.u?'—ymsr}
¥ e mmmm————

- . —
T St
eik{x s F+veos

February 19, 2006

pp.19



The displacement field :
U=v=0 w=w(x,Y)
The total displacement field :
wW=w +Ww

W :Woeik(xsinwrycosv)

The stress components :

ow
013 =031 = N&
OW
O3 =03 = ,Ufa_y
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Stress concentration

The total stress component :
S i
O3 = 03 1T 03
s i
O3 = O3 T 03

The shear stress components:

ow
Trz :M%
OW
oy :ME

= —04,SIN ¢ + 03, COS P
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o Numerical example

Casel
Two circular cavities lie on the y-axis

® © ® ? ® ® Honein's B.C.:
VY 7-

wW>* = 7y
7

We assume an incident SH-wave:

u

w = Y gik

7
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o Numerical result 1

Honein's data:

Stress around Present method (m=10)
the smaller cavity
; a5 ' dd'l-0.01| ------ : ’ -y
dla, =0.1 ~-—- d=2
do, =2 ——~ | — . tom
6r (jlf): ® 6 & @ 1 6
5 4 .
g
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-5 h'\ ‘;::.
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11N f
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° Numerical example

Case?2
A circular cylinder in an infinite space

. y . B.C.
S — . t=0 on boundary
Woe,i'*& B \'
.: —
—
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o Numerical result 2

Pao and Mow’s result: Present method (m=10)
o,, around the cavity

120° 90° 60°

180

! [ \ |
180° 0

the nondimensional stress:

* oy
Og; =

o) 0 270
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° Numerical example

Case3
A cavity in the half plane subject to incident SH wave

r'L.

r
e - ¥
¥ T
! Erk[: sin ¥+ v eos ¥
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O Numerical result 3

y=0 h/R=15
” - R w ]
=il ..
h/R=L 3" | 4
Fi " X \._
Lin and
. mi—‘— B Pt g}
Liu’s result i 5 e o
\“\\ I ,-’IJ g :
| 0 210

Present method
(m=10)
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O Numerical result 3

h/R=12

- i = |

Lin and
Liu’s result

Present method
(m=10)
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O Conclusions

We have successful proposed a BIEM formulation by
using degenerate kernels, null-field integral equation and
Fourier series in companion with adaptive observer
systems and vector decomposition.

The present method is seen as a “semi-analytical”

solution since error only attributes to the truncation of
Fourier series.

Therefore, the developed program of our formulation can
be easily applied to solve the problem.
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O Thanks your kind attentions

You can get more information on our website.
http://msvlab.hre.ntou.edu.tw/
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