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Governing equation

( )2 2  ( ) 0,    k u x x D∇ + = ∈

ck /ω=
u : acoustic potential
k : wave number,                

: angular frequencyω 2∇

Helmholtz equation
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ikxW e
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c : sound speed              
D : domain of interest

:Laplacian operator

D
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Boundary integral formulation
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Degenerate kernel
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Degenerate kernel

2 2. . ( ) ( , ) 2 ( )G E k U x s x sπδ∇ + = −

Degenerate kernels:

Fundamental solution: (1)
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Vector decomposition technique for 
potential gradient

ζξ

ζ ξ−

(s, x) 1 (s, x)(s, x) cos( ) cos( )
2

U ULρ
πζ ξ ζ ξ

ρ ρ φ
∂ ∂= − + − +

∂ ∂

(s, x) 1 (s, x)(s, x) cos( ) cos( )
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Adaptive observer system
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Linear algebraic equation

{ } [ ]{ }U t T u=
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wherewhere

Column vector of Fourier coefficientsColumn vector of Fourier coefficients
(Nth routing circle)(Nth routing circle)

0B1B

Index of collocation circleIndex of collocation circle

Index of routing circle Index of routing circle 
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Explicit form of each submatrix [Upk] 
and vector {tk}
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Degenerate kernel Fourier series

Null-field equation

Algebraic equation
AX=0 or AX=B Fourier Coefficients

Potential

Analytical

Numerical

Adaptive observer system, decomposition of gradient vector 

Collocation point method Integral equation for domain point

Flowchart of present method

Stress 
concentration
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Image concept
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Stress concentration

The displacement field :

0u v= = ( , )w w x y=

s iw w w= +

31 31 31
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The stress components :
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Numerical example

Case1
Two circular cavities lie on the y-axis

Honein’s B.C.:
yw τ
μ

∞ =

We assume an incident SH-wave:

i ikxyw eτ
μ

=



Mechanics Sound Vibration Laboratory HRE. 
NTOUhttp://ind.ntou.edu.tw/~msvlab/ February 19, 2006 pp.23

0 1 2 3 4 5 6
q

-2

0

2

4

6

8

st
re

ss

angle=90
(k=0.01)

d=2
d=0.1
d=0.01

Honein’s data:
Stress around 
the smaller cavity

Numerical result 1

Present method (m=10)



Mechanics Sound Vibration Laboratory HRE. 
NTOUhttp://ind.ntou.edu.tw/~msvlab/ February 19, 2006 pp.24

Numerical example

Case2
A circular cylinder in an infinite space

0
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B.C.
t=0   on boundary
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Numerical result 2
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Numerical example

Case3
A cavity in the half plane subject to incident SH wave
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Numerical result 3
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Numerical result 3
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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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Thanks your kind attentions

You can get more information on our website.

http://msvlab.hre.ntou.edu.tw/

http://msvlab.hre.ntou.edu.tw/

	A Semi-analytical Approach for Dynamic Stress Concentration Factor of Helmholtz Problems with Circular Holes  
	Outlines
	Outlines
	Introduction
	Outlines
	Governing equation
	Outlines
	Boundary integral formulation
	Outlines
	Degenerate kernel
	Degenerate kernel
	Vector decomposition technique for potential gradient
	Adaptive observer system
	Outlines
	Linear algebraic equation
	Explicit form of each submatrix [Upk] and vector {tk}
	Flowchart of present method
	Outlines
	Image concept
	Stress concentration
	Outlines
	Numerical example
	Numerical result 1
	Numerical example
	Numerical result 2
	Numerical example
	Numerical result 3
	Numerical result 3
	Outlines
	Conclusions
	Thanks your kind attentions

