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Physical and numerical resonance
Physical resonance Numerical resonance
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Exterior Acoustics Governing Equation
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Problem definition
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Principal of scattering superposition
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The numerical instability in dual BEM
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How to avoid the problem of fictitious 
frequency

Burton and Miller method

CHIEF method
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What is modal participation factor ?

Modal participation factor
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Modal participation factor for numerical 
instability

Continuous system
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Modal participation factor for numerical 
instability
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2. LM method

Modal participation factor for numerical 
instability

Null-field equation:

∫∫ ∈−=
B

i

B

i DxsdBstxsLsdBsuxsM ),()(),()()(),(0

πφρφφρφρ 20 ,  ),cos(
)(
)(

)(
)(),( 0

22
'

'

0
)1(

)1(

≤≤≥−+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= ∑

∞

=

amba
kaJ
kaJ

kaH
kHu mm

m

m

m m

m

Modal participation factor:

)cos( modewith 
)(
)(

)(
)(

0
22

'

'

)1(

)1(

φφρ
−+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
mba

kaJ
kaJ

kaH
kH

mm
m

m

m

m LL

[ ]

[ ]

[ ]

[ ]
⎪
⎪
⎩

⎪⎪
⎨

⎧

<−+−=

>−+−=
=

⎪
⎪
⎩

⎪⎪
⎨

⎧

<−+−=

>−+−=
=

∑

∑

∑

∑

∞

−∞=

∞

−∞=

∞

−∞=

∞

−∞=

m
mmm

e

m
mmm

i

m
mmm

e

m
mmm

i

RmkRJkYkiJRM

RmkJkRYkRiJRM
xsM

RmkRJkYkiJRL

RmkJkRYkRiJRL
xsL

ρφθρρπφρθ

ρφθρπφρθ

ρφθρρπφρθ

ρφθρπφρθ

)),(cos()()()(
2

),;,(

)),(cos()()()(
2

),;,(
),(

)),(cos()()()(
2

),;,(

)),(cos()()()(
2

),;,(
),(

'''

'''

''

'



12

Discrete system

Modal participation factor for numerical 
instability
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Modal participation factor for numerical 
instability

1. UT method
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Modal participation factor for numerical 
instability
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Modal participation factor for numerical 
instability

•The modal participation factor in the special case of a circular radiation
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Modal participation factor for numerical 
instability

2. LM method
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Modal participation factor for numerical 
instability

•The modal participation factor in the special case of a circular radiation
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Numerical examples
• Radiation problem

1. The radiation problem
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Numerical examples

2. The nonuniform radiation problem

Analytical solution:
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Numerical examples
• Scattering problem

1. Dirichlet condition
Analytical solution: 
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Numerical examples
2. Neumann condition

Analytical solution:
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Conclusion

1. We have proposed the concept of modal participation factor for 
numerical instability in the dual BEM for exterior acoustics.

2. The modal participation factor for both the continuous and 
discrete system were derived.

3. The irregular values depend on the integral formulation (UT-
Jn(ka)=0  or LM -J’

n(ka)=0) instead of B.C.(Dirichlet or 
Neumann).

4. The numerical results using the dual BEM program agree very 
well with the analytical solution and the DtN results except at kf.

5. Burton and Miller approach and the CHIEF method were 
successfully to deal with numerical instability.
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