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Literature review
1. Tai and Shaw 1974 (complex-valued BEM)
2. De Mey 1976, Hutchinson and Wong  1979 

(real-part kernel) 
3. Wong and Hutchinson (real-part direct BEM 

program) 
4. Shaw 1979, Hutchinson 1988, Niwa et al.  

1982 (real-part kernel)
5. Chen et al. (dual formulation, domain partition, 

SVD updating technique, CHEEF method)

Mathematical analysis of the true and spurious eigensolutions for free vibration of 
plate using real-part BEM -4



MSVLAB

Free vibration of plate
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True and spurious eigenvalues

Frequency parameter
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Boundary integral equations for plate eigenproblems
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Operators
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Kernel functions
Fundamental solution
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Mathematical analysis (Continuous system)
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Expansion formulae

)(]))cos()cos(()[,(]))cos()cos(()[,({0
1

0
1

0 sdBnqnppxsnbnaaxsU
n

nnB
n

nn ∑∫ ∑
∞

=

∞

=

++Θ+++−= φφφφ

)(]))cos()cos(()[,(]))cos()cos(()[,({0
1

0
1

0 sdBnqnppxsnbnaaxsU
n

nnB
n

nn ∑∫ ∑
∞

=

∞

=

++Θ+++−= φφφφ θθ

Degenerate kernel







>−

>−
=

∑

∑
∞

−∞=

∞

−∞=

ρρφφρλλρ

ρρφφλρρλ
λ

m
mm

m
mm

mIK

mIK
rK

)),(cos()()(

)),(cos()()(
)(0







>−

>−
=

∑

∑
∞

−∞=

∞

−∞=

ρρφφρλλρ

ρρφφλρρλ
λ

m
mm

m
mm

mJY

mJY
rY

)),(cos()()(

)),(cos()()(
)(0

Mathematical analysis of the true and spurious eigensolutions for free vibration of 
plate using real-part BEM -13



MSVLAB

Relationship
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Eigenequation
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Mathematical analysis (Discrete system)
For clamped circular plate(        and        )0=u 0=θ
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Circulant
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The properties of the circulant
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Eigenvalues of the four matrics
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Eigenvalue decomposition
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Determinant
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Eigenequation
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Spurious eigenequations using the real-part BEMs
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Flow chart for clamped plate using the real-part BEM
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Determinant v.s Frequency parameter
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Conclusions

1. A real-part formulation has been derived for the eigenproblem
of the clamped plate.

2. For a circular plate, the true and spurious eigenvalues and 
eigenequations were derived analytically in continuous and 
discrete systems. 

3. Since any two equations in the plate formulation (4 equations) 
can be chosen, 6 options can be considered. 

4. The occurrence of spurious eigensolution only depends on 
the formulation instead of the boundary condition.
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The End
Thanks for your kind attention
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