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Vibration of plates

Ω∈=∇ xxuxu ),()( 44 λ
Governing Equation:
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Fundamental solution

The fundamental solution satisfies
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Field representation using MFS
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The other three kernels

)),((),( xsUxs θ=Θ ℵ
Displacement to slope operator

)),((),( xsUxsM m= ℵ
Displacement to normal moment operator

)),((),( xsUxsV v= ℵ
Displacement to effective shear operator
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Explicit forms for operators
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Displacement, Slope, Moment and Shear

∑ ∑

∑ ∑

∑ ∑

∑∑

= =

= =

= =

==

+=

+=

+=

+=

N

j

N

j
jjvjjv

N

j

N

j
jjmjjm

N

j

N

j
jjjj

N

j
jj

N

j
jj

sqxsQspxsPxv

sqxsQspxsPxm

sqxsQspxsPx

sqxsQspxsPxu

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

)(),()(),()(

)(),()(),()(

)(),()(),()(

)(),()(),()(

θθθ

Displacement

Slope

Normal moment

Effective shear



MM
SS VV

11

Department of Harbor and River Engineering, National Taiwan Ocean University

2004 International Conference on Computational Methods

Problem statement

a
a′ b

b′

Collocation point distribution (real boundary)

Source point distribution (fictitious boundary)
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Matching boundary condition

The clamped-clamped case is considered
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Matrix assembling
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Degenerate kernels for circular case
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Circulants

Discritization into 2N nodes on the circular boundary
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Circulants
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Eigenvalues
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Similar transformation 

By using the similar transformation
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Similar transformation
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True and spurious eigenequations
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Discussion of spurious eigenequation
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True eigenequation of clamped plate
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SVD updating technique
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SVD updating technique
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Burton & Miller method
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Numerical example
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Numerical result (U-Θ formulation)
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Burton & Miller method
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Conclusions

1. The mathematical analysis has shown that spurious eigenvalues
occur by using degenerate kernels and circulants.

2. The positions of spurious eigenvalues for the annular problem 
depend on the location of inner fictitious boundary where the 
sources are distributed. 

3. The spurious eigenvalues in the annular problem are found to be 
the true eigenvalues of the associated simply-connected problem
bounded by the inner sources. 

4. SVD updating technique and Burton & Miller method were used 
to filter out the spurious eigenvalues successfully. 

5. For the membrane case, one paper of EABE is in press. 
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Welcome to Mechanics, Sound and 
Vibration Laboratory

http://ind.ntou.edu.tw/~msvlab/
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The End
Thanks for your kind attention
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