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Vibration of plates

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

u is the lateral displacement
λ is the frequency parameter

4∇ is the biharmonic operator

Ω is the domain of the thin plates)1(12 2

3

2
4

ν

ρωλ

−
=

=

hED

D
h ρ is the surface density

D is the flexural rigidity

ω is the angle frequency

h is the plates thickness
E is the Young’s modulus
ν is the Poisson ration
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Field representation using RBF
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Data bank of RBF
Radial basis function 

(RBFs)
Radial basis function 

(RBFs)

Mesh methodMesh method

Globally-supported RBFsGlobally-supported RBFs

DRBEM
Nardini
Brebbia
1982

DRBEM
Nardini
Brebbia
1982

Method of 
particular integral

Ahmad & Banerjee
1986

Method of 
particular integral

Ahmad & Banerjee
1986

rr += 1)(ψ rCr −=)(ψ

Meshless methodMeshless method

Globally-supported RBFsGlobally-supported RBFsCompactly-supported 
RBFs

C.S. Chen

Compactly-supported 
RBFs

C.S. Chen

Volume 
potential
Volume 
potential

Method of 
fundamental 

solution

Method of 
fundamental 

solution
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(Potential theory)

The present method
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Imaginary-part 
fundamental solution
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Polyzos & Beskos

1994
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Displacement field of plate vibration
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2N is the number of boundary nodes
s is the source point
x is the collocation point

j and j are the unknown densities
P and Q can be obtained from either two 
combinations of U, , M and V
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Four kernels
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Imaginary-part fundamental solution
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Four kernels
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Operators
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True eigenequation

u(x)=0
m(x)=0

Simply-
supported 

plate
m(x)=0
v(x)=0

Free
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u(x)=0
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Clamped 
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B.C.
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Governing Equation
▽4u(x) = λ4u(x) , x Ω

Find interior modes

Game over

Flow chart of the present method for 
clamped case by using U and kernels
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Off-Diagonal term

Direct computation L’Hôpital’s rule
Invariant method

Diagonal term

Constructing the four influence matrices
[U], [Θ], [U ] and [Θ ]

SVD technique
[SM] = ΦsΣΨs

T

Plot det[SM] or plot σ1 versusλ.

Find eigenvaluesλ

Construction of [SM]
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Case 1:  Circular clamped plate 
using the present method

2 4 6 8
frequency parameter 

1e-249

1e-234

1e-219

1e-204

1e-189

1e-174

1e-159

1e-144

1e-129

1e-114

1E-099

1E-084

1E-069

1E-054

1E-039

1E-024

1E-009

1000000

1E+021

1E+036

de
t[

SM
]

Clamped circular plate
Using U,  kernels

T T T
T

T
T<3.196> <4.611> <5.906>

<6.306>
<7.144>

<7.799>

T: True eigenvalues

2 4 6 8
frequency parameter 

1e-249

1e-234

1e-219

1e-204

1e-189

1e-174

1e-159

1e-144

1e-129

1e-114

1E-099

1E-084

1E-069

1E-054

1E-039

1E-024

1E-009

1000000

1E+021

1E+036

de
t[

SM
]

Clamped circular plate
Using U,  kernels

S
<3.196> <4.611> <5.906>

<6.306>
<7.144>

<7.799>

S S
S

S
S

S: Spurious eigenvalues
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Case 2: Circular simply-supported plate 
using the present method

2 4 6 8
frequency parameter 

1e-231

1e-216

1e-201

1e-186

1e-171

1e-156

1e-141

1e-126

1e-111

1E-096

1E-081

1E-066

1E-051

1E-036

1E-021

1E-006

de
t[

SM
]

Simply-supported circular plate
Using U,  kernels

<3.196> <4.611> <5.906>
<6.306>

<7.144>
<7.799>

S S S
S

S
S

S: Spurious eigenvalues

2 4 6 8
frequency parameter 

1e-231

1e-216

1e-201

1e-186

1e-171

1e-156

1e-141

1e-126

1e-111

1E-096

1E-081

1E-066

1E-051

1E-036

1E-021

1E-006

de
t|S

M
|

Simply-supported circular plate
Using U,   kernels

T
<2.221>

<3.728>
<5.061>

<5.452>

<6.321>

<6.963>

<7.539>

T
T

T

T

T

T

T: True eigenvalues
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Case 3: Circular free plate 
using the present method

2 4 6 8
frequency parameter 

1e-193

1e-178

1e-163

1e-148

1e-133

1e-118

1e-103

1E-088

1E-073

1E-058

1E-043

1E-028

1E-013

100

1E+017

1E+032

1E+047

de
t[

SM
]

Free circular plate
Using U,  kernels

<2.294>

<3.011>
<3.499>

<4.529>

<4.640>
T

T: True eigenvalues

T <5.750>

<5.937>
<6.205>

<6.842>

<7.275>

<7.737>

<7.921>

T

T

T

T

T

T

T

T
T

T

2 4 6 8
frequency parameter  

1e-193

1e-178
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1e-148
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1E-058

1E-043

1E-028

1E-013

100

1E+017

1E+032

1E+047

de
t[
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]

Free circular plate
Using U,  kernels

<3.196> <4.611> <5.906>

<6.306>

<7.144>

<7.799>

S

S: Spurious eigenvalues

S S

S

S
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Mode 1  (λ =2.221)
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Mode 2  (λ=3.196)
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Mode 3  (λ =3.728)
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The degenerate kernels for interior and exterior problems:
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The eigenvalues of matrices
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Eigenequation for free boundary
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Comparisons of the NDIF and present method
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Circular clamped plate using different methods
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Comparisons of Leissa and present method
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Outlines

5. Conclusions

2. Plate vibration

1. Introduction

3. Derivation by Circulants

4. SVD updating terms
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SVD updating terms (clamped case)
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SVD updating terms (clamped case)
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SVD updating terms (clamped case)
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SVD updating terms (clamped case)
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The only possibility for zero determinant of [D]

at the same time for the same      .l
The common term is
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True eigenequation 
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Outlines

5. Conclusions

2. Plate vibration

1. Introduction

3. Derivation by Circulants

4. SVD updating terms
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Conclusions

True eigenequation can be extract out by using SVD 
updating term.

1.

2.

3.

Spurious eigenequation only depends on the adopted 
kernel function, while the true eigenequation is 
relevant to the specified boundary condition.

Since any two combinations of the four types of 
potentials, six options(    ) were considered.4

2C
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歡迎參觀海洋大學力學聲響振動實驗室
烘焙雞及捎來伊妹兒

http://ind.ntou.edu.tw/~msvlab/

E-mail: jtchen@mail.ntou.edu.tw
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Thanks for your kind attention

There is nothing more practical than 
the right theory.

Whether the theory is right or not 
depends on the experiment


