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Abstract. On the basis of the thermoviscoelastic constitutive equation and classical Kirchhoff thin 
plate theory, the motion differential equation of viscoelastic rectangle plate is deduced. Then the 
expression of rectangle plate deflection under circle distributed dynamic load and temperature is 
deduced via Laplace integral transformation and triangular series methods. Results indicate that the 
deflection of plate increases gradually as the value of temperature increases. With the increase of time, 
the deflection enlarges too.  

Introduction 
Because of its low density and good mechanical properties, composite plate has been widely used in 
the automotive field, while these materials generally appear creep effect and stress relaxation property 
actually, it’s necessary to consider the viscoelastic characteristic in the study of the dynamic response 
of the composite material plate. 

An efficient numerical algorithm of the dynamic response of viscoelastic laminated plates 
composite plates under transient load was investigated by A. E. Assie[1] based on Mindlin-Reissner 
plate theory. Saeed Masoumi[2] used a multiscale method to analysis bending behavior of a laminated 
composite plate, while the differential quadrature method has been applied to investigate vibrations of 
viscoelastic thin plate with variable thickness by Yinfeng Zhou[3]. Raffaele Barretta[4] solved a 
viscoelastic equilibrium problems of isotropic viscoelastic functionally graded plate based on 
Kirchhoff plate theory in a closed form. Hong Liang Dai[5] based on von Karman nonlinear 
strain-displacement relationships and classical thin plate theory, then analyzed thermo-visco-elastic 
dynamic response of a viscoelastic composite thin narrow strip. 

The purposes of this paper are to investigate the dynamic response of viscoelastic plate under circle 
distributed dynamic pressure and temperature. The governing equation of a visco-elastic plate is 
established based on the Kirchhoff thin-plate theory and thermoviscoelastic constitutive model. 

Constitutive equation 
The constitutive model of the thermoviscoelastic in the two-dimensional are presented as [5]: 
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Where )(tE , µ , α  and )(tT  are stress relaxation modulus, Poisson's ratios, linear expansion 
coefficient and plate temperature field on the thin plate respectively. 

Stress relaxation function 
The Burgers model, which is shown in Fig.1, can reflect mechanical properties of viscoelastic 
materials well. 
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Fig.1 Burgers model 

The stress relaxation function )(tE  can be written as: 
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The dynamic equilibrium equations of the plate 
A Kirchhoff plate model under circle distributed dynamic load is shown in Fig.2, where a, b, h denote 
the width, the length and the thickness respectively. 

 
Fig.2 Rectangle plate model 

According to the Kirchhoff thin plate theory，strain components can be written as:  
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Moment equilibrium equation is given as 
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Where ),,( tyxF  is pressure, ),,( tyxW  is deflection of plate. Internal forces of plate xyyx MMM ,,  
and unit area density bm are defined as:  
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Where ρ , h  are, respectively, the density of plate and plate thickness. 
Apply the Laplace integral transformation on Eq. (3), Eq. (1) and substitute them into the Laplace 

integral transformation of Eq. (4), then we have 
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Where ),( szE  is the Laplace integral transformation of stress relaxation modulus. 
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Solution of equilibrium equations 

The boundary conditions for simply supported on four edges can be written as: 
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Circle distributed dynamic pressure ),,( tyxF is defined as: 
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Where )4sin(1.0)( ttf π= , r , ( 0x , 0y ) and ),( yxH  are, respectively, the average load intensity, 

radius of load distribution area, the center coordinates and Heaviside function. 
The triangular-series-form displacement functions which satisfy the boundary conditions are 

defined as: 
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Similarly, ),,( tyxF can be written as:  
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Substituting Eq. (7) into upper equation, then 
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Where 

dxdyyxG
A
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Where A is closed area of load surface.  
Substituting the Laplace integral transformation of Eq.(8) and Eq.(9) into Eq.(5), then we have 

( ) 







+

−
+

=

∫− b

h

hml

lm
lm

msdzzszEab

sfGsq
22

2

2
2

222

1
),(

)(4)(

µ
βα

                                                                      (12) 

Transforming Eq.(5) into Laplace integral form and substituting it into Eq.(8), then the transverse 
displacement of plate can be written as: 
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Numerical results and discussions 
The values of useful parameters are presented in Tab.1, Tab.2 gives the parameter value of Burgers 
model. 

Tab.1 The values of useful parameters                                 Tab.2 The parameter value of Burgers model 
Parameters Unit Value 

ρ  Kg/m3 2200 
h  m 0.02 
µ  — 0.25 

a , b m 0.5 , 0.5 
( 0x , 0y ) m (0.25 , 0.25) 

0r  m 0.1 

Fig.3 gives the deflection of the plate with different temperatures at circle distributed dynamic 
load. The temperature parameters are set as 20℃、35℃、50℃ and 60℃ respectively. 

The outcomes of the Fig.3 can be summarized as: (1) The higher the temperature, the greater the 
deflection; (2) Due to the creep characteristics, the peak value of plate deflection increase with the 
passing of time. 

0.0 0.5 1.0 1.5 2.0
-0.75

-0.50

-0.25

0.00

0.25

0.50

D
ef

le
ct

io
n/

m
m

Time/s

 T= 20°C
 T= 35°C
 T= 50°C
 T= 60°C

 
Fig.3 The deflections of plate at different temperatures 

Conclusions 
The presented paper establish governing equation of a visco-elastic plate based on the Kirchhoff plate 
theory and two-dimensional thermo-visco-elastic constitutive relation, then the dynamic response of 
plate is analyzed. The results show that the deflection is obvious as the temperature increases at the 
same harmonic excitation load. 
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Temperature 
(℃) 1E (Pa) 1η (Pa·s) 2E (Pa) 2η (Pa·s) 

20 4.0×108 3270860 1.30×108 74860 
35 3.0×108 1641530 0.58×108 111360 
50 1.2×108 1559750 0.60×108 54980 
60 1.0×108 1684650 0.45×108 34600 
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