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Abstract. Composite material with polymer matrix - titanium particle is widely applied in
Vietnam, today. In this paper, the bending of thin polymer composite plate with Titanium par-
ticles under the effect of the steady temperature ficld is investigated. The paper has established
the boundary problem of a simply supported composite plate reinforced by particles under the
influence ot steady heat transfer process. Using the Navier’s method to solve the problem,
an analytic solution of the bending plate given in the form of double trigonometric serics is
obtained. Basc on the analytic result, a numerical test is done to find suitable material and
clarify the influence of the particles.
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I. Introduction

Today, polymer composite materials with Titanium particles are widely applied in Vietnam and
the world. In Vietnam, it is widely applied in shipbuilding industry, oil and gas pipeline, chemical and
mote¢ recently in bio-chips, as well as luminescent materials OLED.

Titanium particles have a signification role in improving physical and mechanical features of
materials. In [1], calculating stresses - strains of the composite pipe leading chemical and gas under
the effcet of unsteady temperature field was studied. In this paper, we studied the bending behavior
of the structure of polymer - titanium composite plate under stcady heat transfer condition.

Material components are considered homogeneous, isotropic. Titanium particles are mixed by
volumn ratio €.

Then, according to [2, 3, 4], we can completely determine the moduluses of elasticity, and
according to [5], we determine the coefTicient of thermal expansion of the composite material depending
on the properties of the material components and volumu ratio between them. Here, we choice the
fomulas determined in [4, 5], then, we get:
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is volumn ratio of the particles. G;, K, v,,a, (i = m, ¢ ) are the shear moduluses, the bulk mod-
uluses, Poission’s ratios, the thermal expansion coeflicients of the background phase, particle phase.

respectively.

2. Governing cquations

In [7], Since there is heat transfer through the thickness, so the heat conduction equation is:
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where, T4, 3, are the environmental temperature, the convective heat transfer coefficicnt, respec-
tively at z — —h/2; Ty, 3, are the environmental temperature, the convective heat transfer coefli-
cient,respectively at = — h/2; k is the conductive coeflicient of the material, and k = (1 — &)k, Eh

Let:
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Then, the boundary conditions (4) become {7]:
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According to Cauchy expression , thie strains of plates are determined as the following form {8, 9]
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where, 1, v, w denote displacements of the middle surface point along x, vy, z respectively.
Hooke’s law for the stresses - strains when there is temperature [8]
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Substitute (7) into (8), we get the relation of the stresses - displacements:
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Then, the momens and membrane forces are:
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The basic equations for determining the deflection of a plate are the equilibrium equations [6,
8, 9]:
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ported plate

ms (3), (6), we get the solution form:
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solution form:
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15)) into the expansions of Np, Mr in (12), integrate, and noticis of Ny, My in (12), integrate, and notice
= My.With the found forces and moments and (11) substituted intorces and moments and (11) substituted into

tomatically satisfied, the third equation has the form

DV2V2yw — NoV2w =0,

N b
V2 (Vzw—ﬁou,r) =0 .
ly supported plate:

52 o M,
k Bw - 0 =0, atedges r=0,7 = a.

9z " "oy ) T 1-v
921{! 82 1 ﬁ{{j
y? +U81'2) ~ iz =0, atedges y=0,y=0>0.

(350 5)r-
l(/82 d?\ Ny

dx2 ' 0y?) w_TD—w:f

r the boundary conditions as the following:

2

=0, 8—1520, at £ =0,z =aq,
Ay
82

-0, 2% _0, aty=0,y=0b

Ox?

1e third equation has the form

3 =0,

— =0, atedges y=0,y=0.

=0, atedges =0,z =a.

(17)

(18)

(19)

(20)



N.D. Duc, NTT. Ha / VNU Journa N.D. Duc, NTT Ha / VNU Journal of Science, Mathematic

Thereby, using the boundary conditions (2'hereby, using the boundary conditions (20), we ¢’ tain the bo

function f: . unction f: "
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From these above cquations, we obtain the rom these above equations, we obtain the unknown function f ir
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Then, the second equation of system (19) b&hen, the second equation of system (19) becomes:
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this is the equation for determining the deflechis is the equation for determining the deflection w of the plate. Bc
if w is expressed by Fourier series [8]: fw is expressed by Fourier series [8]:
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Substitute (22) and (23) into equation (21),3ubstitute (22) and (23) into equation (21), and since the equatiot
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Thus, we get the solution of the problem: Thus, we get the solution of the problem:
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where, a,,n is determined accordmg to (24 where, a,y is determined according to (24), the coefficients are ¢

4. Numberical result 4. Numberical result

To study a specific case, we conside To study a specific case, we consider composite plate wi.h
components having the characters respectivcomponents having the characters respectively as the following [

PVC matrix : E,, = 3.10°(Pa), vm PVC matrix : E,, = 3.10°(Pa), vy, = 0.2, o, = 8.1075/.
Titanium particle: E, = 100.10%(Pa Titanium particle: E, = 100.10%(Pa), v, = 0.34,ac = 4.8
Suppose that the plate has the leng Suppose that the plate has the length a = 2.25m, the w

0.02rn. The surrounding medium is air witl).02m. The surrounding medium is air with the convective heat tr
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temperature, respectively at (z = —%) are 8 = 60(W/m2.K), T} = 330°K and at (z — 1) are
Ba = 40(W/m?.K), T, = 300°K, respectively. Ty = 293°K..

Substitute the above data into the expression determining the deflection of the plate, and use
Matlab 7.1 for the calculation, the authors obtained the following results:
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Fig. 1. Deflection of the plate along the length (1)¢ = 0.1 (2)£ =0.15 (3)¢ = 0.2 (4)¢ = 0.3.

From the result on the figure expresses deflection of the plate along the length with specific
volumn ratio of Titanium particles under the influence of steady heat transfer through the thickness of
the plate (Fig. 1), it can be seen that when we mix Titanium particles with different volumn ratios,
Titanium particles has a significant effect on the bending behavior of the plate. When we mix particles
with volumn ratio less than or equal to 20% (£ < 0.2 ), then deflection at points of the plate decreases
and among the points is more uniform when the volumn ratio of the particles is increased. Thus,
with increasing volumn ratio (< 20% ), Titanium particles cause the plate increased the capability of
bending resistance, cracking resistance and heat resistance. But when the volumn ratio of particles
is 30% (£ = 0.3 ), then bending behavior of the plate has large change, the deflection at points of
the plate is large and among points has large difference. Therefore, when the particles are mixed
with suitable volumn ratio, Titanium particles play the signification role in increasing the capability of
bending resistance, cracking resistance and heat resistance.

5. Conclusion

The paper estabishted the boundary problem of a simply supported thin composite plate rein-
forced by particles under the influence of steady heat transfer process, from which solves the problem
and an analytic solution of the deflection of the plate given in the form of double trigonometric series
is obtained. '

Base on the obtained analytic solution, a numerical test is done to study the deflection of
composite plate made of PVC matrix material and Titanium particles. The obtained results confirm
that with suitable voluunn ratio, partticles play tlic signification role in increasing the capability of
bending resistance, cracking resistance and heat resistance of the plate.



N.D. Duc, NT.T. Ha / VNU Journal of Science, Mathematics - Physics 27 (2011) 77-83 33

Acknowledgements. This work was supported by Project code 107.02-2010.08 of the National Foun-
dation for Science and Technology Development of Viet nam - NAFOSTED. The authors are grateful
for this financial support.

References

(1]
21

(3]
(4]
(5]

6]
(7]
(8]
191
[10]

Nguyen Dinh Duc, Nguyen Thi Thuy, The composite cylinder under unsteady, axisymmetric, plane temperature field.
Journal of Science (Mathematics - Physics) of Vietnam National University, 2010

Nguyen loa Thinh and Nguyen Dinh Due, Composite materials - Mechanics and Technology, Technical and Science,
Hanoi, 2002.

Vanin G. A, Micro - Mechanics of Composite Materials, Kiev, Naukova Dumka, 1985.

Christensen R. M., Mechanics of Composite Materials, John Wilcy and Sons Inc, New York, 1979,

Nguyen Dinh Duc, Heang Van Tung, Do Thanh Hang, An alternative method determining the coclficient of thermal
cxpansion of composile material of spherical particles. Vietnam Journal of Mechanic, VAST, Vol. 29, No.1, (2007) 58.
Timoshenko. T, Krieger. S, Theory of Plates and Shell, Mc Graw-Hill Book Company, N.Y.,, 1959.

Kovalenco A. 1), The joundation of thermeoelastic, Kicv, Naukova Duwnka, 1970.

Dao Huy Bich. Theory of Elasticity, National University Publisher, [Tanoi, 2000.

Tran Ich Thinh, Composite materials - Mechanics and Calculated siructure, Education Publisher. [1anoi, 1994,
Naotake Noda, Richard 3. Hetnarski, Yoshinobu Tanigawa, Thermal stresses-2nd, Taylor and Francis, New York, 2003.



	The bending analysis of thin composite plate under steady temperature field

	Nmivcn [)inh Due' *, Nghiem Thi Tliu

	\ + {K,-K,r^)l{Km+'ịGrn) ’

	,2


	(5)



