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ABSTRACT

This paper proposes a finite element method (FEM) based on Mindlin plate theory for
analyzing the dynamic response of the functionally graded porous (FGP) plate. The FGP materials
with two-parameter are the power-law index (k) and the porosity volume fraction () in two cases of
even and uneven porosity. Some numerical results in our work are compared with other published to
verify accuracy and reliability of the proposed method. Moreover, the effect of geometric parameters,
material properties on the dynamic response of FGP plates is also fully investigated.
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TOM TAT

Bai bdo nay dé xuatphmmgphap phan tir hitu han (FEM) dya trén ly thuyét tam Mindlin dé
phan tich dap ung dong clia tam phan logi chirc nang co 16 rong (FGP). Vit liéu FGP véi hai tham
$6 la chi s6 mii thé tich (k) va hé s6 16 rong (&) trong hai truong hop phdn bé 16 réng déu va khéng
déu. Mot s6 két qua trong céng viéc ciia ching t6i dwge so sanh voi cdc két qua da cong bé trude
ddy dé xdc minh tinh chinh xdc va dé tin cdy cia phirong phéap dwoc dé xudt. Ngodi ra, anh hwong
cua cac thong $6 hinh hoc, tinh chat vt lidu dén dap vng dong cua tam FGP dwoc thuc hién.

Tir khoa: Phan tir hitu han; Tam cé 16 rong; Phén tich ddp iimg dong.

1. INTRODUCTION including aerospace, automotive industry, and

civil engineering. Some typical works can

In recent years, the FGP materials have
attracted great interest from many researchers
over the world. Basically, porosity reduces
the stiffness of the structure, however with
engineering properties such as lightweight,
excellent energy-absorbing capability, great
thermal resistant properties, etc, they still
have been widely applied in various fields

be summarized as Kim et al. [1] investigated
bending, vibration and buckling of the FGP
micro-plates using a modified couples stress
based on the analytical method. Chen et al. [2]
investigated the static bending and buckling
of the FGP beams by using the Timoshenko
beam theory. Rezaei and Saidi [3], [4] studied
the vibration of rectangular and porous-cellular
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plates based on an analytical method. The
vibration of the FGP shallow shells using an
improved Fourier method was examined by
Zhao et al. [5]. Recently, Tran et al. [6] studied
the dynamic response of FGP plates lying on
the EF using smooth-FEM. The FGP materials
have many different types, in this paper, the
authors use the distribution of porosity as
presented in [7].

According to the best of the authors’
knowledge, the dynamic response analysis
of FGP plates has been not published yet.
This motivates us to develop the eight-node
quadrilateral (Q8) element combine with
Mindlin plate theory to describe the stress-
strain and displacement field of FGP plates.
The obtained governing equation by using
Hamilton’s principle. The accuracy and
reliability of the present approach are verified
by comparing numerical results with other
publications. Moreover, the effects of geometry
parameters and material properties on the
dynamic response of FGP plates are examined.

2. GOVERNING EQUATIONS

2.1. The FGP plate

Let us consider an FGP plate as shown
in Fig. 1.
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Fig. 1. The FGP plate model.
(a) The FGP plate, (b) Even porosity,
(c) Uneven porosity.

The FGP materials with a variation of
two constituents and two different distributions
of porosity through-thickness are defined by

[7]:
Case 1: P(z)=P,+(P. - P)( +0, Sj —%(E,+Pm)(1)

Case 2: P(z):Pm+(13—Pm)(;+0,5j g(P +P) [ ||](2)

Where P is the effective material property.

kis the volume fraction index, & (& < 1) represents
the porosity volume fraction. Subscripts m and
¢ denotes the metallic and ceramic constituents,
respectively.

2.2. The plate element

In this article, the eight-node
quadrilateral plate element is used. Each node
has five degrees of freedom (DOF). The nodal
displacement vector can be defined by:

d.=[d] d] d] d] d] df d] di]' (9)
The displacements at the node
i (i=1+8) of element is expressed as

di:{um Vo Woir Pu (pyi} (10)

The displacements field in the plate
elementis interpolated through the displacement
node as

=N,d,;v,=N,d ;w,

Ve

N dg’¢t Nm‘de;(o) ¢’) 2(11)

Where N,,N,N ,N N, are the

x>
shape functions.
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N, =[NPOND LN NN =[NPONY LN N
N, =[NPOND LN ND; (12)
N, =[NPONE N NOTN, =[NPOND LN N
The element stiffness matrix is
determined by
— b s
K, =K +K; (13)

With K!,K: are the bending, shear
element stiffness matrices, respectively.

in which
A B][B
T T 1
B! BJ[B H}{Bzﬂdxdy (14)

S

SL’

K; = [ B]A'B,dxdy (15)
SF
Where
Nu,x N¢x,x N + N
Bl = Nv’y ;Bz = Nfﬁy,y ; B3 — |:NW,X . N(Px:| (16)
N, +N,, N, +N,,. mee

The element mass matrix is given by

M, = [ N'm Ndxdy (17)
SF
in which
N=[N] NI NI Nj N | (18)
', 0 0 I, O]
L 0 0 I
m, = I, 0 0 (19)
L 0
L 1y |
with (I, 1,,13) = fi;i p(1,z,z%)dz.

The element force vector is:

F. = j N Pdxdy (20)
SB

in there

P=[0 0 p 0 0] (21)

Hamilton’s principle leads to the motion
equation of FGP plates as follows:

Md+Kd=F (22)

Where M,K, F,d are the global mass
matrix, the global stiffness matrix, the global
force vector, and the global displacement
vector. If structural damping is included, the
equation of motion of plates is:

Md+Cd+Kd=F (23)

In which C=aM+ fKthe global
structural resistance matrix with «a, f are
Rayleigh resistance coefficients, which are
determined by the resistance ratio ¢ and the
first two frequencies (wl,a)z)[9]. In order

to solve this equation, we use the Newmark
method [9].

3. VERIFICATION PROBLEM

In this sction, the fully clamped (CCCC)
homogeneous plate with parameters a = b =
Im, h = a/10, E = 300 GPa, p = 2800Kg/m’
and v=0.3 is considered. The plate is subjected
to distribution sudden load p,= 10kPa. The
non-dimensional deflection is given by the

100ER’
12p,a*(1-v%)
response of the midpoint of the plate is shown
in Fig. 2, (integral time is Sms, and acting time
of load is 2ms). Observing this figure, it can

formula w" = w . The deflection
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be seen that the deflection response of the plate
center point is compared to [10] which uses
Meshless Petrov-Galerkin (MLPG) method
is similar in both shape and value. From the
above examples, it can be concluded that the
author's formula and program ensure accuracy
and reliability.

——Present
© Ref [10]
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Fig. 2. The deflection response of the plate center
point over time.

4. NUMERICAL RESULTS

In this section, we consider an FGP
plate with material properties are listed in Table
2. Fig. 3 shows the first four-mode shapes of
FGP (Case 1) square plate has geometric
dimensions a = b =1 m, h = a/10 and the
remaining material parameters k =1, § = 0.2.
It can be observed that the second and third
mode shapes are similar to each other. This is
suitable for the symmetrical plates under the
same supported conditions. It should note that
the dimensionless parameters of the FGP plates
are introduced by the following formulations:

3
w = 10, h w; Q=10wh / (24)
qO Em

(a) Mode 1

(c) Mode 3 (d) Mode 4

Fig. 3. The first four mode shapes of the SSSS FGP
(Case 1) plate.

(a) I"'mode, Q= 0.8237; (b) 2" mode, Q

=1.9794;
(c) 3%mode, Q.= 1.9794, (d) 4" mode, Q = 3.0546.

Next, authors consider a (ALO,/Al)
FGP nanoplate with geometric dimensions
a=b =1 m, h = a/25. The FGP nanoplate is
subjected to a uniform load p(t) over time as
follows:

—— (0<t<7,)
p(t)=q,.F(); F()= Tha (25)

0 otherwise

With g, is is uniformly distributed load
and 7,, =0.02 (s). The damping ratio in the
below examples are chosen as ¢ =0.05.

Fig. 4 presents the effect of power-law
index k on the displacement response of the
SSSS FGP (Case 1) plate with porosity volume
fraction & =0.2. It can be observed that power-
law index k increase makes reduce stiffness
of the plate leads to displacement increase.
Besides, rich-metal plate’s stiffness is smaller
than rich-ceramic plate’s stiffness.
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Fig. 4. The displacement response of the SSSS
FGP (Case 1) plate.
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Fig. 5. The displacement response of the CCCC
FGP (Case 2) plate.

Finally, Fig. 5 displays the influence of
porosity volume fraction on the displacement
response of the CCCC FGP (Case 2) plate with
power-law index k = 1. It can be observed that
porosity volume fraction & increase leads to
plate’s stiffness reduce, therefore displacement
response of the plates increase. It can also be
seen that, after the time of application of the
load, the displacement response of the plate
decreases gradually due to the consideration of
the structural resistance.

5. CONCLUSIONS

In this article, the dynamic analysis
of the FGP plate is studied by using the FEM
based on Mindlin plate theory. The obtained
numerical results of the present approach are
compared to other available solutions to verify
accuracy and reliability. From the proposed
formulation and the numerical results, we can
withdraw some following points:

- The mechanical parameters as well
as the porosity distribution of the FG material
effect significantly the dynamic response of
FGP plates. Specifically, the power-law index k
and porosity volume fraction § make decrease
the stiffness of plates.

- Vibrations are reduced after the time
the load is applied due to the consideration of
structural resistance.

- Numerical results in the present work
are useful for the calculation, designing of FGP
plates in engineering and technologies. %*
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