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ABSTRACT

In this paper, two finite element models were performed. The fiber and matrix represented as
two different materials in the first plate, while the second showed as a composite plate. The
boundary conditions included clamped the plates on four ends and the dimensions of the
composite plates were changed in this study. The finite element was performed and ANSYS
16.1 was employed in modeling. By comparing the results between the frequency ratio and
mode numbers for different plate thickness, the results showed that natural frequencies
calculated by these two model thickness of the (length/width) ratio will be more uniform and
the error will be small. The numerical equations that performed from this study used to

investigate the natural frequencies for longitudinal clamped composite plate.
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1. INTRODUCTION

Laminated composite plates are used as a main component in primary aerospace and aircraft
structures and marine structures because of their properties. Properties such as high specific
strength and stiffness, high fatigue and corrosion resistance have attracted researchers and
companies to use them instead of conventional materials. In the last few decades, the use of
composite materials has been increased significantly (Sharma and Mittal, 2010). Generally,
composite materials consist of two (or more) phases. The first one has is the strongest phase
which is call fiber. Fiber is used to reinforce the other phase which it is usually polymer.
Depending on the application and manufacturing process, fiber can be continuous or
discontinuous and longitudinal or randomly oriented in the matrix. The distributed fibers in the

matrix are used to transfer the loads to fibers (Gay et al., 2003; William and David, 2010).

Because of the requirement of high performance, the resonance behavior of the laminated
structures materials in aerospace structures have been studied by many researchers. For
example, Leissa (Leissa, 1973) studied the vibration of plate with various geometries. Crawly,
1979 showed experimentally the natural frequency and mode shapes of aluminum plates and

compared the results with finite element method.

Recently, finite element method have been employed in analyzing the engineering structure.
For instance, Reddy, 1979 used the finite element method to study the free vibration of simply-
supported plates. Han and Petyt, 1996 estimated the natural frequency of laminated rectangular
plates by extending the p-version finite element method. Also, different boundary conditions
are using to study the free vibration for rectangular plates by Hsu, 2003. Pandit et al., 2007
analyzed the free vibration of laminated composite rectangular plate using finite element
method. Sang and Sang-Hyun, 2008 proposed new analysis of vibration for simply supported
composite plates. Latheswary et al., 2004 investigated the free vibration analysis of laminated
composite plates in linear and non-linear. Akavci, 2007 examined the analysis of free vibration
for simply supported composite plates. Andrzej and Gawryluk, 2016 studied the modal analysis
for three composite blades and the results of natural frequencies and mode shapes were
compared with the modal analysis for the cantilever composite beam and the fixed rotor with
one composite blade. The free vibration analysis of composite plates with various boundary
conditions were discussed in several research using several mathematical techniques (Nayak,
2008; Alexander et al., 2012; Lopatin and Morozov, 2011).

In this project, two models are performed to calculate the natural frequencies of clamped

longitudinal composite plates with different dimensions. ANSYS 16.1 was used in analyzing
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these two models. In the first model, perfect bonding between fibers and matrix was assumed.
While, the equivalent mechanical properties of composite plate were taken into account. The
effects of dimensions of composite plate, volume fractions and mechanical properties of the

composite plates were studied in order to find the correction factor between the two models.

2. MATERIAL PROPERTIES AND VOLUME FRACTIONS

The mechanical properties of fiber and matrix that are used in this work are presented in Table
1.

Table 1. Fiber and Matrix Properties

No. Property Unit Fiber Matrix
1 E Pascal. 3.79E+11  1.70E+09
2 G Pascal. 1.55E+11  7.00E+08
3 v 0.35 0.3
4 p kg/m? 1440 1250

The effective mechanical properties of the composite plates depend on mechanical properties
of matrix and fiber. In order to calculate the equivalent mechanical properties, the following

procedure can be used (Gay et al., 2003):

1. The total volume fraction and the matrix volume fraction: in this work , the fiber volume
fraction changes from (10%) to (40%) by increasing the volume fraction by (5%) and
according to the following equation, the matrix volume fraction can be calculated.

2. Density of composite plate was found by using rule of mixture:
P = VmPm + Veps 2

3. The modulus of elasticity along the direction of the fiber (Eg. 3)

4. The modulus of elasticity in the transverse direction to the fiber axis was calculated
from Eq. 4,
E, = Ep, — 4
(=vp)+(52 o

5. Shear modulus of composite was computed from Eqg. 5,

e l—w)f(gr;)vf] 5
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6. Poisson Ratio was determined from Eq. 6,

6

According to these steps, the equivalent mechanical and physical properties of composite plates
for different fiber volume fractions can be listed in Table 2.

Table 2. The equivalent mechanical and physical properties of composite plates.

Fiber Matrix ~ Modulus Modulus Modulus of  Poisson

No Volur_ne Volume of of Rigidty Ratio Density

* Fraction Fraction Elasticity  Elasticity Gra(N/m?) p(kg/m?3)

v, V., Ex(N/m?)  E2(N/m?) 12 V12

1 0.1 0.9 3.94E+10  1.89E+09 7.77E+08 0.305 1269
2 0.15 0.85 5.83E+10 2E+09 8.23E+08  0.3075 12785
3 0.2 0.8 7.72E+10  2.12E+09 8.74E+08 0.31 1288
4 0.25 0.75 9.6E+10 2.26E+09 9.32E+08  0.3125 12975
5 0.3 0.7 115E+10  2.42E+09 9.98E+08 0.315 1307
6 0.35 0.65 134E+10  2.61E+09 107E+08 0.3175 13165
7 0.4 0.6 153E+10  2.82E+09 116E+08 0.32 1326

3. FIRST FINITE ELEMENT MODEL

In this model, the fibers and matrices were represented as two different materials which are

connected to each other by physical bond. Therefore, the mechanical and physical properties of

fiber and matrix are used instead of the equivalent mechanical and physical properties of

composite plates. In this model, the element Layer 99 is used and the number of layers depend

on the thickness of composite plate and generally the thickness of each element considered in

this work does not exceed 1 mm. In order to calculate the dimensions of this model and

according to fiber volume fraction, dimensions of plate (Ilength , width and thickness) and cross

section area of fiber, the number of fibers , the number of matrices and the width of matrices

can be calculated using the following procedure:

1. Calculating the volume of composite plate and the volume of one fiber using the

following equations:

Ve=LxWxt

Ve

_Yr
w_ﬁ_

=mrxL

7

8

2. Calculating the number of fiber (n) for any fiber volume fraction using the following

equation and assuming that the distance between any two neighboring fibers is constant

along the composite plate:

_ nxmr?sL _ nsmr?
LxWxt

Wt
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_ Vf*W*t

10

mr2

3. As maintained previously, the volume fraction of fiber and the width of composite plate
are given. Also, the center of fiber lies on the center of cross section area of composite
plate (i.e. lies at (t/2)). Now the number ,dimensions and number of layers of matrices

and the number of fibers can be calculated.

In this model, the size of element is one of the most important factor in order to get an accurate
result. Therefore, the suitable size of element is found for each volume fraction.

4. SECOND FINITE ELEMENT MODEL

In this model, the composite plate is represented as one material with equivalent mechanical
and physical properties calculated previously (see Table 2). The element Layer 99 is also used
in this model and the thickness of each layer in this model does not exceed (1 mm) as shown in
Fig. 1.

1
ELEMENTS

Fig. 1. Clamped longitudinal composite plates (V;= 0.25 V,,,= 0.75withL=0.3 x W =
0.3mandt =2 mm).

5. DIMENSIONS AND BOUNDARY CONDITIONS OF COMPOSITE PLATE
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The length and width of composite plates considered in this work are changed in order to study
the effect of dimensions of plate on the natural frequency. On the other hand , the thickness of
plate is changed and its values are (2 ,3 , 4 and 5) mm. These dimensions of plates can be

summarized in Table 3. The clamped of the four ends of plates is the boundary condition used

in this work.
Table 3. Dimensions of Composite Plates.
No. Length (m) Width (m) Thickness (mm)
1. 0.1 0.1 2,3,4and 5
2 0.1 0.2 2,3,4and 5
3 0.1 0.3 2,3,4and 5
4. 0.2 0.1 2,3,4and 5
5. 0.2 0.2 2,3,4and 5
6 0.2 0.3 2,3,4and 5
7 0.3 0.1 2,3,4and 5
8 0.3 0.2 2,3,4and 5
9 0.3 0.3 2,3,4and 5
6. RESULTS

In this work, several cases were studied including two finite element models of composite plates
for different dimensions and thickness. Natural frequency ratio of the two models of composite
plates can be predicted from Table 4. The results of natural frequencies that obtained from finite
element analysis have been validated using ANSYS 16.1. Figs. 2, 4, 6 and 8 shows the
comparison between the first, second, third, and fourth natural frequencies of the first model
for different plate thickness due to changing in fiber volume fraction for different dimensions
of plate using the first model while Figs. 3, 5, 7 and 9 shows the comparison between first,
second, third, and fourth natural frequencies of the second model. The increasing in the
thickness of composite plate increases the natural frequency with fixing the fiber volume

fraction ratio, dimensions of composite plate and number of modes.

Fig. 10 represents the comparison between the frequency ratio due to changing in aspect ratio
of plate (Length/ Width) for different plate thickness and mode numbers. It can be seen that the
frequency ratio was increased proportionally with the increase in (Length/ Width) ratio for
different plate thickness in the first, second, third and fourth mode respectively. Also, the
relation between the natural frequencies calculating by these two model and the (length/width)
ratio for first, second, third and fourth mode are shown in Figs. 11, 12, and 13. When the
thickness of composite plate decreases, the relation between the natural frequencies calculating

by these two model and the (length/width) ratio be more uniform and the error be small.
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Fig. 8. Comparison Between the Forth Natural Frequencies for Different Plate Thickness
Due to Change in Fibre Volume Fraction for Different Dimensions of Plate Using the
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Fig. 9. Comparison Between the Forth Natural Frequencies for Different Plate Thickness
Due to Change in Fibre Volume Fraction for Different Dimensions of Plate Using the
Second Model.
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Table 4. Natural Frequency Ratio (Frequency Second Model /Frequency First Model) with
Ratio of Plate (Length/ Width) for Different Plate Thickness.

= 0.0798a® — 0.3611a? + 0.7284«a + 1.1946
= 0.2483a® —1.1648a? + 1.682a + 0.9965
= 0.3169a® — 1.5267a? + 2.1503a + 0.8731

t =3mm
t =4mm
t =5mm

No B = Thickness Natural Frequency Ratio function of Plate Ratio
f2
f1
1 t =2mm f = —0.2249a3 + 0.4933a? + 2.3676a — 0.398
t = 3mm f = 0.0217a® — 0.8965a% + 4.2741a — 0.7643
t =4mm f = 0.2356a3 — 1.9936a? + 5.4878a — 0.9544
t =5mm f = 0.3434a3 — 2.5063a? + 5.9249a — 0.9688
2 t =2mm g = 0.043a® — 0.0665a% + 0.8936a + 0.7185
t = 3mm g =—0.1219a3 + 0.6921a? — 0.1116a + 1.2742
t =4mm f = —0.2195a3 + 1.1259a% — 0.7837a + 1.6259
t =5mm f = —0.2409a3 + 1.2151a? — 1.0153a + 1.7764
3 t =2mm f = —0.0357a3 + 0.3158a? — 0.0922a + 1.2424
t = 3mm f = 0.1457a3 — 0.5075a? + 0.8057a + 1.2204
t =4mm f = 0.1923a3— 0.778a? + 1.1481a + 1.2228
t =5mm f = 0.2385a3 — 1.0441a? + 1.4828a + 1.1603
4 t =2mm p = 0.1446a® — 0.7133a? + 1.2646a + 0.8561
B
B
B

7. CONCLUSION

From the conducted results, it has been observed that the natural frequency increases when the
value of fiber volume fraction increases. The increasing in the fiber volume fraction leads to
increase in the modules of elasticity of composite plate.

It has been found that when the plate is fixed from all the sides, the highest natural frequency
is achieved compared to other considered boundary conditions.

Furthermore, the numerical equations that derived from these relations as a function of the
(length/width) ratio was used to investigate the natural frequencies for longitudinal composite

plates.
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