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1. Introduction

One of the practical factors in the design of structures is
low weight and high mechanical properties in various
industries. Sandwich composites can improve the
challenges of weight reduction and high mechanical
strength applications in aerospace, marine, automotive,
and architecture industries.

This study investigated the free vibration of sandwich
panel with first shear theory for the thin top-bottom face
sheets and third shear deformation theory for thick soft-
core. After validating the equations of motion and
obtaining the free vibration parameters, the effects of
design parameters, thickness core to top face sheet ratio,
length to thickness ratio, and volume fraction of fiber-
metal composite are investigated.

2. Equation of motion
In order to derive the governing equations of motion for
free vibration analysis of sandwich panel plate, first shear
deformation theory for upper-bottom face sheets are used.
Based on the Mindlin-Reissner theory, the components of
displacement field are:

Ut (x,y,z, T) =us®(x, ¥, T) + 2., ui®(x,y,T)
VP (X, y,2,T) = V506 Y T) + 2, VIR (%, Y, T) @
W' (X,y,z,T) =ws"(x,y,T)

In Equation 1, ut®, vt and w'® are the components of
displacement in x, y and z direction, respectively; ug"°, vq'®
and wo'® are translational components, and u;%®, v;*° are
rotational ones.

The displacement components u®, v¢ and w® of a
generic point in the core are related to the mid surface
displacement uq®, vo® and wq° by:

In Equation 2, u1¢, v1¢ and w;° functions are rotational;
the parameters uo®, us®, V2°, vi®, wp® and ws® are Taylor
series high-order sentences.

Compatibility conditions between face sheets and soft
core have been established. Therefore, the mentioned

conditions have reduced independent variables from 22
to 16.

u(x,y,z,T) =ug(x,y,T) +zuj (x,y, T)

+Z2US (X, Y, T) +Z°u5(x,y, T)

VO, Y, 2, T) = v (X, Y, T) +2vi (X, y, T) )
+22v5 (X, Y, T) + Z2°vi(x,y, T)

w(X,y,z, T) =wg(X,y, T)+zw;(X,y,T)

+Z°wWS (X, Y, T) + 2°wi(X,y, T)

3. Free vibration solution

For solving the governing equations the assumed mode
was used. In this method, the response is considered a two-
dimensional Fourier series form in a harmonic time
function with unknown coefficients. The responses
functions should satisfy geometric boundary conditions of
the problem; so the responses can be expressed as Equation
3.

[l ] (Ui, cos(ax)sin(By) |
Vo Vo SiN(0X) cOS(BY)
wj W], sin(ax)sin(By)
u at 3 <& Uiy COS(aX)sin(By)
v, -° mzzi; V., SiN(ax) cos(By) 3)
uf U5, cos(ax)sin(By)
A Vi, sin(ax) cos(By)
| wi | | Wiy, sin(ox)sin(By) Jicey 1223
mn nn
“a Py
where m and n are the wave numbers in the direction
of X and y respectively and

Ugh, Voo, WP, US 5, VS, and WS, shows the variables
coefficients of the Fourier series. By substituting Equation
3 in the equations of motion, problem converts to the Eigen
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value problem (Equation 4).
In Equation 4, [M] and [K] are mass and stiffness
matrices, respectively.

[K]-[M]e’[{x3=0 A
£ = [U3 VW UB, V2 W2, ULV “)
UL,V U, Ve W, US, Ve, WETT

4. Numerical results

In this part, first, the accuracy of the dimensionless natural
frequency obtained from the proposed equations were
studied. Then, the effect of volume fraction of aluminum
layer, length to total thickness ratio, and core-to-face sheet
thickness ratio was studied.

Table 1. Comparison of dimensionless natural frequency of
sandwich panel (0/90/core/0/90), a/b=1 and a/h=10

err. err. err.

hc/ht | present | [23] (%) (%) (%)

[24] [25]

10 1.85 1.85 0.00 1.84 0.54 1.84 0.54

20 2.15 2.13 0.94 2.13 0.94 2.13 | 0.939

30 2.35 2.33 0.86 2.33 0.86 2.33 0.86

40 2.49 2.47 0.81 2.46 1.22 2.47 0.81

50 2.58 2.56 0.78 2.56 0.78 2.56 0.78

Avg. 0.68 0.87 0.79

Table 2. Comparison of the first dimensionless natural
frequency of square sandwich panel with lay-up
AL/-06/6/Core/0/-0/AL, hc/ht=10 and a/h=10

Material Ve 4
n/6 n/4
1 14.63 15.60
0.9 15.81 17.47
0.8 16.28 18.05
0.7 16.43 18.23
GLAR 0.6 16.43 18.24
0.5 16.39 18.18
0.4 16.39 18.15
0.3 16.47 18.19
0.2 16.67 18.35
0.1 17.02 18.65
1 15.61 17.69
0.9 17.26 19.17
0.8 18.14 20.12
0.7 18.57 20.69
CARAL 0.6 18.73 20.97
0.5 18.71 21.02
0.4 18.59 20.92
0.3 18.45 20.71
0.2 18.34 20.46
0.1 18.30 20.20

For validating, the proposed equations with different
conditions were compared with the results of other
analytical and numerical researches. Table 1 demonstrates
that the results of the first natural frequency for the core-

to-face sheet thickness ratio differs 1% from the results of
the exact solution.

Table 2 shows the first dimensionless natural
frequencies for volume fraction of two materials GLAR
and CARAL with two different directions of lay-up. The
results show that the frequency of CARAL material has the
highest amount for angle of 45 degree and volume fraction
in 0.5.

28 T T T T T T T

—6—ve=1,GLAR
265, ve=0.5,GLAR .
N - @ -vc=0.L,GLAR

\ ——ve=1,CARAL
ve=0.5,CARAL .
. - ¥ -ve=0.1,CARAL

Non-dimensional frequencies

he/ht

Figure 1. Comparison of the first dimensionless natural
frequency for a square sandwich panel with respect to
thickness ratio of the core to the top face sheet, the effective
volume fraction of the composite and a/h=10

Figure 1 shows the dimensionless natural frequency for
the thickness of the core to the top face sheet ratio with
volume fraction 1, 0.5 and 0.1 for two types of materials
of GLAR and CARAL. It is clear that the dimensionless
natural frequency of AL/Carbon hybrid (CARAL) has
higher value because of carbon stiffness.

5. Conclusion

This study investigated the free vibration of a sandwich
panel with metal/composite hybrid face sheets reinforced
carbon and glass fibres and a soft core under simply-
support boundary conditions. The obtained results from
analytical solution revealed that FML with lay-up AL/-
45/45/core/45/-45/AL and volume fraction 0.5 has higher
natural frequency in comparison with other angles and
volume fractions. By increasing the thickness of the
softcore to the face sheet and the ratio of the length
sandwich panel to total thickness, the effect of the
aluminium layer decreases.
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Free Vibration Analysis of Sandwich Panel Plate with FML Face Sheet and Flexible Core Using
Third-Order Shear Deformation Theory

Mohammad Heravi Mohammad Mahdi Khatibi Alireza Albooyeh

Abstract This paper investigates the free vibrations of a sandwich panel with metal/composite hybrid face sheets
reinforced with carbon and glass fibers and a soft core with simply-support boundary conditions. To derive the governing
equations, with third shear deformation theory (TSDT) of multilayers and Hamilton's principle have been used for a
rectangular sandwich panel with a metal/composite hybrid top and bottom face sheets. It is assumed full connection of
the face sheets to the softcore and linear displacement. After comparing the results of the present research with similar
and ensuring the correctness of the extracted equations, the parameters effective, volume fraction metal layer and
composite with angular layering, the ratio of length to thickness and thickness of the core to the face sheet, length
sandwich panel to width and the layup (0,90) and (45, -45) for two types of glass and carbon fibers hybridized with AL
2024 T3 aluminium investigated. The results showed that the carbon/aluminium hybrid with the volume of the composite
(Vc) equal to 0.5 has the highest natural frequency value in the first five mode shapes with layup AL/-45/45/core/45/-
45/AL. Also, by increasing the thickness of the softcore to the surface and the ratio of length sandwich panel to total
thickness, the effect of the aluminium layer decreases.

Key Words Sandwich Panel, Metal/Composite Hybrid (FML), Third-Order Shear Deformation Theory, Angle-ply
Laminate, Volume Fraction Laminate
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