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ABSTRACT 

An investigation of vibration analysis of aluminium 6061-T6 sandwich plates with auxetic core for two cases of 

cantilever plate is presented in this work herein. In this paper, two position cases of load were applied to the 

sandwich plate. In the first case, the clamped-free sandwich plate had been subjected to tensile load of 100 KN 

whereas in the second case the bending load of 100 KN is applied to the free end of the sandwich plate.  The 

results showed that in the first case, maximum natural frequency has been investigated in mode ten with value of 

(245.41 Hz) whereas the minimum natural frequency was in mode one with value of (21.455 Hz). Maximum 

deflection was in mode nine with a value of (109.82 cm) wherein the minimum deflection observed in mode one 

with a value of (58.99 cm).in case two, the value of the natural frequencies in the second case decreases by 9.8% 

in comparison to the natural frequency value of the first case because of the type of loading.  Maximum 

deformations in the second case were observed to be increased by 25.7% as compared to deformation increment 

in the first case. This was depending on the mode shape and natural frequency that the sandwich plate will 

vibrate.  
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INTRODUCTION  

Mechanical vibrations are one of the most important phenomena that need be studied, analyzed due to their 

causes and their effect. In fact, vibrations are in general affecting various structures such as sandwich structures, 

components that compose them and the microstructures included in the design considered machines. There are 

many different methods of analyzing these vibrations such as the traditional Galerkin and Rayleigh-Ritz 

methods. Traditional methods considered investigating results that are inaccurate as compared to the analysis by 

using numerical techniques such as; finite difference, finite element and transfer matrices. Numerical analysis 

represents a high level of accuracy, more smooth mesh of analysis despite its relatively high cost [1]. Sandwich 

structures are used in the assembly of many parts that require high stress and mainly in aeronautical engineering 

and marine engineering applications. Sandwich structures s generally consist of two plates one on the top and 

one bottom as the middle (core) is represented by  a material of a certain thickness and is usually of low-density 

material [2].  

The analysis of the behavior of sandwich structures is considered to be one of the most complex analyses due to 

the varying complexity of the thickness ratios of a single plate. Wherein, it is easy to analyze the plate consisting 

of a single homogeneous material [3]. Many authors like Ramu I. and S.C. Mohanty 2012 [4] have studied the 

Free Vibration Analysis of Rectangular Plate Structures Using Finite Element Method and they compared the 

natural frequencies calculated by levy type solution with the frequencies calculated using finite element method 

(FEM). The results obtained from the finite element method showed more agreement with the result obtained 

from the exact solution. In addition, the thickness variation of the plate considered in this study did not show 

any effect on the frequencies. Vyacheslav N. et al 2018 [5]: The structural performance of sandwich plates with 

a foam-filled aluminum hexagonal honeycomb core was investigated. The ABAQUS finite element code was 
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used in this analysis. The three-layered continuum approach simplifies the simulation of the sandwich. The 

sandwich employed in this research contained of both honeycomb and hollow as a core material.  

The goal of this research was to calculate the effect of polymeric foam on the buckling and free vibration 

characteristic of sandwich plates. G. Sakar and F. C. Bolat 2015 [6]: have studied The Free Vibration Analysis 

of Honeycomb Sandwich Beam Using 3D and Continuum Model. In this study, the sandwich beam has been 

modeled and analyzed experimentally and numerically using ANSYS program. The mode shape and natural 

frequency have been invistiated under clamped free boundary condition beam. The influence of all of core 

material thickness, lower and upper material sheet, foil thickness, cell angle and cell diameter were totally 

examined. Numerical results were compared with experimental results as well. Massimo Ruzzene and Fabrizio 

Scarpa 2003 [7] have studied the control of wave propagation in sandwich beams with auxetic core. In this 

research, the honeycomb structure geometry seen to have an effect on the material properties of the core 

material. The different geometry of the core material is taking place along the beam length direction and as it 

produces mismatch that resist the propagation of the wave.  

The effect of the periodicity of the structure had estimated by considering the vibration response of clamped free 

beam. Al-azzawi et al. [8] study the practical to demonstrate the influence of vertical forced vibration in the free 

convection heat transfer coefficient of a long-fined sheet made of Aluminium and compare the results with a flat 

plate. The results showed that the relationship between the rate of free heat transfer and the vibration amplitude 

is proportional with the tilt angles. It was also found that the heat transfer coefficient of free convection 

decreases with the increases of tilt angle. A. Tomić et al. [9] experimentally investigates the overall heat transfer 

characteristics of flow through a perforated plate. The results of the average Nusselt number prediction were 

compared with the related experimental correlations. Tomasz Strek et al 2013 [10]: have carried out 

Computational analysis on sandwich-structured composites with an auxetic phase (SIMP)  and the results 

showed that the sandwich composite material is a very kindly type of composite materials. This might be 

explained due to the fact that it consists of two thin-stiff layer as a face sheet layers wherein the middle material 

represents the core material. In the first section of this research, SIMP had been investigated to obtain the 

optimal distribution of given materials in sandwich composite structure.  the second section stated that the 

authors have suggested the multilayers composite structure.  

MODELING OF SANDWICH PLATES 

In the present work, the sandwich plates have been selected to be rectangular plate (a x b) which consist of two 

face sheet layers made from aluminum 6061-T6 and core material  made from an auxetic materials (foam 

material). The fiber orientation of the face sheet material in this work is assumed to be perpendicular to the 

direction of the core fiber as shown in figure 1.   The thickness of the face sheet plates and the thickness of the 

core of  the sandwich are represented by hf and hc respectively wherein the whole thickness is  represented by h  

as shown in  figure 2 [11]. Where:  

a= 1828 mm            b= 1292 mm 

hf = 0.4064 mm       hc= 6.35 mm 

 

Figure 1. Shows the orientations of the layers 
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Figure 2. Shows sandwich's dimensions 

MATERIALS PROPERTIES 

First, the materials of the sandwich plates in the current work is assumed to be isotropic materials. Table 1 

shows the properties of the face sheet material and the core material as well. 

Table 1: Show material properties  

property value 

Face sheet material (aluminum 6061-T6) 

Density (kg/m3) 2700 

Tensile strength (MPa) 310 

Modulus of elasticity (GPa) 68.9 

Poisson's ratio 0.33 

 modulus of shear(GPa) 26 

Core material (foam) 

Density (kg/m3) 100 

Tensile strength (MPa) 73 

Modulus of elasticity (GPa) 107 

Poisson's ratio 0.1 

Shear modulus (GPa) 41 

Formulations 

In this paper, two of aluminum layers were selected to form the face sheets wherein the foam material represents 

the core material considering following volume fraction as shown in figure 3 [12][13]. The calculations related 

to the volume fraction are considered using equation1. 
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Figure 3. Aluminum layers were selected to form the face sheets wherein the foam material 

V1=0             ,𝑧 ∈ [𝑧1, 𝑧2] 

V2=(
𝑧−𝑧2

𝑧3−𝑧2
)
𝑝

, 𝑧 ∈ [𝑧2, 𝑧3]                                                                                                                                                      (1) 

V3=1               , 𝑧 ∈ [𝑧3, 𝑧4] 

The volume fraction power index is denoted by p. It is worth noting that, despite variations in thickness 

direction due to a power-law distribution of constituent volume fraction, the effective material properties of 

foam layers remain constant. The following are the foam layer constitutive equations: 
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                                                                                                                   (2) 

where Cij are related to the lame constants as follow: 

C11=C22=C33=ƛ+2µ,     C12=C13=C23=ƛ+2µ,    C44=C55=C66= µ                                                                        (3) 

Where: 

µ=
𝐸(𝑧)

2(1+𝑣)
 , ƛ =

𝑣𝐸(𝑧)

(1+𝑣)(1−2𝑣)
                                                                                                                                     (4) 

 wherein the linear strain movement's relations are: 

𝜀𝑥 =
𝜕𝑢

𝜕𝑥
,   𝜀𝑦 =

𝜕𝑉

𝜕𝑦
,   𝜀𝑧 =

𝜕𝑤

𝜕𝑧
,   𝛾𝑥𝑦 =

𝜕𝑢

𝜕𝑦
+
𝜕𝑉

𝜕𝑥
,    𝛾𝑥𝑧 =

𝜕𝑢

𝜕𝑧
+
𝜕𝑤

𝜕𝑥
,    𝛾𝑦𝑧 =

𝜕𝑉

𝜕𝑧
+
𝜕𝑤

𝜕𝑦
 

The corresponding boundary conditions are used in this investigation: purely supported (S), Clamped (C) 

support, and Free (F) from supported at the edges of x=0,a and y=0,b). 

S: v = w = 𝜎𝑥= 0      C: u = v = w = 0      F: 𝜏𝑥𝑦 = 𝜏𝑦𝑧 = 𝜎𝑥 = 0                                                                                 (5) 

Stresses can be derived in the terms of state variables as shown in following [14] [15]: 

𝜎𝑥 =
𝑣

1−𝑣
𝜎𝑧 +

𝐸

1−𝑣2
𝑢𝑥 +

𝐸𝑣

1−𝑣2
𝑣𝑦                                                                                                                            (6) 

𝜎𝑦 =
𝑣

1−𝑣
𝜎𝑧 +

𝐸𝑣

1−𝑣2
𝑢𝑥 +

𝐸

1−𝑣2
𝑣𝑦                                                                                                                           (7) 

𝜏𝑥𝑦 =
𝐸

2(1+𝑣)
(𝑢𝑦 + 𝑣𝑥)                                                                                                                                           (8) 
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RESULTS AND DISCUSSION  

All the important results presented in this work have been obtained using ANSYS APDL 15.0 software. The 

tests were carried out for two cases; the first case for cantilever plate under tensile load 100 KN at free end 

wherein the second case was for cantilever plate under normal bending load 100 KN at the free end as shown in 

figure 4. Table2 indicates all obtained results precisely. 

 

Figure 4. Shows free end cantilever beam 

Table 2. Shows results of analysis 

No. 
Case 1 Case 2 

Frequency (Hz) Deformation (cm) Frequency (Hz) Deformation (cm) 

1 21.455 58.99 5.557 86.09 

2 38.046 59.29 19.992 117.36 

3 69.617 59.7 34.75 88.02 

4 92.399 91.92 66.338 129.96 

5 97.91 107.67 88.123 125.16 

6 145.38 59.7 98.01 107.96 

7 159.96 102.61 132.738 129.71 

8 170.67 89.75 141.369 132.05 

9 218.52 109.82 191.464 87.86 

10 245.41 98.59 221.37 138.13 

Each frequency has a mode shape in which the sandwich plate will vibrate accordingly. For each case, ten mode 

shapes have been obtained as shown in all figures below figures below: 

For case 1: in this case, ten mode shapes (1-10) have been plotted to discuss the increment of the natural 

frequency and the deformations under the effect of tensile load. According to these figures, the maximum 

natural frequency has been investigated in mode ten with value of (245.41 Hz) whereas the minimum natural 

frequency was in mode one with value of (21.455 Hz). Maximum deflection has been carried out to be in mode 

nine with a value of (109.82 cm) wherein the minimum deflection has observed to be in  mode one  with a value 
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of (58.99 cm). According to these results, it can be seen that the natural frequency has increased by 91% as well 

as the maximum deformation has increased by 46.2%.  Hence, the tensile load has caused high stress in the core 

material of the sandwich plate. This might be due to the fact that, the applied load was normal to the direction of 

fibers of the core material. This had led to the generation of small deflection in the plate. The considered results 

in the present work have agreed with other studies [11]. 

 

Mode 1                                                                             Mode 2 

 

Mode 3                                                                             Mode 4 

 

Mode 5                                                                             Mode 6 
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Mode 7                                                                             Mode 8 

 

Mode 9                                                                             Mode 10 

For case 2: in this case, other ten mode shapes (11-20) have been plotted to discuss the increment in natural 

frequency and the deflection under the effect of bending load. The deflection has observed to be increased due 

to the effect of bending load in the free end on the clamped plate. Furthermore, to this, the Natural frequencies 

were increased approximately by (97%) when the effect of dead load was considered herein. The maximum 

deformation has increased by (37.6%) in this case due to the bending that carried out in the surface of the 

sandwich plate due to of the presence modes shape.  

 

Mode 11                                                                             Mode 12 



 Numerical Vibration Analysis Of Aluminum 6061-T6 Sandwich Plates With An Auxetic Core 
 
 

288 
 

 

Mode 13                                                                             Mode 14 

 

Mode 15                                                                             Mode 16 

 

Mode 17                                                                             Mode 18 
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Mode 19                                                                             Mode 20 

Figure 5 shows the increment in the deformation value with the increment in the natural frequency values under 

the effect of tensile load and the bending load respectively. In general, a real model has an unlimited number of 

natural frequencies, while a finite element model has a finite variety of environmental frequencies equal to the 

number of degrees of freedom that the model considers. The geometry, material properties, and support 

conditions all influence the natural frequencies and corresponding mode shapes. According to the results 

obtained from figures above, the mode shape and natural frequencies differ from one case to another due to 

changing in boundary conditions.  

 

Figure 5. Variation in deformation versus the natural frequency for both cases 
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