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Abstract 

Analytical investigations on the static and dynamic behaviour of light weight structural sandwich 

panels, which are widely employed in maritime, aircraft, transport, and mechanical/civil engineering 

applications, are provided. These light, thin-walled structures can vibrate ferociously and are 

sensitive to even the smallest disturbances. So, the main goal of this work is to improve sandwich 

panels' static and dynamic behaviour by investigating various face sheets and core materials. Studies 

on carbon-based polymer nanocomposite are currently generating more interest because to its 

favourable thermal, electric, magnetic, and structural characteristics. In this study, functionally 

graded carbon nanotube reinforced polymer composite faces with a 3D graphene foam core and 

functionally graded carbon nanotube reinforced polymer composite faces were all used to make the 

sandwich panels. Also, the thermal stresses created in this structure when these panels are exposed to 

a thermal environment have a significant impact on the dynamic behaviour. Hence, the honeycomb 

core and polymer composite sandwich panels with reinforced FG-CNT face sheets are examined in 

various thermal environments. This study examines the properties of forced and free vibration to 

analyse the dynamic behaviour of a structure. 

 

Keywords: Mechanics of composites, Nano-composites, First order shear deformation theory, 

Higher order shear deformation theory, sandwich pan 

 

1. Introduction 

This chapter presents the introduction to various structural sandwich panels and the various methods 

and studies involved in understanding its static and dynamic behaviour. 

1.1 Introduction Of Sandwich Panels And Its Structural Applications 

The following is how the ASTM defines a sandwich structure: A structural sandwich is a specific 

type of laminated composite made up of a combination of various materials that are bonded to one 

another in order to take advantage of the structural advantages of each individual component. As 

seen in Figure 1.2, sandwich panels are made of a core and thin top and bottom face sheets. Based on 

the application, the face sheet and core can be made of any material and with any architecture. The 

primary goal in selecting the face sheet material and core type would be based on a high strength-to- 

weight ratio without sacrificing the application's goal. a) Truss/corrugated sandwich panels are the 

structural sandwich panels most frequently utilised in maritime, aerospace, and civil/mechanical 

engineering applications.a) truss/corrugated b) honeycomb c) foam core sandwich panel. Figure 1 to 

Figure 2 shows the applications of sandwich panels as a structural member for above applications. 

mailto:Road%2CTrichy%2Ctarunuma@gmail.com
mailto:Tirunelveli%2Cmanoth_333@rediffmail.com
mailto:dsjenaris27@gmail.com
mailto:joyparu95@gmail.com
mailto:joselinjerish75@gmail.com


Dogo Rangsang Research Journal UGC Care Group I Journal 

Page | 142 Copyright @ 2023 Authors 
DOI : 10.36893.DRSR.2023.V13I03N01.141-149 

 

 

ISSN : 2347-7180 Vol-13, Issue-3, No. 1, March 2023 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1 Schematic of a structural sandwich panel 

Fig 2 Generally used sandwich panels a) foam b) honeycomb c) truss d) truss filled with 

foam core sandwich panel 

 

2. Materials 

Three different types of materials should be chosen for sandwich structures. These are the sort of 

matrix utilised to attach the face sheets to the core, the core material, and the face sheet material. 

As matrix materials, vinyl ester, polyester, polyurethane, and epoxy or phenolic resins are 

employed. 

The core should be rigid and light, resisting the tension created in the panels, while the facesheets 

should be made of thin, robust, and dense materials. 

In a sandwich structure, the shear load is carried by the cores. Metal, plastic, and fibre materials 

make up the majority of core components. The core's structures and shape come in many different 

varieties, including cellular, trapezoidal, honeycomb, and foam cores. The materials used in cores 

most frequently are wood, balsa, PET and PVC. The mechanical properties of the structure depend 

on the cell size, core density and the core thickness of the sandwich structure 

To affix the face sheets to the core, the adhesive materials need to have a high modulus. Make sure 

the adhesive flows well enough to fill all the gaps and to stay close to the skin and the joints in the 

core. 

2.1Face Sheet Materials 

The faces of a sandwich panel can be made from almost any structural material that is available as 

a thin sheet. Steel, aluminium, or other metals are used in panels for high-efficiency aeroplane 

constructions, however reinforced polymers are occasionally used in unique situations. Any 

effective sandwich construction has faces that primarily function in direct compression and 

tension. Hence, a straightforward tension test is appropriate to evaluate the face material's elastic 

modulus, ultimate strength, and yield or proof stress. Finding the material's flexural stiffness is 

desirable when the material is thick and will be utilised with a weak core. 

2.2 Core Materials 

A core material must do two crucial tasks: it must hold the faces at the proper distance from one 

another and it must prevent one face from sliding over the other. It needs to have a low density. One of 
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the original basic components is balsa wood. Typically, it is employed with the grain perpendicular to 

the sandwich's faces. Although the density varies quite a little, the transverse strength and stiffness are 

good, and the shear stiffness is only mild. The strengths and stiffness of modern expanded plastics are 

essentially isotropic and closely inversely related to density. Every property in the case of the 

aluminium honeycomb core gradually increases with an increase in the thickness of the foil used to 

create the honeycomb. 

2.3 Materials Selection 

During the selection of the materials for the face sheets and core of the sandwich structure, there 

arefew structural considerations that have to be fulfilled for an effective result. 

Stiffness - High stiffness property is the major advantage of sandwich structures with less weight 

which is due to the less or lower shear modulus of most of the core materials being used in it. 

Strength - The selection of the face sheets and the core materials must be given utmost care with 

respect to have enhancing mechanical property. 

Adhesive performance - The adhesives with high strength and high modulus is necessary to 

strongly attach the face sheets to the core in order to transform the loads effectively from one face 

sheet to the other. 

 

3. Methodology 

 

 

Result and Discussion 

Mathematical Formulation For Static And Dynamic Behaviour Of Fg-Cnt Reinforced Polymer 

Composite Face Sheet Sandwich Panel With Porous 3d Graphene Core 

The thickness of the 3DGrF layer is hC, whereas the thickness of each of the CNT reinforced 

polymer composite faces are hf . An orthogonal coordinate axis x, y, z is chosen, such that z = 0 

defines the mid-surface of the studied plate. 

The various pore distributions of 3DGrF and CNT in the core and face sheets respectively are shown 

in Figure 3. 

Fig 3.Mathematical model of 3DGrFC-CNTRPFS sandwich panel 
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y 

 

To have the effect of transverse shear without a shear correction factor the third order shear 

deformation theory (TSDT) is used and the displacement field is given as 
∂w 

u(x, y, z,t) = u(x, y,t)−z +ψ(z)φx 

v(x, y, z,t) = v(x, y,t)−z 
∂w 

+ψ(z)φ ∂x 

w(x, y, z,t) = w(x, y,t) ∂y 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Effect of CNT volume fraction, porosity coefficient and core to face sheet thickness ratio of 
FG-VΛ NVPC and FG-VΛ NVPS on normal stresses a) Non dimensional normal stress σxx b) Non 

dimensional normal stress σyy 

The vibration response of 3DGrFC-CNTRPFS sandwich panel are studied in this section. 
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Figure5 : Effect of CNT volume fraction, porosity coefficient and core to face sheet thickness 

ratio of FG-VΛ NVPC and FG-VΛ NVPS on in plane shear stress σxy 

 

Free and Forced Vibration Characteristics of 3DGrFC-CNTRPFS 

andwich Panel 

The sandwich panel's free vibration response is first examined. By performing harmonic excitation at 

locations 0.7 a and 0.7 b and capturing the response at 0.7 a, 0.7 b, and 0 m, which correspond to the 

x, y, and z axes respectively, further forced vibration behaviour is explored. The loss factor of 0.001 is 

included in the material attributes as a complex modulus because the damping ratio is not mentioned 

in the literature. This study also demonstrates how damping has an overall comprehension of vibration 

behaviour. Table 4.9 displays the free vibration properties of a sandwich panel made of 3DGrFC- 

CNTRPFS with a core to face sheet thickness ratio of 10. Here, the porosity coefficient of NVPC is 

adjusted to 0.1, 0.3, and 0.6 while the volume percentage of CNT is kept constant at 0.11. The 

appropriate porosity coefficient of is shown NVPS and UVP for the chosen porosity coefficient of 

NVPC. From Table 4.9, it is observed that the 
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Figure 6: Effect of CNT volume fraction, porosity coefficient and core to face sheet thickness ratio of 

FG-VΛ NVPC and FG-VΛ NVPS on a) Non dimensional transverse shear stress σxz b) Non 

dimensional transverse shear stress σyz 

 

NVPC case has higher natural frequencies compared to the NVPS case. This is due to 

maximum moduli occurs on the top and bottom surface of the foam 
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Figure 7: Normal stresses of 3DGrF-FGCNTRPF sandwich panel with CNT volume fraction of 0.11 

and 0.1 porosity coefficient of NVPC 3DGrF 

 

for NVPC case. The variation in natural frequency between FGX and FGO pattern of CNT 

is less because face sheet thickness is 10 times lesser than core thickness. Further, it is 

noticed that the natural frequency of the UD-UVP case 

         

Figure8: In-plane shear stress of 3DGrF-FGCNTRPF sandwich panel with CNT volume 

fraction of 0.11 and 0.1 porosity coefficient of NVPC 3DGrF 

 

falls between FGO-NVPC and FGX-NVPC cases. Next, it is noticed that the natural 

frequencies are decreased as the porosity coefficient is increased. Table 

4.10 shows the free vibration characteristics of 3DGrFC-CNTRPFS sandwich panel with CNT 

volume fraction 0.28 and the porosity coefficient of NVPC is varied as 0.1, 0.3, and 0.6. 

From Table 4.10, it is noticed that the natural frequencies corresponding to 0.28 volume fraction 
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are higher irrespective of porosity coefficient of 3DGrF core compared to the volume fraction of 

0.11 shown in Table 4.9. Further, it is noticed that the difference in the natural frequency of 

FGO-NVPC and FGX-NVPC is not significant. Further to study the possibility of variation of 

frequencies, the core to face sheet thickness ratio of 5 is analyzed. Table 4.11 shows the 

free vibration characteristics of 3DGrFC-CNTRPFS sandwich panel with the core to face sheet 

thickness ratio as 5 and volume fraction of CNT is 0.28 and porosity coefficient of NVPC is 

kept as 0.6. 

             
 

Figure 9: Transverse shear stresses of 3DGrF-FGCNTRPF sandwich panel with CNT volume 

fraction of 0.11 and 0.1 porosity coefficient of NVPC 3DGrF 
 

Conclusion 

Conclusion Core Topology and Foam Filling Impact on Vibration Parameters in Truss Core 

Sandwich Structure It is determined from investigations done on the truss core sandwich panel 

filled foam that 150 
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The precise values of the vibration amplitudes are shown for with and without foam-filled 

sandwich panels, demonstrating the important impact of core architecture on equivalent elastic 

constants, which is recorded in the vibration response. 7.2.2 Impact of FG-CNT Composite Faces 

and 3D Graphene Foam 

The bending strains are greatest at the top and bottom surfaces for the 3D graphene foam core and 

FG- CNT reinforced polymer composite facings have revealed the following: 1. For the UD and 

FG-V examples, the top and bottom surfaces have the highest bending stresses, and the constitutive 

relation can explain the variance in bending stresses in the FG-V case. 

The FG-V grading pattern of CNT bears the highest normal stress in the face sheet, while the NVPS 

pattern of 3DGrF carries the highest shear load. 

Bending stresses and shear stresses are significantly affected by FG-V-CNT with NVPS grading 

scheme. 

As compared to other situations, the natural frequencies of the FGO-NVPC and FGX-NVPC 

patterns are higher. • As face sheet thickness increases, the impact of variance in FGO-NVPC and 

FGX-NVPC increases as well. 

Between NVPC and NVPS case, UD-UVP case's fundamental frequency lies. 
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