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Abstract: Many commercial packages use sandwich composite materials, and 

this search takes advantage of ANSYS software to evaluate their bending 

behaviors. FEM gives a good understanding of material behavior with the 

exposure of outdoor forces. The construction of the sandwich production that 

accounts for its many layers, as well as for the characteristic features of the 

materials used is an important aspect of this examination. Many commercial 

packages use sandwich composite materials, and this search takes advantage of 

ANSYS software to evaluate their bending behaviors. FEM gives a good 

understanding of material behavior with exposure to outdoor forces. The 

construction of the sandwich production that accounts for its many layers, as 

well as for the characteristic features of the materials used is an important aspect 

of this examination. 

Keywords: Sandwich composites, Numerical analysis, Structural Response, 

Finite Element Method. 

 

 

 

 

 

 

 

 

 

 

 

DOI: 

https://doi.org/10.47134/jme.v2i1.3396  

*Correspondence: Mothanna Taha 

Mohammed Fattah Agha 

Email: mothanna@agre.uoqasim.edu.iq 

 

Received: 17-12-2024 

Accepted:  29-12-2024 

Published: 01-01-2025 

 

Copyright: © 2024 by the authors. 

Submitted for open access publication 

under the terms and conditions of the 

Creative Commons Attribution (CC BY) license 

(http://creativecommons.org/licenses/by/4.0/). 

https://doi.org/10.47134/jme.v2i1.3396


Journal of Mechanical Engineering Vol: 2, No 1, 2025 2 of 10 

 

 

https://journal.pubmedia.id/index.php/jme 

Introduction 

Composite materials, in particular sandwich structures, play a pivotal function in 

numerous commercial sectors, along with aerospace, car, shipbuilding, and the production 

of lightweight but strong materials (Ma et al. 2021)( Oladele et al. 2020). These systems are 

composed of multiple layers with awesome residences, offering an most excellent mixture 

of low weight, high power, and stiffness (Ng et al. 2022)( Aldeen et al 2023). Effective design 

and optimization of such structures, however, necessitate a complete analysis in their 

mechanical conduct (Khan et al. 2020)( Liu et al. 2020). Finite element simulation software 

like ANSYS has end up important for this motive. As a robust and extensively followed 

device, ANSYS facilitates the modeling and evaluation of complex1 systems, presenting 

targeted insights into cloth behavior under diverse1 loading and environmental conditions 

(Qi et al. 2021)( Chen et al. 2018)( Bhashyam, 2002). Gauchía et al. (2017) talk the importance 

of optimizing automobile shape designs to stability automobile stiffness and weight, that 

are vital elements for automobile approval and performance. They propose coupling finite 

element technique (FEM) software like ANSYS with MatLab for optimization, leveraging 

MatLab's pre-carried out and user-defined algorithms. This integration lets in for 

computerized, person-free optimization of complicated vehicle systems, as verified through 

a bus structure case have a look at. The goal is to optimize weight and torsional stiffness by 

way of adjusting beam thickness whilst minimizing weight. Genetic algorithms have been 

decided on for the optimization, as they are effective for multidimensional international 

searches with a couple of local minima. The evaluation is performed the use of ANSYS, 

which can be programmed in Parametric Design Language (APDL) for parametric 

modeling, enabling automatic optimization with out consumer intervention. This technique 

is designed to improve car dynamics, which includes managing, rollover stability, and 

lateral grip. Al-Abboodi et al. (2024) evaluated the mechanical homes of a steel glass alloy 

(Fe49.7, Cr17.1, Mn1.9, Mo7.4, W1.6, B15.2, C3.8, Si2.4) prepared with the aid of spark 

plasma sintering (SPS) the use of a 3-factor bending apparatus. The look at centered on 

samples with macro-scale pass-sections, presenting regular take a look at dimensions and 

well-managed sample sizes. Sharp notches, with radii 3 times smaller than in previous 

studies, had been created the usage of a wire saw. The notch fracture toughness and Young's 

modulus were measured as 231 GPa and four.91 MPa·m^1/2, respectively. Vickers 

indentation and flexure exams for Young's modulus have been constant, but the indentation 

fracture longevity was 49.9% decrease than that acquired through flexure assessments. The 

micro-scale mechanical belongings assessment approach developed in this observe is 

applicable to samples with specific compositions or manufacturing methods. Mansoora et 

al. (2020) investigated the vibration analysis of rotors, focusing on the impact of unbalancing 

forces that can result in crack initiation and increase in the rotor shaft. To predict cracking, 

vibration parameters and the presence of capacity cracks have been studied analytically and 

numerically the use of a custom-advanced ANSYS code. The rotor, supported via journal 

bearings, had its stiffness and damping coefficients calculated analytically after which 

applied to the vibration version. The numerical outcomes had been as compared with 

analytical solutions, displaying appropriate agreement with a maximum errors of 

seven.31% for the critical pace. The have a look at located that because the crack depth 

accelerated, each the orbit size and response also multiplied, while the important pace 
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reduced. Wahrhaftig et al. (2023) studied the minimum layout bending second of concrete 

narrow columns the use of a device of equal stiffness. The method simplifies non-prismatic 

factors by means of changing them right into a prismatic system with equal bending 

stiffness. Numerical simulations, thinking about loading, concrete's modulus of elasticity 

adjustments, and cracking, showed that the equivalent stiffness method decreased the 

trouble complexity. Due to concrete creep, the maximum moment within the equivalent 

device became found to be 2.94 instances lower than in the unique machine. Mobark et al. 

(2023) carried out an experimental and numerical look at the compelled vibration of nano 

Al2O3 cantilever beams with holes and cracks. The have a look at recognized the impact of 

Al2O3 concentrations (0% 1% 3%, 4%) on beam morphology and vibration traits. Results 

showed that crack and hole depth increased with higher records loading, and nanoparticle 

dispersion stepped forward damping with the aid of enhancing electricity dissipation. 

Future paintings should use Power Spectral Density (PSD) for structural reaction analysis 

rather than time records loading. Aldriasawi et al. (2024) studied the impact of floor remedy 

on Fe-based totally amorphous coatings. Vacuum heat remedies at 670°C and 770°C have 

been applied, displaying a Vickers hardness of 755, desirable wear resistance, and 

compressive residual stresses of −55 MPa. Combined vacuum warmness treatment and 

sandblasting improved compressive stress by means of 122%, lowering wear quantity by 

using 30%. However, remedy at 770°C negatively impacted the coating’s residences. This 

examine makes a speciality of the bending evaluation of sandwich structures the use of the 

finite element1 technique (FEM) within ANSYS. The primary objective is to research the 

mechanical response of sandwich structures1 beneath bending masses, considering the 

configuration and material1 homes of every layer. The analysis targets to assess stresses, 

ordinary deformations, and layer-specific1 deformations, which are vital for designing and 

optimizing sandwich structures for various commercial 1applications. Moreover, this 

research contributes to advancing the 1understanding of composite materials and 

numerical1 analysis strategies. The findings offer practical insights for reinforcing the 

performance and sturdiness of industrial1 merchandise, underscoring the significance1 of 

sandwich structures in engineering1 innovation. 

 

Software Setup 

CAD Model 

In order to simulate the sandwich panel's 3-factor bending test, a floor package model 

turned into first made with Design Modeler software program after which imported into 

ANSYS. The Design Modeler become applied to precisely design the faces and construct the 

layers of the composite materials. The mechanical meshing methodology in ANSYS 

Workbench become selected, employing a aggregate of tetrahedral and hexahedral factors 

to improve accuracy and computational efficiency (Aldriasawi et al. 2024)(Abdelhussien et 

al. 2023)(Abdelhussien et al. 2024). 

The studies applied the SOLID186 detail from the ANSYS detail collection, characterized by 

20 nodes and especially designed for modeling elastic substances. This element kind 

facilitated correct simulation of deformations and mechanical responses below carried out 

hundreds. 
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Mechanical properties 

Both Table 1 and Table 2 detail the mechanical traits of the materials that made up the 

sandwich panels that have been part of this studies. 

 

Table 1. Mechanical Characteristics of Materials 

Materials Density 

(Kgm-3) 

Young’s Modulus 

(Pa) 

Poisson’s Ratio 

Aluminium 2770 7.1E+10 0.33 

E-Glass 2600 7.3E+10 0.22 

Polyurethane 192 6.61E+07 0.316 

Resin Epoxy 1160 3.78E+09 0.35 

 

Table 2. Mechanical Characteristics of Carbon Fibers 

 

Geometry  

After making the surface bundle model in Design Modeler, it turned into imported into 

ANSYS. The design of the composite faces and layers become performed the usage of 

ANSYS Composite PrepPost (ACP) (Bhashyam, 2002). 

 
Figure 1. Mesh implementation on a Sandwich Panel 

Mechanical 

Properties 

Density 

(Kgm-3) 

Young's Modulus 

(Pa) 

Poissons 

Ratio 

Direction 1800 X Y Z XY YZ XZ 

Carb. Fiber 2.3E+11 2.3E+10 2.3E+10 0.2 0.4 0.2 
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In order to acquire particular simulations with the FEM, meshing is an crucial a part of 

ANSYS. Depending at the form of element, the mesh will have exclusive factors with one-

of-a-kind varieties of nodes that represent the shape of the geometry. The finite detail 

approach simplifies numerical resolution by decreasing the countless levels of freedom of a 

continuous item to a restricted range through making use of the calculation precept to a 

finite range of factors after which interpolating the results across the whole shape. 

Boundary Conditions 

In both times, the boundary conditions hired in this investigation were carried out in the 

same way: 

1. Constraints on Degrees of Freedom (DOF): Displacements in the X, Y, and Z axes (UX, 

UY, UZ) were constrained at nodes along the beam's  edges. This shows that nodes on those 

edges had been confined from displacement or deformation in those guidelines. 

2. Application of Bending Force (F): The bending force turned into exerted at the midpoint 

of the beam. An outside force changed into exerted on the beam's core to duplicate actual 

bending conditions. 

These boundary situations are hired to simulate realistic scenarios in which the beam is 

constant at its extremities and is subjected to a bending load at the center. They allow the 

simulation of the stresses and deformations that the beam undergoes beneath those 

occasions, which aids within the evaluation of its overall performance and the optimization 

of its design. The deformations, stresses, and reactions of the beam can be as it should be 

determined via numerical simulation by means of imposing those boundary situations and 

the perfect bending force, as illustrated in Figure 2. 

 
 

 

Figure 2. Selection of boundary situations and force zones. 

 

 



Journal of Mechanical Engineering Vol: 2, No 1, 2025 6 of 10 

 

 

https://journal.pubmedia.id/index.php/jme 

Results and discussion 

By comparing the results for various foam thicknesses, we can quantify how those variances 

have an effect on the shape's performance and overall responsiveness. Finding the most 

appropriate foam thickness for the composite shape in terms of weight-to-tension ratio 

requires a complete assessment of the consequences, including deformations, stresses, 

displacements, and responses to applied forces. Several factors must be taken under 

consideration at the same time as studying the outcomes of varying foam thicknesses. There 

can be blessings to a thicker foam layer in phrases of effect resistance, thermal insulation, 

and soundproofing. Nevertheless, this could bring about a sizeable boom in the shape's 

typical weight, which may be a concern in packages in which lightweighting is important. 

However, a shape's ordinary weight can be reduced through a smaller foam thickness, 

which may be fantastic for applications that prioritize light-weight. Nevertheless, this can 

compromise the shape's usual strength and tension, specially while subjected to extreme 

constraints or giant pressures. 

It is imperative to gain an ideal equilibrium among the thickness of froth and the particular 

structural necessities. This can also necessitate compromises, as an intermediate foam 

thickness can offer a excellent equilibrium between structural pressure, impact resistance, 

and lightweight. The results of this evaluation can provide treasured insights for the layout 

and optimization of systems that make use of sandwich composite substances, thereby 

improving the sturdiness and performance of commercial merchandise. 

 

Total displacement 

The total displacement is measured for thicknesses ranging from 30 to 40 mm, thus making 

it possible to evaluate how this variation in thickness affects the overall behavior of the 

structure under load and contributes to determining the best configuration to optimize its 

performance. 

 
Figure 3. Total displacement [H: Static Structure; Unit: mm; Time: 5s] 
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Figure 3 shows the static structure with displacements of the type: total-Above/Below in 

mm with a holding time equal to 5 seconds. We can see that for the minimum thickness used 

of 30 mm, the final maximum displacement reaches a maximum value compared to the 

other thicknesses of 35 mm and 40 mm, with a value of 25.574 mm. By increasing the 

thickness of the sandwiches by an interval of 5 mm each time, we reduce the maximum 

displacement by almost a third of the maximum value for each increased thickness. Given 

that our panels exhibit curvilinear forms with two radii of curvature (internal and external) 

during operation, we can say that the external sides will be stretched and subjected to tensile 

forces, whereas the internal sides will be subjected to compressive forces. The foam inside 

will also be either compressed or stretched depending on its position within the panels. The 

40 mm thickness is chosen due to its lowest maximal displacement many of the 3 thicknesses 

employed. 

Equivalent elastic deformation 

Figures 6 visually represent the equivalent elastic deformation concerning a thickness 

variation ranging from 30 to 40 mm. These graphical representations elucidate the variation 

in equivalent elastic deformation with differing thickness, yielding essential insights into 

the mechanical conduct of the structure below numerous loads and environmental 

conditions. Analyzing the tendencies illustrated in those figures allows a comprehensive 

understanding of the effect of thickness versions on the overall elastic deformation of the 

shape, thereby helping in the optimization and layout of sandwich structures for improved 

performance and durability throughout numerous commercial applications. 

 
Figure 3. Equivalent elastic deformation 

 

A simulation research turned into undertaken the use of ANSYS to study the impact of 

different foam thicknesses at the overall performance and reaction of a sandwich structure. 

Figure four illustrates the similar pressure values received following the utility of bending 

checks at the structure. The results indicated that the best equivalent pressure attained 

became 493.1 MPa within the 30 mm thick polyurethane foam, whereas the 35 mm thick 

polyurethane foam exhibited a most equivalent strain of 414.21 MPa. These findings 

underscore the importance of froth thickness in influencing the structural conduct and stress 

distribution within the sandwich structure under flexural loading. 
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Figure 4. The equivalent stresses on a sandwich panel structure with distinctive foam thicknesses. 

 

 

Conclusions  

The effects received, along with equivalent stress, equal elastic deformation, and overall 

displacements, are presented in the accompanying figures. The bending analysis of the 

sandwich composite cloth changed into carried out the use of ANSYS software program, 

which effectively addressed the complexities associated with its behavior under loading 

situations. Precise finite detail modeling techniques have been applied, accounting for 

versions in the dimensions of the cloth layers. This method enabled a complete evaluation 

of deformations, stresses, and layer-particular responses. 
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