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Abstract. In this paper, free vibration, modal and stress state analyses of honeycomb 

sandwich structures with different boundary conditions was investigated and major 

factors affecting the sandwich frequencies and stiffness due to material or parameter 

changes were determined. The representative volume element (RVE) method used in this 

work were analytically and numerically validated by comparing the obtained results to 

those available in literature. Firstly, unit cell method was used to capture the entire 

effects of different parameters on the free vibration of honeycomb sandwich structure in 

ANSYS. This study analyzed the natural frequencies of honeycomb sandwich structures 

with different core materials combination. The effects of foil thickness, boundary 

conditions, materials selection, density and presence of crack on sandwich structure were 

taken into consideration and examined. The proposed core had an inbuilt shaped 

reinforcement with different materials for effective resonance, fatigue and deformation 

resistance at much higher frequency.  
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 1. INTRODUCTION  

Sandwich materials are becoming increasingly used in industry, particularly in the 

fields of transportation (automotive, aeronautics, shipbuilding, and railroads) and civil 
engineering [1]. In comparison to other panels, honeycomb panels provide high strength-

to-weight ratios and design versatility [2]. Sandwich structures are often made up of two 

thin but strong face sheets and a low-density core [3,4]. Expansion method is generally 

used to create honeycomb for high density honeycomb materials [5], corrugated method is 

most commonly used as core [6]. In general, using theoretical computation and experimental 

methods, a number of studies have shown that constituent material, geometrical factors, and 

core cell topology have significant impacts on the mechanical performance of sandwich 

structures [7–9]. Circular honeycomb structures are supplementing, complementing, and 

supplanting traditional honeycomb structures. The application of these impact attenuation 

systems has become very popular among researchers. 

Honeycombs are often made up of hexagonal or square cells [10–12] with the prismatic 

direction perpendicular to the plane of the sandwich panel's face plates. Styrene 

acrylonitrile (SAN) foam is a structural closed-cell thermoplastic core material with high 

toughness and impact resistance. Due to their chemical stability and high heat resistance, 

SAN foam cores can be used in demanding applications such as the production of cored 

prepreg laminates that need to withstand the heat and pressure of autoclave processing. 

Several core geometries and materials have been experimented by many researchers [13–

20]. Furthermore, lightweight structures continue to advance as base materials. In addition, 

sandwich structures have fewer lateral deformations, higher buckling resistance, and higher 

natural frequencies than other structure types. Due to the appealing combination of light 

weight and strong mechanical properties, sandwich structures are commonly used in many 

manufacturing applications. Skins and their distance from the middle surface of composite 

affect tensile properties and especially flexural rigidity [21]. Therefore, in sandwich 

structures, steel is commonly applied for skins and cores can be made of almost any material 

[22,23]. The core material of sandwich structures is mostly a homogeneous and isotropic 

foam, which contributes to the sandwich's intense lightness. The materials commonly used 

in the core are metallic foams, polymers [24,25] and metals [26]. The behavior of nap-core 

sandwiches was investigated by Ha et al. [27] with special focus on the effect of symmetry. 

Onyibo and Safaei [28] applied finite element analysis to honeycomb sandwich structures. 

Mechanical properties and energy absorption capability of aluminum honeycomb structures 

were found to change with impact velocity [29]. However, honeycomb core is known for its 

great stiffness. Ha et al. [30] investigated the sensitivity of a nap-core sandwich, a unique 

type of structural composite. Chemami et al. [31] added orthogrid to improve the stiffness of 

soft honeycombs and thereby reduce interfacial mismatch in sandwich structures. Faria et al. 

[32] investigated the dynamic behaviors of sandwich beams with honeycomb cores loaded 

with magnetorheological (MR) gels and composite material skins under vibration. Hence, 

static deflection, frequency, and transient responses of the multilayer sandwich shell 

(flat/curved) structures under various forms of mechanical loads were estimated by Katariya 

and Panda [33]. Fazilati et al. [34] showed that honeycomb structures were commonly used 

as energy shock absorbers due to their strong crashworthiness characteristics of high 

energy absorption potential and high strength-to-weight ratio. Rama et al. [35,36] presented 

a linear triangular shell element based on equivalent single-layer technique and an effective 
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modeling tool for structures made of fiber-reinforced composite laminates with piezoelectric 

layers. 

Unwanted structural vibrations can readily impact flexible structures, causing major 

issues such as structural instability, fatigue, and failure. Various research works have been 

conducted in order to avoid or control these vibratory disturbances in sandwich structures 

[37,38]. According to the law of vibration, everything (including components and structures) 

is in constant vibration at a given frequency. Zhao et al. [39] investigated the effect of nanotube 

aspect ratio on the free vibration characteristics of functionally graded nanocomposite cylinders 

reinforced with wavy single-walled carbon nanotubes (CNTs) using a mesh-free method. 

Moreover, a lot of frequency-based vibration on sandwich structures were investigated by 

many researchers [40–43] and as well as nonlinear bending/instability based vibration [44–

49]. Liu et al. [50] examined the nonlinear forced vibrations of functionally graded materials 

(FGMs). Li et al. [51] theoretically and experimentally studied the nonlinear vibrations of 

fiber-reinforced composite cylindrical shells (FRCCSs) with bolted joint boundary conditions. 

Liu et al. [52] developed a novel method for solving nonlinear forced vibrations of functionally 

graded (FG) piezoelectric shells in multi-physics fields. Moradi-Dastjerdi and Behdinan 

[53] studied free vibration behaviors of a multifunctional smart sandwich plate (MSSP) 

using an advanced and reliable method. Hence, several current research are being carried 

out on nonlinear forced vibrations [54,55] and nonlinear dynamic responses [56–61] of 

FGM sandwich structures. 

In this work, the dynamic behaviors of mechanical structures, particularly composite 

structures, are well recognized to be crucial to the efficient functioning of a variety of 

applications, including automotive, civil, and aeronautic sectors. Failure may be prevented 

by understanding practical structural behaviors and unwanted resonance can be minimized 

or decreased. In general, an overall understanding of modal analysis and natural frequencies 

for honeycomb sandwich beams with different material properties and boundary conditions 

are detailed while taking into account their density. Moreover, the proposed core orthotropic 

stiffness matrix is investigated. In general, an elliptical cut on sandwich beam at various 

positions is analyzed and natural frequency is observed.  

2. GEOMETRIC MODELLING OF HONEYCOMB SANDWICH BEAM 

The software ANSYS 21.R2 Spaceclaim was used to develop the finite element model 

of the honeycomb sandwich beam. The sandwich structure developed in this research had 

dimensions of 290 mm x 40 mm x 11 mm. The thicknesses of the honeycomb sandwich 

beam face-sheet and core were 1 and 9 mm, respectively. The geometries of hexagonal unit 

cell and proposed unit cell are depicted in Figs. 1(a) and (b). Moreover, the proposed 

structure was a honeycomb hexagonal structure with an inbuilt star shaped reinforcement. 

Hence, in order to investigate the natural frequencies of free vibrations with different 

boundary conditions, inbuilt star shaped cores made of different materials were analyzed. 

in addition, the considered factors were the mass and stiffness of the overall sandwich beam 

while considering vibration characteristics, corresponding natural frequencies and mode 

shapes. In general, RVE method in ANSYS Material Designer were used to determine 

effective elastic properties of hexagonal honeycomb and proposed core by capturing their 

unit cell. The Material Designer module is used to capture the domain of an entire 

honeycomb and proposed core structure, as it is expected that the unit cell was repeated 
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uniformly over the entire domain of the structure. Hence, the result was obtained as an 

orthotropic stiffness matrix, which could then be used as a material property in larger 

structures. Material properties required in this study are summarized in Table 1. In general, 

carbon fiber, SAN foam, aluminum alloy and polyvinyl chloride (PVC) foam materials 

were applied in finite element analysis. SAN foam has mechanical properties comparable 

to those of cross-linked PVC but has the toughness and elongation of uncross-linked PVCs. 

 

Fig. 1 Geometry of (a) Honeycomb unit cell and (b) Honeycomb with star shaped reinforced 

unit cell 

Table 1 Material properties of honeycomb sandwich beams 

Material 
Young’s Modulus 

E (MPa) 

Poisson’s Ratio 

ν 

Shear Modulus 

G (MPa) 

Density 

ρ (Kg/m3) 

Carbon fiber 290000 0.2 9000 1800 

SAN Foam  85 0.3 32.69 103 

Aluminum Alloy 71000 0.33 26691.72 2770 

PVC Foam 102 0.3 39.23 80 

2.1. Finite Element Meshing 

In order to covert the geometry bodies to finite element entities for hexagonal and 

proposed core unit cell. Hence, ‘Mesh’ in RVE model group was selected with maximum 

mesh size of 0.25 mm (half the thickness of the unit cell), the periodic meshing and 

conformal meshing were used for both cores’ unit cell, their number of elements and nodes 

are depicted in Table 2. Fig. 2 shows the equivalent models of regular hexagonal honeycomb 

and proposed reinforced star-shaped core. Hexagonal honeycombs are consisted of a ‘unit 

cell’ repeated many times along one or more spatial directions. This unit cell is usually a 

fraction of the size of the overall structure under investigation. Hence, in ANSYS Workbench 

2021, a new feature called “Material Designer” was used for the homogenization of hexagonal 

and proposed core of the sandwich beam. Moreover, this technique equally reduced the 

computational time of the analysis. In general, the final result is an orthotropic stiffness matrix, 

which can subsequently be used as a material property in larger structures and honeycomb 

structure is replaced with ‘homogenized’ (effective) material properties shown in Table 3. 

Material Designer gives nine independent material constants including three elastic moduli, 

three shear constants, and three Poisson ratios. A mesh sensitivity analysis was carried out 

in order to determine the mesh resolution required for accurate results. Furthermore, both 

models were run with various mesh sizes, the resulting stress or displacement values were 
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observed. Thus, due to the addition of star geometry reinforcement, the proposed core unit 

cell has more nodes and elements than a normal hexagonal honeycomb. Therefore, there 

was 33.1% increase in the number of elements and 32.2% increase in the number of nodes 

in the proposed core model when compared with the traditional hexagonal honeycomb core 

shape. In addition to that, the computation time is almost the same with 3-5 second’s 

difference in analysis time. 

Table 2 Analysis mesh of both unit cell core 

Unit cell Number of Elements Number of Nodes 

Hexagonal honeycomb core 2210 4956 

Proposed core 2942 6553 

 

Fig. 2 Meshing of (a) hexagonal meshing; (b) proposed core meshing; (c) homogenized model 

of hexagonal core meshing; and (d) homogenized model of proposed core meshing 

The RVE modeling of hexagonal honeycomb and proposed core were homogenized, 

geometries were simplified, and material properties of the constituent materials were 

defined. In general, geometry was meshed for finite element analysis.  



36 B. SAFAEI, E. CHUKWUELOKA ONYIBO, M. GOREN, K. KOTRASOVA... 

 

Table 3 Orthotropic material properties of RVE proposed core 

Material 

Hexagonal 

Material 

Star core 

Density 

(kg/m3) 

Ex = Ey 

(MPa) 

Ez 

(MPa) 

ʋxy ʋyz = ʋxz 

(10-3) 

Gx 

(MPa) 

Gy = Gz 

(MPa) 

SAN Foam  SAN Foam 11.29 0.1161 9.3191 0.957 3.7 0.01121 1.3762 

SAN Foam PVC 10.07 0.1315 10.215 0.951 3.8 0.01142 1.4188 

SAN Foam Aluminum Alloy 151.94 2.4994 3749.12 0.118 0.2 0.01580 1.8990 

SAN Foam Carbon Fiber 100.78 2.5332 1218.78 0.027 0.3 0.01578 1.8960 

Single Hexagonal  

SAN Foam material 
5.86 0.0278 4.84 0.988 1.7 0.00699 0.9548 

2.2. Modelling boundary conditions 

The boundary condition of the sandwich beam was chosen as clamped-free and 

clamped-clamped, as shown in Figs. 3(a) and 3(b), respectively, for free vibration analyses. 

Hence, for elliptical cut investigation, clamped-free boundary condition was considered, 

while elliptical cut position changed along the length of the beam, as shown in Fig. 3(c). 

Moreover, elliptical cut depth was throughout the sandwich beam with 30 mm in diameter. 

Table 4 depicts the dimensions of honeycomb sandwich beam.  

Table 4 Dimensions of the honeycomb sandwich beam 

Cell size 

(mm) 

Core thickness 

(mm) 

Cell thickness 

(mm) 

Skin  

(mm) 

Length  

(mm) 

Width  

(mm) 

10 9 0.5 1 290 40 

 
 a) b) 

 
c) 

Fig. 3 Boundary conditions (a) Clamped-free; (b) Clamped-clamped; (c) Clamped-free 

with elliptical cut 
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3. FEM ANALYSIS 

3.1. Analytical models 

Beam theory [62,63] is commonly used to calculate in plane elastic characteristics of 

honeycombs, for which the radius of curvature in nodes is neglected (Fig. 4). The effective 

Young's moduli parallel to OX and OY, effective Poisson's ratios and effective shear 

modulus for commercial honeycomb, i.e. t1 = t and t2 = 2t could be evaluated taking into 

account bending stresses in cell walls, applicable for when t << ℓ  [62,63]: 

 𝐸1 = 𝐸𝑠 (
𝑡

ℓ
)
3 𝑐𝑜𝑠 𝜃

(
ℎ

ℓ
+𝑠𝑖𝑛⁡ 𝜃)𝑠𝑖𝑛2⁡ 𝜃

 (1) 
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𝑡

ℓ
)
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ℓ
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)
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(
ℎ

ℓ
)
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 (4) 

where E1, and E2 are effective Young's moduli of honeycomb core in the material system 

of coordinates, Es is Young's modulus of solid cell wall material, ν12 and ν21 are effective 

Poisson's ratio of honeycomb core in the material and G12 is effective shear modulus. 

 

Fig. 4 Basic cell used in analytical calculus 

3.2. Equivalent honeycomb sandwich beam 

The created equivalent model was used in this research. Hence, the time spent for the 

analysis was reduced and computational time was decreases significantly. Homogenization 

concept is regularly used in the research on the mechanical behaviors of composite 

materials. This method allows for the avoidance of difficulties associated with heterogeneities. 

Therefore, the conceptualization of this method is basically by considering the genuine 

constitution of material/geometry arrangement and it is considered to be continuous 

throughout the entire structure. However, “Material Designer” analysis system in ANSYS 

Workbench was used for this technique.   
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4. RESULTS AND DISCUSSIONS 

4.1. Free vibration of honeycomb beam 

In this section, a modal analysis of honeycomb equivalent sandwich beam was 

presented. The numerically and analytically results obtained in this study were compared 

with experimental data from the available literature. The honeycomb structures will be 

parameterized in order to get insight on factors that can affect it natural frequencies by 

considering the effect of boundary conditions, foil thickness and materials. In general, the 

proposed reinforced star core was introduced and examined. Consequently, density was 

considered. Furthermore, the best material combination for high flexural stiffness, higher 

frequency and lighter weight was investigated for the proposed core structure. Considering 

a classical honeycomb with an isotropic material having Es = 1000 MPa, ρ = 1000 kg/m3 

νs = 0.3, t = 1 mm and L = 10 mm, the analytically obtained results (Eqs. 1-4) along with 

those of FEM are presented in Table 5. However, having validated the regular honeycomb 

RVE with the available literature using ANSYS Material Designer analysis system. 

Moreover, the same analysis system was used for the proposed core model unit cell and its 

orthotropic material properties were equally obtained.   

Table 5 Results for the validation of RVE models 

Regular honeycomb: L= h =10 mm and θ = 30º 

Model ρ (kg/m3) E1 (MPa) E2 (MPa) G12 (MPa) V12 V21 

Analytic 115.5 2.18 2.18 0.56 0.96 0.96 

Present 112.14 2.572 2.572 0.657 0.957 0.957 

Solid 3D [64] 112.10 2.570 2.570 0.660 0.960 0.960 

4.2. Effects of materials on free vibration 

Under modal analysis, the natural frequencies of sandwich beams with deferent materials 

were investigated and their corresponding deformations were noted. Howover, considering 

the effect of free vibration of honeycomb core, Fig. 5 shows a hexagonal honeycomb core 

(HC) with the same dimensions having cantilever beam boundary conditions, simulated with 

three different materials of aluminum alloy, carbon fiber and SAN foam in order to 

investigate their natural frequencies and mode shapes. It was observed that aluminum had 

much higher natural frequency, followed by carbon fiber and SAN foam had the lowest 

natural frequency. As a result of that, aluminum alloy is stiffer than the rest, especially those 

subjected to double tension and compression cyclic loading. Moreover, while considering 

sandwich structure deformation in line with their corresponding frequencies, Fig. 6 depicts 

the deformation of three sandwich core materials on free vibration analysis. As expected, 

SAN foam with the lowest natural frequency tends to vibrate more at any slightest excitation, 

as result of that it had the highest amount of deformation when compared with the rest 

materials. It was observed that carbon fiber had the lowest deformation, indicating that carbon 

fiber has higher stiffness to mass ratio than aluminum alloy.   
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Fig. 5 Effects of materials on natural frequency 

 

Fig. 6 Effects of materials on deformation  

4.3. Effect of Boundary Conditions (CF and CC) on the Free Vibration of 

Sandwich structure 

Considering the effect of boundary conditions on sandwich beam structure. In this section, 

clamped-free and clamped-clamped boundary condition was applied on sandwich beam 

while their vibrational response is observed. Fig. 7 shows mode 5 directional deformation of 

the sandwich structure under clamped-free condition with 3 different materials used as core. 

However, carbon fiber and aluminum core had similar deformation patterns while SAN foam 

deviated much with multiple tension and compressive stresses due to lower flexural stiffness. 

Moreover, in order to get insight on sandwich structure and monitor incremental changes, 

clamp-clamp boundary condition was investigated, as shown in Fig. 8. It was observed that 
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the peak amplitude of SAN foam sandwich core was higher, which resulted in larger 

deformation and underwent 4 tensile and compressive stresses. In general, fixed-fixed 

boundary conditions increased sandwich beam natural frequency as well as corresponding 

directional deformation. 

 

Fig. 7 Directional deformation on Mode 5 (Clamped-free) 

 

Fig. 8 Directional deformation on Mode 5 (Clamped-clamped) 

4.4. Effect of hexagonal cell foil thickness on free vibration 

In this case, the effect of the parameters of hexagonal cell on free vibration were 

investigated. Hence, sandwich structure dimensions including sandwich length and thickness 

were kept the same and cell dimension were changed. Fig. 9 shows the free vibration of foil 

thickness (FT). It was observed that as the foil thickness was increased, natural frequency 

was decreased under clamped-free boundary condition. In addition, variations were close and 

almost negligible, indicating that changing foil thickness did not significantly affect the 

vibration characteristics of honeycomb sandwich structures and only the weight of the 

structure was increased, as shown in Table 6, such that 10% increase of foil thickness 
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increases density by about 9%. Furthermore, when foil thickness was increased, Young’s 

modulus was increased such that increase of foil thickness by 10% increased elasticity 

modulus by 32.7%. Further increase of thickness also increased elasticity modulus but in 

lower rates. Therefore, when foil thickness was increased by 7% (from 1.4 to 1.5mm) 

Young’s modulus was increased by 21.7%. 

Table 6 Variation of density and foil thickness  

Foil 

Thickness 
Thickness 

Density 

(kg/m3) 

Ex 

(MPa) 

Ey 

(MPa) 
ʋxy 

Gx 

(MPa) 

1 10 385.39 403.95 403.95 0.92 104.18 

1.1 10 422.34 536.20 536.20 0.91 138.88 

1.2 10 459.00 689.35 689.35 0.89 180.20 

1.3 10 495.38 859.31 859.31 0.88 227.69 

1.4 10 531.46 1070.68 1070.68 0.86 284.47 

1.5 10 567.26 1303.13 1303.13 0.84 346.21 

 

Fig. 9 Variation of frequency with respect to foil thickness 

4.5. Prestressed Modal Analysis of Sandwich Structure 

Investigating prestressed modal analysis and how the mode frequencies of the sandwich 

beams changes with thermal load at different values. Hence, in order to generate thermal 

stresses, the sandwich beam was constrained at both ends and was kept at room temperature. 

Moreover, the total strain developed was equal to the sum of elastic and thermal strains. In this 

case, since the sandwich was fully constrained along axial direction, total strain was zero 

in all cases and therefore, the elastic strain developed in the sandwich was equal in 

magnitude but opposite in sign compared to thermal strain. Therefore, when thermal load 

was higher than reference temperature, thermal strain was positive and this made the elastic 

strain negative which indicated compressive stresses on sandwich beam. Similarly, when 

thermal load on sandwich beam was less than reference temperature, thermal strain was 
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negative. Therefore, elastic strain was positive and tensile stresses were developed in the 

sandwich beam. Fig. 10 depicts the changes of mode frequencies with thermal loads.  

 

Fig. 10 Frequency changes with thermal load 

4.6. Proposed reinforced star core model 

Hexagonal honeycomb was further designed to accommodate star shaped core in the 

center. However, central core provided excellent torsional resistance while hexagonal-

shaped one provided extremely lateral bending resistance. Hence, a simulation was carried 

out in ANSYS Workbench, whereby different materials were assigned to the proposed 

model. In this case, SAN foam was remained as regular hexagonal material while the star 

shaped reinforcing materials varied to SAN foam, PVC foam, aluminum alloy and carbon 

fiber, as shown in Fig. 11. Table 7 summarizes the natural frequency of the proposed core 

under clamped-clamped boundary condition with different material combinations. Fig. 12 

shows the natural frequency of the proposed core model under clamped-clamped boundary 

conditions. It was observed that the cores with hexagonal SAN foam and PVC foam star 

shaped reinforcements had higher stiffness to mass ratios and natural frequencies than 

remaining structures. Moreover, repeating the same simulation of the proposed core natural 

frequency under clamped-free condition, PVC and SAN foams still presented the best 

material combination for higher frequencies, as shown in Fig. 13. 
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Fig. 11 Proposed core material selections 

 

Fig. 12 Natural frequency of the proposed core (Clamped-clamped) 
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Fig. 13 Natural frequency of the proposed core (Clamped-free) 

Table 7 Natural frequency of the free vibration response of the proposed reinforced star 

core model under clamped-clamped boundary condition 

Mode 

SAN foam (SC)- 

SAN foam (HC) 

(Hz) 

PVC (SC)- 

SAN foam (HC) 

(Hz) 

AL(SC)- 

SAN foam (HC) 

(Hz) 

CF(SC)- 

SAN foam (HC) 

(Hz) 

SAN foam HC 

shape only 

(Hz) 

1 13.87 15.48 14.08 17.38 11.16 

2 29.67 31.95 16.14 19.88 31.1 

3 35.82 39.24 16.19 19.9 31.67 

4 38.07 42.45 32.43 39.83 33.31 

5 63.18 68.37 38.6 47.66 61.92 

6 74.43 82.89 41.07 50.67 68.82 

Density 

kg/m3 
512.88 511.88 627.95 586.1 508.39 

4.6.1. Comparison of flexural stiffness of the proposed core  

In order to investigate the deformation resistance of the proposed core, the reinforcement 

was assigned different materials. The applied force was 100 N which was kept constant for 

all material combinations. Hexagonal shape material was kept constant and only star shaped 

reinforcement material was changed. The obtained results are summarized in Table 8. In line 

with the obtained results, it was observed that the stresses were almost constant since they 

were irrespective of rigidity modulus. Also, all proposed cores had the same shape, cross-

section area and applied load. However, there were significant changes in their deflection, 

due to material combination stiffness, in which SAN foam and carbon fiber showed the 

highest deformation resistance.  
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Table 8 Comparison of material stiffness in the proposed cores 
 

SAN foam (SC)- 

SAN foam (HC) 

PVC (SC)- 

SAN foam (HC) 

AL(SC)- 

SAN foam (HC) 

CF(SC)- 

SAN foam (HC) 

Equivalent Stress 

Maximum [MPa] 
6.76 6.76 6.72 6.71 

Total Deformation 

Maximum [mm] 
113683.82 100417.08 5250.74 5173.66 

4.7. Elliptical cut on sandwich beam 

Effect of elliptical cut on sandwich beam natural frequency was studied. The sandwich 

beam has an elliptical cut of 30 mm throughout its layers. Hence, fixed-free boundary 

condition was used for the modal analysis of sandwich beam with elliptical cut. The 

analysis on sandwich beam was carried out in ANSYS software. However, it was observed 

that cut on sandwich might increase or reduce its free vibration characteristics, depending 

on the size, position, shape and depth of the cut. Hence, in this case, elliptical shape cut 

throughout the thickness of the sandwich was considered. Therefore, it was observed that 

as the elliptical cut moved closer to the fixed support, natural frequency was reduced. In 

addition, the sandwich with elliptical cut was compared with normal sandwich beam with 

no cut. However, when the cut was 255 mm away from the fixed support, natural frequency 

became higher than that of normal sandwich beam without cut. In general, aluminum alloy 

material was used as core and skin. Also, regular hexagonal honeycomb shape was used as 

core. Fig. 14 shows the position of elliptical cut at 6 different distances along the length of 

the sandwich beam towards the fixed support, illustrating that when the elliptical cut came 

closer to fixed support, sandwich natural frequency was reduced. The first 3 mode shapes 

of normal and damaged sandwich beams are depicted in Figs. 15 and 16, respectively.  

 

Fig. 14 Positions of elliptical cut vs natural frequency 
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Fig. 15 First 3 mode shape contours of sandwich beam (a) Mode 1 total deformation 

203.51 mm, 117.15 Hz (bending); (b) Mode 2 total deformation 228.62 mm, 353.35 Hz 

(bending); (c) Mode 3 total deformation 300.96 mm, 397.83 Hz (torsion) 

 

Fig. 16 First 3 mode shape contours of sandwich beam with elliptical cut (a) Mode 1 total 

deformation 218 mm, 125.19 Hz (bending); (b) Mode 2 total deformation 248.09 mm, 

380.98 Hz (bending); (c) Mode 3 total deformation 321.27 mm, 400.96 Hz (torsion) 

(a) 

(c) 

(b) 

(a) (b) 

(c) 
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5. CONCLUSIONS 

The results of a detailed honeycomb sandwich beam modal analysis and simulation 

were shown and plotted, and significant observations were recorded. The free vibration of 

a honeycomb sandwich beam was examined and validated using available literature and 

the model was developed using ANSYS software. However, the validity of the model 

developed in this study for the computation of in-plane mechanical properties was confirmed 

by the results of hexagonal RVE numerical investigations using ANSYS Material Designer.  

Vibrational behavior of honeycomb sandwich beam was affected by many factors as 

witnessed in parametric analysis results. Hence, natural frequency was changed by geometry, 

material, presence of crack or cut, induced thermal load and boundary conditions. Natural 

frequency was also a function of stiffness to mass ratio. The proposed model was designed to 

have reinforced inbuilt star shape core which enhanced vibration characteristics, it was 

further optimized by changing star shaped reinforcement materials. Therefore, the material 

SAN foam hexagonal and PVC foam star core (SC) reinforcement had higher stiffness to 

mass ratios and natural frequencies. In addition, increasing foil thickness did not have 

significant effect on sandwich beam natural frequency but increased the weight and 

Young’s modulus of the structure. In general, presence of a cut in a sandwich beam affects 

its natural frequency such that the frequency was reduced in under fixed-fixed boundary 

condition, while under fixed-free boundary condition, it depends on the size, depth and 

position of the cut. In this experiment, 30 mm elliptical cut throughout the sandwich beam 

255 mm away from the fixed support increased natural frequency while for elliptical cut 

of 55 mm away from the fixed-free boundary support, natural frequency was reduced as 

compared with non-damaged sandwich beam. In general, it was observed that the proposed 

core structure has better vibrational response than the hexagonal honeycomb model, and 

assigning different materials for the star shape reinforcement further improves the stiffness 

and increased natural frequencies of the structure. In the other hands, instead of increasing 

core thickness to achieve greater stiffness as a way of increasing the area moment of inertia, 

the proposed core should be used and good materials for the reinforcement should equally 

be considered based on the design criteria. 
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