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Abstract— Honeycomb structures are natural 

or man-made structures with a honeycomb's 

geometry to minimize the quantity of material 

used to achieve minimal weight and minimal 

price of material. The sandwich panel is a 

composition of face plates bonded on top and 

bottom sides that are strong and rigid with weak 

core material. The basic principle of the 

sandwich panel is that the core carries the shear 

stresses and the face plate carries bending 

stresses. 

Honeycomb sandwich structures exhibit 

elevated rigidity and strength-to-weight ratios. 

Various kinds of sandwich core structures are 

used in the aerospace and transportation 

industries. In this paper the bending analysis of 

these honeycomb structures is done by varying 

Aluminum and Titanium as core and face plates 

using ANSYS software. The test is done in five 

cases in first four cases aluminum taken as core 

material and by varying face plates materials as 

Titanium or Aluminum. After that same process 

is done by using Titanium as core and face 

plates in the fifth case. The FEA results 

(Deformation, Stresses and Strains) are 

discussed. 

Keywords: Honeycomb sandwich structure, core 

material, face plates, bending test, ANSYS. 

1. INTRODUCTION 

Honeycomb structure is a natural or man-made 

structure. The geometry of a honeycomb minimizes 

the amount of material used to reach minimal 

weight and minimal cost. The geometry of 

honeycomb structure can vary [1].The cells are 

often columnar and hexagonal in shape. In 

mechanical structures stiffness, strength and weight 

efficiency are important factors, in such cases the 

sandwich construction is commonly used. These 

sandwich panels are used in satellites, Trains, space 

craft, Aircraft, boats, trucks etc. For core material 

hexagonal honeycombs are preferred. The 

sandwich panel is a composition of face plates 

bonded on upper and lower sides which are strong 

and stiff with weak core material [2, 3]. 

  The basic principle of the sandwich panel is that 

the core carries the shear stresses and the faceplate 

carries the bending stresses. Honeycomb sandwich 

structures exhibit high stiffness and strength to 

weight ratios [4, 5]. In the aerospace and 

transportation industry different types of sandwich 

core structures are used [6]. Lighter bodied coaches 

are advantageous for achieving higher speed in a 

mass transit system. Honeycomb sandwich 

construction gives designers many new options. It 

is technique that can be usefully applied to the 

structures requiring low weight, high strength and 

good dynamic properties [7]. 

Poonam Joshilkar’s [8] Analysis of Honeycomb 

Structure’ is considered steel, copper and 

aluminum as core and face materials, and 3 point 

bending tests are performed on the sandwich panel 

in three cases and found the deflections and 

maximum load capacity of panel. K. KanthaRao [9] 

investigated the theoretical calculated bending 

behavior of sandwich panels and compared the 

strength to weight ratios of normal aluminumrod 

and aluminum honeycomb panel.K. Jayathirtha 

Rao, A. G. Sarwade [9] has done three point 

bending test theoretically by taking Aluminum, 

Titanium and High tensile steel as honeycomb 

sandwich panels and concluded that Titanium alloy 

has more strength to weight ratio.SheikNazeer[10] 

has done analysis of honeycomb structures with 

different cases by taking aluminum and titanium as 

materials of honeycomb sandwich panel and 

concluded that titanium has less deflection as 

compared with aluminum.  
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This paper deals with the bending analysis of 

honeycomb sandwich panels. Bending analysis of 

honeycomb sandwich panel is done in five cases. In 

the first four cases Aluminum is taken as core 

material and Titanium or Aluminum is taken as the 

top and bottom face plates. In the fifth case 

Titanium is taken as the core and face plates. The 

FEA results of deflections, stress and strain are 

obtained and concluded which case is better choice. 

The deflection of all aluminum and all titanium are 

compared with the Theoretical deflection values. 

2. MATERIAL SELECTION 

The bending analysis of the honeycomb structures 

is done by using Aluminum and Titanium as core 

and face plates using ANSYS software. 

Table I Material Properties of Aluminum and 

Titanium 

Properties\Materia

l 

Al 5500-

H19 

Ti-6Al-4v 

Young's Modulus 

(GPa) 

71.07 113.8 

Poisson's Ratio 0.33 0.342 

Yield Strength 

(Mpa) 

268 880 

Shear Modulus 

(Gpa) 

26 44 

Densit(Kg/mm3) 2.7*10-6 4.43*10-6 

The table I shows the material properties of 

aluminum and titanium materials. 

 The test is done in five cases in first four cases 

aluminum is taken as core and being test is done by 

varying face plates as Titanium or Aluminum, in 

fifth case entire structure (core, face plates) is taken 

as titanium and the details are provided in Table II. 

Table II Materials in different cases 

 Case 

1 

Case 

2 

Case 

3 

Case 

4 

Cas

e 5 

Top 

face 

plate 

Al Ti Ti Al Ti 

Core Al Al Al Al Ti 

Botto

m 

face 

plate 

Al Ti Al Ti Ti 

 

3. MODELING AND ANALYSIS 

A geometric model, developed in CATIA software, 

is shown in Fig. 1 and side view is shown in Fig. 2. 

 

Fig. 1 Honeycomb sket

 

Fig. 2 Side-view of honeycomb 

 

Fig. 3  3D model of honeycomb 
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Fig.3 shows the CAD model of honeycomb 

structure prepared in the Catia V5 software. The 

base plate and honeycomb core are showed in the 

model. The IGS format of the model is imported to 

hyper works for meshing. 

A refined mesh is developed as shown in Fig. 4 by 

using the general shell element of honey comb 

structure and final converged mesh after the 

convergence check. 

The IGS format of the CATIA modeled is imported 

into Hyper works for meshing. The element size 

used for meshing varied between 5mm to 7.5mm. 

For meshing manual method is used. Symmetry of 

the model was used to save time and the quarter 

model was meshed and reflected. The loading and 

boundary conditions are defined and then the 

material properties and thickness are assigned to 

the structure. The analysis is carried out and results 

are obtained in ANSYS-pre post. 

 To study the behavior of honeycomb structural we 

have modeled one main models of size 

95mmx85mm by changing the face plates material 

and keeping the honeycomb material same. The 

variation in deflection and stresses are compared by 

changing the material of faceplates. 

3.1 Dimensions of Honeycomb Sandwich Panel 

 Length (a)=95mm,width(b)=85 mm 

 Thickness of core (hc)=0.4 mm & Cell 

size: 7.35 mm 

 Thickness of face plates 1mm each 

 Total height/thickness of honeycomb=10 

mm 

 Honeycomb core height = 8 mm 

Fig.4 Mesh model of honeycomb structure 

 

 

4.  RESULTS AND DISCUSSION 

The 3 point bend load is applied and the 

deformations and stresses obtained for each case 

are shown. The maximum displacement observed is 

0.052 mm and the maximum Von Mises stresses is 

151.29 MPa when load 2KN load is applied. 

4.1. Case 1 (All are aluminum): 

 In this case top and bottom face plates are 

aluminum and core is also having aluminum 

material and core height is 8mm. The results are 

obtained for deformation, stresses and strains for 

aluminum after bending. The maximum 

displacement obtained is 0.139 mm as shown in 

Fig. 5 and The Von Mises stresses in the panel 

is199.168 N/mm2 and the strain observed is 

0.002911. 

 

Fig. 5 Deflection in the honeycomb structure 

 

Fig. 6 

Von-Mises stresses in the honeycomb 

The Fig. 6 shows the stresses induced in the honey 

comb panel after bending under the application of 2 
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KN and the maximum stresses found was 199.168 

N/mm2. 

 

Fig.7 Von-Mises strains in the honeycomb 

The Fig. 7 shows the strains induced in the honey 

comb panel after the bending and the maximum 

strains obtained in this case are 0.002911. 

4.2 Case 2 (Ti, Al, Ti): In this case top and bottom 

face plates are of titanium material and core is 

having aluminum material and the core height is 

8mm. The results are obtained for deformation, 

stresses and strains for aluminum after bending and 

the results obtained are as follows: 

 

Fig. 8 Deflection in the honeycomb structures 

The Fig. 8 shows the deflection occurred in the 

honey comb panel after bending and the maximum 

deflection obtained is 0.101mm at the center. 

 

Fig.  9. Stresses in the honeycomb 

The Fig. 9 Shows the stresses induced in the 

honeycomb panel after bending under the 

application of 2 KN and the maximum stresses 

found was 189.214 N/mm2. 

 

Fig. 10.Von-Mises strains in the honeycomb 

The Fig. 10 shows the strains induced in the honey 

comb panel after the bending and the maximum 

strain obtained in this case is 0.001717. 

4.3 Case 3 (Ti, Al, Al): In this case top face plate 

is titanium material and core is aluminum material 

and the bottom face plate also having aluminum 

material. Core height is 8 mm. The results are 

obtained for deformation, stresses and strains for 

aluminum after bending and the results obtained 

are as follows 
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Fig. 11 Deflection in the honeycomb structure 

The Fig. 11 shows the deflection occurred in the 

honey comb panel after bending and the maximum 

deflection obtained is 0.11mm at the center. 

 

Fig. 12. Stresses in the honeycomb 

The Fig. 12 shows the stresses induced in the honey 

comb panel after bending under the application of 2 

KN and the maximum stresses found was 164.708 

N/mm2. 

 

Fig.13 Von-Mises strains of honeycomb 

The Fig. 13 shows the strains induced in the honey 

comb panel after the bending and the maximum 

strains obtained in this case are 0.002403. 

4.4 Case 4 (Al, Al, Ti): In this case top face plate 

is aluminum material and core is also having 

aluminum material and the bottom face plate is 

having titanium, core height is 8mm. The results 

are obtained for deformation, stresses and strains 

for aluminum after bending and the results obtained 

are as follows: 

 

Fig. 14 Deflection in the honeycomb structure 

The Fig. 14 shows the deflection occurred in the 

honey comb panel after bending and the maximum 

deflection obtained is 0.128mm at the center. 

 

Fig. 15 Von-Mises stress of honeycomb 

The Fig. 15 shows the stresses induced in the 

honeycomb panel after bending under the 

application of 2 KN and the maximum stresses 

found was 237.506 N/ mm2. 
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Fig. 16  Von-Mises strains of honeycomb 

The Fig. 16 shows the strains induced in the honey 

comb panel after the bending and the maximum 

strains obtained in this case are 0.002162. 

4.5 Case 5 (All are Titanium): In this case the 

face plates and honey comb core are having 

Titanium material. 

The three- point bend load is applied and the 

deformations, stresses and strain obtained are 

shown in figures respectively for the honeycomb 

structure made of titanium material. The 

displacement observed is 0.087 mm, the Von Mises 

stresses is 201.044 N/mm2 and the strain observed 

is 0.001832 

 

Fig. 17 Deformation of honeycomb 

The Fig. 17 shows the deflection occurred in the 

honeycomb panel after bending and the maximum 

deflection obtained is 0.087mm at the center. 

 

Fig. 18  Von-Mises stress of honeycomb 

The Fig. 18 shows the stresses induced in the honey 

comb panel after bending under the application of 2 

KN and the maximum stresses found was 201.044 

N/mm2. 

 

Fig. 19. Von-Mises strain of honeycomb 

The Fig. 19 shows the strains induced in the honey 

comb panel after the bending and the maximum 

strains obtained in this case are 0.01832. 

4. 6. Theoretical Calculations 

Mathematical calculation for case 5 (All Titanium):  

Central deflection of honey comb panel [4] is given 

by:   

  -------- ( 1)           

Where  P = 2 KN, a = 95, b = 85, hc= 8, h = hc+2 

= 10 

 Ac= b*hc = 85*8 = 680 mm2 

𝐼𝑓 =  
𝑏(ℎ3 − ℎ𝑐

3)

12
=  

85(103 − 83)

12
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If = 3456.666 mm4 

Ef = 113800 Mpa 

Gca=(Gcw+ Gcl)/2 = (44000+22000)/2 

                          = 33000 Mpa 

𝑤 =  
2000 ∗ 953

48 ∗ 113800 ∗ 3456.666

+
2000 ∗ 95

4 ∗ 680 ∗ 33000
 

w = 0.0929 mm. 

Mathematical calculation for case 1 (All 

Aluminum):  

Central deflection of honey comb panel is 

computed by Eq. (1) 

𝑤 =
𝑃𝑎3

48𝐸𝑓𝐼𝑓

+
𝑃𝑎

4𝐴𝑐𝐺𝑐𝑎

 

Where P = 2 KN, a = 95, b = 85, hc= 8,  

h = hc+2 = 10 

 Ac= b*hc = 85*8 = 680 mm2 

𝐼𝑓 =  
𝑏(ℎ3 − ℎ𝑐

3)

12
=  

85(103 − 83)

12
 

If = 3456.666 mm4 

Ef = 71070 Mpa 

Gca=(Gcw+ Gcl)/2 = (26000+13000)/2 = 19500 Mpa 

𝑤 =  
2000 ∗ 953

48 ∗ 71070 ∗ 3456.666
+

2000 ∗ 95

4 ∗ 680 ∗ 19500
 

W = 0.1489 mm. 

Table III. Comparison of Theoretical and ANSYS 

result for central deflection 

 Theoretical 

Value of 

deflection 

(mm) 

ANSYS 

valve of 

deflection 

(mm) 

All 

Titanium 

0.0929  0.0871 

All 

Aluminum 

0.1489 0.139  

 

Comparison of Theoretical and ANSYS result for 

central deflection is given in Table III. The 

theoretical and ANSYS simulated values are very 

closer. Results obtained from ANSYS simulation 

for all the cases are provided in Table IV. 

Table IV Results Obtained in All the Cases 

 Deflection 

(mm) 

Von-

Mieses 

stress 

(N/mm2) 

strain 

Case 

1 

0.1392 199.168 0.002911 

Case 

2 

0.1016 189.214 0.001717 

Case 

3 

0.1100 164.708 0.002403 

Case 

4 

0.1287 237.506 0.002162 

Case 

5 

0.0871 201.044 0.001832 

 

It is observed that the deflection is less in the 

structure with all Titanium material. The minimum 

stress observed in the case of honeycomb with 

Titanium at Top and remaining is Aluminum 

material, i.e., Case 3.  

5. CONCLUSIONS 

 In the present thesis bending analysis of 

honeycomb sandwich panel is done in 5 

cases, in the first four cases aluminum is 

taken as core and varying face plates. In the 

5th case titanium is taken as core and face 

plates. The results like deflection, stresses 

and strains are obtained. Stresses in the 

core and face plates for all the cases are 

obtained and compared with each other. 

 Theoretical calculations for deflection was 

done for all Aluminum and all Titanium 

and compared with the simulated vales and 

the results are closer to each other. 

 From the results, it was concluded that the 

5th case (all are titanium) is better one and 

the titanium is suitable material. But it has 

more weight compared to aluminum and 
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also expensive. So the 2nd case or the 3rd 

cases are better choices. 

 The deflection is less in the 5th case 

(0.087), after that 2nd case (Ti, Al, Ti) and  

3rd case (Ti, Al, Al) are having less 

deflection values (0.101 and 0.110). 

 The stress is high in 4th case (Al, Al, Ti) 

and minimum in the 3rd case (Ti, Al, Al). 

 The minimum strain is obtained in 2nd case 

(Ti, Al, Ti) and 5th case (all Titanium). 

 In all the cases more stress is obtained in 

the lower face plates. 

 In case of all Aluminum, all    Titanium 

core has more stress than the upper face 

plate. 
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