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Abstract - Honeycomb sandwich panels can reduce weight, and particular strength needs are crucial to the modern
aerospace industry. The principal benefits of honeycomb panels include rigidity, stress absorption, fatigue resistance,
resistance to weather, chemicals, fire and isolation. Today, choosing a sandwich design with a cheap and recyclable core
material is common due to mechanical and acoustic requirements of high strength and a weight target. Aeroplane wings,
ships, cars, and civil constructions, among other things, all utilize honeycomb sandwich structures. These designs are the
greatest approach to getting high strength and little material utilization. For the optimal structural outcome, the designs of
hexagonal and square honeycomb constructions will be analyzed and compared in this study. Using CATIA software, a
honeycomb panel was created. LS-DYNA software is used to perform structural analysis on the intended model for four

distinct materials, i.e. steel, copper, titanium, and aluminum. Finally, simulation findings are provided and debated.

Keywords - Stress, Deflection, Failure load, Finite element, Three-point bending.

1. Introduction

In the application where high rigidity and lightness are
crucial, core-based sandwich panels such as honeycomb
structures have been created and employed. Honeycomb
structures are fabricated or natural structures. The
honeycomb geometry reduces both weight and material cost.
Because of its better shear or bending stiffness per unit
weight, stronger heat resistance, and increased corrosion
resistance, the honeycomb structure has become more
common in various fields, including packaging, aeronautics,
aerospace, mechanical engineering, railway marine, cars,
and civil infrastructure. The honeycomb geometry can
vary, but all such structures share hollow cells produced
between the vertical wall (thin). The cells could have a
columnar or hexagonal form. A material with a
honeycomb structural shape has a low density and has
out-plane compression and shear characteristics that are
both reasonably high.

One of the most significant forms of energy
absorbers is the sandwich panel, which has a thin and
complicated construction with two constrained plates on
either side, a thin, thick core made of various materials,
and various shapes in the middle. The panel size, the
material used as the face, and the number or density of
the honeycomb cells inside it all affect how strong
laminated or sandwich panels are Steel, copper,
aluminum, titanium, fibreglass, and sophisticated
composite materials make honeycomb. The materials
utilized for the honeycomb cores should have benefits such
as low dielectric constants, good mechanical qualities, fluid

control, good acoustic properties, and great crushing
properties.

It is based on the idea that the faceplates bear the
bending loads and the core bears the shear stresses in
sandwich panels. The honeycomb sandwich construction
expects high rigidity and a high strength-to-weight ratio.

2. Methodology and Materials

3D Modelling of the honeycomb structure.
Generating finite element model.

To carry out Finite element analysis.
Extracting the results.

Comparing the FEA results.

SAE A

Fig. 2.1 and Fig. 2.2 depict the square honeycomb
structure's FE model, respectively. The top and bottom plate
size is 133mmx96 mm, with the core height being 5mm.

Fig. 1 Square honeycomb structure
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Fig. 2 Hexagonal honeycomb structure

Fig. 3 FE model of the honeycomb structure with supports and
boundary conditions

For comparative analysis, we have modelled four
major models of the honeycomb structure. The materials for
the faceplates are kept the same for all four models, and the
only core material is varied; each model is modelled with
different thicknesses, i.e. 2mm, 1.5mm and 1mm.

Table 2.1 shows the different models with details of

core wall material.

the material used. Table 2.2 shows the material properties of
the different models used in the honeycomb structure.

Table 2.1 Model specifications for honeycomb structure’s faceplates and

Model | Model
Model 3 Model 4
1 2
Top
faceplate Steel Steel Steel Steel
material
Core . -
] Copper Steel Aluminum | Titanium
material
Base
faceplate Steel Steel Steel Steel
material
Table 2.2 Material properties
Material Steel | COPP | Alumin | Titaniu
Propertie3 tee er um m
Young’s
Modulus 210 128 68.3 113
(GPa)
Poisson’sR 1 559 | 036 0.34 0.35
atio
Yield
Strength 0.215 0.100 0.276 0.880
(GPa)
Shear
Modulus 74 45 26 44
(GPa)
Density 7.85X 8.96X 2.68X10 | 4.505X1
(Kg/mm?) 10° 10°® A 0°
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Fig. 4 Time vs Load graph for model 1.0, 1.1, 1.2, 2.0,
2.1,2.2,3.0,3.1and 3.2

3. Analysis

Fig. 5 Time vs load graph for models 4.0, 4.1,

The top and bottom faceplates of Model 1 are composed of steel, and its copper honeycomb core has a 5mm core height.
The model 1 has been divided into three variations due to changes in the faceplates thickness and the walls of the honeycomb
core cells. Table 4.1 shows the comparison between square and hexagonal honeycomb structure of which the thickness
ranges between 2mm, 1.5mm, and 1mm. The naming has been done in accordance with the change in thickness. The results

of three models' finite element analyses are shown in Table 4.1 below.
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Fig. 8 Stress in plate at failure load in square honeycomb of model 1.0

Y
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Fig. 9 Stress in core at failure load in hexagonal honeycomb of model 1.0
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Fig. 10 Deflected shape at maximum load in the square honeycomb of Fig. 11 Deflected shape at maximum load in hexagonal honeycomb of
model 1.0 model 1.0

4. Results
Fig. 4.1 to Fig. 4.4 shows the maximum deflection, critical
load, failure load, and variation in stress graphs of models

1.0,1.1,and 1.2.
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Fig. 12 Thickness vs Deflection graph for models 1.0, 1.1, 1.2 Fig. 13 Thickness vs Critical load graph for models 1.0, 1.1, 1.2
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Table 4.1 Results of model 1, 2, 3 and 4

Deflection at maximum | Analytical Critical load Analytical failure load Analytical s_tress in the
Model load(mm) in the core (kN) (KN) core at fallurze load
No. (KN/mm?)
Square Hexagonal Square Hexagonal Square Hexagonal Square Hexagonal
1 0.449 1.7 5.4 5 6.4 5 0.124 0.102
11 0.592 2.648 38 3.6 4.8 3.6 0.131 0.101
1.2 0.903 4.2 24 1.6 3.2 1.6 0.146 0.108
2 0.466 1.6 9.4 9.2 6.8 5.3 0.162 0.124
2.1 0.606 2.5 7.4 6.8 5 4 0.146 0.128
2.2 0.897 4.03 4.6 4.2 34 24 0.163 0.145
3 0.524 1.88 16.4 16.4 5.8 48 0.099 0.0829
31 0.704 2.88 11 11.6 4.6 3.8 0.117 0.0897
3.2 1.1 4.725 6.6 6.8 3 2 0.129 0.109
4 1.12 4.343 315 46 6.5 5 0.121 0.102
41 1.62 6.33 33 32 5 45 0.135 0.109
4.2 2.63 12 20 19 35 15 0.16 0.139
5. Conclusion 3. The Load carrying capacity of the square honeycomb

The present study compared Square and Hexagonal
honeycomb sandwich structures with steel face plates at the
top and bottom of the honeycomb core with heights of 2mm
and 5mm honeycomb core. Three-point bending for
different honeycomb core materials such as copper, steel,
aluminium and titanium, and different thicknesses of
faceplates and walls of honeycomb core as 2mm, 1.5mm
and 1mm were studied. Different parameters such as
deflection, critical load and stress were studied. From
theoretical and finite element analysis results and
comparison of both the results, it was concluded that,

1. The square honeycomb structure deflection is less than
the Hexagonal honeycomb structure.

2. Critical load in the core of the square honeycomb
structure is more than hexagonal honeycomb structure.

20

structure is more than the hexagonal honeycomb
structure.

4. The stress in the core at failure load is higher in the
square honeycomb structure than in the hexagonal
honeycomb structure.

Future scope of the work

The finite element analysis for square honeycomb
sandwich structure for various core and face plate materials,
with varying plate and core thickness, has been compared
with the results of a hexagonal honeycomb structure. The
results obtained were preferably satisfying. This study can
be carried out experimentally by varying the core height and
material for future studies. This study can be continued for
Rhombus shape honeycomb sandwich panels.




Pooja Patil et al. / IJCE, 9(8), 16-21, 2022

References

[1] Ch. Naresh, A. Gopi Chand, et al., “Numerical Investigation into Effect of Cell Shape on the Behavior of Honeycomb Sandwich
Panel,” International Journal of Innovative Research in Science, Engineering and Technology, vol. 2, no. 12, 2013.

[2] Abderrahmane Bentouhami, and Boualem Keskes, “Experimental Analysis and Modeling of the Buckling of a Loaded Honeycomb
Sandwich Composite,” Materials and Technologies, vol. 49, no. 2, pp. 235-242, 2015. Crossref, htto://doi.org10.17222/mit.2014.039

[3] Banoth Ganesh, B Vijaykumar, and D Muppal, “Design and Structural Analysis of Aircraft Floor Panel,” International Journal of
Advanced Engineering and Global Technology, vol. 3, no. 12, 2015.

[4] Surya Satish Adapa, Janardhan Jaggavarapu, and Vijaykumar Vedangi, “Structural Analysis of Copper Honeycomb Structures,”
International Journal of Advances in Engineering & Technology, vol. 8, no. 6, pp. 950-957, 2015.

[5] Kranti SJadhav, and S.R.Sandanshiv, “Analysis of Different Polygonal Cellular Structures under Impact Loading,”
International Journal of Science and Research, vol. 5, no. 7, 2016.

[6] Zhonggang Wang, Zhendong Li, and sWei Xiong, “Experimental Investigation on Bending Behavior of Honeycomb Sandwich Panel
with Ceramic Tile Face-Sheet,” Composites Part B: Engineering, vol. 164, pp. 280-286, 2019. Crossref,
https://doi.org/10.1016/j.compositesb.2018.10.077

[71 Fatemeh Hassanpour Roudbeneh, Gholam Hossein Liaghat, et al., “Experimental Investigation of Impact Loading on Honeycomb
Sandwich Panels Filled with Foam,” International Journal of Crashworthiness, vol. 24, no. 2, 2019. Crossref,
https://doi.org/10.1080/13588265.2018.1426233

[8] Penumaka Dhananandh, Venkat Ramesh Mamilla, and K.Sri Rama Murthy, “Design and Analysis of Hexagonal and Octagonal
Honeycomb Structure with Various Materials and FEM Analysis,” International Journal of Innovative Technology and Exploring
Engineering, vol. 9, no. 7, 2020. Crossref, 10.35940/ijitee.E2254.059720

[9] S.S. Bhavikatti, “Finite Element Analysis,” Second Edition.

[10] LS-DYNA Keyword User’s Manual, vol 1.

[11] Yang and Qaio, “Bending Behavior of Aluminum Honey Comb Sandwich Panels,” International Journal of Engineering & Advanced
Technology, pp. 268-272, 2008.

[12] Anupam Chakrabarti, H.D.Chalaka, et al., “Buckling Analysis of Laminated Sandwich Beam with Softcore,” Latin American Journal
of Solids and Structures, vol. 9, no. 3, pp. 367-381, 2012. Crossref, https://doi.org/10.1590/S1679-78252012000300004

[13] Md Radzai Said, Mohdkhairir Ismail, and Syed Ammar Bin Syed Putra, “Paper Honeycomb Sandwiches Panels Under Static 3-Point
Bending,” International Conference and Exhibition on Sustainable Energy and Advanced Materials (ICE SEAM 2011), Solo-
Indonesia, pp. 271-278, 2011.

[14] Jeom Kee Paika, Anil K. Thayamballi, and Gyu Sung Kim, “The Strength Characteristics of Aluminum Honeycomb Sandwich
Panels,” Thin-Walled Structures, vol. 35, no. 3, pp. 205-231, 1999. Crossref, https://doi.org/10.1016/S0263-8231(99)00026-9

[15] Q. Zhou, R. R. Mayer, “Characterization of Aluminum Honeycomb Material Failure in Large Deformation Compression, Shear and
Tearing,” Journal of Engineering Materials and Technology, vol. 124, no. 4, pp. 412-420, 2002. Crossref,
https://doi.org/10.1115/1.1491575

[16] A. Wilbert, W. J. Jang, et al., “Buckling and Progressive Crushing of Laterally Loaded Honeycomb”, International Journal of Solids
and Structures, vol. 48, no. 5, pp. 803-816, 2011. Crossref, https://doi.org/10.1016/j.ijsolstr.2010.11.014

[17] Ramesh S. Sharma, Raghupathy V.P, et al., “Investigation of Low-Velocity Impact Response of Aluminum Honeycomb Sandwich
Panels”, Journal of Engineering and Applied Sciences, vol. 6, no. 11, pp. 7-14, 2011.

[18] Nizam Yob, K. A. Ismail, et al., “Quasi-Static Axial Compression of Thin Walled Aluminum Tubes: Analysis of Flow Stress in the
Analytical Models,” Modern Applied Science, vol. 10, no. 1, 2016. Crossref, http://dx.doi.org/10.5539/mas.v10n1p34

[19] Harish R, and Ramesh S. Sharma, “Vibration Response Analysis of Honeycomb Sandwich Panel with Varying Core Height”,
International Journal of Emerging Technologies in Computational and Applied Sciences, pp. 13-433, 2013.

[20] Heimbs S, Schmeer S, Middendorf P and Maier, “Strain Rate Effects in Phenolic Composites and Phenolic-Impregnated Honeycomb
Structures,” Composites Science and Technology, vol. 67, no. 13, pp. 2827-2837, 2007. Crossref,
https://doi.org/10.1016/j.compscitech.2007.01.027

[21] D.H. Chen, “Bending Deformation of Honeycomb Consisting of Regular Hexagonal Cells,” Composite Structures, vol. 93, no. 2, pp.
736-746, 2010. Crossref, https://doi.org/10.1016/j.compstruct.2010.08.006

[22] D. Mohr, and M. Doyoyo, “Deformation-Induced Folding Systems in Thin-Walled Monolithic Hexagonal Metallic Honeycomb,”
International Journal of Solids and Structures, vol. 41, no. 11-12, pp. 3353-3377, 2004. Crossref,
https://doi.org/10.1016/J.1jsolstr.2004.01.014

[23] S. Liang, and H. L. Chen, “Investigation on the Square Cell Honeycomb Structures Under Axial Loading,” Composite Structures, vol.
72, no. 4, pp. 446-454, 2006. Crossref, https://doi.org/10.1016/J.Compstruct.2005.01.022

[24] M. O. Kaman, M. Y. Solmaz, and K. Turan, “Experimental and Numerical Analysis of Critical Buckling Load of Honeycomb
Sandwich Panels,” Journal of Composite Materials, vol. 44, no. 24, pp. 2819-2831, 2010. Crossref,
https://doi.org/10.1177/0021998310371541

[25] M K Khan, “Compressive and Lamination Strength of Honeycomb Sandwich Panels with Strain Energy Calculation from ASTM

Standards,” Proceedings of the Institution of Mechanical Engineers, Part G, vol. 220, no. 5, pp. 375-386. Crossref,
https://doi.org/10.1243/09544100JAERO76

21



