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ABSTRACT

Among the myriad new industrial materials designed for under-load structures, honeycomb composites are
emerging as superior substitutes for conventional materials across various industries. This study explores
the mechanical behavior of sandwich beams with three distinct core cell configurations: rectangular,
honeycomb, and triangular. Modal analysis was utilized to investigate the vibration characteristics, and
subsequent studies assessed the impact of core thickness on mechanical performance. Results reveal that,
in terms of natural frequencies, deflections, and the strength-to-weight ratio, the configurations rank as
rectangular, honeycomb, and triangular in descending order. Increasing core thickness reduces beam
deflection and enhanced load-bearing capacity, despite increased weight. A comparison between isotropic
plates and honeycomb composites demonstrates that bending stiffness can be improved by up to seven
times with just a 25% increase in volume. The numerical findings are validated against empirical data,
showing a close agreement with only a 4% discrepancy.

Keywords: ANSY'S; Free vibration; Honeycomb Sandwich Panel; Numerical Analysis; Strength to weight
ratio.

1. INTRODUCTION

The development of advanced materials for structural applications is crucial for improving performance
and efficiency in various industries. Honeycomb composites, characterized by their lightweight and high-
strength properties, have shown considerable promise as replacements for traditional materials. This study
investigates the effects of different core cell configurations and core thicknesses on the mechanical
properties of honeycomb sandwich beams. The goal is to enhance understanding of how these factors
influence vibration characteristics, deflection, and strength-to-weight ratios, thereby providing insights into
optimizing honeycomb composites for structural applications.

2. MATERIALS AND METHODS

Three core cell configurations were selected for this study: rectangular, honeycomb, and triangular. Each
configuration was used as the core of a sandwich beam, and their mechanical behaviors were evaluated
using numerical simulations. Modal analysis was performed to study the vibration characteristics of the
beams. In addition, the core height was varied to examine its effect on the mechanical properties, including
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natural frequencies, deflection, and strength-to-weight ratio. The simulations were conducted using
ANSYS software, and the results were compared with empirical data to validate the numerical findings.

3. RESULTS

The numerical analysis indicated that the natural frequencies, deflections, and strength-to-weight ratios of
the beams varied significantly with core cell configuration. The rectangular configuration exhibited the
highest natural frequencies, while the triangular configuration had the lowest. Deflection and Von-Mises
stress analysis revealed that increasing the core thickness generally reduced beam deflection and improved
the load-bearing capacity. Notably, when comparing honeycomb composites to isotropic plates, the former
demonstrated up to seven times greater bending stiffness with only a 25% increase in volume. The
validation of numerical results against empirical data showed a high degree of accuracy, with only a 4%
difference.

4. DISCUSSION AND CONCLUSION

This study confirms that honeycomb composites are highly effective in improving the mechanical
performance of sandwich beams. The choice of core cell configuration significantly influences the natural
frequencies, deflections, and strength-to-weight ratios. Increasing core thickness enhances structural
performance, though at the cost of increased weight. The findings also highlight the substantial benefits of
honeycomb composites over isotropic plates in terms of bending stiffness. The close agreement between
numerical and empirical results underscores the reliability of the numerical simulations used in this study.
Future work may explore additional core configurations and material properties to further optimize
honeycomb composites for various structural applications.
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Fig. 1- geometric model
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Table 1- Comparison of natural frequencies in modes 1:6

Natural frequency (Hz) Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6
Numerical 1298.3 1363.1 1601.5 1583.1 2199.3 2160.1
Experimental 1328.9 1434.3 1660.1 1686 2246.2 2255.1
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Fig. 2- Results verification by comparison of natural frequencies
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Table 2- Model Dimensions

Models Core Hight (cm) Panel Height (cm) Shell thickness (cm)
1 0 1 2*0.5
2 1 2 2*0.5
4 3 4 2*0.5
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Table 3- Natural frequencies of models in Hz

Core geometry on1 On? On3 ®n4 @ns @n6
Triangle 88.74 140.26 543.58 814.00 938.11 1471.3
Square 117.52 143.14 706.97 828.64 1049.7 1867.9

Hexagonal 94.93 151.97 564.17 582.05 845.79 1577.7
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Table 4- Models’ maximum deflection in mm

Core geometry Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6
Triangle 42 41.6 46.2 46.2 39.8 42
Square 35.9 35.8 35.6 34.7 39.3 35.7
Hexagonal 38.5 38.4 38.7 37.5 42.1 38.8
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Fig. 13- Deflection of beam with honeycomb core cells in different mode shapes (mm)
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Table 5- Maximum bearing load, deflection, and equivalent stress of each model

Core Equivalent Stress (MPa) Maximum Force (N) Deflection(mm)

Triangle 210 4390 3.29

Square 210 5620 3.44
Hexagonal 210 4200 3.06
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Fig. 14- Deflection of model (a) one, (b) two, (c) three in mm
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Fig. 15- Von-Mises Stress of model (a) one, (b) two, (c) three in MPa
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Table 6- Numerical Analysis Results of sandwich beam with different core configurations in ANSYS
mechanical Module

Core Pro_porti_or_wa_l ngd!ng Deflection Load/Volume Loaq Proportional Volume
bending rigidity rigidity (mm) Capacity Volume (cm?3)
Triangle 37.38 13344 3.29 15.2 4390 0.74 289.19
Square 45.76 1633.9 3.44 14.3 5620 1.10 393.99
Hexagonal 38.45 1372.6 3.06 12.24 4200 0.88 343.22
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Table 7- Comparison of numerical solution and real specimens’ test results of beam with honeycomb
cells (Liu et al., 2018)

Results

Bending Rigidity

compared to Euler’s beam

Numerical Model
Real Model

38.55
37

1P Y by (pgd o jlouds cpguw 9 Cmnns 0590 d%’u}’!r}‘i}.{
»

hap g5 (ool (5 dol Juad



ol g Swdlb guw!

Lol iz e e Jdo 2 Jood LB (08 Sl oy b

Ay ebes b pesiaY Y wdo Gy om ST S 08
98 Jod 08 0 8 (rele V) e 3y culis
S cwl Jb s ol b GRIB e YU Bl ey
geoe) 2hl Clo (59 Cebes plp ¥y dtun Culis
Vot Bl b g Jaod sl il (dog cols

ol 045 e\jl)l (A) Jg» 2 ),{Juio L)'i‘ 394»@ ﬁl).g

gl GG jor0ls (SHISe jU8) p i S dwiid il (gdus Judo

9) Ol Alis (200 @S L (V) i jpolis o5 o glis
S BB 4 jgkay sl ool Cund 4 @l Cono salis
Audd an.\,.% dl)b Jab s axllao 9 (e J.J;u 2O (s>
P Gl cov gla bl (o, Sl ogle sk Sl
Cal 039 Liolol o sbly (cladiges g 48,5 g (caslllas

Joo 2 lwgi Jolre (5 g 3d (Jood JoB 4L SSlas— A Jgas
Table 8- Maximum bearing load, deflection and equivalent stress of each model

Model Equivalent Stress (MPa)  Maximum force (N) Deflection (mm)
Model 1 210 500 14
Model 2 220 2000 7.88
Model 3 230 4880 3.51
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Fig. 16- Deflection of model (a) one, (b) two, (c) three in mm
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Fig. 17- Von-Mises Stress of model (a) one, (b) two, (c) three in Pa
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Table 9- Numerical Analysis Results of models 1-3 in ANSYS mechanical Module

Proportional

. Bending Deflection Load Proportional  Volum
Model ?Fgr:g:g? Rigidity (mm) Load/Volume Capacity Volume cmde
Model 1 1.00 35.7 13.8 1.28 500 1.00 390.0
Model 2 7.12 253.8 7.9 4.09 2000 1.25 488.9
Model 3 38.94 1390.9 35 7.11 4880 1.76 686.4

(Liu et al., 2018) 231y sLaiges yivlojl gbi -V Jouo
Table 10 Real specimens’ test results (Liu et al., 2018)

Model Flextural regidity compared to solid plate
Model 1 1
Model 2 7
Model 3 37
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height of the cell(cm) h
effective diameter of the cellicm) d
thickness of the cell(mm)
Uy mde
Angle of the cell a
B g 5
Core of a composite cell c
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