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ABSTRACT
An Design and analysis of honeycomb structures mechanical properties is presented. The

honeycomb sandwich construction is one of the structural engineering developed and used in aerospace
industry. The honeycomb sandwich structures provide the benefits over conventional materials: very low
weight, high stiffness, durability and production cost savings. The finite element method is applied for the
determination of the elastic characteristics of the sandwich structure with honeycomb core, in terms of
constraints, loads and displacements.
(Keywords:- Honeycomb, Sandwich, Aerospace, FEM  etc.)

1. INTRODUCTION
Auxetic materials and structures are a novel class of
materials which have negative Poisson’s ratio. They
have improved mechanical properties such as
fracture toughness, indentation resistance, etc. They
have several potential applications in medical,
sports, automobile, defense, etc. Design and
modeling of auxetic materials is still in progress.
Auxetic materials are those which show counter-
intuitive reaction to the applied force meaning, in
contrast to the materials which thin transversely
under axial tensile force, these materials thicken.
Poisson’s ratio is a measure of the transverse strain
relative to longitudinal strain Fung et al. Claimed
that the Poisson’s ratio is bounded between -1 and
0.5 for a linear elastic isotropic material. Cork is the
material with zero Poisson’s ratio. It was shown in
the work of Ting & Chen. that for anisotropic
materials, Poisson’s ratio can be positive and
negative on the condition that the strain energy
density function is positive and definite. Then the
negative Poisson’s ratio can be achieved in the man-
made materials. Unlike the conventional materials
Auxetic materials get shorter in transverse direction
when they compressed in the longitude direction
and vice versa. Auxetic materials have different

potential applications in different fields such as
medical, sports, automobile, etc. Lakes  in 1987 was
the pioneer work in the field of negative Poisson’s
ratio materials which was fabricated first time
foams with negative Poisson’ ratio. Evans termed
the “Auxetics” from Greek word “auxetos” which
means “that may be increased”. In this article we
briefly introduce these materials, some mechanical
properties of them and their different modes. Figure
1 compares the conventional and auxetic materials
during loading in Y direction.

Fig. 1: Conventional and Auxetic Honeycomb
Pattern
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The potential exists to develop auxetic materials-
based composites and related technologies for
aerospace materials and systems having reduced
cost, materials usage, and improved performance
envelopes (impact, failure resistance, energy
absorption, complex curvatures, structural health
monitoring, and adaptive and deployable structures)
leading to reduced fuel   consumption and
emissions.

So we are studying and design the structure those
have behaved like auxetic material having negative
Poisson’s ratio.

2. LITERATURE REVIEW
F.C. Smith, et al [1] “Design of honeycomb-like
composites for electromagnetic and structural
applications”2004.
The cellular composite’s unit cell is based on the
common honeycomb configuration, but includes
auxetic and non auxetic variants. Formulas that
describe the essential electromagnetic and structural
properties of the honeycomb are described, and a
multidisciplinary design procedure outlined. The
effects of the manufacturing process on design
methodology are also discussed.

Chang Qi, et al [2] “Impact and close-in blast
response of auxetic honeycomb-cored sandwich
panels: Experimental tests and numerical
simulations”2017.
Protecting building, critical infrastructure and
military vehicles from Improvised Explosive
Devices (IEDs) has become a critical task. This
study aims to examine the performance of a new
protective system utilizing auxetic honeycomb-
cored sandwich panels for mitigation of shock loads
from close-in and contact detonations of high
explosives. Both field blast tests and drop weight
tests were performed using the proposed
sandwiches as a shield for concrete panels in
combination with conventional steel protective
plates. The combined shield was found to be
effective in protecting reinforced concrete structures
against severe impact and close-in blast loadings.
The honeycomb core with re-entrant hexagonal
cells shows evident auxetic characteristics which
contribute substantially to outstanding force
mitigation and blast-resistance performances of
such sandwich panels.

O. Duncan, et al [3] “Fabrication, characterization
and modeling of uniform and gradient auxetic foam
sheets”2017.
Large sheets of polyurethane open-cell foam were
compressed (or stretched) using pins and a
conversion mould whilst undergoing thermal
softening and controlled cooling. Sheets (final
dimensions355 * 344 * 20 mm) were fabricated
with uniform triaxial compression, with and without
through thickness pins, and also with different
compression regimes (uniform triaxial compression
or through thickness compression and biaxial planar
tension) in opposing quadrants. The cellular
structure and mechanical properties of open-cell PU
foam can be altered by changing the compression
regime applied in the thermo-mechanical
conversion process. Control of localized
compression can be achieved by employing pins
inserted through the foam. Tri axially-compressed
sheets fabricated with through thickness pins
exhibited similar properties to those fabricated
without pins, suggesting negligible effects due to
densification and creasing surrounding pin holes.

3. OBJECTIVE of STUDY
 To study the different auxetic materials and

their shapes.
 To carry out numerical analysis of auxetic

material.
 To carry out Finite Element Analysis of the

design materials using FEA based software
ANSYS workbench.

 To carry out Experimental Analysis of the
auxetic material.

 To validate the FEA and Experimental results.

4. Methodology
At first theoretical study of auxetic structures are
done. In this study we are going to find out the
dimensions for the auxetic structure for three
different size. Then with this three dimensions we
are going to generate the CAD model of the
structure and then importing it into ANSYS
Workbench for doing further analysis for two
different materials i.e. Aluminium Alloy and
Polycarbonate. Once the analysis was done we can
select the suitable model for manufacturing. At the
end we are going to test the manufactured model
experimentally on UTM machine for the
compressive load.



1884 Amruta L. Adasul, Dr. Monimoy Saha, A. B. Gaikwad

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 3

March 2018

5. Theoretical Calculations
5.1 Numerical model
The two different types of unit cells investigated in
this work are presented in Figure2. In particular, the
honeycomb unit cell (HU) is one of the most typical
cellular structures (Figure2b), while the auxetic unit
cell (AU) with a re-entrant shape (Figure2a) is
considered as the most popular structure exhibiting
negative effective Poisson’s ratio.  Both structures
have     simple designs, which make them easier to
manufacture and maintain at minimum cost. Due to
the cellular structures, these panels are able to
withstand large deformations, providing effective
protection against extreme loads.  Their   simple
geometries also allow a straight forward
optimization process through modifying
geometrical parameters and material selections,
given the total weight and thickness constraints.

Fig. 2: (a) Auxetic unit cell (b) Honeycomb unit cell

Both unit cell configurations are characterized by
the angle θ (from 30° to 70° for AU and from 120°
to 160° for HU ), the height H and the length ratio,

= , (varying between 0.3 and 0.7 for AU and 1.5

and 3.5 for HU). The baseline AU shown in Figure
2a is characterized by θ=50°, H=20mm and =0.5,
while the baseline HU shown in Figure 2b is
characterized by θ=120°, H=20mm and =2.0. The
thickness of the shells is denoted as t. These
dimensions are chosen to prevent early internal
contact, enabling the auxetic behaviors at large
strains for the AU panels.

As the three key parameters considered in this work
are θ, r L and H, the above formula could be further
developed. Specifically, as r L is defined as the ratio
between and , it is possible to express =
*

For the AU, the relationship between the different
lengths L and the angle θ is obtained using
trigonometry (Figure3):

−2 = 3cos(θ)
Fig.3: Internal trigonometric relations of 2D (a)

auxetic unit cell (AU) and (b) honeycomb unit cell
(HU).

For the HU, the relationship is obtained in a similar
way: −2 = 3sin θ − Π2
These trigonometric identities are used:−2 = − 3cos(θ)
Consequently, 3 has been obtained, for both the
AU and the HU, as:L3   = = ( )∗
6. Design
6.1 Specified Material Properties
Allowable stresses and material properties for the
design of Auxetic honeycomb are given in Table-1.

Table 1: Material Properties
S
r.
N
o.

Material Density

(Kg/m3)

Young’
s

Modul
us (Pa)

Poisso
n’s

ratio

Ultim
ate

streng
th

(Pa)

Comp
ressive
yield

strengt
h

1 Aluminium
Alloy
(Grade303)

2770 7.1
e^10

0.33 3.1
e^8

2.8 e^8

2 Polycarbona
te

1200 2.2 e^9 0.37
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7. FEM Analysis
The finite element analysis includes CAD
modelling, pre-processing, solution and post
processing.

7.1 Cad Modelling

Figure 4: Assembly drawing (condition 1)

The dimensions for the parts were determined
analytically which were later used in modelling.
The extruded cut profiles were applied on the top.
The CAD model is created in the CATIA software.
The accuracy of any simulation depends on how
accurately the modelling work has been carried out.
The Modelling is done by CATIA modelling
software using the below mentioned dimensions.

Table 2. Dimensions for the structure

Sr.
No.

Dimensions Conditions

1 2 3

1 L1 (mm) 16 20 25

2 L2 (mm) 5 8 15

3 L3 (mm) 8.5 6.92 14.6

4 (degree) 50 30 70

5 H (mm) 13 6.92 27.5

Figure 5: Assembly drawing (condition 2)

Figure 6: Assembly drawing (condition 3)

7.2 Loading and Boundary conditions
The load of 10 kg is applied on the top surface of
the structure for having a compressive force on the
structure and the bottom surface is going to fixed.
These are the loading and boundary conditions on
the structure of Auxetic honeycomb.

8. Results and Discussion
8.1 Aluminium Alloy Material
 Deflection Plots

Figure 7: Total deformation (condition 1)

Figure 8: Total deformation (condition 2)
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Figure 9: Total deformation (condition 3)

 Stress Analysis Plots

Figure 10: Equivalent stress (condition 1)

Figure 11: Equivalent stress (condition 2)

Figure 12: Equivalent stress (condition 3)

 Elastic Strain Plots

Figure 13: Equivalent elastic strain (condition 1)

Figure 14: Equivalent elastic strain (condition 2)
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Figure 15: Equivalent elastic strain (condition 3)

8.2Polycarbonate material
 Deflection Plots

Figure 16: Total deformation (condition 1)

Figure 17: Total deformation (condition 2)

Figure 18: Total deformation (condition 3)

 Stress Analysis Plots

Figure 19: Equivalent stress (condition 1)

Figure 20: Equivalent stress (condition 2)
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Figure 21: Equivalent stress (condition 3)

 Elastic Strain Plots

Figure 22: Equivalent elastic strain (condition 1)

Figure 23: Equivalent elastic strain (condition 2)

Figure 24: Equivalent elastic strain (condition 3)

Table 3: Results from ANSYS
Sr.
No.

Results from
ANSYS

Materials Conditions

1 Total
Deformation (m)

Al Alloy 3.5e^-5 2.1e^-5 6.9e^-5

PC 1.1e^-3 8.2e^-4 2.1e^-3

2 Equivalent Stress
(Pa)

Al Alloy 7.79e^
7

7.75e^
7

1.3e^8

PC 1.1e^8 7.1e^7 9.9e^7

3 Equivalent Strain
(m/m)

Al Alloy 1.63e^-
3

1.67e^-
3

1.89e^-
3

PC 4.14e^-
2

4.30e^-
2

4.55e^-
2

8. Experimentation:
The Experimentation will be carried out on
Universal Testing Machine (UTM) for the
compressive force. From that we can calculate the
poisons ratio of the entire structure. The
experimental setup is shown in fig. below:

Figure 25: UTM Machine
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9. Conclusion:
From the result table we can conclude that the
Polycarbonate material shows better performance
for the results of total deformation and equivalent
stress value. Also this is going to improve the
mechanical properties of the sandwich panels
because it is going for negative poisons ratio of the
entire structure.
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