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ABSTRACT

This research investigates the low-velocity impact on sandwich beams with two-dimensional curved reentrant
auxetic cores. Usingra 3D printer, tensile test specimens are fabricated, and their mechanical properties are
extracted. In addition, using a 3D printer, sandwich beam specimens with two-dimensional curved reentrant
auxetic cores are fabricated, consisting of curved unit cells at angles of 30, 45, and 60 degrees. Three-point
bending and drop-weightdmpact tests are performed on the specimens. Polylactic acid is used as the material for
the beams. The findings from the three-point bending test show that increasing the internal angle of the curved
unit cell corresponds to decreasing the slope of.the linear portion of the graph and the amplitude of the applied
bending force. The impact responsechistory includes factors such as contact force, absorbed energy, impactor
velocity, impactor displacement, and displacement of sandwich beams with two-dimensional curved reentrant
auxetic cores when subjected to a 3 J drop-weight impact test. Also, Poisson's ratio and relative density of two-
dimensional curved reentrant auxetic unit cells with angles of 30, 45, and 60 degrees are obtained. One of the
important findings of the impact test is that in order to maximize energy absorption, sandwich beams with two-
dimensional curved reentrant auxetic cores with unit cells'of 30 degrees angle perform best compared to other

angles.
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1. Introduction

The concept of metamaterial history was first proposed
by Russian theorist Veselago in 1968 [1]. Metamaterial
is derived from the Greek word meaning superior. It is a
syntheticy.composite material produced by combining
several elements [2]. According to the European Union,
the term metamaterial is defined as “an arrangement of
man-made~structural components designed to achieve
useful/ and unusual electromagnetic properties.”
Metamaterials are commonly used to enhance antenna
system performance, electromagnetic properties, absorb
electromagnetic’ radiation and modify the elastic
properties of materials [3].,In materials, mechanical
properties have, been widely studied due to their high
importance in real<life “applications. Recently, various
materials have been found in nature that exhibit
attractive properties that cannot be, achieved with
conventional materials. Mechanical .ametamaterials
include negative elastic modulus, .negative Poisson's
ratio, zero shear modulus, etcs [4]. Poisson's ratio
represents the relationship between transverse'strain and
longitudinal strain. In simple terms,<this constant
indicates how much transverse straindoccurs relative to
longitudinal strain. Poisson's ratio forta linear<elastic
isotropic material has been reported to range between -1
and 0.5. For anisotropic structures, Poisson's ratios can
have any positive or negative value, provided thatsthe
strain energy density function remains positive and
finite [5]. Auxetic materials are materials that have'a
negative Poisson's ratio, meaning that when stretched in
the longitudinal direction, they expand in the transverse
direction and vice wversa. Using an experimental
approach, impact tests on the Auxetic Kevlar laminated
composites were performed [6]. The tube with a re-
entrant auxetic structure manufactured by additive
manufacturing under low-velocity impact was studied
[7]. Using the cellular collapse mechanism, the auxetic
honeycomb under low and high-velocity impact was
studied [8]. Using Zig-Zag theory and Gibson’s
equations, a sandwich panel with a re-entrant auxetic
core and carbon fiber reinforced face sheets under low-
velocity impact was modeled [9]. A three-dimensional
re-entrant four-pointed star sandwich plate was
introduced, and low-velocity impact analysis was
studied by experimental and numerical approaches [10].

This article examines the low-velocity impact of
sandwich beams that incorporate a two-dimensional
curved re-entrant auxetic core through experimental
methods. Tensile tests, three-point bending tests, and
drop-weight impact tests are conducted on the sandwich
beams with different angles of curved unit cells. Finally,
Poisson's ratio and relative density of curved unit cells
are extracted.

2. Methodology

Schematic of a unit cell of a two-dimensional curved re-
entrant auxetic core that is designed in this research is
illustrated in Figure 1. The volume of the unit cell's
components divided by the volume of the rectangular
cube that covers the unit cell is defined as the relative

density of the unit cell.
b/2

Figure 1. Schematic of a unit cell of two-dimensional curved
re-entrant auxetic core (marked with red color).

The unit cell is defined by parameters t, h, b and 6,
which indicate the thickness, height, length and angle,
respectively. Three layers of unit cells are considered in
the sandwich beam core. With all the parameters being
constant, only by changing the angle of the unit cell,
three types of sandwich beams with angles of 30, 45 and
60 degrees are fabricated using a 3D printer that are
shown in Figure 2.
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Figure 2. Sandwich beams with two-dimensional curved re-
entrant auxetic core fabricated by a 3D printer, a) 30-
degree, b) 45-degree and b) 60-degree.



3. Results and Discussion

The sandwich beams are subjected to a three-point
bending test, and the bending force curve is plotted in
"Figure 3". The values of the slope of the linear part of
the” graph. for angles of 30, 45 and 60 degrees are
51.5632, 25.8510 and 19.9569 N/mm, respectively.
With an increase of 50 and 100 percent of the curved
unit cell angle relative to the 30-degree the slope of the
linear part of the graph decreases by 487.49 and 27.61
percent, respectively..In general, the range of applied
bending,force decreases:with an increase in the angle.
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Figure 3. Force-displacement diagram of sandwich beams

with two-dimensional curved re-entrant auxetic after the
three-point bending test.
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Figure 4 shows the contact force history between the
impactor tip and the upper surface of the sandwich
beam after the 3-Joule drop-weight impact test. The
maximum contact force for the curved unit cells with
angles of 30, 45, and 60 degrees is 802.469, 679.012,
and 493.827 N, respectively.
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Figure 4. Contact force diagram of sandwich beams with

two-dimensional curved re-entrant auxetic after the drop-
weight impact test.

With an increase of 50 and 100 percent of the curved
unit cell angle compared to the 30-degree angle, the

maximum contact force is reduced by 15.38 and 38.46
percent, respectively.

4, Conclusions

An increase in the unit cell angle led to a reduction in its
relative density, which in turn decreased the slope of the
force-displacement curve and the range of bending
forces during the bending test. Results from the impact
test indicated that the sandwich beam with a 30-degree
unit cell experienced both indentation and surface
cracks at the contact point, with its maximum contact
force exceeding that of the 45-degree angle beam,
which only showed indentation. The maximum contact
force at 60-degree angles was noticeably lower than that
at other angles due to the failure of the unit cell.
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Figure 4: Devices used for a) simple tensile test and three-point bending test and b) drop-weight impact test.
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Figure 5: a) Stress-strain curve and b) polylactic acid samples after simple tensile test.

Table 1: Mechanical properties of polylactic acid samples after simple tensile test.
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Figure 6: Three identical samples‘of.each of the sandwich beams with two-dimensional curved re-entrant
auxetic core, including angles of 30, 45 and 60 degrees.
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Figure 7: a) Bending force-displacement curve of the beam and b) sandwich beam specimens with two-
dimensional curved re-entrant auxetic core, including angles of 30, 45, and 60 degrees after three-point bending
test.
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Figure 8: a) Contact force history curve and b) sandwich beam specimens with two-dimensional curved re-
entrant auxetic core, including angles of 30, 45, and 60 degrees after a 3-Joule drop-weight impact test.
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Figure 9: a) Absorbed energy, b) impactor velocity, c) impactor displacement, and d) beam displacement with
two-dimensional curved re-entrant auxetic core, including angles of 30, 45, and 60 degrees after a 3-Jouledrop-
weight impact test.
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Figure 10: Deformation (in millimeters) of the two-dimensional curved re-entrant auxetic unit cells after loading
in ABAQUS software, a) 30-degree angle, b) 45-degree angle and c).60-degree.angle.

Table 2: Relative density and Poisson's ratio of the two-dimensional curved re-entrant auxetic unit cells with
angles of 30, 45 and 60 degrees.
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Low-velocity impact on sandwich beams with two-
dimensional curved re-entrant auxetic cores

Zahra Tahmasebi-Tahneh, Mehdi Ranjbar-Roeintan’

Department of Mechanical Engineering, Kermanshah University of Technology, Kermanshah, Iran

ABSTRACT
This researchinvestigates the low-velocity impact on sandwich beams with two-dimensional curved reentrant

auxetic cores. Using a 3D printer, tensile test specimens are fabricated, and their mechanical properties are
extracted. In addition, using a 3D printer, sandwich beam specimens with two-dimensional curved reentrant
auxetic cores are fabricated, consisting of curved unit cells at angles of 30, 45, and 60 degrees. Three-point
bending and drop-weight impact tests are performed on the specimens. Polylactic acid is used as the material for
the beams. The findings from the three-point bending test show that increasing the internal angle of the curved
unit cell corresponds to decreasing the slope of the linear portion of the graph and the amplitude of the applied
bending force. The impact response history includes factors such as contact force, absorbed energy, impactor
velocity, impactor displacement, and displacement’of sandwich beams with two-dimensional curved reentrant
auxetic cores when subjected to a 3 J drop-weight impact test..Also, Poisson's ratio and relative density of two-
dimensional curved reentrant auxetic unit cells with angles of 30, 45, and 60 degrees are obtained. One of the
important findings of the impact test is that in order to maximize“energy absorption, sandwich beams with two-
dimensional curved reentrant auxetic cores with unit cells 0f:30 degrees angle perform best compared to other

angles.

KEYWORDS
Auxetic materials, curved unit cell, three-point bending test, drop-weight impact testyabsorbed energy.
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