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Abstract

The sandwich panels are widely used in many industrial applications due to their high mechanical properties. Their core
design is most important parameter in enhancing their mechanical strength. Flexibility in the design of the core structure
leads to the achievement of high strength and light structures. In this paper, the results of the optimized geometry in the
previous work are used to investigate the capability of the core geometry design with different materials. Therefore, using
the different materials, the peak enhancement of strength-to-weight ratio in sandwich panels besides core behavior during
pressure testing are investigated. To this end, a new lattice core is brought forth as the first level; then, three types of mate-
rials including AL3105, glass, and innegra fiber/epoxy composites are used to fabricate the cores, in order to compare the
compressive strength and the peak. The Nano-clay cloisite 20A is also utilized in construction of sandwich panels. The result
indicates that the AL3105 lattice core has the highest strength-to-weight ratio, while the innegra fiber composite core has the
highest toughness. Applying curve studies and the SEM Fig. 13, it is concluded that the addition of Nano-clay to composites
leads to an increase in both of the strain and the core strength. Comparing the results of experimental and finite element
modeling (FEM) data (in ABAQUS software) represented that there is a suitable compliance between them. Our results with
the positional variation in core design can pave way in designing advanced engineered sandwich structures in aerospace,
shipping, automotive industries. Therefore, these structures will have wide applications in the field of light structure, heat
and fluid transfer, sound and vibration control.

Keywords Sandwich panel - Lattice core - Mechanical properties - Innegra fiber - Nano-clay - Aluminum

Introduction

Due to the appropriate efficiency and high level of mechani-
cal strength, super-lightweight sandwich panel structures
have currently gained much more attention by scholars.
[1-4]

Recently, various combinations of lightweight and high
strength surfaces and core plates have developed sandwich
panel structures [5—7]. Honeycomb-made cell cores [8, 9]
and lattice core reinforcement composites [1] are some
of these structures. Sandwich panels made of the Fiber-
Reinforced Plastic (FRP) composites with truss lattice core
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structures are considered for using in aerospace, marine, and
automotive industries [10]. Moreover, these structures with
solid plates and low-density cores are widely used against
compressive and bending loads [11]. Therefore, the attached
cores and plates are usually made of polymeric materials.
Recently, composite cores are built with innovative and
simple methods [12]. It’s been reported that the fiberglass,
compared to other materials, can improve the sandwich pan-
els mechanical properties [13]. The mechanical properties
of fiberglass/polypropylene composite are examined by the
authors. They inferred that the thermal properties can be
improved by the combination of fiberglass and polypropyl-
ene composites. It’s been well documented that adding car-
bon nano-tubes to carbon fiber/epoxy increases the strength
gratefully [14, 15].

The resin matrix protects the fiber and also supports
the reinforcement. Two types of polymer matrices are
used in composites. The first one improves the mechanical
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properties and the second enhances the penetration of wet-
ting and adhesion [16]. Due to the low viscosity, good wet-
ting ability, and excellent mechanical properties, the epoxy
resin is one of the most important composite materials [17,
18]. In polymer nano-technologies, improving both the
mechanical and thermal properties has been the main goal
of researchers [19, 20]. Also, modification of resin uptake
in the skin/core interphase region leads to an increase in
strength mechanical [21].

Some reports have shown that adding SiO2 to the com-
posite leads to an improvement in tensile properties [22].
Hybrid nano-materials, which is called Hybrid Nano-
Composites, are employed by researchers to achieve more
desirable mechanical properties [23]. Faced to single-axis
compressive loads, each and every component of truss cores
in sandwich panels resists bending and deformation [24].
It’s been reported that the honeycomb core sandwich panel
also has significant strength under compression and bend-
ing loads, but the core plates begin to buckle for the thick-
ness decreases, so the sandwich panels’ strength reduces
significantly [25]. To exchange the heat [26, 27] and impact
the energy absorption, both of truss and lattice core sand-
wich panels are also applied [28]. One of the most important
advantages of lattice core sandwich panels is concerned with
their high mechanical strength [29-31], which is affected by
the cores, and the core’s strength itself depends on its design
and ingredients. [32]

To increase the sandwich panel’s mechanical strength,
a Snap-Fitting method is utilized [1, 2]. It is deduced by
the authors that the use of carbon fiber composites and lat-
tice structures at the same time is effective in improving the
sandwich panels’ mechanical properties. The snap-fitting
method is applied to enhance the mechanical strength in the
case of low density. In constructions and automotive indus-
tries, the application of these types of structures can be very
beneficial. These structures can be used in chassis parts of
the automobile as well as the roof and pillars of the building.

In the previous study, a new core investigation is con-
ducted on aluminum with an isotropic behavior [5]. Due to
the anisotropic behavior of some materials such as innegra
and fiber glass composites, the behavior of new cores made
by the given materials has been challenged under pressure in
this study. Thus, the behavior of using a non-metallic aniso-
tropic composite, as compared to an under pressure isotropic
aluminum, has been the purpose of this research supposing
the application of a new core with the same geometry.

Therefore, achieving a high strength-to-weight ratio,
whereas presenting a new core design, besides employing a
suitable snap-fitting method instead of adhesives in attaching
lattice parts are of the research objectives at the moment.
Moreover, performance comparison of different core mate-
rials (Nano-clay, Innegra, Glass and Al 3105) is another
objective of the research. Besides, the sandwich panels’

behaviors in elastic and plastic areas are studied. Moreover,
the influence of Nano-clay cloisite 20A on the strength of
glass fiber and innegra composite is investigated. Eventually,
the experimental results’ precision is measured by ABAQUS
software’s simulation.

Materials and Methods

Three groups of sandwich panel cores, which had a sepa-
rate subgroup one another, are developed in this study with
entirely similar core designs, whereas dissimilar materials.

The first group is involved in a composite sandwich
panel with the glass/epoxy core and face sheet, consisting
of epoxy, Nano-clay, and glass fibers. The lattice sandwich
panels are manufactured from 0/90° laminate sheets.

The second group is involved in a composite sandwich
panel with the innegra/epoxy core and face sheet, consisting
of epoxy, Nano-clay, and innegra fibers with 0/90° laminate
sheets.

The third group is involved in a sandwich panel with
the aluminum core and face sheet, which they will be fully
expressed in the following, respectively.

A couple of Nano-clays with different weight percent-
ages (1.5 and 3%) are primarily added to the epoxy in order
to make composite laminate sheets. The addition of Nano-
clays, with weight percentages of above 3%, leads to an
undesirable effect called “Agglomeration”, which creates a
less strength and weak interfacial bonding between the resin
and the fiber area [33]. The problem of uniform distribu-
tion of clay particles in the polymer is of the most serious
challenges in producing these types of composites. On the
other hand, clay particles tend to Agglomerate and this factor
prevents the dispersion and distribution of particles. That’s
why the nano/epoxy solution is inserted into an Ultrasonic
Homogenizer Mixer, since the nano-clay particle would be
uniformly distributed throughout the epoxy by ultrasonic
waves.

To eliminate the porosity, all laminates (two first afore-
said groups) of composite sandwich panels (glass and inne-
gra) are made via Vacuum Assisted Resin Transfer Molding
(VARTM) (Fig. 1). The laminate produced by the VARTM
method is free of any voids and delamination defects are
minimized in this method. The composite sheets are placed
at the room temperature for /2 h, and then, subjected to 60°
C for 15 h. In the third group, both of the cores and the face
sheets of the sandwich panels are made of A13105.

The properties of composite material and AL3105 are
presented in Table 1.

The epoxy resin, glass fibers, aluminum sheets, and nano-
clay sheets are respectively provided from Hexon, Mytex,
Arak, and Nano- Research-Material companies to make the
samples.
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Fig.1 VARTM method setup

Table 1 Properties of composite material and AL 3105

Nano—Clay "Cloisite 20A"  Fiber glass Fiber innegra resin epoxy (EC 130 LV) Aluminum 3105
Moisture < 3% Elongation 2.2-2.6% Plain Weave Density at 25 °C 1.14— Density 2.6 g/cm®
1.16 g/ml
Density1.77 g/cm3 Poison ratio 0.3 Elongation at break 7.5% Viscosity at 25 °C 1.200— Tensile strength 155 MPa
1.600 MPA
Color Off white Density 2300 (kg/m®) Tenacity Pot life at 25 °C 95-117 min Poison ratio 0.33
590 MPA
Typical dry particle Young modulus 71-76 Poison ratio 0.4 Elongation 1.7%
size <10 pm (GPa)

(b) -t

Fig.3 Geometry of the lattice pattern with relevant core design vari-

Fig.2 Tensile test setup: (a) tensile test for aluminum 3105 sample, able

(b) tensile test for fiber glass sample

To determine the laminates’ tensile properties which ~ Fabrication of Sandwich Panels
experimented according to the standard (ASTM D3039)
[34], the 10-layer fiber glass and Al3105 are randomly = The model of sandwich panel’s core is firstly designed by
chosen. The dimensions and thickness of specimen are  the Solid-Works software and the critical parameters of the
respectively as 250 X 25 mm and in the range of 2.5 mm.  lattice core are provided in Fig. 3.
The testing samples are depicted in Fig. 2. The parameters are as below:
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Table 2 Design parameters of the improved-lattice core

Core ID o ®) H (mm) t (mm) b (mm) w (gr)

A 45 30 2.5 16.14 52.37

Fig.4 Patterns water jet cut from the laminate sheets

Fig.5 Manufacturing route for
making symmetric lattice core
sandwich panel. (a) Slot-fitting
of the patterns to produce a lat-
tice. (b) Symmetric Lattice core
sandwich panel

Strutted angle of w =45, cores height of H=230 mm,
seat width of b=16.14 mm, and strut thickness t=2.5 mm
(according to Table 2).

The impact rate of design variables on both the core’s
critical zones and the variables’ independence from each
other is one of the reasons of choosing design variables
(H, b and 1). In other words, none of the variables should
be affected by increasing or decreasing other variables.

Then, the designed cores of both composite and alu-
minum sheets are cut by a water jet machine (Fig. 4) and
then the lattice members are assembled by the snap-fitting
method. Finally, the sandwich panel’s upper and lower
plates are bonded to the core (Fig. 5). The sandwich pan-
els are placed at the room temperature for /2 h, and then
exposed to 40° C for 3 h.

Measurements of the Lattice Core’s
Mechanical Response

According to the ASTM C365 standard, all compressive tests
are performed by the SANTAM machine at a feed rate of
0.5 mm/min. The compressive test setup is depicted in Fig. 6.

All samples had a size of 90*90*30 mm and the sandwich
panels’ cores consisted of /8 cells with the widths of 30 mm.

Numerical Analysis

Based on ABAQUS/Explicit (version 6.14), the Finite Ele-
ment Analysis is performed in this study. To more eluci-
dation, the aluminum and fiberglass samples are randomly
selected and exposed to a tensile test simulation at first.
Then, the pressure test simulations of aluminum and fiber-
glass sandwich panels are accomplished, which it will be

(b)

Fig.6 Compression test setup of fiber glass sandwich panel

fully described in the following.
To conduct a quasi-static axial loading analysis, the
Static General Method is applied. Using a tridimensional
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Table 3 Engineering constants that are applied in numerical study 4000 AL 3105
Engineering con-  Glass/ Aluminum 3105  source 3500 H-==== FEM 4
stants Epoxy S
lamina 3000 P
4

Density (kg/m®) 1271.5 2600 Experimentally 2500 ,’,
E,=E, (MPa) 7980 69,000 Experimentally & 7z
E; (MPa) 4975 Analytically g 2000 Al

ROM) ™ 1500 | /
G, (MPa) 2960 25,000 Glepoxy (lit- /

erature) 1000 F Vd
Gy =Gy; (MPa) 1883 Analytically /

(ROM) 500 /’
Vis 0.3 0.33 Experimentally 0 / , , . .
Vy3=V)3 0.3 Analytically 0/00 0/05 0/10 0/15 0/20 0/25

(ROM) Extension (mm)

(a)
4000
—— Fiber glass
mesh element, the tensile specimen is modeled. The 3500 A FEM
dimensions of these simulations are as the same as the U ’
experiments performed in the present study in order to 3000 y
compare the result. To improve the convergence of com- 2500[ 7
plex models, an explicit method is utilized in this paper. z - /)
At the material designation phase, the glass lamina g 2000 | ,’I
properties are defined by orthotropic properties as reported = 1500 .
in Table 3. Furthermore, Aluminum is assumed to have an i ///
elastic—plastic behavior as well as an isotropic hardening. 1000f y
To give an explanation, in simulating the composites 500

according to the technical data sheets, the entire mate-
rial’s simulations, design of experiments, and manufactur- 00 ! 5 3 1 s

ing processes have been previously implemented by most
of researchers and their experimental testing results are
usually exploited in designating materials.

All nodal points in the model are coupled with the refer-
ence points. The fixed boundary conditions and displace-
ments are applied to the lower end and the upper node,
respectively.

Within the elastic region, a mesh study on tensile sam-
ples is conducted.

Revealed by FEM simulations using various meshes,
a total number of /750 and 1200 elements, respectively
for fiber glass and aluminum simulating tensile, gener-
ally converge to similar numerical results. The diagram
of force vs. displacement is afforded at the end (Fig. 7).
There is a very high accordance between the experimental
test results and the tensile simulation of A/ and fiber glass
composite (Fig. 7).

Then, the aluminum and fiberglass sandwich panels are
modeled.

To manage a quasi-static axial loading analysis, the
Static General Method is utilized.

In order to ameliorate the convergence of complex mod-
els, an explicit method is applied.

Extension (mm)

(b)

Fig. 7 Force diagram versus displacement Comparison of experimen-
tal tensile test results with simulations: a) AL 3105, b) composite
fiber glass

The entire samples are made of aluminum alloy 3105 and
fiber glass (Table 1, 3), and each material’s properties are
registered, as obvious in Table 1, 3.

By merging the truss components, paying no heed to the
connections between slots, and assembling the lattice cores
together, the convergence and arithmetical efficiency are
enhanced. Using a tie constraint in the discretization method,
the face sheets are attached to the cores "surface to surface".
The midpoint of the upper face sheet was used as a reference
point to calculate load displacement and eliminate constraint
reaction.

The bottom face sheet is kept constant and the cores
and face sheets are constructed by means of 8-node tri-
dimensional reduced-integration elements (C3D8R). A
sandwich panel with characteristics of H=30 mm, t=2.5,

SEM
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and b=16.14 mm is exposed to a mesh study within the
elastic region. As observed in Fig. 8, the mesh conver-
gences of I mm and 0.6 mm are respectively obtained for
Aluminum lattice core and fiber glass lattice core. The
material's behaviors of both the composite and aluminum
are brought up for the tensile test.

As a result, the rigid upper plate is assigned a rate of
0.016 m/s only along the height direction of the sandwich
panel core, while its other degrees of freedom (bottom
rigid plate) are constant (Fig. 9). A comparison between
the experimental data and finite elements proved that they
are in a good accordance with each other (Fig. 10).
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\/
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Mesh size (mm)

(b)

Fig.8 The mesh convergence analysis, Force vs Mesh size is: a) Alu-
minum sandwich panel b) Fiber glass sandwich panel

Result and Discussion

To make the sandwich panels, in this part, three kinds of
fiber glasses (6, 8, and 10 layers) are used and subjected to
the compressive testing. Also, the nano-clay cloisite 204,
at three different percentages, is used in all constructions of
innegra, glass composite core, and sandwich panel plates.
Finally, the AL3105 core is made to compare the mechanical
behaviors of both the glass and innegra.

Effect of Layering on Fiberglass/Epoxy Composite

The sandwich panels with 6, 8, and /0-layer fiberglass/epoxy
composite cores are subjected to the compressive testing.
At the beginning, all three samples have the same pre-load,
indicating a distortion in the surface of the sandwich pan-
els (Fig. 11). There is also a significant enhancement in the
strength peak of by the addition of layers from 6 to 8 as well
as 8 to 10.

Due to the fragility and intrinsic properties of fiber
glasses, there is a sharp decrease in the strength of all three
samples after the primary peak. Moreover, according to
Figs. 3 and 12, the fracture in all samples is initiated from
point Q.

Layering also occurs in the samples, but it is not the main
cause of the structural collapse (Fig. 12). After the primary
peak, the compressed core is exposed to a structural change,
which leads to the strength augmentation.

The enhancement of strength-to-weight ratio is the pur-
pose of designing these structures and no smart materials
or structures have been used for several cycles. Instead, a
different behavior is observed in the core structure accord-
ing to the behavior of the core materials, which includes the
fiberglass too. As the core’s behavior in Fig. 12 shows, the
core is fractured from the middle; but, after a sudden pres-
sure drop, the pressure raised up again by renovating the
core to a new structure (Fig. 11).

Effect of Nano-Clay on Fiberglass/Epoxy Composite

The 10-layer fiberglass/epoxy composite sandwich panel is
chosen for its high strength peak and also a total nano-clay
addition of 1.5 to 3% to the composite.

A Scanning Electron Microscope (SEM) — Type 1530 —is
used in the present study. The micro-graphs of samples’ frac-
tured surfaces with different weight percentages of nano-clay
(0%, 1.5% and 3%, respectively) are shown in Fig. 13.

Figure 13 (a) presents the fractured surfaces of the glass
composite with nano percentage of 0%. In this sample,
the strength is less than usual due to the weak interfacial
bonding between the fibers of epoxy and glass (Fig. 13).
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Fig. 9 Contour plots for von-
Mises stress: a, b) compression
test steps in FEM

Nevertheless, the fibers of epoxy and glass have a brittle
nature or essence, which causes their quick fracture. As
obvious in Fig. 12, the strength peak is improved by the rise
of nano percentage, which indicates the proper distribution
of nano-clay in the composite. Besides, the orientation of the
fiber with 7.5% of nano-clay in all directions is illustrated in
Fig. 13 (b), which delays the growth of cracks point to point.
The appropriate mixing between the epoxy and nano-clay
particles leads to a homogeneous mixing which provides
a strong bonding between them. Therefore, it boosts the
strength of both epoxy and glass fibers matrix.

Also, the forces applied to the composite are monoto-
nously transmitted to the nano-particles. The amount of
particle dispersion and how to distribute them, both have
a direct impact on the quality of the polymeric product.
By distribution of nano-particles called filling materials,
the improvement of several properties such as mechanical
strength, density, porosity, and permeability can be expected.
The polymeric material (matrix) can keep apart the dis-
persed particles in a way, and delay or prevent the growth of
cracks due to the stressing tasks. In other words, the growth
of cracks due to the applied stress is delayed by the proper
distribution of particles inside the polymer. [35, 36]

Thus, it’s worth mentioning that the curves’ gradients
are decreased with increment of the nano content in the
composite (Fig. 14). In other words, by escalating the nano-
clay percentage, the fragility and brittleness of the structure
scales down and the composite becomes softer, so the pres-
sure on the structure increases and the elements as well as

(b)

the sandwich panels’ cores become stronger at the critical
points (Q in Fig. 3). In addition, a secondary peak, which is
due to the fracture at the point or position of Q, is observed
after the primary peak (Fig. 14) and leads to a new core
structure. So, the secondary peak increased by raising the
nano percentage in all three samples.

Effect of Nano-Clay into Fiber Innegra/Epoxy
Composite

The cores of sandwich panels with /0-layer innegra lami-
nates are fabricated by nano-clays of 1.5% and 3%, and all of
them are also subjected to the compressive testing. Accord-
ing to the diagram (Fig. 15), the behaviors of all three sam-
ples in the elastic area are the same as before the primary
peak.

According to Fig. 16, High toughness of the innegra fiber
is observed and no fracture witnessed within the elastic and
plastic areas.

Moreover, visually inspecting the samples under test
(Fig. 17), neither delamination phenomenon, nor buckling
is observed in the samples before the primary peak. But, by
increasing the nano-clay’s percentage, the primary peak of
strength is enhanced.

The structure of sandwich panel’s core does not entirely
collapse immediately after the primary peak of mechanical
strength. Therefore, evaluating the samples under the pres-
sure (Fig. 17), no fracture is observed in the structure of

SEM
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Fig. 10 validation of force-extension curves, (a) sample: AL lattice
core sandwich panel (b) sample: Fiber glass lattice core sandwich

panel

lattice core’s members, but the cores are totally faced to the
compressive stress.

That’s why the sandwich panels have flattened behaviors
after the primary peak. Also, contrary to the glass fiber com-
posite, innegra fiber composites do not have the secondary
peak due to the inherent toughness (Fig. 15). Therefore, it is
recommended that innegra cores to be utilized in very light
aerial structures such as drones.

AL3105 Lattice Core Sandwich Panel
The sandwich panel’s core is tested by using AI3105
(Fig. 18) and has a significant pinnacle of mechanical

strength (Fig. 19). These findings shows that the sand-
wich panel is experienced the fracture from point Q, which

Fig. 12 Compression test of Fiber glass sandwich panel and the struc-
ture collapses from point Q region

leads to a sharp decrease in the strength of the structure
after the primary peak (Fig. 20).

Cores’ Strength-to-Weight Ratio

In this study, the strength-to-weight ratio of sandwich pan-
els is investigated. According to Fig. 21, the diminution
of strength-to-weight ratio is observed from left to right.
Therefore, the AI3105 lattice core sandwich panel had the
highest strength-to-weight ratio (Table 4). Besides, both
the fiber glasses contain 3% of clay and the 8-layer one has
the same strength-to-weight ratio.

To better investigate the results of this study, the lat-
tice core sandwich panel’s strength is compared with other
sandwich panels [33]. To do so, the honeycomb sandwich
panel is produced at first with similar dimensions, and then
subjected to the compressive testing (Fig. 22).
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(a)

Fig. 13 SEM micrographs of fractured surfaces (a) composite specimen of neat epoxy (b) fractured surface with 1.5 wt% of Clay nanocomposite

(c) fractured surface with 3 wt% of Clay nanocomposite
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Fig. 14 Experimental force-extension curve for glass fiber/epoxy
sandwich panels with Nano Clay different Percent

10000
—— Innegra fiber-clay 3% f
—— Innegra fiber-clay 1.5% -

8000 |_—*— Innegra fiber-clay 0%

6000

4000

Force (N)

2000 ‘

0 2 4 6 8 10 12 14 16
Extension (mm)

Fig. 15 Experimental force-extension curve for innegra fiber/epoxy
sandwich panels

Clearly proved by Fig. 23, the strength of aluminum lat-
tice core sandwich panel is significantly higher than that of
honeycomb core sandwich panel.

Both sandwich panels suffer a sharp drop in strength after
their strength climax.

In Fig. 23, The area before point (A) is defined as the
structure’s elastic range, and no deflection in the structure
has been occurred in this area, except for decrement of the
core height (H), but after point (A), there is a fracture at
point (Q) (Fig. 3&20) and the structure is disintegrated at
once. Actually, concentration of the stress at the point (Q) is
more than the other points and the first fracture takes place
in this area.

It is evidenced that the compressive strength of the alu-
minum lattice core is exceeded from CFRP honeycombs for
the core densities of around 730 kg*m~> (Fig. 24) [36].

Before destroying the cells, the honeycomb sandwich
panel could withstand about /500 KgF. But the strength
of lattice core sandwich panel encountered a sharp drop let
alone the collapse of core design.

During the pressure test in the honeycomb sandwich
panel, having a relatively constant and ceaseless strength
after the initial peak is one of the most important features
of energy absorbers; so, they are employed against impact
loads. On the other hand, having a high compressive strength
and also a light weight in the core of sandwich panels of
the current study is assumed as a negative parameter in the
energy absorbers domain; so, the core design of the present
study is not practical in the field of energy absorbers and it’s
only used in aerospace and marine industries as a strong and
light construction. While with the injection of polyurethane
foam, this defect is reduced and the field of its application
becomes much wider.

The strength results in this work are higher than the
values of sandwich panels in recent studies. The strengths

SEM
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Fig. 16 Flatwise compression
test setup for the innegra fiber/
epoxy sandwich panels and the
structure collapses

Fig. 17 The structure collapses
of the innegra fiber/epoxy sand-
wich panels

Fig. 18 Flatwise compression
test setup of AL3105 symmetric
Lattice core sandwich panel
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Fig. 19 Experimental force-extension curve for AL 3105 symmetric Fig.. 20 Fracture modes from point Q region for AL 3105 symmetric
lattice core sandwich panel under flatwise compression lattice core sandwich panel

SEM
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Fig.21 Comparison of strength-to-weight ratio of fiber glass, fiber
innegra and Al sandwich panels

of sandwich panels with pyramidal truss cores under the
compression of 4 MPa are lower than that of the current
work [37]. The composite pyramidal lattice truss core
sandwich structures made by hot-pressing process tech-
nology have an asymmetric design due to the limitations of
mold making, so the core members collapse very quickly
during the loading time [38].

While, in the present study, the designer is able to
design any type of complex core structure considering the
loading objectives. In 2016, Hong Hu and his colleagues
made a sandwich panel with an orthogonal corrugated
truss core. their strength under pressure is much lower
than the current work due to the relatively long seating
surface, wide and asymmetric truss elements with respect
to the surface [39].

Therefore, the sandwich panel in the present study has
been distinguished from other samples due to these two
characteristics of low weight and high strength that it’s emer-
gent of the unique core design.

Conclusion

In this work, a new geometry of sandwich panel’s core ini-
tially presented and its behaviors with different materials
scrutinized under compressive loadings. Based on the find-
ings, it is concluded that the aluminum and glass composites
and the innegra composite with 3% of nano, respectively,
have the highest strengths amongst the other cores (AL of
100%, Glass of 61%, Innegra of 30%). As well, the highest
toughness is designated to innegra, aluminum, and glass,
respectively (Table 4).

Table 4 Examining the strengths and weaknesses of the results of different materials

Toughness

First peak (N) Second peak

Nano-clay (%)

) H (mm) t (mm) B (mm)

45

material

Sandwich panel

Objective Functions

medium

43,000
17,500
7800

16.14
16.14
16.14

30
30
30
30

Lattice core Aluminum

force vs extension

Wq

lowest

ok

3%
3%

45

Fiber glass

Lattice core

highest

45

innegra

Lattice core

Wq

medium

26,000

Aluminum

Honeycomb [36]

Wq

SEM
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Fig.22 Flatwise compression test setup of honeycomb sandwich
panel
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Fig. 23 Comparison of Mechanical strength of Lattice core sandwich
panel with honeycomb sandwich panel

The results indicates that the compressed core structure
changes to a new structure after a primary peak in the fiber-
glass, leading to a progress in structural strength.

Therefore, it can be concluded that the behavior of core
design is dependent to various materials and vice versa. In
other words, the core design with specific materials has a
unique behavior that cannot be generalized to other cores’
materials or geometries.
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Fig.24 Ashby material strength versus density chart of hybrid mate-
rials [35]

Analyzing the SEM photos, it can also be concluded that
the strength of the structure increases by adding nano-clay
cloisite 20A to both the innegra and glass composites. It
can be noted that the best way to laminate the product is the
VARTM method.

Applying a suitable snap-fitting method instead of using
adhesives for attaching lattice parts and also the core’s new
design are of the main reasons for achieving this level of
strength. As compared with the other samples, it is con-
cluded that the strength of the aluminum lattice core sand-
wich panel is significantly higher than that of the honeycomb
core sandwich panel. Moreover, the experimental data is in
a good agreement with the simulation result.

In the next research, by injecting polyurethane foam into
the lattice core and by adding various nanomaterials their
unique features can be used to improve mechanical proper-
ties. The construction of core structures does not need to
prepare a mold. So, the cost of designing the template is
saved. Thus, the designer achieves the optimal design in the
fastest possible time with the lowest cost.
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