AR TR TIZE I -HIUE S TS 413~423 H(RE—H—+24)
Journal of the Chinese Society of Mechanical Engineers, Vol.44, No.5, pp413~423 (2023)

Improvement Design for A Double-Layer
Honeycomb Structure using Uniform Design for
Static and Dynamic Stress Analysis

Chi-Lung Tsai*, Chi-Chang Hsieh"*and Yung-Chang Cheng™"

Keywords : Double-layer honeycomb structure, von

Mises stress, Deformation,
ANSYS/LS-DYNA, Uniform design of
experiment.

ABSTRACT

The objective of this article is to enhance the
intensity of a double-layer honeycomb structure
(HCS) under static forces and dynamic impact loads
using the design of experiment method. A collection
of simulation experiments is conducted using the
uniform design (UD) method. The maximum von
Mises stresses (VMS) in the honeycomb core (HCC)
are calculated under ASTM tension and compression
testing rules using static finite element analysis (FEA)
through ANSYS/Workbench software. Dynamic FEA
is employed to evaluate the maximum deformation of
the HCS under the ASTM impact load testing
simulation using ANSYS/LS-DYNA. In order to
upgrade the energy absorption performance of the
HCS, the maximum deformation of the HCC needs to
be reduced under impact loads. Therefore, four
objectives are considered simultaneously. The
improved design of the double-layer HCS is obtained
after executing the uniform design (UD). For the
ASTM (C297, C364, C365, and D7766 simulations,
the improved design results in 15.4%, 29.78%, 3.29%,
and 23.98% improvements over the original design,
respectively. Subsequently, the UD technique creates
a stronger double-layer HCC in the HCS.
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INTRODUCTION

Honeycomb sandwich structures are utilized in
various applications such as aircraft, railway vehicles,
and race cars due to their favorable characteristics.
The HCS can have diverse geometries, but all
comprise an array of hollow cells enclosed by slim
vertical walls. Typically, a single-layer sandwich
structure comprises two metal plates and one
honeycomb core. The strength of the sandwich panels
is influenced by several factors such as the panel size,
the facing material, and the density of the honeycomb
cells in the panel.

A number of literatures (Aktay et al., 2008; Gao et
al., 2020; Khan et al., 2020; Lu et al., 2015; Giglio et
al., 2012) have performed static strength analyses on
composite sandwich structures with honeycomb cores
(HCCs). Aktay et al. (2008) determined the
transverse crush performance of Nomex™ HCC
materials. Gao et al. (2020) used experimental and
numerical finite element analysis techniques to
investigate the bending behavior of a HCS model.
Khan et al. (2020) employed FEA to study the failure
process for a hexagonal HCS made of Nomex™
polymer. Lu et al. (2015) investigated the three-point
bending performance of a composite honeycomb
sandwich plate using FEA. Giglio et al. (2012)
performed flatwise compressive tests to develop an
FEA model for a Nomex™ honeycomb core. The
strength of the sandwich structures studied depended
on various factors, such as the facing material,
honeycomb cell density, and panel size.

Several studies have also employed dynamic stress
analysis (Ugur et al. 2017; Li et al. 2014; Shen et al.
2013; Triplett and Schonberg 1998; Anderson and
Madenci 2000). For instance, Ugur et al. (2017)
applied the ASTM D7766 impact load testing
standard to obtain FEA results for low-velocity
impact testing of a HCS. Li et al. (2014) utilized
LS-DYNA software to simulate an impact load and
determine the optimal geometry dimensions for a
HCS with a metal square core. Shen et al. (2013)
employed ABAQUS software to determine the
dynamic stress in a graded HCS, while Triplett and
Schonberg (1998) used ABAQUS software for a

413-



dynamic FEA of a circular honeycomb sandwich
plate under a low-velocity impact. Additionally,
Anderson and Madenci (2000) discussed the results
of an experimental investigation concerning the
low-velocity — impact response of sandwich
composites with the honeycomb structure.

Numerous papers have concentrated on optimizing
the geometry of HCS systems (Paz et al. 2014;
Gholami et al. 2016; Namvar and Vosoughi 2020;
Qin et al. 2019; Ebrahimi and Vahdatazad 2015). Paz
et al. (2014) increased the energy absorption capacity
of a HCS by using Kriging interpolation and a
multi-objective optimization algorithm. Gholami et al.
(2016) presented the optimal design of a honeycomb
core structure under uniformly distributed normal
load using the particle swarm optimization method.
Namvar and Vosoughi (2020) optimized the design of
a hexagonal sandwich plate using particle swarm
optimization and a genetic algorithm. Qin et al. (2019)
used the graded thickness design approach to
determine the ideal geometrical specifications of a
hexagonal HCS with uniform thickness. Ebrahimi
and Vahdatazad (2015) used a multi-objective particle
swarm optimization algorithm to determine the
maximum energy absorption capacity of a
honeycomb sandwich cylindrical column.

Using static and dynamic FEA, numerous studies
have identified the best configuration for a
single-layer HCS. However, there have been no
studies on the static and dynamic impact strength of a
double-layer HCS wusing ANSYS/Workbench and
ANSYS/LS-DYNA software, despite its use in FI
racing cars to increase driver safety. This study aims
to investigate the effect of dynamic impact on a
double-layer HCS, by determining its static and
dynamic strength through FEA. Simulations are
performed according to ASTM D7766, C297, C364,
and C365 standards, using ANSYS/LS-DYNA and
ANSYS/Workbench software to determine the
maximum deformation and VMS for a HCC. A UD is
used for a group of simulation experiments, and the
results show an improvement in three VMSs and
deformation compared to the original design. This
study proposes a new UD that generates a stronger
double-layer HCC in the HCS system, improving its
overall design.

FINITE ELEMENT ANALYSIS FOR A
HONEYCOMB STRUCTURE

Double Layer Honeycomb Structure Model
Aluminum HCS is widely utilized in engineering
and vehicle applications for energy absorption and
impact attenuation in race car design. In Figure 1(a)
(Davies et al. 2012), the impact attenuator is
positioned in front of the race car, and the HCS is
used in this location to absorb the impact energy and
decrease the car's weight. To achieve this goal, an
aluminum HCS plate is utilized. This study employs
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an aluminum honeycomb structure with double-layer
cores as an impact attenuator, as demonstrated in
Figure 1(b).

This model incorporates two honeycomb cores
made of aluminum alloy, surrounded by three
stainless steel plates. The geometry of an HCS can
take on many different shapes, but it is defined by a
grid of empty cells encased by thin, vertical walls.
This particular type of HCS finds application in
railway transportation systems and race cars.

Stainless steel plate

Honeycomb core

il'l'lpllL'[ altenuator

(a) (b)

Figure 1: (a) 3D model of a race car and (b) 3D
model of a double layer honeycomb structure.

Standards for Testing Honeycomb Structure
Models

In order to evaluate the strength of a double layer
HCS, it is necessary to perform tensile, compression,
and impact tests using the ASTM honeycomb
structural standard, which must be verified by FEA.
The tensile testing simulation according to the ASTM
C297 standard (ASTM 2016) is depicted in Figure 2,
where the test device is presented in Figure 2(a). In
Figure 2(b), the double layer HCS is secured and held
in place between rigid top and bottom mounts. The
ends of the test piece are fastened to the testing
apparatus through holes in the facing blocks. A load
of 3000 N is applied to the rigid upper and lower
mounts.

5 3000 N

Figure 2: (a) Investigational equipment and (b)
arrangements for the ASTM C297 flatwise tensile
test standard.

Figure 3 illustrates the simulation of the ASTM
C364 compression test (ASTM 2016), where the
compressive loads are applied parallel to the
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specimen plates. Figure 3(a) displays the testing
apparatus for the ASTM C364, where the force is
applied to the double layer HCC through clamping or
bonding supports. In Figure 3(b), the rigid upper and
lower clamps are subjected to a compressive load of
3000 N.

3000 N

-

3000 N

(b)

Figure 3: (a) Investigational equipment and (b)
arrangements for the ASTM C364 edgewise
compressive test standard.

Figure 4 depicts the simulation of the ASTM C365
compression test (2016), where a uniaxial
compressive force is applied perpendicular to the
plane of the double layer HCS. The testing equipment
is shown in Figure 4(a), where the loading plates
attached to the testing device transmit the applied
load to the HCC. The top and bottom stiff plates are
subjected to a compressive load of 3000 N.

3000 N

Figure 4: (a) Investigational equipment and (b)
arrangements for the ASTM C365 flatwise
compressive test standard.

To evaluate the strength of a double layer HCS
under impact loading, the HCC's ability to withstand
damage is determined using dynamic FEA. Figure 5
provides the specifics of the ASTM D7766 damage
resistance simulation for sandwich constructions
(2016), where the experimental apparatus is
displayed in Figure 5(a). During the ASTM D7766
test, a 6.35 kg hammer drops freely from a height of
205 mm above the HCS, as depicted in Figure 5(b),
with the bottom of the HCS fixed in place.

205 mm

Figure 5. (a) Investigational equipment and (b)
settings for the ASTM D7766 damage resistance
test for sandwich constructions.

Static FEA for
Simulations

A double layer HCS is built as a 3D model using
the SolidWorks software. The basically contact
conditions and suitable material properties should be
defined in the pre-processing for the FEA. Aluminum
alloy 5052 is used for the HCC, and stainless steel is
chosen for the plate, rigid mount, and the impactor.
Table 1 displays the HCC and HCS's material
characteristics that are pertinent to the static FEA.
(ASM 2018a, 2018b) The meshing technique with the
controlled element size is adopted in this paper. For
the ASTM static loads testing simulations, the FEA
uses element type C3D15 for the HCC.

Using ANSYS/Workbench software, the VMS
layout in the HCC system are calculated. In
accordance with ASTM C297, the mounted part is
subjected to an exterior ductile load of 3000 N, as
shown in Figure 6(a). The contact between each
component is presumed to be bound. Mesh
convergence analysis is for a HCC allows an accurate
FEA. The HCC is meshed via the eligible finite
elements for the ASTM C297 simulation. Figure 6(b)
shows the convergent curving for the maximum VMS
under the ASTM C297 testing simulation. The
maximum VMS converges for an element size of less
than 0.002 mm so 0.002 mm is used as the ideal
elemental size. Figure 6(c) shows the maximum VMS
layout under the ASTM C297 testing simulation for
this element size, which is 3.14 MPa.

The HCC is meshed via the eligible finite elements
for the ASTM C364 testing simulation. The mounted
part is subjected to an exterior condensing load of
3000 N, in accordance with ASTM C364, as shown
in Figure 7(a). Each part's contacts behave in a
bonded manner. Figure 7(b) shows the convergent
curving for the maximum VMS under the ASTM
C364 testing simulation. 0.002 mm is the optimal
elemental size because the maximum VMS converges
for an element size of less than 0.002 mm. Figure 7(c)
shows the maximum VMS layout under the ASTM
C364 testing simulation for this element size, which
is 6.17 MPa.

The HCS is meshed via the eligible finite elements
for the ASTM C365 testing simulation. Figure 8(a)

Tensile and Compression

-415-



shows that the plate is subjected to an exterior
condensing load of 3000 N, in accordance with
ASTM C365. The contact between each component
is presumed to be bound. Figure 8(b) shows the
convergent curving for the maximum VMS under the
ASTM C365 testing simulation. The optimal
elemental size is 0.002 mm because the maximum
VMS converges for HCCs with elements smaller than
0.002 mm so. Figure 8(c) shows the maximum VMS
layout under the ASTM C365 testing simulation for
this element size, which is 112.65 MPa.

Table 1: Material properties for the HCS system

Part Material Property Value
Young’s 10
o Modulus(Pa) 6.9x10
Honeycomb A]ig;mum Poisson’s Ratio 0.3
core (5052) Depsity (kg/m®) 2700
Yield strength 193
(MPa)
. Young’s 1"
Mount gian]lless Modulus (Pa) 1.93x10
ee L .
plate (AISI 304) P01ss.0n s Ratio 0.25
Density (kg/m®) 7860
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Figure 6: (a) Boundary conditions for the FEA model,
(b) the convergence curve for maximum VMS
and (c) the VMS layout for a HCC for the ASTM
C297 tensile simulation.
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Figure 7: (a) Boundary conditions for the FEA model,
(b) the convergence curve for maximum VMS
and (c) the VMS layout for a HCC for the ASTM
C364 compression simulation.
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Figure 8. (a) Boundary conditions for the FEA model,
(b) the convergence curve of maximum VMS and
(c) the VMS layout for a HCC for the ASTM
C365 compression simulation.

Dynamic Finite Element Analysis for Impact
Simulation

In impact testing simulations, the crucial factor to
consider is the HCC's deformation after the impact
load has been applied to the HCS. As a result,
minimizing the HCC's deformation is another
objective function that needs to be improved.
ANSYS/LS-DYNA software is utilized to assess the
HCC's deformation. As per ASTM D7766, a 6.35 kg
hammer is dropped from a height of 205 mm onto the
HCS, resulting in an impact velocity of roughly 2.0
m/s, as shown in Figure 9(a). Additionally, the
contact behavior of each component is considered to
be confined.

The double layer HCC model is meshed using
appropriate finite elements for the ASTM D7766
testing simulation. The convergent curve for the
maximum deformation layout is presented in Figure
9(b). The maximum deformation converges when the
element size is less than 0.003 mm, making 0.003
mm the optimal elemental size. The maximum
deformation for this element size in the ASTM
D7766 testing simulation is 9.99 mm, as shown in
Figure 9(c).
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Figure 9: (a) Boundary conditions for the FEA model,
(b) the maximum deformation convergence curve
and (c) the deformation field for a honeycomb
structure HCC for the ASTM D7766 damage
resistance simulation for sandwich constructions.

IMPROVED DESIGN FOR A DOUBLE
LAYER HONEYCOMB STRUCTURE

Factor Characteristic Analysis

The important and key control factors that need to
be enhanced are the four double layer HCS
parameters that have a major impact on the
experimental indices. Figure 10 depicts the primary
design parameters for the HCS. The stainless steel
plate's thickness is indicated by the first control factor,
TT. The second control factor, D1, means the
diameter of the inside circle of the upper layer HCC.
The diameter of the lower layer HCC's inscribed
circle is represented by the third control factor, D2.
The height of the lower layer HCC is determined by
the fourth control factor, H. Table 2 lists the code
numbers for each component as well as the upper and
lower limits for each system control element.

Figure 10. Control factors for the HCS model
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Table 2. The lower and upper limits in HCS model

System control Lower Basic Upper
Y Notation  bound value bound
factor
' (mm) (mm) (mm)
Thlckness of the T 0.9 1 11
stainless steel plate
Diameter of the
inscribed circle of DI 153 17 18.7
the upper layer
honeycomb core
Diameter of the
inscribed circle of D2 18.9 21 231
the lower layer
honeycomb core
Height of the lower
layer honeycomb H 22.5 25 27.5

core

It is necessary to investigate the effects of the
control factors on the objective functions such as von
Mises stress and deformation. Although the influence
of geometry dimensions on single-layer honeycomb
structures has been discussed in some literature
[Khan et al. 2020; Lu et al. 2015; Namvar et al. 2020],
the impact of important geometry on the von Mises
stress and deformation of double-layer honeycomb
structures under ASTM C297, C364, C365, and
D7766 testing simulations has not been discussed.
Figures 11-14 present the influence of each control
factor on the maximum von Mises stress (ST1, ST2,
ST3) and deformation (DM) for the ASTM C297,
C364, C365, and D7766 testing simulations,
respectively.

In Figure 11(a), the influence of the thickness of
the stainless steel plate (TT) on the maximum von
Mises stress for the ASTM C297 and C364 testing
simulations is illustrated. The maximum von Mises
stress decreases and then increases as TT increases
for the ASTM C297 testing simulation. Conversely,
the maximum von Mises stress increases as TT
increases for the ASTM C364 testing simulation.
Figure 10(b) depicts the impact of TT on the
maximum von Mises stress and deformation for the
ASTM (C365 and D7766 testing simulations,
respectively. The maximum von Mises stress
decreases as TT increases for the ASTM C365 testing.
Additionally, the effect of TT on the maximum
deformation of the honeycomb core decreases
initially and then increases as TT increases for the
ASTM D7766 testing.

In Figure 12(a), the effect of the diameter of the
inscribed circle of the upper layer honeycomb core
(D1) on the maximum von Mises stress for the
ASTM C(C297 and C364 testing simulations is
presented. The von Mises stress decreases smoothly
as DI is increased for the ASTM C297 testing.
However, for the ASTM C364 testing simulation, the
von Mises stress decreases initially and then
increases as D1 is increased. In Figure 12(b), the
influence of D1 on the maximum von Mises stress
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and deformation for the ASTM C365 and D7766
testing simulations, respectively, is shown. The von
Mises stress decreases as D1 is increased for the
ASTM C365 testing. Additionally, the maximum
deformation of the honeycomb core increases initially
and then decreases as D1 is increased for the ASTM
D7766 testing simulation.

In Figure 13(a), the effect of the diameter of the
inscribed circle of the lower layer honeycomb core
(D2) on the maximum von Mises stress for the
ASTM C297 and C364 testing simulations is
investigated, respectively. The von Mises stress
decreases as the D2 is increased for the ASTM C297
testing. Meanwhile, the von Mises stress decreases
first and then increases as the D2 is increased for the
ASTM C364 testing simulation. In Figure 13(b), the
influence of D2 on the maximum von Mises stress
and deformation for the ASTM C365 and D7766
testing simulations, respectively, is shown. The von
Mises stress increases first and then decreases as the
D2 is increased for the ASTM C365 testing. The
deformation of the honeycomb core decreases first
and then increases as the D2 is increased for the
ASTM D7766 testing simulation.

In Figure 14(a), the influence of the height of the
lower layer honeycomb core (H) on the maximum
von Mises stress for the ASTM C297 and C364
testing simulations is shown. The von Mises stress
hardly changes as H increases for the ASTM C297
testing, while it is decreased first and then increased
as H is increased for the ASTM C364 testing
simulation. In Figure 14(b), the effects of H on the
maximum von Mises stress and deformation for the
ASTM C365 and D7766 testing simulations are
presented. The von Mises stress increases as H
increases for the ASTM C365 testing. Additionally,
the deformation of the honeycomb core decreases
first and then increases as H increases for the ASTM
D7766 testing simulation.

The influence of each control factor on the
maximum von Mises stress of the honeycomb cores
for the ASTM C365 testing simulation can be seen in
Figures 11-14. This influence is more pronounced
than that observed for the ASTM C297 and C364
testing simulations. Additionally, for the ASTM C297,
C364, C365, and D7766 testing simulations, each
control factor has a very substantial impact on the
maximum deformation of the honeycomb cores.

von Mises stress (MPa)

0.8 0.9 Lo 1.1 L2

TT (mm)

(a)
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10.0

9.4

9.1

«—S5T3 -=DM

von Mises stress (MPa)

Deformation (mm)

0.9 Lo

TT (mm)
(b)

Figure 11: (a) The influence of the TT on the
maximum von Mises stress for ASTM C294 and
C364 testing simulations, (b) the influence of the
TT on the maximum von Mises stress and
deformation for ASTM C365 and D7766 testing
simulations.

D1 (mmj)

(a)

19.0

Deformation (mm)

s

von Mises stress (MPa)

121 (mm)
(b)

Figure 12: (a) The influence of the D1 on the
maximum von Mises stress for ASTM C294 and
C364 testing simulations, (b) the influence of the
Dl on the maximum von Mises stress and
deformation for ASTM C365 and D7766 testing
simulations.

von Mises stress (MPa)
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von Mises stress (MPa)
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&

200
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Figure 13. (a) The influence of the D2 on the
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maximum von Mises stress for ASTM C294 and
C364 testing simulations, (b) the influence of the
D2 on the maximum von Mises stress and
deformation for ASTM C365 and D7766 testing
simulations.

(MPa)

20
2o 10 40

H {mm)

(a)

ation (mm)

Deform

+ST3 DM

von Mises stress (MPa)

M0 6.0

H (mm)
(b)

Figure 14. (a) The influence of the H on the
maximum von Mises stress for ASTM C294 and
C364 testing simulations, (b) the influence of the
H on the maximum von Mises stress and
deformation for ASTM C365 and D7766 testing
simulations.

Uniform Design of Experiment

Due to the continuity of all control factors, the
simulation experiments of the four control factors are
arranged by the UD method. In a continuous design
space, a series of experimental points are created
using the UD. (Fang and Wang 1994) The continuous
design space contains these experimental points that
are uniformly distributed. This technique has been
utilized in various technical and engineering fields.
(Cheng and Wu, 2015; Lee et al. 2015; Song et al.
2016; Yudistiro et al. 2022)

The uniform table used in this study to generate the

uniform experiments is U, (1612) . In this article, the

UD table, U}, (1612) , comprises 16 rows and 12
columns. It denotes that there are 12 control variables
and 16 simulation experiments. Columns 1, 4, 5 and 6
of table U}, (1612) are used because there are only 4
control factors for the HCS. Each control factor has
16 equally spaced levels between its upper and lower

boundaries. The values for the levels replace the
number of levels. Table 3(a) shows all of the

simulation experiments for Uj, (16'2). (Fang and

Wang 1994)

The 3D geometric model is constructed using
SolidWorks  software  for each  simulation
experiment's unique HCS design.

ANSYS/Workbench and ANSYS/LS-DYNA are
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employed to calculate the scattering of the VMS and 14 1.07 1553 23.10 2550
deformation for the double layer HCC model, 1.08 1666 2002  22.50
respectively. The maximum VMS and deformation 15
for all experiments is calculated using FEA, as 16 1.10 1779 2170 25.16
described in sections 2.3 and 2.4 and the results are
listed in Table 3(a). (b)

ST1 in Table 3(b) is the highest VMS in the HCC ST1 ST> ST3 DM
structure for the ASTM C297 tensile simulation. The No.
highest VMS in the HCC structure for the ASTM (MPa)  (MPa) (MPa) (mm)
C364 compression simulation is ST2. The maximum 1 3.38 578 11745 9.6l
VMS in the HCC structure for the ASTM C365
compression simulation is ST3. DM sis the maximum 2 399 25 12901 1220
deformation in the HCC structure for the ASTM 3 2.66 433 10894 7.60
D7766 impact simulation. 4 3.67 462 12097 893

The highest VMS for the ASTM C297 tensile

5 3.46 447 11963 9.15

simulation decreases to 2.66 MPa in the third
experiment following the application of the UD 6 2.70 581 11559 13.86
technique. In the third experiment, the maximum

VMS under the ASTM C364 compression simulation ’ 339 632 12130 864
drops to 4.33 MPa. Meanwhile, in the 15th 8 2.87 5.64 11986  9.38
experiment, the maximum VMS under the ASTM 9 3.74 524 102.44 11.92
C365 compression simulation drops to 99.75 MPa.

10 3.21 6.34 113.79  7.90

Moreover, the maximum deformation under the ATM
D7766 impact simulation decreases 7.60 mm to in the 11 2.84 523 11053 8.99
3rd experiment. Compared to the original design,

. 12 3.52 557 11327 8.87
Table 3(c) shows four positive improvements for ST1,
ST2, ST3, and DM in the 3rd and 11th experiments. 13 2.68 561 120.19 8.89
The improvement for each objective function is 14 318 562 11341 7.89
higher in the 3rd experiment than it is in the eleventh,
. ' . . 15 3.54 5.82 99.75 8.85
though. As a result, the 3rd experiment's design is an
improved design that makes use of the UD method. 16 3.34 573 11144 8.90
Figures 15 and 16 shows the results for the modified
design. ©
. . . Improvement Improvement Improvement Improvement
Table 3. The simulation experiments and results for No. . P ] P ] P 4p
. * 12 in ST1 (%) inST2(%) inST3 (%) in DM (%)
the uniform table U, (16 )
1 -7.48 6.27 -4.25 3.86
(a)
TT DI D2 H 2 -12.95 14.86 -14.52 -22.07
Ne- (mm) (mm) (mm) (mm) 3 15.40 29.78 3.29 23.98
1 0.90 1621 2030 2483 4 -16.78 25.01 -7.39 10.72
2 0.91 17.34 21.98 27.50 5 -9.89 27.49 -6.19 8.45
3 0.93 18.47 18.90 24.50 6 14.22 578 22.60 -38.64
4 0.94 15.75 20.58 27.16 7 -7.89 575 7.67 13.62
5 0.95 16.88 2226 24.17 8 8.81 8.57 -6.39 6.14
6 0.97 1801 19.18  26.83 9 -18.96 15.01 9.06 -19.22
7 0.98 1530 2086 23.83 10 -1.95 2.81 -1.01 20.92
8 0.99 le43 2254 2650 11 9.66 15.21 1.89 10.03
9 1.00 1756 19.46  23.50 12 -12.03 9.69 -0.55 11.27
10 1.02 18.70 21.14 26.16 13 14.84 9.05 -6.69 11.03
11 1.03 15.98 22.82  23.17 14 -1.17 8.83 -0.67 21.02
12 1.04 1711 19.74  25.83 15 -12.67 5.66 11.45 11.43
13 1.06 18.24 2142 2283 16 -6.09 715 1.08 10.02
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(b)

Figure 15: The distribution of the VMS for a double
layer HCC using the improved design for (a) the
ASTM C297 tensile simulation and (b) the ASTM
C364 compression simulation.

(a)

Fibe: D109102121ansy s AAIB2_PUNCHx_t
Tima = 8,

(b)

Figure 16: The distribution of VMS and deformation
for a double layer HCC using the improved
design for (a) the ASTM C365 compression
simulation and (b) the ASTM D7766 impact
simulation.

CONCLUSION

The strength of a double-layer HCS is
determined using FEA. The HCS is subjected to
static and dynamic loads according to ASTM testing
standards, and a UD method is used to define the
design space and conduct a number of simulation
experiments. ANSYS/Workbench and
ANSYS/LS-DYNA are used to determine the
maximum VMS and deformation for a double-layer
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HCC under ASTM tension, compression, and impact
load testing simulations, respectively. Before
conducting the design of experiment, the
characteristic analysis of each control factor has been
investigated. According to the analysis's findings,
each control component has a very significant
influence on the maximum deformation of the
honeycomb cores for the ASTM C297, C364, C365,
and D7766 testing simulations. For ASTM standards
C297, C364, and C365 simulations, the maximum
VMS improvement using a UD method is 15.4%,
29.78%, and 3.29%, respectively. The improvement
in maximum deformation is 23.98% for ASTM
standard D7766 simulation. The use of UD reduces
the maximum VMS in the HCC structure and
decreases its deformation, allowing the HCC to
absorb more energy. This study provides an improved
design for a double-layer HCS.
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