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ABSTRACT

Based on the integrating multi-objective
optimization procedure, the improve design of a
honeycomb structure under the impact load and free
vibration analysis is investigated in this article. Using
uniform design of experiment, a group of simulation
experiments is generated. Apply the finite element
analysis software, the maximum displacement and
first-order nature frequency of the honeycomb
structure are determined for the ASTM testing and
free vibration simulations, respectively. Kriging
interpolation is utilized to build two surrogate models
that correspond to the maximum displacement and
first-order nature frequency via the numerical results
in the uniform design. In order to satisfy the
minimized  characteristic ~ for the maximum
displacement and the maximized characteristic for the
first-order nature frequency, the genetic algorithm,
grey relational analysis and entropy weighting
analysis are used to resolve this multi-objective
optimization problem. Compared with the original
design, the optimal design induces 27.33% and
15.87% improvements for ASTM D7766 testing
simulation and free vibration analysis, respectively.
Consequently, the stronger and demanding
honeycomb structure is developed by the innovative
multi-objective optimization technique.
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INTRODUCTION

Product development in recent years has been
marked by a high degree of diversity, individuality,
newly invented materials, and combinations of
various material kinds. Sandwich constructions with
an aluminum core are extensively employed to create
lightweight components in sectors like aircraft
engineering and railway vehicle engineering. These
sandwich honeycomb constructions are employed in
engineering applications when there is a risk of
high-velocity impact with light debris. (Allen, 1969)

The strength analysis of the honeycomb structure
can be roughly divided into static analysis and
dynamic analysis. For the static analysis, the finite
element analysis of the structure strength has been
investigated by the several studies (Akkus et al. 2017,
Rakesh et al. 2008, Gao et al. 2011). Using
compression loading, experimental and finite element
methods were used by Akkus et al. (2017) to
determine the mechanical behavior of aluminum
honeycomb structures. Using the finite element
analysis and plate theory, the static analysis of
sandwich panels with a square honeycomb core is
determined by Kapania et al. (2008). Applying
ANSYS Workbench software, Gao et al. (2011)
investigated the static analysis of the aluminum alloy
honeycomb structure used in the structural design of
high-speed machine tool table.

For the dynamic analysis, the finite element
analysis and experiment of the structure strength have
been presented by some studies. (Ugur et al., 2017;
Yamashita and Gotoh, 2005; Joshilkar et al., 2018;
Eloy et al. 2019) Using the ASTM D7766 standard,
Ugur et al. (2017) conducted low-velocity impact
load tests on honeycomb structures. Using FEM
simulation and an impact experiment, Yamashita and
Gotoh (2005) determined the effect of the geometry
of a honeycomb cell on crush performance. Using
HyperMesh and LS-DYNA, Joshilkar et al. (2018)
determined the deflection and critical load for various
core materials, such as copper, steel, aluminum and
titanium. Applying the experiment method, Eloy et al.
(2019) presented the free and forced vibrations
analysis of the magnetorheological elastomer
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honeycomb structure.

Besides the static and dynamic finite element
analysis, the optimization design of the honeycomb
structure geometry has been investigated by several
literatures. (Khan et al. 2012 and Qin et al. 2019) A
genetic  algorithm and sequential quadratic
programming was used by Khan et al. (2012) to
optimize the weight of a honeycomb sandwich
structure. Qin et al. (2019) used the graded thickness
design method to optimize the geometrical
dimensions of a hexagonal honeycomb structure with
a uniform thickness.

In this study, the geometry dimensions of a
honeycomb structure are optimized by the integrating
optimization process. A set of simulation experiments
uses a uniform design. The maximum displacement
and first-order nature frequency are evaluated using
ANSYS/LS-DYNA  and  ANASYS/Workbench
software for the ASTM D7766 testing standard and
free vibration analysis, respectively. Considering the
grey relational analysis and entropy weighting
analysis, two objective functions are combined a grey
relational grade. Applying Kriging interpolation, the
surrogate models is created from the results of the
uniform design of experiment and the grey relational
grades. A genetic algorithm is employed to resolve
the multi-objective optimization problem and to
determine the optimal solutions and values. Finally,
the proposed multi-objective optimization procedure
produces a stronger honeycomb core in a honeycomb
sandwich structure.

FINITE ELEMENT ANALYSIS
Finite Element Load
Simulations

Using SolidWorks software, a 3D model of a
single-layer honeycomb structure is re-built. During
pre-processing, the boundary conditions, elemental
sizes, contact interface assumptions and appropriate

Analysis for Impact

material properties are defined in ANSYS/Workbench.

The material for the honeycomb structure core is
aluminum alloy 5052 and the material for the
hammer is stainless steel. In the impact testing
simulation, the deformation of the honeycomb core is
the important factor after the impact load acting on
the honeycomb structure. Therefore, the deformation
of the honeycomb core is regarded as the main
objective function to be improved. The material
properties of the honeycomb core and the honeycomb
structure that are relevant to the finite element
analysis are shown in Table 1. (ASM 2018)

The deformation of the honeycomb core is
evaluated by ANSYS/LS-DYNA software. According
to ASTM D7766, the hammer of 6.35 kg is dropped
on the honeycomb structure, as shown in Figure 1(a).
Moreover, the contact behavior between each part is
assumed bonded. To obtain a precise and accurate
finite element analysis, mesh convergence analysis is
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executed for the honeycomb core. For the ASTM
D7766 simulation, the honeycomb structure core is
meshed using qualified finite elements. The
convergence history for the maximum deformation is
as shown in Figure 1(b). It shows that the maximum
deformation will converge when the element size is
smaller than 1.1 mm. Therefore, the ideal elemental
size is 1.1 mm. At this element size, the maximum
deformation for the ASTM D7766 simulation is 0.739
mm as shown in Figure 1(c).

Table 1: Mechanical properties of the honeycomb
structural system (ASM 2018)

Part Material Property Value
Young’s 10
- Modulus(Pa) 6.9x10
Honeycomb Al:gzmum Poisson’s Ratio 0.3
core 5052 D;pi(iityt(kg/r:lli) 2700
ield streng
(MPa) 193
Young’s
1.93x10"
Hammer, Stainless Modulus (Pa)
Support Steel Poisson’s Ratio 031
Density (kg/m®) 7750
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Figure 1: (a) Boundary conditions for the finite
element model, (b) the maximum deformation
convergent curve and (c) the deformation field for a
honeycomb structure core for the ASTM D7766

damage resistance of sandwich constructions

simulation.

Finite Element Analysis for Vibration Simulations
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The honeycomb structure is usually applied to the
floor of railway vehicles. In addition to bearing the
impact loads from passengers or heavy objects, the
honeycomb floor also bears the vibration signal from
the bogie system. The impact loads simulation
analysis has been carried out in the last section. The
vibration modal analysis of the honeycomb structure
is investigated in this section. In the vibration modal
analysis, the 3D model of the honeycomb structure
system is presented in Figure 2(a). In order to
simulate the vibration behavior of the honeycomb
plate used on the floor of railway vehicle, the
boundary condition for the honeycomb plate is
assumed to the simple support in Figure 2(a). The
basically dimensions for the honeycomb core are the
same as to the geometry using in the impact loads
simulation.

In the finite element analysis, ANSYS/Workbench
software is utilized to evaluate the natural frequencies
and vibration mode. The boundary conditions setting
is given as shown in Figure 2(a). In this paper, the
free vibration frequency and vibration mode shape
are investigated. For the vibration analysis, the
honeycomb structure core is meshed using qualified
finite elements. The convergence history for the
nature frequency of the first vibration mode is as
shown in Figure 2(b). It shows that the maximum
deformation will converge when the element size is
smaller than 3 mm. Therefore, the ideal elemental
size is 3 mm. At this element size, the nature
frequency of the first vibration mode is 1223.4 Hz as
shown in Figure 2(c).
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Figure 2: (a) Boundary conditions for the finite
element model, (b) the nature frequency of the first
vibration mode convergent curve and (c) the
first-order nature frequency field for a honeycomb
structure core for the free vibration analysis.

Static Analysis Validation

The static finite element analysis and experiment
results are presented and compared for the
honeycomb structure. The 3D testing model of the
honeycomb structure is given as shown in the Figure
3(a). The material properties of this testing model is
applied as Aluminum Alloy 5052. The boundary
condition setting is presented in Figure 3(a). The
honeycomb structure is regarded as a simple
supported beam. The external load is given at the end
of the honeycomb beam in Figure 3(a). Apply the
ANSYS/Workbench software, the equilibrium strain
is 137 mm/mm and given as shown in Figure 3(b)
when the external load is 2500 g (24.5N). The
element type is used as the same in the vibration
analysis in the last section.

In the experiment strategy, the honeycomb
structure with the same geometry dimension in
Figure 3(a) is used. The honeycomb beam is clamped
and the external load is given at the end as shown in
Figure 4(a). The strain gauge, capacitive type
transducer and HBM QuantumX MX1601B are used
to measure the strain of the honeycomb beam as
shown in Figure 4(b). For the HBM QuantumX
MX1601B device, one 24-bit Delta Sigma A/D
converter has been created in each channel. Using the
strain gauges and Wheatstone bridge, the strain of the
honeycomb beam can be obtained by the HBM
QuantumX MX1601B device. When the external load
of 2500 g is applied at the end of honeycomb beam,
the numerical and experiment results is presented in
Table 2. From Table 2, the difference between
numerical analysis and experiment is less than 5%.
Therefore, the results of the analysis using
ANSYS/Workbench software are credible.
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Figure 3: (a) The 3D testing model and the boundary
condition setting of a honeycomb structure, (b) the
equilibrium strain distribution of the honeycomb

beam.
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Figure 4: (a) The clamping support of a honeycomb
beam, (b) the experiment devices

Table 2: Comparison of the strain from the numerical
analysis and experiment

Numerical results by

ltem  ANSYS/Workbench i’giﬁfn‘l‘) Error
(um/m)
Strain 137 135 148
OPTIMIZATION DESIGN
ALGORITHMS

Entropy Weight Analysis

Using entropy weighting analysis the degree of
uncertainty in information for probability theory is
determined. Entropy weight analysis was initially
developed from thermodynamics by Clausius (1865).
It is widely employed in business, engineering,
financial and economics and science applications.
(Aysegiil and Esra, 2017; Vatansever and Akgiil,
2018; Yue, 2017) Entropy weight analysis is used to
resolve multiple-criteria decision-making (MCDM)
problems. Entropy weighting is an objective
weighting system that uses entropy to determine the
size of data. The smaller the entropy value, the

J. CSME Vol.43, No.4 (2022)

smaller is the degree of disorder for the system so the
entropy weight increases.

Entropy weight analysis is usually applied to
determine the weight of an objective index. Four
steps are used to determine the weight for a
decision-making system that uses multiple criteria.
(Aysegiil and Esra 2017; Vatansever and Akgiil,
2018)

Step 1. Constructing the decision matrix

A set of alternatives A=|:A,.:| compared with

respect to a set of criteria C =[C ]} so the nxm

decision matrix X is evaluated as:

X X ot Xy
x x e x
_ _ 21 22 2m
X_[XVJ N o : (0
xnl an “' xnm

where x; is a crisp value that represents the
performance rating for each alternative 4 , with
regard to each criterion C; . The subscripts in
Equation (1) are i=1,2,---,n and j=1,2,---,m.
Step 2. Decision matrix normalization

To determine objective weights by measuring
entropy, the decision matrix in Equation (1) is
normalized for each criterion C; as:

X..
p{/z ! b i=1,2,"‘,}’l (2)

n
2
p=1
The normalized decision matrix is:

Pun P v P
b D vt Pom

L R ®
pnl pn2 T pnm

Step 3. Calculating entropy
The entropy value for each index is calculated as:

leugn(ptj)

G n(n) @

where 1 is a constant thath guarantees
En(n)

0<e, <l.
Step 4. Calculating entropy weights

The objective entropy weights W, for each
criterion C; are calculated as:

l—e,
W,=5—"— ®)
Z(l—ej)

1
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In Equation (5), (l—ej) denotes the degree of

divergence in the average intrinsic information that is
contained in each criterion C, .

Grey Relation Analysis

Based on grey system theory, grey relational
analysis (GRA) was introduced by Deng (1982).
GRA is used to resolve and comprehend complex
issues in systems that have various variables and
components. Geometrical computation is used for
this analytical approach, which uses the criteria of
ordinariness, regularity and totality. Grey relational
analysis is used in a variety of fields (Huang and Lin,
2009 and Wang et al. 2019) to calculate the
associations between reference factors and other
factors for a system (Deng, 1982). The procedure for
GRA is: (Huang and Lin, 2009)
Step 1. Data normalization

Before evaluating the grey relational coefficients,
the input and output data must be managed.
mv?x X, ( j) is the maximum value of entity j and

n@i.n X, ( j) is the minimum value of entity j. Three
]

type of data processing are used:
(1) larger-the-better attributes

s ()-minx,())
X (J)= - (6)

- max, () - minx, (/)

(2) smaller-the-better attributes

X maxx, () -x, (/)
X (J)=— (N

B %?xx,(j)—%inx] (/)

(3) nominal-the-best attributes
b ()= ()
| mac (7)1, (). 5, (7) i ()|
®

where x,, (/) is the objective value of entity j.

x’*(])zl

Step 2. Determining the grey relational coefficients
evaluation

IF Xo = I:xO (1)5x0 (2)9 X (])9 5 Xy (k):l is the
referential series with k entities of x;,x,,---,x,, ,then,

X; =[x, (1),x, (2),---,x,. (j),~--,x,.(k)].

The grey relational coefficient y,, (/) between
the series x;, and the referential series x, at the
j-the entity is defined as:

A _ Amin+Amax
70i(J)_ A, (j)+Amax ©)

Ay, (j):|xo (j)_x; (])| s

Amax =maxmaxA,. (j), Amin=minminA_ (/).
v o (/) ViV o (/)

where,

Step 3. Calculating the grey relational grade
The grey relation coefficients, y,, ( j ) are

determined at Step 2 and the grey relational grade for
a series of X, is written as:

Ty = > W7, (J) (10)

where, W, is the weight of attribute j. This is

dependent on the judgment of decision-makers or the
geometry of the research structure. The sum of all
weights equals one. For this study, the weight, w,,

is calculated from the entropy weight analysis. The
entropy weight analysis is detailed in the last section

Kriging Interpolation

A surrogate model is used to present the
compendium formula for the relationship between
input and output information. It is governed by
statistical regression, Bayesian networks, a radial
basis function or Kriging interpolation. If noise
factors are included in the system, Kriging
interpolation is used to make an initial estimate and is
widely employed in a variety of engineering research
fields. (Bouhlel et al., 2018 and Asa et al., 2012) This
study uses Kriging interpolation to generate a proxy
model of the target function using the unique
experimental points from the uniform design
outcomes.

The Kriging surrogate model )A/m (x) for the

objective function is derived using a zero-order
regression function and a Gaussian correlation
function:

fvm(x)=%+rf(x)R'l(Y—G%) (11)

where  x={x,x,,...,x,} denotes a vector that
consists of unknown input variables and p is the
number of unknown variables, r(x) specifies a

vector of length » and is a function of the unknown

T
Y={,V00e s}
known response vector for an unknown function, G
denotes a n-dimensional column vector that is filled

i R=[R, |
with ones, R, -
matrix and  denotes an identified constant. More

detailed descriptions can be found in Cheng et al.
(2019).

input variables, denotes a

specifies a known square

IMPROVEMENT DESIGN OF THE
HONEYCOMB STRUCTURE

Uniform Design Of Experiment
The four parameters for the honeycomb structure
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that significantly affect the experimental indices are
the system control factors to be improved. The main
design parameters for the honeycomb structure are
shown in Figure 5. The first control factor, which is
denoted as D, is the diameter of the inscribed circle
of the honeycomb core. The second control factor,
which is denoted as T, is the thickness of the
honeycomb core. The third control factor, which is
denoted as H, is the height of the honeycomb core.
The fourth control factor, which is denoted as TT, is
the thickness of the stainless steel plate. For each
system control factor, the code numbers for each part
and the upper and lower limits are shown in Table 3.

7
S oo

Figure 5: Four system control factors for the
honeycomb structure model

Table 3. The lower and upper bounds and the basic
values for four system control factors

System control Lower Basic Upper
Notation  bound value bound
factor
(mm) (mm) (mm)
Diameter of the
inscribed circle of D 17 21 25
the honeycomb core
Thickness of the T 0.05 0.06 01
honeycomb core
Height of the H 15 20 25
honeycomb core
Thickness of the T 08 1 12

stainless steel plate

J. CSME Vol.43, No.4 (2022)

ANSYS/Workbench software, for each experimental
simulation, the maximum displacement and
first-order nature frequency of the honeycomb core
and structure has been determined and is listed in
Table 4(a).

In Table 4, YD denotes the maximum displacement
for the honeycomb core for the ASTM D7766
damage resistance of sandwich constructions
simulation, YF denotes the first-order nature
frequency for the honeycomb structure for the free
vibration simulation. From the simulation results
given in Table 4(a), the improvement rate compared
with the original design for each experiment
simulation has been calculated and presented in Table
4(b). From Table 4, the maximum displacement for
ASTM D7766 testing simulation decreases to 0.498
mm in the 14th experiment. The maximum first-order
nature frequency for free vibration increases to
1482.1 Hz in the 13th experiment. In Table 4(b), the
2nd experiment has two positive improvements for
YD and YF. Therefore, the design in the 2nd
experiment is regarded to the improved design in the
uniform design of experiment strategy. Although the
positive improvements for YD and YF are appeared
in the 2nd experiment, the improvement rates are not
the highest in all simulation experiments. So, the
problem must be solved using the multi-objective
optimization method that is described in the
following.

Table 4: The uniform experiments and results for the
uniform table U;6(16'2)

Because of continuity for the control factors, the
design space can be regarded as a continuous space.
Hence, uniform design of experiment method
constructed from Fang and Wang (1994) is utilized to
build a group of sample points that are dissipated
constantly in the uninterrupted design space.
According to the characteristic of the uniform design
of experiment method, this uniform design is broadly
employed in many engineering areas. (Li et al., 2017;
Li and Yang, 2019; Chatterjee et al., 2017)

Based on the uniform design of the experiment
(Fang and Wang, 1994) and considering restrictions
in machine instrumentation, each factor is simply
separated into 16 levels, and 16 simulation tests are
created using a uniform table . Table 4 shows the
experimental levels and bounds for each control
component, the experiments are arranged as shown in
Table 4(a). Using SolidWorks software, the 3D
geometric model is created for a specific design of
honeycomb structure for each simulation experiment.
Applying the FEA method by ANSYS/LS-DYNA and

(a)

No. D(@mm) T (mm) H (mm) (rErTn) (;ig) YF (Hz)
1 17.00 0.063 18.33 099 0824 12542
2 17.53 0.080 22.33 120 0550 14052
3 18.07 0.097 15.00 096 0954 7545
4 18.60 0.057 19.00 1.17  0.633 1161.5
5 19.13 0.073 23.00 093 0727 1480.8
6 19.67 0.090 15.67 1.15 0896 12419
7 20.20 0.050 19.67 091 0670 1177.6
8 20.73 0.067 23.67 .12 0563  856.5
9 21.27 0.083 16.33 088 0984 12649
10 21.80 0.100 20.33 1.09 0864 1439.6

11 2233 0.060 24.33 0.85 0591 8614
12 22.87 0.077 17.00 1.07 0871 1179.8

13 23.40 0.093 21.00 0.83  1.028 1482.1

14 23.93 0.053 25.00 1.04 0498 952.87
15 24.47 0.070 17.67 0.80 0830 1216.6
16 25.00 0.087 21.67 1.01 0837 1220.6
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(b
Experiment No. Improvement of YD (%) Improvement of YF (%)

1 2.52 -11.42
2 14.86 25.54
3 -38.33 -29.10
4 -5.06 14.41
5 21.04 1.70

6 1.51 -21.19
7 -3.74 9.42

8 -29.99 23.86
9 3.39 -33.17
10 17.67 -16.84
11 -29.59 20.09
12 -3.56 -17.86
13 21.15 -39.07
14 -22.11 32.62
15 -0.56 -12.22
16 -0.23 -13.27

OPTIMAL DESIGN PROCEDURE AND
RESULTS

This study uses a uniform design of experiment,
Kriging interpolation, grey relational analysis,
entropy weighting analysis and a genetic algorithm to
solve a multi-objective optimization design problem.
The optimization design procedure is shown in
Figure 6. The detailed description and results are
presented in the following.

weighting analysis and uniform design results

| |

( 3\
Generate the single-objective optimal values for each

[Calculale the optimal weights from enlropy]

objective by Kriging interpolation and genetic algorithm
\. J

1}

Transfer two single-objective functions to grey relation grade

using grey relation analysis, optimal weights and the
normalized values of the each objective function

1]

Calculate the optimal grey relation grade and optimal solution

J

(control factor values) using Kriging interpolation and

l \

Calculate the predicted value for each objective function by

genetic algorithm )

Kriging surrogate model obtained from uniform design

!

Identify and calculate the real simulated value for each
objective function using SolidWorks » ANSYS/LS-DYNA
L and ANSYS/Workbench

results
J

J

Figure 6: Multi-optimization design process
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Step 1. Using entropy weighting analysis and the
uniform design results, determine the appropriate
weights.

According to the numerical results in Table 4(a)

and 4(b), the optimal weight for each objective
function using entropy weight analysis is (0.5744,
0.4256).
Step 2. Create a Kriging surrogate model using
Kriging interpolation and use a genetic algorithm to
determine the optimal design parameters for a single
objective.

The Kriging surrogate model for each objective
function is developed using Kriging interpolation and
the results of the uniform design in Table 4. The
single-objective optimal design values are obtained
using a genetic algorithm, as shown in Table 5.

Table 5. Optimal value of the single-objective
optimization design

Objective function YD (mm) YF (Hz)

Optimal value 0.466 1577.7

Step 3. Two single objective functions are translated
to grey relational grades using grey relational
analysis and the optimal weights and normalized
values for each objective function.

The results for the uniform design in Table 4(a)
are normalized for each objective function using the
optimal value in Table 5. Grey relation analysis using
Equations (6)-(10) and the optimal weights from Step
1 to determine the grey relational grade. The two
single objective functions are combined into one grey
relational grade objective function. Table 6 shows the
grey relational grade for each experiment.

Table 6: Results for the grey relational grade

Experiment No. Grey relational grade

1 0.568
2 0.820
3 0.423
4 0.622
5 0.728
6 0.547
7 0.602
8 0.625
9 0.541
10 0.655
11 0.591
12 0.530
13 0.660



14 0.779
15 0.553
16 0.552

Step 4. Using Kriging interpolation and a genetic
algorithm, calculate the optimal grey relational grade
and the optimal solution (control factor values).

Kriging interpolation is used to create a surrogate
model for the grey relational grade. Using a genetic
method, the optimal grey relational grade and the
optimal solution are determined, as shown in Table 7.
The optimal solution is the optimal geometric
dimensions for the honeycomb structure. The optimal
grey relational grade is 0.8211, which is greater than
all of the grey relation grades in Table 6.

Table 7: Optimal solution and the grey relational
grade

J. CSME Vol.43, No.4 (2022)

%, respectively. All of the values for the
displacement and first-order nature frequency are
improved successfully.

Table 8: Optimal predicted value and predicted error

Measure  Predicted value Real value  Predicted Error (%)
YD (mm) 0.538 0.537 0.19
YF (Hz) 1417.9 1417.5 0.03

Optimal solution
(Optimal dimension of the honeycomb

structure) Optimal grey
T TT relational grade
D (mm) (mm) H (mm) (mm)
17.97 0.078 2297 1.20 0.8211

Step 5. Using the Kriging model that is derived from
the results of the uniform results, the predicted value
for each objective function is calculated.

The predicted optimal values for each objective
function using the optimal grey relational grade,
optimal entropy weights, and the Kriging surrogate
model for each objective function are given in Table
8.

Step 6. Using SolidWorks, ANSYS/LS-DYNA and
ANSYS/Workbench, the real simulated value for
each objective function is calculated.

The optimal honeycomb structure model is
reconstructed using SolidWorks software. Using
ANSYS/LS-DYNA and ANSYS/Workbench
software, the true displacement and first-order nature
frequency are calculated. Table 8 shows the predicted
error for YD and YF. The predicted errors for YD
and YF are 0.19 %, and 0.03 %. All of the predicted
errors are less than 3 % so the optimization procedure
is complete. The displacement and first-order nature
frequency in the final design are shown in Figures 7.

The values of the maximum displacement and
first-order nature frequency for various phases are
shown in Table 9. After the uniform design of
experiment, the maximum displacement for YD
decreases to 0.55 mm, the first-order nature
frequency for YF increases to 1405.2 Hz. The
improvements in YD, and YF are 25.54 % and 14.86
%, respectively. After executing the multi-objective
optimization, the maximum displacement for YD
decreases to 0.537 mm, the first-order nature
frequency for YF increases to 1417.5 Hz. The
improvements for YD and YF are 27.33 % and 15.87

Table 9: Values and improvement in measures for
different phases

Phase Measure Value Impr?o\/’oe)ment
YD (mm)  0.739 —
Original design

YF (Hz) 12234 —
After uniform YD (mm) 0.550 25.54
experiments YF (Hz) 14052 a6
After multi-objective YD (mm) 0.537 27.33
optimization YF (Hz) 14175 e

Fringe Levels
5.360¢-04
4832004
4.205¢-04 |
3758604 _
3222004 _
2685004 _
2148e:04 |
1611e04 _
1.074e-04
5.360e-05
0.000¢+00_|

(@)

A:Modal

Total Deformation
Type: Total Deformation
Frequency: 14175 Hz

Unit: mm

2021/5/19 T4 0315
84.027 Max
7469
65.354
56.018
46,682
37.345
28009
18673
9.3363
0Min

(b)
Figure 7: The distribution of (a) the displacement for
ASTM D7766 testing standard and (b) first-order
nature frequency for free vibration analysis in the
final optimal design.

CONCLUSION

This study involves an analysis of the
honeycomb core in the honeycomb structure. The
design of each of the parameters is planned using a
uniform design of experiment. The finite element
software, ANSYS/LS-DYNA and
ANSYS/Workbench, are utilized to evaluate the
distribution of the displacement in the honeycomb
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core for ASTM D7766 standard simulation, and the
nature frequency for the free vibration analysis. The
strategy for improvement uses a uniform design of
experiment to create the experimental data, the
displacement and first-order nature frequency for the
honeycomb structure. After the uniform design of
experiment, the improvement in the maximum
displacement and first-order nature frequency is
25.54 % and 14.86 %. After the multi-objective
optimization  process, the final respective
improvement in the maximum displacement and
first-order nature frequency is 27.33 % and 15.87 %.
From the final optimization results, the maximum
displacement of the honeycomb core has been
reduced. Moreover, the first-order nature frequency
has been increased. As a result, this article produces
an improved design for the honeycomb core in the
honeycomb structure.
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