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Additive Manufacturing, The Technology of the DX era!
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Study on Controlling Material Properties of Cladded Layers Using High
Temperature and Hybrid Cladding Process

TP HIAIS2H

Yeong Kwan Jo' and Sang Hu Park”

1 BAHSHD CHSH 7[A|ZSHE (School of Mechanical Engineering, Graduate School, Pusan University)
2 HACHSh 7| AIZSHE (School of Mechanical Engineering, Pusan University)

# Corresponding Author / E-mail: sanghu@pusan.ac.kr, TEL: +82-51-510-1011
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KEYWORDS: High temperature hybrid cladding (2 5t0|=2|= Z2Hd), Cladding (E2H&), Direct energy deposition (£ 0of|H4X| M),
Ultrasonic nanocrystal surface modification (=S} Li.=HHIHZE!), Internal mechanical properties (LIS 7 |741& EA)

A hybrid cladding technology was developed by combining direct energy deposition (DED) and ultrasonic nanocrystal
surface modification (UNSM). This is an effective process to control the mechanical properties inside the metal-clad layer,
but the scope to improve the internal properties is low. Therefore, in this study, the UNSM process was applied while
heating at 300 and 600°C to increase the effectiveness of this hybrid additive process. To validate the characteristics of this
method, a study on the cross-sectional properties upon application of heating was conducted. Hybrid cladding at 300
degrees produced improvements- over a 40% larger area than the results at room temperature. At 600 degrees, the hybrid
cladding improved mechanical properties over a larger area by nearly 2 times. In this study, the characteristics of the room-
temperature and the high-temperature hybrid cladding process were analyzed. The proposed method shows a high
improvement effect and is a promising method to improve the internal mechanical properties of the cladded layer.

Manuscript received: June 22, 2023 / Revised: July 29, 2023 / Accepted: July 31, 2023

1. 2 Energy Deposition, DED) [4-6]1} 72 A= 7|4 E-85}9]

ERRRE F4% 7H #Hol® S99 3AS A8 5 Al &

a4 A i 549 JHAS Wik 9 dxh Ze A 59 AUrt.

[1] Ei= 7k HRIR2] 9 A4 ARB) 22 ov ] Al A A v 54 A7) S8 stolHele Seid S
&k FEE EopollA 78 WAAbelt) ALe Pk A9 o] A&A e AE I Qe glo]A 7|HE SHE H EH A
7AW E2A S ABHAA HefRt AL ZAIE o 2 343} Ak stolHele SHY 34 5T, AsAl
gk kA Q1Fd e e At 7N 22 Alge T 24, F74H] 5 TRt Ay RofollA B & A8, E &#
AU 2D HAS ARESto] AL mh %/\é% NAdst] £ H 4, 8E A0S FoR IH7-9]. EIF nEY go|Aet
gk AG7E ZBYE AL QITH4]. Ad Atoll W=, Qlxtd A 22 At oA 7o) WHOoR thekgt 3-8 woke} Abgell
= e a5l vls) Wadyh Wrk/do] sto] ag 714 A ElofA] 7dE 2HY W W AE 38 AR = A H
ol ol &8=ar itk o= AR oyA| 23(Direct TH10-12]. ARk o= goj#] 7wt Seid 2 #H A2| 3749
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Fig. 1 (a) Schematic diagram of laser cladding process, (b) a is
schematic diagram of the cladding mechanism
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Fig. 2 (a) Schematic diagram of ultrasonic nanocrystal surface
modification (UNSM) for surface treatment, (b) schematic
diagram of the UNSM process mechanism
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of the cladded layers was found to be around 98.45 pm on
average
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Soft robots, known for their flexible and gentle movements, have gained prominence in precision tasks and handling
delicate objects. Most soft grippers developed thus far have relied on molding processes using high-elasticity rubber, which
requires additional molds to produce new shapes, limiting design flexibility. To address this constraint, we present a novel
approach of fabricating pneumatic soft grippers using thermoplastic polyurethanes (TPU) through the Fused Filament
Fabrication (FFF) technique. The FFF technique enables the creation of various gripper shapes without the need for
additional molds, allowing for enhanced design freedom. The soft grippers were designed to respond to applied air
pressure, enabling controlled bending actions. To evaluate their performance, we conducted quantitative measurements of
the gripper's shape deformation under different air pressure conditions. Moreover, force measurements were performed
during gripper operation by varying the applied air pressure and adjusting the mounting angle. The results of this study
provide valuable insights into the design and control of soft grippers fabricated using TPU and the FFF process. This
approach offers promising opportunities for employing soft robots in various fields and paves the way for further

advancements in robotics technology.
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Study on Fabrication of Closed-cell Aluminum Foam Using Directed
Energy Deposition
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In this study, based on directed energy deposition (DED) technology, one of the additive manufacturing technologies, a
porous material fabricated by mixing various aluminum alloys and foaming agent was manufactured. First, the foaming
agent formed pores inside the deposited materials and differences in foaming characteristics were observed depending on
the type of aluminum. Also, the foaming characteristics according to the laser power, which is a representative process
variable, were analyzed. As a result, a closed-cell porous material with a maximum porosity at a laser power of 1,100 W
was manufactured. Results of the compression test showed that the porous material made by the pores generated therein
collapses to absorb energy, and the intermal pores disappear to become high density. Therefore, Young’s modulus and yield
stress were reduced by the pores inside the sample of pure aluminum and Al6063. However, it was found that the specific
energy absorption, which is an advantage of the foamed materials, increased compared to non-porous materials. The
findings of this study confirmed that it was possible to manufacture DED-applied foam materials using aluminum powder
and a foaming agent.
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Fig. 2 SEM images of powders: (a) pure aluminum, (b) Al6063, (c)
AlSil0Mg, and (d) foaming agent

Table 1 Chemical compositions of the powders [wt%]

Pure

Element Aluminum Al6063 AlSi10Mg
Al Bal. Bal. Bal.
Mg - 0.62 0.339
Si 0.0435 0.23 9.654
Fe 0.1034 0.32 0.122
Cu 0.0013 0.03 -
Zn - 0.01 0.053
Mn - - 0.041
(¢ <0.1 - -
Others - 0.27 0.102
o7
7

y

100
Fig. 3 Preparation of specimen for compressive test
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Fig. 5 Optical images of cross sections of deposited-foam samples: (a) as-foamed pure aluminum, (b) as-foamed Al6063, and (c) as-foamed

AlSi10Mg
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Fig. 8 Optical microscope images showing residual particles in (a)
pure aluminum, (b) Al6063, and (c) AlSilOMg fabricated
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Fabrication of Dual-morphing Vascular Stents Using Additive-lathe
Printing of Shape Memory Polymers
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In this study, we present the fabrication of dual-morphing vascular stents using an additive-lathe printing method and two
different shape-memory polymers. Traditional additive manufacturing techniques confront significant challenges in producing
vascular stents with complex, hollow, mesh-like structures due to limitations such as a flat printing bed and the placement
of supports. To overcome these obstacles, we employed a lathe-type additive manufacturing system with a rotatable base
substrate, enabling precise fabrication of cylindrical-shaped stents. To achieve shape transformability, we used shape-
memory polymers as the stent materials, offering the advantage of minimally invasive surgery. Two distinct shape-memory
polymers, with different transition temperatures (35 and 55°C), were printed using the additive-lathe method. The printed
stents consisted of two distinct parts that underwent dual-stage morphological changes at the different temperatures. By
manipulating the printing paths, the dual-morphing properties of the stents could be adjusted in both longitudinal and
circumferential directions. This innovative approach could be a solution to several limitations associated with the application
of stents in diseased vascular tissues with complex shapes, facilitating minimal invasion during surgical procedures.
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Fig. 1 Mesh patterns printed with different printing speeds: (a) 10
mmy/s, (b) 20 mm/s, and (c) 40 mm/s
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Fig. 3 (a) PVA coating on mandrel surface. (b) Additive-lathe
printing of stent on PVA-coated mandrel
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Fig. 5 Shape recovery of dual-morphing vascular stents in (a)
longitudinal and (b) longitudinal/circumferential directions
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Recently, the demand for lightweight open-pore lattice structures with specific stiffness is increasing in many fields, such as
the aeronautical, automotive, mechanical and bone tissue engineering sectors. For each concrete application, there is a
need to predict its mechanical properties precisely and efficiently. There are several methods used to analyze the
mechanical properties of lattice structures. Among them, the asymptotic expansion homogenization method is a more
advantageous approach over the experimental, theoretical, and finite element methods, because it handles some of their
limitations such as the time-consuming process, size effect, and the high amount of computational resources needed.
Therefore, in this work, we use the asymptotic expansion homogenization method to perform a systematic parametric study
to calculate the effective stiffness of different open-pore lattice structures. In addition, the designed models were fabricated
using an SLA 3D printer, and the effective stiffness of the fabricated specimens was tested via UTM experiment to validate
the numerical results computed by the asymptotic expansion homogenization method. Consequently, it was proved that this
method is precise and effective for predicting the mechanical properties of lattice structures.
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NOMENCLATURE RVE = Representative Volume Element
SC = Simple Cubic
AEH = Asymptotic Expansion Homogenization Method SC-BCC = Simple Cubic-Body Centered Cubic
AM = Additive Manufacturing SC-FCC = Simple Cubic-Faced Centered Cubic
BCC = Body Centered Cubic SLA = Stereolithography
FCC = Faced Centered Cubic UTM = Universal Testing Machine
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1. Introduction

Lattice structures are concerning in different fields such as
biomedical engineering, automotive or aerospace industry, and
light weight design as they often exhibit versatile physical
properties. Lattice structures provide great strength-to-weight ratio,
significant permeability, and outstanding impact-absorption [1,2].
Several lattice cell compositions have been discovered in the past
few decades and the most widely studied are the simple-cubic,
body-centered cubic (BCC), face-centered cubic (FCC), and their
combination such as the simple-cubic body-centered and simple-
cubic faced-centered structures, in which their mechanical
properties has been investigated [3-8].

To determine the effective mechanical properties of those lattice
structures, there are several available methods such as:
experimental approaches, analytical modeling, and finite element
method [9-20]. However, each of the above approaches has its
limitations. For example, the experimental approach is a time-
consuming process, budgetary expensive and the results are highly
subjective due to the possibility of human error. In the theoretical
modeling, assumptions affect the solution, and it is difficult to use
for complex problems. In the case of finite element method
approach, the computational cost for complex problems is
expensive and the results can have some error if the periodic
boundary conditions cannot be implemented in the case of unit-cell
analysis.

On the other hand, the AEH method is an alternative approach
that can handle the time-consuming process, the size effect
problem, and the high computational cost inconveniences that the
traditional methods possess [21,22]. This advantage comes from
the fact that AEH method establishes a relationship between the
macroscopic and microscopic field to predict the effective
mechanical properties of structures by analyzing the representative
volume element (RVE) which is the smallest volume or unit that
captures the microstructural features and behaviors of a whole
structure or material. More specifically, RVE is a unit volume
within a heterogeneous material that is selected to be statistically
representative of the entire composite structure [23,24].

AEH method has been successfully applied to a wide range of
different configurations and composition of composite materials [25-
27] and in contemporary engineering applications including
nanotechnologies [28,29], smart composite modeling [30,31], modeling
of thin network structures [32] thanks to its effectiveness to predict
mechanical properties precisely without high computational cost.

Meanwhile, additive manufacturing (AM) has gained attention
for the fabrication of lattice structures after appearance of rapid

prototyping. AM is a manufacturing process that involves creating

objects layer by layer from 3D model data. This layer-by-layer
manufacturing approach is very thankful because it is possible to
manufacture complex structures which could not be fabricated by
conventional manufacturing process. AM processes are
categorized as: binder jetting, direct energy deposition, material
extrusion, material jetting, power bed fusion, sheet lamination, and
vat photopolymerization [33]. Within the category of vat
photopolymerization process, the utilization of stereolithographic
(SLA) 3D printing is now becoming more accessible to end users
with the appearance of affordable printers on the market. SLA
printing technology allows the fabrication of prototypes and final
products with the main advantage to fabricate products precisely
with high resolution [34].

Therefore, the models in this study were manufactured using an
SLA 3D printer and we performed compressive experiments using
a universal testing machine (UTM) on the fabricates specimens to
validate the result obtained by the numerical model based on AEH
method and it was confirmed that this method is an advantageous
approach to calculate the effective mechanical properties of lattice

structures.

2. Design and Fabrication of Unit-cell

2.1 Design of Unit-cell

The unit-cells were designed using the software SolidWorks2020
(CAD software, Dassault Systeémes SolidWorks Corp., Waltham,
MA, USA). The lattice structures analyzed in this study are the SC
(Simple Cubic) truss, BCC (Body Centered Cubic) truss, FCC
(Face Centered Cubic) truss, SC-BCC (Simple Cubic-Body
Centered Cubic) truss, and SC-FCC (Simple Cubic-Face Centered
Cubic) truss. For the clear numerical comparison, every
characteristic dimension of specimens is set as dimensionless value
of 1.0 and the important proportions are depicted in Fig. 1 and
Table 1. Furthermore, in order that the porosity has no influence on
the effective stiffness of the structures, all the structures were

designed to have same porosity of 50%.

2.2 Fabrication of Unit-cell Using an SLA 3D Printer

The designed unit-cell were manufactured using an SLA 3D
printer (Form 3+, Formlabs Inc., Somerville, MA, USA) with a
laser power 250 mW and layer thickness 50 pm. By the software
PreForm (version 3.28.0), the models were sliced. The designed
unit-cell models were fabricated with clear resin for general
purpose and to minimize the influence of printing orientation, the
models were printed at 45-degree orientation [35]. The fabricated

unit-cells were washed in ethyl alcohol for 20 min in an ultrasonic
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Fig. 1 Structural schematics and parameters of unit-cells: (a) SC
truss, (b) BCC truss, (¢) FCC truss, (d) SC-BCC truss, (e) SC-
FCC truss (L: length of strand, D: diameter of strand)

(d)

Table 1 Dimensionless value for the parameters of unit-cells

Dimensionless value for the parameters

Unit-Cell
L1 L2 L3 D1
SC truss 1.00 1.00 1.00 0.57
BCC truss 1.00 1.00 1.00 0.37
FCC truss 1.00 1.00 1.00 0.24
SC-BCC truss 1.00 1.00 1.00 0.31
SC-FCC truss 1.00 1.00 1.00 0.22

cleaner and post-cued for 60 min with 1.25 mW/cm? of 405 nm
LED light at 60°C.

2.3 Prediction of Effective Stiffness by AEH Method
The AEH (Asymptotic Expansion Homogenization method)
[21,22] considers that the micro-mechanical behavior of a
heterogeneous material can be expressed by considering
periodicity within a unit-cell over the entire material as illustrated
in Fig. 2. The macroscopy model Q, which represents the overall
structure is described by coordinates x;. On the other hand, the
repetitive unit-cell, which is the microscale model Y, is defined by
coordinates ;.
The parameter € establishes a relationship between the
characteristic dimensions of the microscale and macroscale. Since
there is a significant difference in size between these two scales,

the value of ¢ needs to be relatively small (e « 1)

[V

y= Q)

The Y-periodicity of the microstructural heterogeneities refers to

® Marrix
© Inclusion
Homogenized material

Y3
Y2
Representative
N

Volume
Tlement

Homogenized mean

Fig. 2 Schematic of asymptotic homogenization method

the functional dependence on y, which repeats itself periodically
within the Y-period. This property is reflected in the elasticity
tensor D, where its components are Y-periodic in y. On the other
hand, at the macroscale level, the material is considered
homogeneous. Thus, the components of the elasticity tensor can be

represented as:

Dijpr = Dyj(») @

Nevertheless, in terms of the macroscale system of coordinates
x, the microstructural heterogeneity manifests itself in periods &'
that are less than the characteristic dimension of the domain Y.

Following expression (1), the relationship is represented as:
X
Djy(x) = Dy (3)

in which D, denotes the elastic properties corresponding to the
microscale model Y. Once the tensor D, is calculated, we can
use it to determine the elasticity tensor ijk,(x) in coordinates x;
for the macroscale model.

Then, the linear-elasticity problem can be mathematical stated as:

&

00
—afg £ =0 in Q )
Y
ou’ ou
ggl{ﬁ+ﬁ] in Q )
2 8xjg ox;
ofj = ijk,f:,f, in 2 ©)
u; = u;in T, @)
G;nj =t in I, ®)

the components of the Cauchy stress tensor are denoted by o
while the strain tensor’s components in the macroscale coordinates

x; are denoted by &;. The presence of repeated indices in the
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preceding equations signifies that we are performing a summation
over the three coordinates.

Taking into account the presence of two different scales that
characterize the material behavior at the macroscale Q and
microscale Y, the displacement field is approached employing
the following asymptotic expansion with respect to the

parameter &:
ui(x) = 1)+ )+ Sul et (9)

Since we are dealing with two different coordinate systems, x;
and y,, in the derivation equations, we can consider the following

chain rule expansion:
+-= (10)

The chain rule of the precedent Eq. (10) can be implemented

into Eq. (9), consequently, we determine the components of strain

and stress:
¢ =818(0)+8 g(l)+gl (2)... (11)
65 =& 10'(0)+500'(1)+510'512)... (12)
Where:
(0) (0)
8(0) au[ +5u- (13)
v 2 oy; oy;
v oy,

Then, replacing Eq. (9) within Eq. (5) which is the strain-
displacement relationship and implementing the result in Eq. (6),
we obtain an equation that relies on &:

_26 o _fad) ad) fadl) ad
+& R A i ”+f

ayj 0x; 0y 0x; 0y

14
As Eq. (14) is applicable for every given &£—0, every
coefficient of the powers of ¢ is zero. Therefore, we can express

the problem as:

2" 15
S - as)
J
ool el 5
0x; 0y (16)
SR . "
ax]. ayj !

If we consider the Dirichlet and Neumann boundary conditions
in Eq. (7) along with Eq. (8), boundary conditions can be

expressed as follow:

& (0)+5u(”+5u(2) vo=u;in I (18)

u

(¢ (5(0)+8 0(1)+8 0(2)+ on; = f in I (19)

As Eq. (16) establishes the relationship between microscale and
(1)

macroscale stresses, the perturbation displacement u;  in the
microscale could be represented as follow:
1
() = =% (y) (x)+ i) 20)

where integration constants are represented by th')(x) in y,,
typically assumed to be zero, and Xf[ denotes the Y-periodic
components of the field tensor . Then, the field tensor y is

determined by solving the variational problem:

oy ov,

ov;
[:Piw, 3,4 " IyD,,,,ma dy YvieVy QD)

Where V', represents every Y-periodic continuous and enough
regular functions with zero average value in Y.

Replacing Eq. (20) using relation (17) and taking into account
the Y periodicity of uf iny, 605:].2 )y Oy, can be exclusively equal to

zero as follow:

aDh a”f;?)
ox; ™" ox,

+£=0 (22)

The mean value of a Y-periodic function ¢(x,y) within the

domain Y can be described as:

byl )Y (23)

The homogenized effective elastic properties are attained taking
into account the suitable boundary conditions described by the
macroscale mathematical statement and adopting the averaging

operator as:

h an
Dt/mn - |Y|J.yDz/kl|: kmé‘]n - ayl dy (24)

After solving the macroscale problem, the stress and strain
fields at the microscale level can be determined through a
localization process. This process for stress and strain fields can

be written as:

P ou (0)
Xk ] 25)

(1)()(? y) zjkl(y)[ékmé‘ln 6 6)6

A ) o) (26)

1
( )(x y) ( ik j/ 'lé}k)(5km51n ayl ox
n
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These equations enable the calculation of stress and strain values
at any specified point the macroscale model for a heterogeneous
sample. More details are given by Pinho-da-Cruz et al. [21].

Then, it is possible to determine the effective elasticity
properties of the scaffolds from the constitutive matrix’s inverse,

which refers to the homogenized compliance matrix s".

F 1 Vi Vi

0 0 O
E, E, Ey
Vi 1 TV
—_— — —= 0 0 0
Ey Ey Exn
“Vip Va3 1
w | En Exn Eyn 000
s = 27)
1
0 o0 0 — 0 0
G
0 0 0 o0 1 0
Gy
0 0 0 0 0 L
L G[z_

where E;; and E,, and E;; are the elastic modulus along the
orthogonal directions. Gy, and G,; are the shear modulus and the

Poisson’s ratios associated with —v,, —v,; .

3. Results

3.1 Fabrication of Structures Using an SLA 3D Printer

To validate the numerical result calculated by AEH method, all
the structures were fabricated using an SLA 3D printer as shown in
Fig. 3. The unit-cells were fabricated to possess external length of
10 mm, width of 10 mm in and height of 10 mm following the
ratio depicted in Table 1.

The porosity of each fabricated unit-cell was measured and
averaged from 5 samples, and it was confirmed that all the unit-

cells had similar porosity of 50% as depicted in Fig. 4.

3.2 Effective Stiffness Calculated by AEH Method and Using
UTM Equipment

The effective elastic modulus calculated by AEH method of the
unit-cell SC truss, BCC truss, SC-BCC truss, FCC truss, and SC-
FCC truss is depicted in Fig. 5 and Table 2.

The fabricated unit-cells were tested using the universal testing
machine equipment (MTS-E42) under a compression load of 5 kN
using 10% strain at a constant strain rate of 1 mm/min. The
compressive stiffness results of the unit-cell obtained from the
UTM were calculated as the average of five specimens and results

are depicted in Fig. 5 and in Table 3.

(d) (e)

Fig. 3 Optical images of fabricated unit-cells by SLA 3D printer: (a)
SC truss, (b) BCC truss, (c) FCC truss, (d) SC-BCC truss, (e)

SC-FCC truss
80 i : E ;
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Fig. 4 Measured porosity of fabricated unit-cells
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SC BCC FCC SC- SC-
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Fig. 5 Normalized effective elastic modulus results of the different
types of unit-cells by AEH method and UTM experiment
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Table 2 Normalized effective stiffness of unit-cell by AEH method

Direction
Unit-Cell
Y Z

SC truss 0.307 0.307 0.307
BCC truss 0.146 0.145 0.145
FCC truss 0.188 0.188 0.188
SC-BCC truss 0.203 0.203 0.203
SC-FCC truss 0.208 0.208 0.208

Table 3 Normalized effective stiffness of open-pore unit-cell by
UTM experiment

Direction
Unit-Cell
X Y Z

SC truss 0.223+0.009 0.244+0.002 0.220+0.006
BCC truss 0.129+0.005 0.138+0.002 0.131+£0.002
FCC truss 0.175+0.007 0.188+0.004 0.175+0.010
SC-BCC truss  0.191£0.005 0.197+0.008 0.187+0.007
SC-FCC truss  0.169+0.004 0.191+0.007 0.168+0.007

4. Discussion

This study aimed to evaluate the effective stiffness of different
lattice structures using a numerical model based in asymptotic
homogenization method.

To get rid of the influence of the porosity in the effective
stiffness, we first confirmed that the porosity of the SC truss, BCC
truss, SC-BCC truss, FCC truss, and SC-FCC specimens were
fabricated very similar to that of the designed models as depicted
in Fig. 4. The porosity relative error of the SC truss, BCC truss,
SC-BCC truss, FCC truss, and SC-FCC truss specimens were
calculated to be 2.29, 0.26, 3.96, 1.30, and 6.49% respectively.
This porosity error could result from material residual between the
strand and the residual of material used to support the specimens
when they were printed.

With regard to effective stiffness calculated by AEH method, the
results agree with previous reported studies where the mechanical
properties of the SC truss, BCC truss, SC-BCC truss, FCC truss,
and SC-FCC truss structures were studied using different methods
such as analytical, experimental and FEM analysis [3-8]. In
addition, to validate the numerical results based on AEH method in
this study, the UTM experiment was carried out.

To clearly compare the results obtained by AEH method and
UTM experiment, the results were characterized in term of
normalized elastic modulus. The normalized elastic modulus was
determined in function of the bulk material elastic modulus and the

elastic modulus calculated by AEH method and UTM experiment,

and it can be expressed as:

Enorma/ized = Eefj’/Ebulk (28)

where E,omalized 1S the normalized elastic modulus, E ¢ is the
effective elastic modulus calculated by AEH method and UTM
experiment and E,,,, is the elastic modulus of the bulk material.
Fig. 5 summarizes the numerical results calculated by AEH
method and experiments expressed as normalized effective elastic
modulus and it is observed that the results attained by experiments
exhibit similar trend as the numerical results based on AEH
method.

The numerical elastic modulus of the SC truss unit-cell in X
direction was analyzed to have 1.38 times greater stiffness than that
of the experiment result, superior to 1.26 times in Y direction and
1.39 in Z direction. The BCC truss unit-cell in X direction was
analyzed to have 1.13 times greater stiffness than that of the
experiment result, 1.06 time higher in Y direction and 1.11 in Z
direction. The FCC truss unit-cell in X direction was analyzed to
have 1.07 times higher stiffness than that of the experiment result,
same stiffhess in Y direction and 1.08 higher in Z direction. The
SC-BCC truss unit-cell in X direction was analyzed to have 1.07
times higher stiffness than that of the experiment result, over 1.03
times in Y direction and 1.09 in Z direction. The SC-FCC truss
unit-cell in X direction was analyzed to have 1.23 times greater
stiffness than that of the experiment result, 1.09 time higher in Y
direction and 1.24 in Z direction. The average elastic modulus
relative error in all directions between the AEH method and UTM
experiment of the SC truss, BCC truss, FCC truss, SC-FCC truss
and SC-FCC truss unit-cell was calculated to be 25.4, 8.9, 4.6, 5.7,
and 15.3% respectively.

The discrepancy observed among experiments and numerical
analysis results can be attributed to defects generated during the
fabrication process and because in this study the compressive test
was performed to a single unit-cell without having periodic
arrangement of several unit-cells. Wu et al. investigated the
response of material anisotropy and size effect on the mechanical
properties of three types of 3D cellular structures and they reported
that all the three types of structures exhibit varying levels of size
effect dependency [36]. In our study, as shown in Fig. 5, the
significant difference in elastic modulus observed in SC truss unit-
cell compared to the other structures between simulation and
experiment could be attributed primarily to the size effect, which
level of size effect dependency is more prominent in the SC truss
unit-cell. And in the same way as in the other structures, the
structural integrity of the SC unit-cell is susceptible to structural
defects or imperfections during fabrication process, which

influence its mechanical behavior. Therefore, the combined
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influence of these two conditions could lead to bigger discrepancy
between SC truss unit-cell numerical results and experimental

results compared with the other structures.

5. Conclusion

We confirmed that the asymptotic expansion homogenization
method is an accurate and efficient approach to predict the
effective mechanical properties of lattice structures. Using this
method, we analyzed several lattice structures and combining with
additive manufacturing, structures fabricated.
Moreover, the AEH method results were validated by UTM

experiments, and it was found that experimental results are similar

these were

to the numerical results based on AEH method.
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Network via Combined Heat Treatment
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With the increasing interest in research on the development of next-generation technologies such as flexible smartphones,
displays, and wearable devices, interest in the development of materials and processes for transparent electrodes
constituting them is also increasing. The most widely used material for manufacturing transparent devices is indium tin
oxide (ITO). However, ITO is scarce, expensive, and brittle, making it is essential to replace it with new materials. In this
study, we successfully fabricated a transparent electrode by electrospinning polyvinylpyrrolidone (PVP) and copper
electroless deposition on the polyimide film. Especially, this study suggests a new combined heat treatment that uses both
the hot plate and the convection oven. Through the combined heat treatment, the junctions between the nanofibers
overlapped removed consequently reducing contact resistance. The mechanical stability of the fabricated electrode was
evaluated by using a highly repeated bending test. Also, through the tape-peeling test, we confirmed that the adhesive
strength of the electrode was high. This method can be applied to various polymer-based, substrate which are vulnerable
to annealing process.
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Fig. 1 The schematic of fabrication process for a metallic network
(A) Preparation of polyimide film after oxygen plasma
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First heat treatment using hotplate (D) Second heat treatment
using convection oven (E) Copper electroless deposition (F)
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Fig. 2 FE-SEM images of metallic network depending on the time
and conditions of heat treatment (A) Electrospun nanofibers
(B-E) Single heat-treated metallic network for 15, 30, 45, 60
min, respectively (F) Combined heat-treated metallic network
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Fig.3 Comparison of single heat and combined heat-treated
metallic network with FE-SEM images (A) Single heat-
treated for 30 min metallic network (B) Combined heat-
treated metallic network (C) Crack image of single heat-
treated metallic network after applying stress (D) Crack
image of combined heat-treated metallic network after
applying mechanical stress
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Fig. 4 Electrical, optical, and mechanical analysis of fabricated metallic nanofiber network (A) Graph about Cu nanofiber thickness depending
on the heat treatment time and method (B) Graph about heat treatment time and sheet resistance (C) Graph about transmittance for each
heat treatment process (visible range: 600 to 900 nm) (D) Graph about sheet resistance strain depending on bending cycle number
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sheet resistance depending on the times of tape-peeling test
(C) Optical image of metallic network before tape-peeling
test (D) Optical image of metallic network after tape-peeling
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Thermal Runaway Characteristics Induced by Heat Abuse Conditions in
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This study aimed to characterize the mechanism of thermal runaway phenomenon in lithium-ion batteries, which represent
secondary cells among energy storage devices. Thermal runaway reaction was induced by heating 18650 cells with 5%,
40%, and 80% state of charge (SOC). We divided the thermal runaway of the battery into three stages and discussed the
physical measurements that distinguish each stage. We also provided a visual comparison and thermal image of the
characterized exhaust gases in all stages. The state of charge and the amount of heat generated by thermal runaway were
proportional, and in the third stage of thermal runaway, where the highest mass transfer occurred, 40% of SOC released
gas for 13 seconds and 80% of SOC emitted gas and flame for 3 seconds. In addition, a temperature and voltage
measurement method that can predict the thermal runaway phenomenon of a battery is presented.
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Analysis of Electromagnetic Field and Temperature Distribution around
Narrow Gap in High-frequency Resistance Welding of Steel Pipe
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When a narrow gap was formed under appropriate welding conditions in the steel pipe manufacturing process using high-
frequency resistance welding, temperature distribution was analyzed to predict the length of the gap. Assuming the length
of the gap from the apex point to the welding point at an applied voltage, and calculating the temperature distribution
around the gap, the length of the gap with an appropriate fusion width at the welding point could be estimated. Along with
this, the current density and magnetic flux density distributions that appeared in the narrow gap were obtained according to
the change in the applied voltage, and the distribution shape and size of the electromagnetic force acting on the gap were
also predicted. The current density, magnetic flux density, and electromagnetic force gradually increased along the narrow
gap, showing the maximum value at the welding point. In the temperature distribution in the narrow gap, the surface of the
front end began to melt at an appropriate applied voltage, and the melting width was the largest at the welding point. As
the applied voltage increased, the narrow gap became longer, and the appropriate gap length appeared in proportion to the
applied voltage.
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Fig. 1 Schematic drawing of high frequency resistance welding process
of steel pipe [4] (Adapted from Ref. 4 on the basis of OA)
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Fig. 2 Geometric model and solution domain for electromagnetic
FEM analysis
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Fig. 4 Solution domain and mesh division in FEM analysis for
temperature distribution of steel strip
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Fig. 5 Distributions of current density and magnetic flux density at
strip edge
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Fig. 7 Current density and magnetic flux density from V-area to
weld point along end of strip edge with change of narrow-

gap length
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Fig. 11 Temperature distribution at welding point with change of
narrow gap length at constant voltage
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Machinability Improvements of Soda-lime Glass Using Various Surface
Coatings
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Advanced engineering ceramics have been highlighted mainly owing to their superior hardness, corrosion/wear
resistance, and thermal insulation performances. However, they are usually very difficult-to-cut because of their high
brittleness. In light of this, ultra-precision machining has been studied to perform ductile-regime cutting in the
machining of ceramics. Ductile-regime cutting can feature a smoother surface, and lower subsurface damage as the
dominant material response during cutting showed ductile behavior. Researchers have investigated promoting ductile-
regime cutting to improve the machinability of ceramics. In this study, various coating materials were applied to the
workpiece surface, and their effects on machinability improvements were explored. A total of 6 surface coatings and
lubricants were applied to soda-lime glass. The critical depth of cut (CDC), the depth where the ductile-brittle
transition (DBT) occurred, was increased in all coatings and lubricants, with an improved ductile cutting regime.
Experimental results showed that solid coatings were more effective than liquid lubricants in enhancing the ductile
cutting regime. It was thought that solid coatings induced an additional downward force by resisting material
deformation and chip evacuation, thus contributing to suppression of crack opening. It is expected that this research
can contribute to the machinability improvements of brittle materials.
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NOMENCLATURE
. . Fo} Aok Aat w2 49y, dobey, e, 4
4 = Friction Coefficient =9 72;}713_‘1 o2 Ho QB BA] FEulo} gt} A 5o =35} V)
6 = The Angle where the First Slip Occurred 2 B4 g ot oz e Autg Z# I, AAX], A

d = Depth of Cut
r = Tool Nose Radius

W = Cutting Width
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Fig. 2 Optical images of the coatings (a. original, b. wax, c. Rubber
spray, d. PDMS (5 : 1), e. PDMS (9 : 1))
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Evaluate the Activation Effect according to the Voltage Range
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Polymer electrolyte membrane fuel cells (PEMFC) require activation to maximize their performance. Thus, an appropriate
activation process is essential for the performance of the fuel cell. In this study, the performance of the fuel cell was
investigated by changing the voltage range during the activation process. There were three voltage ranges: 0.3-0.9 V, 0.3-
0.6 V, and 0.6-0.9 V. When the fuel cell was activated in the low voltage region, the highest performance was output. On
the other hand, it showed the lowest performance at high voltage. The results suggest that it is advantageous to activate
the fuel cell with a high current. On the other hand, if activation is performed while outputting at a low current, the
generation of water and the electrochemical reaction are insufficient, resulting in a load on the fuel cell. Through this
experiment, it was confirmed that the control method greatly affects fuel cell performance when activated.
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Fig. 2 The PEMFC performance (a) Polarization curves (b)
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Table 1 Maximum power density

Voltage range [V] 0.3-0.9 0.3-0.6 0.6-0.9

Maximum power density [mW/cm?]  598.6  648.6 4304
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Fig. 3 PEMFC performance during the activation process (a)
Current density as a function of the activation time (b)
Comparison of current density at the initial and final stages
of the activation

Table 2 The result of activation process

Voltage range  Initial current  Final current  Rate of increase

[V] density [A/cm?] density [A/cm?] and decrease [%)]
0.3-0.9 1.188 1.545 +30.05
0.3-0.6 1.141 1.568 +37.42
0.6-0.9 0.194 0.158 -18.56
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I Year of Launching

Journal of Korea Society for Precision Engineering was launched by the Korea Society for Precision Engineering in June of
1984. The name was changed to the Journal of the Korean Society for Precision Engineering in December of 1985.

I Aims and Scope

Journal of the Korean Society for Precision Engineering (JKSPE) is devoted to publishing original research articles with high
ethical standard on all aspects of precision engineering and manufacturing. Specifically, the journal focuses on articles
related to improving the precision of machines and manufacturing processes through implementation of creative solutions
that stem from advanced research using novel experimental methods, predictive modeling techniques, and rigorous
analyses based on mechanical engineering or multidisciplinary approach. The expected outcomes of the knowledge
disseminated from JKSPE are enhanced reliability, better motion precision, higher measurement accuracy, and sufficient
reliability of precision systems. The various topics covered by JKSPE include: Precision Manufacturing Processes, Precision
Measurements, Robotics, Control and Automation, Smart Manufacturing System, Design and Materials, Machine Tools,
Nano/Micro Technology, Bio Health, Additive Manufacturing, Green Manufacturing Technology.

I Fee

Subscription Fee:
This print copy of the journal is provided free of charge to the members of KSPE.

Publication Fee:

1. Basic fee (up to eight pages): 200,000 won; additional pages: 30,000 won per page.

2. Manuscripts contributed as a result of funded research will be charged an extra 50%.

3. Publication fee is charged only for the papers contain ‘Acknowledgement’ that represent supports of academic research
project by th fund of government, institutes or university, etc.

4. Publication fee should be paid within 15 days of the receipt of the publication fee invoice.

I Contact Us

[04508] 12F, SKY1004 Bldg., 50-1 Jungnim-ro, Jung-gu, Seoul, Republic of Korea

TEL +82-2-518-2928 / FAX +82-2-518-2937 / paper@kspe.or.kr / https://www.kspe.or.kr
Submission to Journal of Korean Society for Precision Engineering: https://article.kspe.or.kr
Search for Journal of Korean Society for Precision Engineering: http://jkspe.kspe.or.kr



I Rules for Submitting and Publishing Papers

Article 1 Purpose

The rules are designed to specify matters related to the submission and publication of papers in Journal of the Korean
Society for Precision Engineering (hereinafter referred to as the “Journal”) of the Korean Society for Precision Engineering
(hereinafter referred to as the “Society”).

Article 2 Submitter
The corresponding author and the first author of the submitted paper must be members of the Society. With special
permission by the Editor-in-Chief, however, the person can be treated as the exceptional case.

Article 3 Responsibilities and Compliance with Code of Ethics

A.The Authors are responsible for the submitted paper.

B. With regard to their submitted paper, all its authors must comply with ‘Code of Ethics for Academic Activities of the
Korean Society for Precision Engineering’. When any of the authors violates Code of Ethics for Academic Activities, the
Editor-in-Chief may disallow or cancel the publication of the paper and impose disciplinary actions as specified.

Article 4 Scope of Research

The scope of research for the paper shall cover areas of precision engineering such as Precision Manufacturing Processes,
Precision Measurements, Robotics, Control and Automation, Smart Manufacturing System, Design and Materials, Machine
Tools, Nano/Micro Technology, Bio Health, Additive Manufacturing, Green Manufacturing Technology, and the paper must
not have been published in any other publication.

Article 5 Categorization of Submissions

The paper submitted to the Journal falls into one of the categories below, and should be within eight pages, which may
be exceeded if need be.

A. Ordinary paper: The paper that shows excellent scholarship, practicality, and applicability.

B. Special paper: The paper that is written in accordance with a special provision for special papers.

C. Other submissions: Forecast, explications, lectures, and other writings.

Article 6 Submission

A.The Paper is accepted anytime and submission date is the day submission is completed at the Society.

B.The paper must be written in compliance of the template specified by the Society to be registered and submitted.

C.The paper that is found not to comply with ‘Rules for Submitting and Publishing Papers in Journal of the Korean
Society for Precision Engineering’ and ‘Guidelines for Manuscript Writing’ may not be accepted.

D.The submitted paper shall not be returned.

Article 7 Review and Decision to Publish Paper

A.The Editor-in-Chief shall decide whether to publish the paper or not.

B.The review of the paper is conducted by two reviewers recommended by the Editor-in-Chief, and the review and the
decision over its publication shall comply with ‘Rules for Reviewing Papers for Journal of the Korean Society for
Precision Engineering Paper Review Rules’.

Article 8 Copyright

A.The authors shall be responsible for the content of the paper.

B.The author(s) must transfer the copyright for the submitted paper to the Society, and for this purpose, the
corresponding author(s) must submit ‘Research Ethics and Copyright Transfer Agreement’.

C.The copyright for the submitted paper or other submissions shall lie with the Society and may not be reproduced
without authorization from the Society.

D.The author(s) may use part of their paper or other submissions published in the Journal in their other research,
provided the published paper is referenced as its source.

Article 9 Disclosure of Materials
The Society may disclose a paper or other submissions in print or as online publications.

Article 10 Manual of Style

A.Writing and editing the paper to be submitted to the Society must comply with ‘Guidelines for Manuscript Writing’
provided separately.

B. Editorial Board may edit the selected paper so that terms, characters, and orthography may comply with ‘Guidelines
for Manuscript Writing’.

Article 11 Publication Fees

The author must pay the specified fee for the paper published in the Journal. For the paper that exceeds the specified
number of pages, the author must pay the fee for those extra pages. The fee for extra pages shall be decided by the
board of directors.



I Guidelines for Manuscript Writing

1. Manuscripts should be written according to the format of the Journal (https://www.kspe.or.kr) and should be
submitted online (https://article.kspe.or.kr).

2.The manuscript should be organized in the following order: (1) The title in Korean, (2) The title in English, (3) Author
names in Korean, (4) Author names in English, (5) Affiliations in Korean and English, and information of corresponding
author, (6) Keywords, (7) Abstract, (8) Date of submission, (9) Introduction, (10) Main body (Theory, Experimental,
Results, Discussion) (11) Conclusion, (12) Acknowledgements, (13) References, (14) Appendices, (15) Position format

3. A manuscript may be written in Korean or English. If necessary, the original terminology may be provided in
parentheses to avoid confusion.

4. The manuscript title must be expressed concisely, preferably in ten words or less, and Keywords must be written in
English, with Korean translations in parentheses, and numbering six words or less.

5. The abstract must be written in English and not exceed 200 words. Figures and tables shall not be included in the
abstract.

6. Figures and tables shall be numbered in order in the main text, and captions should be written in English. Captions
shall be labeled beginning “Fig. 1” for figures and “Table 1” for tables.

7. Arabic numbers and Sl units shall be used in principle.

8. References shall be numbered in order of quotation.
(1) Citation in the main text: First author’s last name with reference number in square brackets. e.g.) Hong [1]
(2) References shall be written in English at the end of the main body with the following formats.

® Books: Author names, (Year of publication), Book title, Publisher.
¢ Periodic Articles: Author names, (Year of publication), Paper title, Journal name, Vol.(No.), Cited pages.
e.g.) Hong, K. D.,, Kim, C. S., (2022), A method to investigate mechanical properties, John Wiley & Sons.
Hong, K. D., (2022), A method to investigate mechanical properties, Journal of the Korean Society for
Precision Engineering, 39(1), 1-18.
9. Appendices shall be formatted in the same way as main body text.

I Author’s Check List

1. Are the affiliations of all authors indicated with the correct symbols?

2. Does the manuscript adhere to the style set forth in the template?

3. Are Korean and English titles written in ten words or less?

4. Are keywords written in English with Korean in parentheses, in six words or less?
5. Are all symbols listed with correct nomenclature and proper description?

6. Are all figures containing abscissas and ordinates labeled with the correct symbols and units?
7. Does the manuscript use Arabic numbers and S| units?

8. Is the English abstract within 200 words?

9. Are the captions of tables and figures in English, corresponding to the format?
10. Are appendices formatted in the same way as main body text?
11. Is the manuscript written according to the guidelines of the journal?



I Rules for Reviewing Papers

Article 1 Purpose

The Rules are designed to specify matters related to the review of papers submitted to Journal of the Korean Society for
Precision Engineering (hereinafter referred to as the “Journal”) of the Korean Society for Precision Engineering
(hereinafter referred to as the “Society”).

Article 2 Submission and Reception

A.The person who wants to submit the paper to the Journal shall use the Society’s paper submission system to submit
the paper that has been written in compliance with the Society's rules for submitting papers, which the Society shall
receive.

B. Notwithstanding the provision of A., the paper may be submitted and received in other ways so long as the Editor-in-
Chief approves it.

C.The Society shall basically receive papers that are related to the Society’s areas of research. The Editor-in-Chief may
refuse to receive the submitted paper, if it is not related to the Society’s areas of research or has not fulfilled the
requirements. Areas of research are specified in ‘Rules for Submitting and Publishing Papers in Journal of the Korean
Society for Precision Engineering’ and ‘Guidelines for Manuscript Writing’.

Article 3 Selection of Reviewers

A.The Editor-in-Chief shall consider the areas for the submitted paper and assign its review to the Editor in the relevant
area, and the Editor shall assign the Editorial Board Member in the given area as the review supervising Editorial
Board Member.

B.The review supervising the Editorial Board Member shall select and recommend to the Editor-in-Chief who he or she
deems fit for the review of the submitted paper.

C.The paper shall have two reviewers while the third reviewer may be appointed, in which case, the paper shall have
the maximum of three reviewers. Reviewers shall basically belong to the different institution than the authors of the
paper belong to.

D.The Editor-in-Chief shall send the email to the recommended reviewer to confirm the acceptance of the reviewing
duty. In case any of the recommended reviewers refuses to serve as the reviewer, the Editor-in-Chief shall ask the
relevant The Editorial Board Member to recommend some other candidate.

Article 4 Review Procedure

A. Following the comprehensive review of the paper, the reviewer shall record results of the review supported with
objective grounds and make the clear request for revision, if necessary.

B. For the review, the reviewer must choose ‘Accept’, ‘Accept Subject to Minor Revisions’, ‘Re-Review after Major
Revisions’, or ‘Reject’.

Article 5 Review Period
A.The Editorial Board Member for the Journal must select reviewers within seven days from the appointment of the
Editorial Board Member, and the reviewers who are asked to review a paper must complete the review within 14 days
from their acceptance of the reviewer’s duty for the primary review and within seven days for the secondary review.
B.The ruling by the Editor and the Editorial Board Member must be completed within seven days from the reception of
review results.
C.In case the reviewer candidate fails to accept the reviewer’s duty for more than fourteen days from the request, the
candidate may be replaced with another reviewer.
D. If review results fail to arrive for more than three months from the reception of the paper in contravention of the
above provision, the following may be put into action.
@ If one of the reviewers has failed to deliver review results: The Editorial Board Member for the specific paper shall
review it within seven days from the expiry of the three months.
@ If all of the reviewers have failed to deliver review results: The Editor and the Editorial Board Member for the
specific paper shall review it within seven days from the expiry of the three months. If the Editor is the same
person as the Editorial Board Member, the Editor alone may perform the review procedures.

Article 6 Deadline for Author’s Revision

A.The author must resubmit the revised paper that reflects requests for revisions in accordance with the Editor-in-Chief
decision based on review results within thirty days for ‘Re-Review after Major Revisions’ or within fourteen days for
‘Accept Subject to Minor Revisions’.

B.In case a revised paper fails to be submitted for more than thirty days from the submission deadline, the Editorial
Board may cancel its publication, and if the author wants a review to continue, he or she must resubmit the paper.



I Rules for Reviewing Papers

Article 7 Decision over Publication

A.The Editor-in-Chief shall make a final decision on whether to publish a paper or not by reviewing the results of the
review by two reviewers and considering the comprehensive evaluation by the editing director and the Editor for the
paper.

B. A paper that has been ruled as ‘Reject’ by two or more reviewers cannot be published in the Journal.

Article 8 Review of Special Papers

A.The Editor-in-Chief shall appoint a Special Editor for supervising the special paper, with recommendations from the
officers of the Society.

B.In case a Special Editor is the Director or the Division Chairman of the Society, the Special Editor shall supervise the
selection of two reviewers for the review of the submitted paper and decide whether to publish it solely based on the
review results. In case the Special Editor is not the Director or the Division Chairman of the Society, the Board of
Editing Directors shall select the Editor for supervising the review of paper.

Article 9 Confidentiality

A.The reviewer shall not disclose his or her assumed status to anyone else.
B.The name of the author may be disclosed to the reviewer.

C. Review results shall not be disclosed to anyone but the author.

Article 10 Objection

A. If the author raises an objection to the review results, the exchange of views between the reviewer and the author
shall proceed through the Editor. When the reviewer and the author want to exchange their views, they can do so
through the mediation of the Editor.

B.The author’s request for the re-review shall not basically be accepted.

Article 11 Review Fee
If necessary, the specified editing fee may be paid to the Editor and the Editorial Board Member, while the specified
review fee may be paid to the reviewer.



I Code of Ethics for Academic Activities

e Full Text of Code of Ethics for Academic Activities of the Korean Society for Precision Engineering: http://jkspe.kspe.or.kr/_common/
do.php?a=htmlI&b=16

¢ For the policies on the research and publication ethics not stated in this instructions, International standards for editors and authors
(http://publicationethics.org/international-standards-editors-and-authors) can be applied.

Chapter 1
Overall
Rules

Chapter 2
Author

Article 1 Purpose

This regulation aims to establish the ethical standard for the members of this institute to comply with and to contribute
to the healthy development of academics and society in order for our academic activities related with the Korean
Society for Precision Engineering (hereinafter referred to as the “Society”) to not infringe the dignity and value of
human beings and maintain a high ethical standard that does not damage the benefits of public society.

Article 2 Application Area of Code of Ethics

A. The code applies to the overall academic activities including all academic journals, academic conferences,
symposiums, workshops, forums, etc. published and held by the Society.

B. The code applies to all authors, reviewers, Editorial Board Members (hereinafter referred to as “EBM”, and hands-on-
workers in the service bureau related with the above academic activities.

C. Other items not set forth above may comply with this article, each level of regulations of Ministry of Education and
its annex institutions.

Article 3 Scope of Misconduct

Misconduct suggested in this code include forging, falsification, plagiarism, and false indication of the author of the

paper in academic activities, papers and presentations related with the society, and are as follows:

A. ‘Forging’ is the act of creating false data or non-existent research results.

B. ‘Falsification’ is the act of perverting research content or results by artificially modifying research ingredients,
equipment or processes, or arbitrarily modifying and deleting data.

C. ‘Plagiarism’ is the act of appropriating others’ ideas, research contents or results without proper approval or
quotation.

D. ‘False indication of the author of the paper’ is the act of not granting the qualification as an author of the paper
without a reasonable cause to a person who contributed scientifically or technically on a research content or result,
or granting qualification of an author of the paper to a person who did not contribute scientifically or technically to
express gratitude or show respect.

E. ‘Duplicate publication’ is the act of publishing the same content to two or more academic journals.

F. Activity of intentionally interfering investigation on the doubts of one’s own or other’s misconduct, or disturbing the
informant.

G. Activity that seriously deviates from the scope commonly accepted in the science and technology sector.

H. Activity other than the misconduct set forth above that needs to be independently investigated or prevented by the
Society.

Article 4 Honesty of Author

A. The author shall be honest in research carried out by an individual. Here, honesty refers to honesty in overall
research processes including derivation of ideas, designing experiments, analyses of experiments and results, research
funds, publishing research results, and fair compensation to research participants.

B. The researcher shall consider plagiarism, fraud, manipulation and falsification during research as serious criminal
activities, and endeavor to prevent these misconducts.

C. The author shall announce and properly respond in case of contradiction or the possibility of contradiction of
benefits of one’s own and others or other institutions.

Article 5 Authorship

It is recommended for every author including the first and corresponding author that authorship be based on the

following 4 criteria:

A. Substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation of
data for the work; AND

B. Drafting the work or revising it critically for important intellectual content; AND

Final approval of the version to be published; AND

D. Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and resolved.

0
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Chapter 3
Roles and
Responsibilities
of Members
of Society

Article 6 Compliance of Authors
A. During the research implementation process of the submitted paper, the author shall respect human rights, comply

with life ethics, and obtain universality such as environment protection.

. In the submitted paper, the author shall accurately illustrate the research content and its importance without

perverting the research result.

. The submitted paper shall comprehensively include an academically valuable result and its basis of argument. If the

paper asserts for a conclusion similar to an already announced paper, it should be academically valuable for a new
basis of argument.

If citing a public academic data, its source must be clearly stated. For data obtained from an undisclosed paper,
research plan or personal contact, it should be cited after consent from the researcher who provided the information.

. Using the whole or part of another researcher’s research result without citing the reference corresponds to

plagiarism and is not allowed.

. The activity of duplicate publication by an author in the journal issued by the society where the paper is already

published or planning to publish in other academic journal is considered misconduct and not allowed. Submitting
content already presented in academic conferences or seminars by rewriting in a paper according to the academic
journal standard is generally accepted, but it must additionally have an important research result for the relevant
presentation.

All researchers who made important contributions to research implementation shall become co-authors, and the
representative author of the paper must have consents from all co-authors. For outside academic support such as
administrative and financial support, provision of research data or simple academic advice shall be indicated in the
‘Acknowledgement’ for its content.

Indicating a person who did not make academic contribution to research or falls short of contribution based on
causes outside academics is unethical conduct that defames the dignity of academics.

. In relation to copyrights, if approval of a person in charge is needed, the author must be granted approval before

submission of the paper, and confirm that there will be no dispute of contract or ownership that may be affected by
the publication of said paper.

Article 7 Compliance of Editorial Board Member (EBM)
A. The EBM shall fairly and objectively execute the revision process of the paper according to the set regulation without

prejudice on the author’s gender, age, race, affiliated institution or personal acquaintanceship with the author.

B. The EBM shall determine whether to reconsider or publish the paper based on the consistent standard of the review

C.

results for the submitted paper.

If it is determined that due to the lack of EBM’s knowledge in the research area of the submitted paper, there may
be difficulty in judging the result, the EBM may be advised by a person with professional knowledge in the relevant
area.

. The EBM shall not disclose or make use of the information acquired in the review process to others. Before the

publication in the journal, it is not even allowed to cite the content of the relevant paper without the consent of the
author.

. The EBM has the responsibility to monitor any unethical activity of the author and reviewers, and when ethically

inadequate behavior is discovered; the EBM shall investigate and give proper sanction as required by immediately
reporting to the Editor-in-Chief.

. If the submitted paper has direct interest with the EBM, it should be reported to the Editor so that the relevant

paper can be examined by another EBM.

. In case of reasons that prevent the EBM to promptly process the duty, it is advised to report to the editorial office

of the society or the Editor.

. In case of discovering any unethical activity from a submitted paper or reviewing process, or in case of deprecation

on unethical activities, the Editor shall determine the importance of the case, and organize an Investigation
Committee with EBM in the relevant area if needed. The Editorial Board determines the level of sanction to the
relevant person based on the report by the Investigation Committee, and if the already published paper is related,
the publication of the relevant paper may be retracted and cancelled.

Article 8 Compliance of Reviewers
A. The reviewer shall fairly and objectively perform reviewing duty for examining the paper according to the set

regulation without the prejudice on the author’s gender, age, race, affiliated institution or personal acquaintanceship
with the author. Personal academic beliefs that have not been completed, verified or under judgment based on
assumption must be eliminated.

. The reviewer, in order to assure the secrecy of reviewing the paper, must not disclose or make use of information

acquired in the process of reviewing to others. Before the publication of the paper, it is not allowed to even cite the
content of the relevant paper without the consent of the author.
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Chapter 4
Verification
Process and
Standard

C.

The reviewer must respect the personality of the author as a professional. The reviewer shall endeavor to write the
objective reviewer’s opinion in an academically modest way by eliminating personal and subjective evaluations and
offensive expressions. The reviewer shall state in details the review comments and basis for the comments of the
paper under review.

. It is prohibited to request for additional information or explanation to the author for the reviewer’s personal
purpose.

. If the similar content to the paper disclosed in other academic journal has been included in the paper without

citation, the EBM should be notified in detail.

. If the reviewer is in direct interest with the requested paper or it is determined that the reviewer’s own professional

area is not suitable for examining the submitted paper, the reviewer should immediately notify the EBM in charge so
that other reviewers may be appointed. Also, in case of reason for not being able to finish the review within the
deadline, it needs to be notified to the EBM.

Article 9 Ethics Committee

A

In case of breach of ethics and suspected cases during academic activities, the society may organize an Ethics

Committee (hereinafter referred to as “Committee”) to investigate the truth.

. Organization and Duties of Committee

@ The Committee shall be composed of one chairman and five members.

(@ The Vice-President in charge of academic affairs shall be the chairman, and members shall be selected from the
board of directors, and appointed by the chairman.

(® The chairman and members shall take office for 1 year from January 1 to December 31 and can be reelected.

(@ The chairman shall represent the Committee and take charge of overall duties for ethics of society.

Article 10 Function of Ethics Committee
The Committee shall act in the following manners:

A
B
C
D

. Establish and promote research ethics.

. Prevent and discourage research misconduct.

. Deliberate and vote on research misconduct.

. Determine sanctions for wrongdoers and report the result to the board of directors.

E. Improve and enhance other research ethics.

Article 11 Convocation and Voting of Ethics Committee

A

. The Committee shall be convened by the chairperson as needed, held in attendance of the majority of members,
and resolved by over two-thirds of registered members’ agreements.

. The decision shall be notified to the suspected person (accused) of misconduct, and the explanatory opinion shall be
received in writing within 15 days.

. The Committee shall review an explanatory opinion from the suspected person of misconduct, and hear an opinion
if needed before making the final decision.

. The decision shall be reported to the board of directors for the final decision.

. If the chairman deems it necessary, opinions by a person other than external personnel or members can be heard.
. Presented content by participants and details of the Committee shall be undisclosed in principle.

Article 12 Reporting Research Misconduct

A

. Research misconduct may be reported in writing with related documents attached according to the five W’s and one
H. However, even if anonymously reported, if it is clear based on the five W’s and one H, the Committee may review
the initiation of investigation.

. The Society shall endeavor not to give any disadvantage, discrimination, unreasonable pressure or damage to the
informant for reporting misconduct.

. The identity of the informant shall not be subject to disclosure, and the best measures shall be taken to prevent
identity disclosure.

. In case the informant wishes to know the investigation schedule and procedure after reporting misconduct, the
Society shall respond sincerely.

. The informant who made the report although it was known or it could be known that the information given is false

shall not be subject to protection.
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Article 13 Sanctions on Research Misconduct and Follow-up Actions

A.

B.

The author whose research misconduct has been confirmed shall be imposed with sanction by selecting from the

following considering the severity of the misconduct according to the decision made by the Committee:

(@ Cancel publication of relevant research subject to the Society publication

@ Prohibit submission of paper to the journal issued by the Society for five years

(® Prohibit presentation in the Society academic conference for five years

@ If the relevant paper has already been published, notify cancellation of publication in the relevant academic
journal, and notify the misconduct to the affiliated institution of the wrongdoer

(5 Cancel membership to the Society

If the informant intentionally made a false report, the sanction equivalent to the research misconduct may be given

according to the decision of the Committee.

Article 14 Protection of Rights of Examinee

A.

The examinee refers to a person who has become the subject of investigation for misconduct due to the report or
cognition by the Society or related institution, or a person who has become the subject of investigation by
suspecting of taking part in misconduct during the investigation process. The examinee shall not include testifiers or
witnesses.

. The Society shall be careful not to violate the dignity or rights of an examinee during the verification process. Also,

until the confirmation of the results, the examinee shall have an equal opportunity for objection or defense, and
shall be notified in advance of the related procedure.

. The suspicion on misconduct shall not be disclosed to the public until the judgment has been confirmed. However,

this does not include cases where serious risk may be present to public welfare or social norms.

. The examinee may request for investigation and processing procedure as well the processing schedule for misconduct

to the Society, and said the Society shall respond sincerely.

Article 15 Disclosure of Record and Information of Investigation

A.

The Committee shall store the investigation report of the entire investigation process obtained in the form of voice,
video or written document for at least 5 years.

. The report of investigation and list of investigators may be disclosed after judgment has been made.
. If the list of investigators, witnesses, testifiers, or consultants has the possibility to cause disadvantage to the

concerned personnel, it may not be disclosed.

Article 16 Report of Investigation Result

A.

B.

The Committee shall report the confirmation of the examined content to the board of directors within 6 months of
the submission date after completion and judgment of the investigation.

The report of the result must include each of the following items:

(@ Content of information

(@ Misconduct subject to investigation

(® List of investigators of Investigation Committee

@ The role of the examinee in the relevant research and validity of misconduct

(® Related evidence and witnesses

(& Objection or defense by informant and examinee, and its processing result

C. Until the final judgment on the research misconduct, it must not be disclosed to the public.
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Impact Factor

4-660 by'JCR in 2021

Ahout IJPEM-GT

IJPEM-GT is co-published by the Korean Society for Precision Engineering and Springer Nature.
The journal is published bimonthly, and JCR 2021 impact factor is 4.660,
which ranks it top 18% (24/137) journal in the category of Engineering-Mechanical.
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facturing - theories and applications in the field of

The University of Tokyo, Japan
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University of Ulsan, Korea
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The potential focus areas to be covered in this Special
Issue include, but are not limited to: Submission Procedures
. Deadline for Submission Date
RE100 (Renewable Electricity 100%) November 30, 2023
Green Manufacturing for Aerospace and Small Publication Date
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Smart and Sustainable Manufacturing for Semicon- Vol. 11, No. 3

ductors

Al-assisted Manufacturing

@ Springer KE...;E Korean Society for

3 Precision Engineering
the language of science



OPEN ACCESS

International Journal of
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SMART TECHNOLOGY
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VOLUME 1, NUMBER 2

SMART TECHNOLOGY

ISSN29514614 Pt KEFE
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[JPEM-Smart Technology (hereinafter 1JPEM-ST’) is a new-launched

academic journal which will be published by the Korean Society for

Precision Engineering (KSPE).

Aims and Scope

Submit an IJPEM-ST

http://submit.ijpem-st.org

Under the great wave of the 4™ industrial revolution, smart technology is becoming ever more important
in the precision engineering and manufacturing fields. International Journal of Precision Engineering
and Manufacturing-Smart Technology (IJPEM-ST) is a fully open access, international journal that aims
to rapidly disseminate relevant fundamental and applied research works of high quality to international
academic and industrial communities. The journal's specific focus areas in the precision engineering
and manufacturing fields include, but are not limited to:

+ Big Data Analytics and Informatics

V Sensors, Instrumentation and Process Monitoring

v Prognostics and Health Management (PHM)

 Industrial Internet of Things (IIOT)

v Industrial Artificial Intelligence

+ Digital Twin, Cyber-Physical Systems (CPS) and Metaverse
+ Augmented, Virtual and Extended Reality

+ Human-Robot Interaction, Augmentation and Collaboration
+/ Autonomous Things

IJPEM-ST covers various kinds of papers:
Research papers, Short communications, Technical briefs,
Position papers, Industry case studies

* Publication Date (Scheduled)

Vol. 2 No. 1 January 1, 2024
Vol. 2 No. 2 July 1, 2024

* Publication and Distribution
by the Korean Society for Precision Engineering with Open-Access

www.ijpem-st.org
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Editorial Board

Editor-in-Chief
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Jun Ni / University of Michigan, USA / Shanghai Jiao Tong University, China
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Seung-Ki Moon / Nanyang Technological University, Singapore
Duhwan Mun / Korea University, Korea

Simon Park / University of Calgary, Canada

Editorial Board

Seung-Kyum Choi / Georgia Institute of Technology, USA
Haseung Chung / Michigan State University, USA

Youngkuk Jeong / KTH Royal Institute of Technology, Sweden
Yongho Jeon / Ajou University, Korea

Jay-I. Jeong / Kookmin University, Korea

Hyungjung Kim / Seoul National University, Korea

Yangjin Kim / Pusan National University, Korea

Jihyun Lee / University of Calgary, Canada

Wonkyun Lee / Chungnam National University, Korea
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Scope

« Precision Manufacturing Processes
+ Precision Measurements

« Robotics, Control and Automation
« Smart Manufacturing System

« Design and Materials

« Machine Tools

« Nano/Micro Technology

« Bio Health

« Additive Manufacturing

« Green Manufacturing Technology
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LIC.

ISSN 1225-9071(Print) / 2287-8769(Online)

Editorial Board

« Editor-in-Chief
Bo Hyun Kim(Soongsil University)

« Editors
Jihwan An (Seoul National University of Science & Technology) Seung Hwan Ko (Seoul National University)
Baeksuk Chu (Kumoh National Institute of Technology) Moonkyu Kwak (Kyungpook National University)
Won-Shik Chu (Gyeongsang National University) Sung-Mook Kang (Daegu Catholic University)
Doo-Man Chun (University of Ulsan) Changwoo Lee (Konkuk University)
Koo Hyun Chung (University of Ulsan) Chang-Whan Lee (Seoul National University of Science & Technology)
Duhwan Mun (Korea University) Hyunseop Lee (Dong-A University)
Jihong Hwang (Seoul National University of Science & Technology) In Hwan Lee (Chungbuk National University)
Young Hun Jeong (Kyungpook National University) Hyung Wook Park (UNIST)
Jonghan Jin (Korea Research Institute of Standards & Science) Min Soo Park (Seoul National University of Science & Technology)
Dong Sung Kim (POSTECH) Sang-Hu Park (Pusan National University)
Ho-Chan Kim (Andong National University) Jung Woo Sohn (Kumoh National Institute of Technology)

Yang Jin Kim (Pusan National University)
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TOPICAL ISSUE
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ISSN 2951-4614(Print) / 2951-6382(Online)

2022: MEAMYE ZHMe 1SS 28 JIE

TOPIC
2023: ADIE/C|X[E EAAN 7|&

International Journal of
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INTRODUCTION 1. Full Open Access

2. Research papers, Short communications, Technical briefs, <SoE

Position papers, Industry case studies -

AIMS AND SCOPE * Big Data Analytics and Informatics * Augmented, Virtual and Extended Reality

+ Sensors, Instrumentation and Process Monitoring < Human-Robot Interaction, Augmentation and

+ Prognostics and Health Management (PHM) Collaboration

+ Industrial Internet of Things (lIOT) + Autonomous Things

+ Industrial Artificial Intelligence

- Digital Twin, Cyber-Physical Systems (CPS) and

Metaverse

WEBSITE www.ijpem-st.org
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INTRODUCTION 1. Regular paper, Short communication, Review paper
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AIMS AND SCOPE + Precision Manufacturing Processes + Machine Tools
+ Measurements and Control + Nano/Micro Technology
+ Robotics and Automation - Bio Health
+ Manufacturings System + Additive Manufacturing

- Design and Materials

SPECIAL ISSUE TOPIC | 2023: Robots for Manufacturing Processes and Systems
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JOURNAL OF
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INTRODUCTION 1. Regular paper, Short communication, Review paper
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AIMS AND SCOPE + Energy Saving and Waste Reduction in - Design and Manufacturing of Green Products
Manufacturing Processes - Materials for Green Manufacturing
- Manufacturing of New and Renewable Energy - Management and Policy for Sustainable
Devices Manufacturing
SPECIAL ISSUE TOPIC | 2016: Hybrid Manufacturing

2017: 4D Printing

2018: Sustainable Manufacturing in 4th Industrial Revolution

2019: Energy Harvesting

2020: Green Smart Manufacturing

2021: Soft and Green Manufacturing and Applications

2022: Green Manufacturing Coping with Climate Change and Pandemics
2023: NetZero, Achievable by Manufacturing?

2024: Advanced Manufacturing for ESG
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