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A Study on the Structural Improvement of Ligation Parts of a Polymer

Clip Blood Vessel Ligator
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Shaft tip (AFZLE. MEH, Finite element analysis (282 AsHAT)

When laparoscopic surgery is performed, polymer clip blood vessel ligators are widely used to prevent bleeding and secure
surgical vision. However, long-term use of such ligators can cause many structural problems, especially in the jaw part
where the clip is mounted directly to the blood vessel. For example, jaws of the ligation device might be opened above the
design value and upper and lower jaws might be twisted against each other. In addition, buckling or bending deformation
can easily occur at the tip of the inner shaft. Due to these problems, the ligation machine cannot ligate the clip properly,
which might lead to a medical accident. Therefore, in this study, the design was changed to improve these problems by
increasing the pin diameter and contact surface, applying a double pin structure, and changing the structure of the shaft tip.
As a result, the modified model showed 12.5% and 10.2% improvements in opening and twisting stiffness compared to the
initial model with 7.2% and 58% improvements in critical buckling load and bending stiffness, respectively.

NOMENCLATURE

P, = Critical Buckling Load

E = Elastic Modulus
1 = Section Moment of Inertia
KL = Effective Buckling Length
A = Area
o6, = Yield Stress
1. M2
547 el Y BERE AVlsks 4l 05-1.5em F =
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(b) Twisting

(c) Bending or buckling

Fig. 1 Several problems in the blood vessel ligation

(a) Normal

(b) Clip breakaway

Fig. 2 Normal ligation and clip breakaway due to the excessive clip
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Fig. 3 Geometric shape of the blood vessel ligator and detail view
of the shaft tip
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Inner shaft

(a) Initial model

Inner shaft

Stopper

(b) Modified model

Fig. 4 Finite element model of the jaw part for initial and modified
ligator
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15t Pin (Hinge)

15t Pin (Fixed)

Prevention of
excessive widening

Pin Hole

Joe protection
during clip ligation

Jaw distortion by
wear

' Prevention of lateral
deformation

Fig. 5 Design concept of the modified ligator
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u,u2
+1078e+00

Ky = 126.1 N/mm
(Initial model)
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200 -
-o- ORG_Clip
~ 150 - )
z - NEW Clip
@
o
S 100 A
A=
Ql
> 50 A
0 . . . . \
0.0 0.2 0.4 0.6 0.8 1.0

Y_Dir. disp. (mm)

Fig. 6 Lateral stiffness of the initial and modified jaw parts of the
blood vessel ligator
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Fig. 7 Twisting stiffness of the initial and modified jaw parts of the
blood vessel ligator
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(Initial model) (Modified model)

Fig. 8 Inner shaft tip of the initial and modified model
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Fig. 9 Critical buckling load of the initial and modified
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Fig. 10 Bending stiffness of the initial and modified inner shaft tip
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Superhydrophilic Modification of a Polypropylene Depth Filter for Efficient

Oil-water Separation
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Dip coating (2! Z&!), Oil-water separation (F-=2)

Purification of water through oil-water separation is essential for preserving the ecosystem and protecting human health.
Although a conventional polypropylene depth filter can effectively purify water, modifying the wettability of a filter for oil-water
separation is difficult owing to its low reactivity. In this study, we developed a superhydrophilic polypropylene filter with a
hydrogel layer that could enable effective oil-water separation by using plasma treatment and dip coating, which enabled an
even distribution of the coating solution across the filter. The fabricated filter was superhydrophilic with a water contact angle of
0°. It showed a high repulsive force with oil in water with an underwater oil contact angle of 142.9°. When such filter was
applied to an oil~water separation device, it effectively purified water with low oil content (< 15 ppm) at a flow rate of 300 mL/
min. These results demonstrate potential applications of such filters in areas such as wastewater treatment and oil spill cleanup.

1. Introduction

Oil-water separation is a crucial process in several industrial
and environmental applications. The mixing of oil and water in
industrial processes can lead to severe issues, such as equipment
corrosion, contamination, and reduced efficiency, resulting in
increased operational costs and environmental hazards.
Furthermore, industrial and domestic wastewater, and marine oil
spills can severely pollute the environment and adversely affect
human health and ecosystems [1-5]. Therefore, efficient and
sustainable oil-water separation technologies must be developed to

meet the growing demand for clean water and protect the

Copyright © The Korean Society for Precision Engineering

Manuscript received: March 17, 2023 / Revised: May 5, 2023 / Accepted: May 10, 2023

environment.

In recent years, superhydrophilic and superhydrophobic surfaces
have gained significant attention in the field of oil-water separation
[6-14]. Superhydrophilic surfaces have a high affinity for water,
allowing the water to spread and form a thin film while repelling
oil. In contrast, hydrophobic surfaces have a low affinity for water
and a high affinity for oil, forming an oil layer on the surface to
repel water. Various methods can be used to produce extremely
hydrophilic and hydrophobic surfaces, such as changing the
surface roughness of a substrate or applying a wettability
modification coating.

Depth filters, which are commercially used to remove impurities

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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PAM treated

Fig. 1 (a) Schematic of the PAM-coated filter fabrication process (b), (c), and (d) SEM images

from wastewater, comprise tens to hundreds of porous layers. Depth
filters are more resistant to impurity penetration and show superior
filtering performance at higher pressures than single-membrane filters
[15]. However, they are usually made of polypropylene or
polyethylene, which have low surface energy and reactivity [16].
Consequently, modifying their surface wettability is difficult. Recently,
an extremely hydrophilic depth filter with a polyacrylamide (PAM)
hydrogel coating was fabricated by physically coating polyimide(PI)
on the depth filter and chemically bonding it with 1-methyl-2-
pyrrolidone(NMP)/N"  -dicyclohexylcarbodiimide(DCC) and
acrylamide(Am) [17]. However, PI and NMP/DCC have
harmful effects on the human body and require several hours to
fabricate.

This study presents a superhydrophilic filter that can be quickly
fabricated without the use of harmful chemicals. Plasma treatment
was used to increase the surface energy of the polypropylene-based
depth filter. Subsequently, a hydrogel layer was formed through
PAM polymerization to produce an extremely hydrophilic depth
filter. The fabricated filter had a contact angle of 0° with water and
showed a high repulsive force with oil in water with an underwater
oil contact angle of 142.9°. By applying this filter to a continuous
oil-water separation device, an oil-water separation device that
can continuously separate water and oil was manufactured; the
amount of oil in the water was less than 15 ppm up to a flow rate
of 300 mL/min. These results show that the developed filter has a
high economic and environmental value and can quickly separate
clean water in various industries and environments where oil-

water separation is necessary.

2. Experimental Section

2.1 Materials

The polypropylene depth filter (with a nominal pore size of 10
um) used in this study was obtained from CS Technofil Co. Ltd.
(Korea). N,N'-methylenebisacrylamide (BIS) and ammonium
persulfate (APS) were purchased from Samchun Chemical
(Korea), while Oil Red O was obtained from Sigma-Aldrich
(USA). Diesel was purchased from SK Energy (Seoul, South

Korea).

2.2 Fabrication of the Superhydrophilic Filter

To increase the surface energy of the hydrophobic
polypropylene filter, plasma treatment was performed before
coating a PAM hydrogel layer onto the depth filter. The AP-300
Plasma System (Nordson, U.S.) was used for plasma treatment; the
reactor's internal pressure and discharge power set to 80 mTorr and
150 W, respectively. The treatment time was 6 min, and the oxygen
supply rate was set to 20 sccm. After the plasma treatment, the
polypropylene filter was immersed in a 65°C coating solution (with
60 mM BIS and 90 mM APS) for 1 h. Finally, the treated filter was
washed three times with deionized water and dried in an oven at
65°C.

2.3 Characterization
The surface morphologies were observed using field-emission
scanning electron microscopy (SEM; SU6600, Hitachi, Japan), and

the surface chemical compositions were analyzed using Fourier
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Fig. 2 (a) FT-IR spectra of the pristine- and PAM-treated surfaces.
(b) Photograph of water droplets during the coating process.
(c) Changes in the water contact angle of the filter surface
during the coating process

transform infrared spectroscopy (FT-IR; Nicolet iS50, Thermo
Fisher Scientific Co., USA). The water contact angles and
underwater oil contact angles were measured using a contact angle
analysis device (SmartDrop, Femtofab Co., Korea), and the
reported water and oil contact angles were the average values of
five experimental points. Diesel was used as the oil layer in all the
experiments. Each filter was treated with 2 L of an oil-water
mixture (at a ratio of 1:4 v/v) at various flow rates. An oil-water
separation device consisting of a peristaltic pump (WT600-1F,
Dongbang Hitech Inc., Korea), pressure controller (PCR series,
Alicat Scientific, USA), differential pressure transmitters (HN35,
Nuritech, Korea), pressure indicators (PD1, Nuritech, Korea), and
flow control valves (HF 400S, Tokimec, Korea) was constructed to

treat large amounts of oil-water mixtures. The flow rate of the oil-

“(b)

Inner Inner
surface

' surface

Fig. 3 Photograph of water droplets on inner and outer surfaces of
PAM-treated depth filters (a) without plasma treatment and
(b) with plasma treatment. SEM images of the inner surface
of PAM-treated depth filters (c) without plasma treatment and
(d) with plasma treatment

water mixture was regulated using a peristaltic pump (100 mL/
min). The oil content of the samples was determined using a total
organic carbon analyzer (TOC-L, Shimadzu, Japan), whereas the
water content was measured using a coulometric KF titrator
(C10S, Mettler Toledo, Switzerland).

3. Results and Discussion

3.1 Fabrication of the Superhydrophilic Depth Filter

Figure 1(a) illustrates the fabrication method of the
polypropylene filter with the polyacrylamide-based hydrogel layer.
First, the polypropylene depth filter was treated with plasma to
increase its wettability for deep coating. Figures 1b and Ic show
the SEM images of the filters treated with pristine and O, plasma
(OP), respectively. The surface of the filter fiber does not
significantly change after plasma treatment. Subsequently, the OP-
treated filter was dip-coated in a solution containing APS (a radical
source) and BIS (a crosslinker). The alkene moieties of BIS are
radical initiators, and radical polymerization occurs via APS.
During polymerization, hydrophilic polymer groups surrounded
and coated the filter fibers, resulting in a well-coated hydrophilic

on the filter surface, as shown in Figure 1(d).

3.2 Wetting Characteristics of a Superhydrophilic Depth
Filter

The surface components of the substrate were analyzed using
FTIR before and after coating with PAM. New peaks at 1538 (C =
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Fig. 4 Schematic of the oil-water separation device composed of a superhydrophilic and superhydrophobic filter

0), 1652 (C =0), and 3296 cm—1 (N-H) were observed after PAM
coating, in contrast to the pristine state, indicating the successful
coating of hydrophilic groups on the filter surface (Fig. 2(a)).
Water contact angles were measured on the filter surface at
various fabrication stages. The pristine filter showed high
hydrophobicity with a contact angle of 133.448.0° owing to the
hydrophobic nature of polypropylene and the micro-sized filter
fibers. After OP treatment, the contact angle of the filter (OP_0)
was measured to be 0° owing to the formation of temporary OH
groups on the filter surface, which can be attributed to the
plasma. However, the hydrophilic property imparted to the filter
by plasma treatment was unstable, and the contact angle after
24 h of plasma treatment was 116.6+6.3°, indicating a partial
restoration of the hydrophobicity observed before plasma
treatment [18,19]. In the case of the filter with the PAM hydrogel
layer formed after plasma treatment, superhydrophilicity with a
contact angel of 0° was observed, possibly because of the
hydrophilic nature of the microstructured fibers and PAM-
modified filter. Furthermore, the PAM-modified filter had an
underwater oil contact angle of 142.947.0° and exhibited a high

repulsive force with oil in water.

3.3 Importance of Plasma Treatment

To investigate the effect of plasma treatment on hydrogel
coating, we compared filters that were deep-coated with and
without plasma treatment. Figures 3(a), 3(b) water droplets on the
filters without and with plasma treatment, respectively. We
compared their wettability by dropping blue dye on the outside and
inside of the filter surfaces. Both filters showed a good hydrophilic
coating on the outer surface. However, the filter without plasma
treatment showed hydrophobicity on the inside because of the
inability of the coating solution to penetrate the filter fibers owing
to the hydrophobic nature of polypropylene. Moreover, the SEM
image of the filter without plasma treatment suggest that the PAM
hydrogel material was barely coated (Figure 3(c)). In contrast, the

filter with plasma treatment showed an evenly distributed hydrogel
coating on the filter fibers, thereby confirming the necessity of

plasma treatment for an evenly coated hydrophilic depth filter.

3.4 Oil-water Separation Using a Superhydrophilic Filter
To evaluate the performance of oil-water separation in a
continuous oil-water separation system, the system was designed
as depicted in Figure 4. The oil-water mixture is pumped into filter
housing 1, and purified water is discharged through a
superhydrophilic depth filter. The pressure controller maintains
pressure on the hydrophilic filter and discharges the accumulated
oil to the top. The oil is purified by the superhydrophobic glass
fiber (GF) filter

superhydrophobic GF filter, GF filter was plasma-treated and

in filter housing 2. To fabricate the

coated with octadecyltrichlorosilane using a previously reported
method [20]. The mixture that is not filtered by the
superhydrophilic PAM and GF filters returns to the original oil—
water mixture via the return pipe. The fluid undergoes a circulation
process in the system, and returns to the original oil-water mixture
through the return pipe, thereby continuously separating water and
oil.

An actual photograph of the oil-water separation system is
presented in Figure 5(a). In this experiment, the oil-water mixture
was separated into water and oil at various flow rates, and the
purities of water and oil were measured when 1 L of water and 250
mL of oil were produced. The oil-water mixture before separation
and the separated water and oil are shown in Figure 5(b). The
purified water had a purity of 5.46 ppm at 100 mL/min, 8.27 ppm
at 200 mL/min, and 14.02 ppm at 300 mL/min, demonstrating an
excellent separation performance of less than 15 ppm.
Additionally, the oil was continuously separated with high purity,
with 35.60 ppm at 100 mL/min, 50.04 ppm at 200 mL/min, and
69.82 ppm at 300 mL/min. Therefore, the proposed system based
on a superhydrophilic depth filter is suitable for oil-water

separation in various applications.
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Fig. 5 Photographs of (a) the oil-water separation device used in the
study and (b) oil and water before and after filtering. (c) oil
content of the filtrated water and water content of the filtrated
oil

4. Conclusions

In this study, we successfully developed a superhydrophilic

depth filter based on PAM hydrogel coating treated with O, plasma
(OP) and applied it to an oil-water separation system to obtain
high-purity water and oil. Plasma treatment and hydrogel coating
showed excellent performances in modifying the wettability of the
polymer surface; however, the plasma treatment yielded a
temporary coating, while hydrogel coating was not adequately
deep. However, when plasma treatment and dip coating were
simultaneously performed, excellent hydrophilic properties were
imparted to both the inside and outside of the hydrophobic depth
filter; thus, an oil-water separation system was developed using
this filter. Because the mixture before separation in this study had
more water than oil, a large amount of water was primarily
removed by the superhydrophilic depth filter. However, if the
proportion of oil is greater than that of water, the separation rate
may decrease or the content of oil in the separated water may
increase. Therefore, if a superhydrophobic depth filter is developed
and an oil-water separation system employing the
superhydrophilic depth filter is formed, a system capable of
selectively and quickly separating high-purity water and oil
regardless of the ratio of water to oil can be developed. We expect
this oil-water separation system based on wettability-modified
depth filters to be applied in various industrial and environmental

fields, such as wastewater treatment and marine oil spills.
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For the hydraulic cylinder system of construction equipment to function normally, the hydraulic oil should not leak under high
pressure, and the leakage begins with various seals of damage. The frictional heat caused by the reciprocating motion inside
the cylinder increases the temperature of the oil, which affects the aging of the seal materials inside the cylinder, thereby
accelerating seal damage. The purpose of this study is to confirm the effect of reducing heat generation by applying umbrella-
type micro-dimples on the surface of a wear ring, and to find out the performance according to changes in shape and density
of the dimples. Dimples were manufactured by injection molding and the core for injection was made by profile grinding
processing. The structural safety of the wearing with dimples was examined by structural analysis, and the temperature
changes of the dimple were measured during pin-on-disc friction experiments. It was confirmed that the dimple was effective in
reducing the amount of heat generated, and the heat generation decreased as the size and density of the dimple increased.

NOMENCLATURE

= Dimple Size

Density of Dimpled Area
= Dimple Pitch

Dimple Number

)

o ©° U
I

N Z
I

= Area of Total Friction Surface

;N
.
Il

Dimpled Area among Friction Surface

1. M2

AAFAIE AR Ak Aok A FH] Sl AR E=

Copyright © The Korean Society for Precision Engineering

Manuscript received: April 16, 2023 / Revised: June 5, 2023 / Accepted: June 14, 2023

Y ALY HS, 5% AFoolE AEOiel fte]
el APetd] 4549 AR G4TL sk AU(Sealo]
A 52 HGTh AQY 1Y §A7E 4 B9 o]
" &3 2] BAVL PSP Sl A olofxn, A
U -po] 28 YA M/ FANAH M4 WA
FEAFOR Q3] WAk nHkde] oael o3t A QA )
w8} @yoln ol AU BRAN, AWM, vhEHS 7
£AIAN ofolele] £4S POt

R4 AYES) WE W FREF TRE Fig 13 Zov] o
AES HAYE EL chfsle AU FH, 498 09
olgto] T AEN MAE P& YRz Adsto] 9r 7]
AR U2 She FAE ZE, AL WAE Aol i
HE PASRE TAE A, ARG YRR 7| §o] RAHE AL

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



608 / August 2023

Piston seal

Buffer seal

Rod seal
Dust seal

Piston wear ring

Rod wear ring

Fig. 1 Wear ring and seal position in hydraulic cylinder

Wear ring

Fig. 2 Temperature distribution measured during hydraulic cylinder
operation

= A2, el oSl S o H

§3F 91T A5 o] WSS Sl Sl £ RES B
3 API(Fig. 2014 B30 flojslol ] 27k e Ao il
oick. GlofgolA] WS nhaee Solv] Slste] AlRle Ew

= WEsHA sk W e HIUA 7S ob, EH] d
== 7kt Ate vkl tigk AR =2 Ho)o] sk
1A 785 7IAdskaL mpare S ol A7 HhEeE A Qlok
9| At=+= Etsion [1-4]0] w|AYZ  A]Y(Mechanical
Seal)1} A2{AE W|o]g](Thrust Bearing)ol] #lo]A 7152 AN
sfol Wi e vl YES slgely meo] 2gsi nia
o 4713 $5E S7hEeka steich Rahmani (s} ©
Zo] 220} ZJo], Y& Zolu], Folulo] W HH3 2AL
=33t} Sahlin [6]2 W =
(Reynolds)of| W& Hojg dl5of m*]= 9
5‘1

ol 3 98 %ol

X i

ﬂ.lH

kil
£

t& 7HH]Elo ld FAAlo] WIS fx]g|A] K o=

sholatglet. Fowell S[812 HE o] etelo] ol f2jmct b
5 T 4 Al ASH HEe] g F 5y

. o

=N Oﬂ*ib Lee 51970 Hlixi%aexturmgm u 119 o]
o] A4 SREAS A7sle] nHPEe] ojs) WA vhaol

Cylinder tube

Wear ring
Piston

Z2sste] Hlojse] ewubao] Fasheletn stk Chae 5
(0] £3 @2d 9 $25k2 Gelojuel vpolaz |
= R Bl e ohEAES A5, 55 uelel w
o 9Ee) M4 sk A5 2L Uitk E Kim
B[]S Te|28 fupo gt F9ol s uld] gEe)
G BAlstel shgol Bu ASEs} LY o §E A}
At e Z3AUE S RS Kim S22 94
FR E nlolaz Yol ofat W AZETt] T
Toll A wheto] Tl BE WAl wret el At o
e AP Bl wESHL

of A WAst= nEEE Fo)7|
Z 750l 4l
2 YZ(Umbrella Shape Micro—dimple)2 A

& Aol ol nhEd
ffote] dloid Amel npEsERol vlad nMEE
& 4k mrela
3

Foto] WAEHS UHE Fotol wHSAT. G Yol
23} 2 Aols] WAL vHE UL e Yio] 44
golzel T2 PHAS AESIET YE WAAY S
BAel] Flol sk sk o HE AL Al

9 & o 2aPinon-dise) ABE FSHL A A4S
o HE RS B SRS A4Sk BAs] HEEAS

= Aol A /\]"9-3]' olF e AEE Elotu]=66(Polyamide
66)0] -214-9(Glass Fiber)2 2731 =3t &7[13]o]c}. Fig.
33f o] Qo mt Adlr o] nhEkde| nlolam J&& st
Qs uf mhzkof| ot WA aE WA flske] 94
go] & FAS AFskch HAEH Y HES o™ nf

K

1

Aol S7boR whs] vhkl o) 2.olo] W k] A$IAA
spEle] We AN H817h Wolxlk uprt olek. Ao
ofste] Batad] Eulo] WBE wE7] eI P2l 94
YZo] 7hgE ol WU welo) YA Aztom wxs)
5 /53t e, B0l 494w AL Fig 4

7t 3 7= WslE ol



SEEEZSEX| M40 M8gE August 2023 /609

Table 1 Models of dimpled specimen for experiment _I q
Dimensions of dimpled specimen
Model ——— TR e Q
o Dimple size  Density of dimpled Dimple pitch ] I
(D) [um] area (p) [%0] (D) [um] ;
1 200 20 447 ,
2 200 30 365
3 200 40 316 L0 =165+6.5, D =115+4.5, L = 57+2.25, G = 50+£2,
4 300 20 671 R=76+3, W1 = 13+0.5, W0 = 19+0.75, T =3.2+0.4
5 300 30 548 Fig. 5 Specimen for tensile test
6 300 40 474
7 400 20 294 0 s PAG6+GF30%_#1
160 L O PABB+GF30%_#2
8 400 30 730 L& PAB6+GF30%_#3
9 400 40 632 wr
120 | .
Ds 100 Egﬁ

Stress (MPa)
3

o
o

I . 1 1 )
0.000 0.010 0.015 0.020 0.025

Strain (mm/mm)

Fig. 6 Stress-strain curves of PA66+GF30 composite

Fig. 4 Design variables of dimple Table 2 Material properties of PA66+GF30 composite
I |
Table 13} 0] 9552 A|2Hsisict. o Values
nlo]AE Yol WA WE pi ubabve] FWA A, FolA Tensile strength [MPa] 155
1 0,
HZo] 2pxjeks WA A, o] H]E Aol A()F} o] Ue Elongation at brake [%)] 2.3
W 2 gl Young’s modulus [MPa] 8,848
5 5 Poisson’s ratio 0.38
Ay ND; Dy
P=X "7 M
t ND, D,

Remote displacement in X

2.2 A% QM

direction = 0.1Tmm

Aol el wdo] dE2 AL o HE= AT F= ¢

S Hr1el7] ste] ANSYS 19.0[1415 ARgste] X34

& SRk dely 249 A B4 24 Sl

Fig. 59} 28 QA HS A2t 10 kN S32] A=A R, j\

715 AMgsle] ASTM D 638 S1A[15]o] w2} Am 248 2 e >

Astoct. AlHe -8A = 50 mmo|H, 91 &5 50 mm/ Fig. 7 Boundary condition of FE model
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Table 3 Structural analysis results for various models

Max. von Max. deformation Max. deformation

Model

No. Mises stress of dim.ple [um] of dimple [pum]

[MPa] (X-Direction) (Total)
1 61.77 0.041 0.503
2 82.38 0.033 0.910
3 104.11 0.022 1.403
4 61.82 0.203 0.460
5 73.82 0.111 0.863
6 105.28 0.118 1.378
7 62.11 0.386 0.483
8 73.31 0.260 0.883
9 132.11 0.348 1.447

mmn Min

0.000 0350 0.700 (mm)
[ S——— S

0175 0525

(a) Distribution of Y-directional deformation

X
0000 0500 1.000 (mrm) [}
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(b) Distribution of von Mises stress

Fig. 8 The points where the maximum stress and deformation occur
(200 um/ 20%)
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Dimpled surface Specimen Jig

Hole for C B )

thermocouple

Fig. 10 Dimpled specimen and holder

Table 4 Specification for pin-on-disc experiment

Section Parameters Condition
Material PA66+GF30
Specific gravity [g/cm’] 1.36
Specimen Hardness [Shore D] 84
Diameter [mm] 8
Quantity [EA] 3
Material SM45C
Disc Surface roughness [pum] Ra 0.1
Sliding track diameter [mm] 50
Contact pressure [MPa] 6.3
Cogzisttion Sliding velocity [m/s] 0.5
Lubricant ISO VG 46
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Fig. 11 Comparison of temperatures according to dimple density
(size = 200 um)

AREBFAIL, M2 Al A3 wulet 100 ccof A2
A= wAsto] ARSI AFHER 100 me] Ale-%1-S %1
g F 2EE SAsEen AAE AudPN =7t
FEshs 1l 4,000 m= 8L 13] AHAZRS oF 2.224]
zto] g =gl
321 HE EEO| M3}

HEY A Ml A7ioh iR F UEY IS B
st 950] Aol Histed JeAldS s, Figs
17E 132 989 4o e 299 2= 249 d3s

60 [
55 |
R
[ Q@@@ﬂﬂ@ﬁ@ﬁ
50 | IR
e 59R
| 52~
— a5 ISy
) 5 A
5 3 g
5 40 8 A
o g5 &
oy I &~
Q 35 L B !
GE_> 5 Pas 0— 300um_20%,|
R WL A o 3004m_30%)
[F & A 300m_40%
25 FA
20 L 1 1 L
) 1000 2000 3000 4000

Distance (m)

Fig. 12 Comparison of temperatures according to dimple density
(size = 300 um)
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Fig. 13 Comparison of temperatures according to dimple density
(size = 400 pum)
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Fig. 14 Comparision of the average temperature for specimens with
3-dimple size at the same density according to dimple

density
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Fig. 15 Comparison of temperatures according to dimple size
(density = 20%)
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Fig. 16 Comparison of temperatures according to dimple size
(density = 30%)
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Fig. 17 Comparison of temperatures according to dimple size
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Fig. 19 Comparison of specimen temperatures on presence and
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Table 5 Final temperature according to dimple shape and density

(unit: °C)
Dimple size Dimple density [%o]
[nm] 20 30 40 Average
200 544 53.8 52.8 53.7
300 543 54.0 53.4 53.9
400 54.5 53.5 52.5 53.5
Average 54.4 53.8 52.9
see A Dimple size(um)
4 B O— 200
542 [ o 300
O s40 o) 4 400
\S/ 538 | a
2 536 [
:li 53.4 | “ o
E s32[
% 53.0 |-
& s28 [ O
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N
524 | , . i
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Fig. 20 Final temperatures according to dimple size and density

27 HELEo| A 04°Co|n] YEo| A7 W )
slo] wrelemo] e ek wA Aow e,

3.2.3 EiE 990 ¥¥
uhhe] tlo|aE HES HYRE
1) S5t AP OR Ryt g2 cste] W £ vjam
k3|

A1)
==}
2 spsigic BB 27], Wk B o7k Feel 9E w
Wol| dhat pEE A BdY LEo| BAEOR sm v

K

= Al T 2E9) Bl asielTt.

Fig. 199} Zo] H&o] gl o7f Alge] Lxwe] Hpd 7
3 A HFews) of siecyen, wHZel A9 of
57.5°Ce] ATg ®ol YEo| 9l AFwo] LHE AlHo] ]
A HE 2%t OF 7% HFa JZo| npE wrdEkg vk

205 et

'Y ﬁ
L Moving direction of disc

Ly

After experiment

Before experiment

Model

1
L; [pum] 210 203
L, [pm] 216 201
P [um] 438 425
Model

4
L, [um] 307 307
L, [um] 310 313
P [um] 654 651
Model

7
L, [um] 417 401
L, [pm] 409 406
P [um] 870 857

Fig. 21 Dimensions of micro-dimple measured before and after
experiment

324 A A3 2
ol Aol thgt A & A= v oA 4 kme| mhzk
Aol =gt & HE =9 2F¢k2 Table 59 Fig. 201}

th 400 um F W=7 20%Y o) 7HY S 2EgE Bl
400 um 5 W=7t 40%H o) 7P R 2% gk Helch UE
S5 ddeo] Aglen, 2 URoA= &9 277t
2 u}oaﬂaokol ZO O H A 011;]_.
gb‘__

TR

= =2 STv= = T M

YEmdo] thet ohAAY F 90| vhusl] A3t
W4 wiskE 1] $lstel BT ZAE @ AL W

1o
O
=



614 / August 2023

o

ZHLUSSSX| M40H Mss

Table 6 Change of dimple shapes before and after experiment

Model Before experiment [pum] After experiment [pm]

No.  Size(L) Pitch (P) Size Pitch
1 213 438 202(-52%)  425(-3.0%)
2 217 349 202(-6.9%)  339(-2.9%)
3 212 302 211(-0.5%)  300(-0.7%)
4 308 654 310(+0.6%)  651(-0.5%)
5 311 534 304(-23%)  531(-0.6%)
6 310 456 309(-0.3%)  461(+1.1%)
7 413 870 404(-22%)  857(-1.5%)
8 405 711 415(+2.5%)  706(-0.7%)
9 403 617 412(+22%)  609(-1.3%)
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Multi-criteria Decision Making of the Optimal Micromachining Process
Using Fuzzy AHP-TOPSIS
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Multi-criteria decision making (Ct7|& SAt ZBH)

There are various micromachining processes available for manufacturing highly integrated and precise parts, each having
its own characteristics and limitations. The degree to which micromachining processes meet the requirements depends on
characteristics of parts that are different, making it difficult to determine the most appropriate process. In this context, the
present study presents an algorithm for determining the optimal micromachining process by applying the Fuzzy AHP-
TOPSIS technique frequently used for multi-criteria decision-making. Fuzzy AHP was employed for calculating weights of
requirements for a given part. Fuzzy TOPSIS was employed for determining ranks of candidate processes based on
weights of requirements and evaluation of processes. Fuzzy logic was applied to handle ambiguous and inaccurate
information encountered in evaluating the relative importance of requirements and performances of processes. The case
study in which the optimal process for micro-hole drilling of a fuel injection nozzle was determined showed that the
proposed method was effective. It could be extended to micromachining of various shapes.
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1. M2
NOMENCLATURE
M, , = Pairwise Comparison Matrix 2 Ay, FAL B o=, A, g TY AbdelA F
S; = Fuzzy Synthetic Extent Value wel ngHstet wAHsR Aok 2ay w5 5 AR Wt

a7 328 S8k QUHL. olefet 2 L ABe o2t

4 (x) = Fuzzy Membership Function mlolaE A W % 23], mo]Z2 ozl @ Ak, o

=~

W = Weight Vector & UBUE U A FA) o gli=r, ojo] A s
ﬁij = Normalized Micro Drilling Evaluation Matrix u|d| 7HE 7€) QFEHh webd uA T 7€) EAE
d; = Distance from Fuzzy Positive Ideal Solution HloFH o 2 o] folA h=H), 11 BIRAM Tk Thett Ha A

- 71 2]2~ Ay T ZR AR 22 T AAA 2 ABAR
d; = Distance from Fuzzy Negative Ideal Solution I A5 7 EE_’ 4 e H S5, elan A8 B A3

, 4 Sl AlRte] At Eof5aL Stk

CC; = Closeness Coefficient

, SEAIgE ofelgt mlA) 7hgel et e F7iet 7l waelE

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



618 / August 2023

ror
Hl
o2
ne
0F
o
o
>
x
N
o
H
x
(o]
o

z‘;f 4 Slch. ol oAl 1B TEE AB T E AL A
Sfehs aamA 283 4 glon olo] that ugke] avH
1:]._71 3} 2~ o]q.

AlF7HA] W vlA 7 3golhe B SR

191 A0 714 ks S RE 714, slekA, EA vke 5=
&3 ot TR 55 7k 3EE0 .

Bee A7) ez A ©e 7HAAL 97) wiee, Al
& M Al o]t 71% =9 —‘%XJE*Q 2|3t 28
o] atEth. SHANE F4F
Z210] EAstaL, ol ﬁ? 270 disf 24+
7 %'—Zé o] —‘?‘—J = Aerh t27] g 2E a9 20s

AR 7R e AEshs 212 9 o Lol
ojx Y W i A9} a5k 27lo] EAsh= 04 A
o] AuiRE AAste Ae Wl Yaraolzt 4] Ae
T B oAb S 9% w2 7IHEe] M E =T, £
Atell A= L FollA = AHP-TOPSIS 75| Fuzzy =25 &
83t Fuzzy AHP-TOPSIS 7| 2-g3to] 22| njA| 715
= 3= s Z1]*]?‘}‘:‘r[5] Hoh Ao 2= vlA 7
tE AE e 7Y 8 23 47 ditt F8EE
AHP (Analytic Hierarchy Process) 7|}{-& o]-&3}o] AAEE &,
o]& TOPSIS (Technique for Order Performance by Similarity
to Ideal Solution) 7|%o]l A St 29| v 7hg 4= 2
gk RS AR ojd] F=oi%l et 230l gk Brket
oA 7ks Sl tiek Brtoll Fuzzy =25 A&do=A
AR oA Ikt AefA A)of ot AFwFAQl Bt
ofUzt ol #¥EH= HAHA B7PE 7HsES gr6]
Fuzzy =2]9] o|2|gt e 250U A& 73 5 chefst
ool A de] &= ar ITH7.8].

Fuzzy AHP-TOPSIS 7]¥12 &-835lo] Az 3739 st
wopollA Tl AR RAIE SiET AllEel Bl (it
[9,10]. L FollA 7heat TE AHES AvEd AS5Ax
(Additive Manufacturing)ol| Al 224 9] 715 2 AEst7] ¢
3] Fuzzy AHP-TOPSIS 7|®HS &-83t 7497} doh11]. E3L,
w4712 (Electro Discharge Machining)ol|A] 715 A9 A
3= Y8l Fuzzy AHP-TOPSIS 7|H{ & 83t FLe=
[12]. SHAEE, iRl B3 B AFe ok a5k 2o ot
2|2 o] ulA| 7k BRE A"ty flsf iyl oAbEA
= 283 Al 2717 A gk whEbA] ofofl tigtk sfiHy
AN B B Ayt 283} ool zkrla 3 4= itk

e I A n - Ane S P O B P R el

O

i Olﬂ ik JN
I-Fl

ol
i
4 e ®

lo
fo

o?i rlr
o

ok o
o

i)

s

N
Mo ¥ rjr £

Platform User . v{@\@
—_— Open \‘O-I

Manufacturing Manufacturing
1. Request Platform Process
. Quotation Experts

2. Confirm Design
3. Select
Optimal Process
4. Manufacture
&Deliver
Product

Labs and Manufacturers

Fig. 1 Concept of open manufacturing platform
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Define Problems &
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v
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machining of the parts machining processes

Fuzzy AHP
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. . Calculate weight vectors
comparison matrix

Fuzzy TOPSIS

A 4

Prioritize alternatives

Apply the weight vectors

P

A
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to the evaluation matrix
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Fig. 2 Proposed methodology for prioritizing a micro machining
process by Fuzzy AHP-TOPSIS
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2.2 Fuzzy AHP

AHP= Saaty7} 31QRE tp7|& QAR 7|R{oltH[13]. 7]
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oz
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a®4, = (a*u,,a*m,a*l)) 2)

Table 1 Triangular fuzzy number for pairwise comparison

Linguistic variables Triangular fuzzy number

Equal 1,1, 1)
Very slightly (1,2,3)
Slightly 2,3,4)
Moderately (3,4,5)
Highly 4,5,6)
Very highly 5,6,7)

1s () A

1
A

Fig. 3 Triangular fuzzy membership function
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Table 2 Pairwise comparison survey for Fuzzy AHP

Which is more important? Equal

How much more important?

(] Min diameter or [] Max aspect ratio o

[ Very Slightly [J Slightly ] Moderately [] Highly [(J Very Highly

(] Min diameter or [] Feed Rate o [ Very Slightly [J Slightly [] Moderately [] Highly [] Very Highly
[] Surface roughness or [] Commercial availability o ] Very Slightly [ Slightly [] Moderately [] Highly [] Very Highly
Hs(x) A S, S

1

V(S, >S;)

I
'
1
1
1
|
|
|
|
|
1
1
1
-
i
I
1
1
1
1
1
|
|

v

L my li mpuuy

Evaluation variable

Fig. 4 The intersection of fuzzy numbers
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Table 3 Triangular fuzzy number for linguistic ratings

Linguistic variables Triangular fuzzy number

Very low 1,2,3)
Low 2,3,4)
Medium 3,4,5)
High 4,5,6)
Very high (5,6.7)

ANISYS A(13), A(1HE H8310] Fr=rh. 4(13), Al(14p]
oF 4= glizol, ot AR R4 sAAe 2 23] 8
= 3578bE Fuzzy 5 909 ko) Holght asgtol
U HE 71 die HithE 3igke] 2agh) 2oigho] ok
. (max vij|i € benefit criteria)
Vv, ={{ ’ }}i= 1,2,...,n(13)

(min vi’j|i € cost criteria)

B (min vijlie benefit criteria)
Vi ={{ }}i= 1,2,...,n (14)

(min v, |i € cost criteria)

T thogE A A9x|e} PIS, NISS| A2l(d), d;)E
ofefle] 2)(15), 2](16)2 o8] Z}2} 3t}

+
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n
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Table 4 Pairwise comparison survey

Min. diameter

Max. aspect ratio

Surface roughness

Production rate

Economic feasibility

Min. diameter Equal Highly Very slightly Moderately
Max. aspect ratio Equal Very slightly Highly
Surface roughness Very slightly Highly Equal Moderately

Production rate Very slightly Equal

Economic Feasibility Moderately Equal

Table 5 Pairwise comparison table

Min. diameter

Max. aspect ratio

Surface roughness

Production rate

Economic feasibility

Min. diameter (1,1, 1) 4,5,6) (173, 1/2, 1/1) (1,2,3) (3,4,95)
Max. aspect ratio (1/6, 1/5, 1/4) 1,1, 1) (1/6, 1/5, 1/4) (1,2,3) 4,5,6)
Surface roughness (1,2,3) 4,5,6) (I, 1, 1) (1/3, 172, 1/1) (3,4,5)

Production rate (173, 1/2, 1/1)

(173, 1/2, 1/1)

1,2,3)

1,1, 1)

(1/5, 1/4, 1/3)

Economic Feasibility (1/5,1/4, 1/3)

(1/6, 1/5, 1/4)

(1/5, 1/4, 1/3)

(3.4,5)

(1,1, 1

Table 6 Fuzzy AHP result

Min. diameter Max. aspect ratio Feed rate Surface roughness Commercial availability
Si (0.167,0.265,0.415) (0.089,0.151,0.248) (0.092,0.137,0.207) (0.141,0.218,0.346) (0.153,0.229,0.344)
W 0.305 0.127 0.073 0.242 0.253
Table 7 Evaluation of Micro drilling
Twist Spade  D-shaped  Single Laser EDM ECM ECDM EBM  Ultrasonic
Min. diameter Medium Low Low Medium  Medium High Medium Very High  High High

Max. aspect ratio

Medium Medium Very Low  Low

Very High  High High  Very Low Medium High

Feed rate

Very High  Low Low High

High Very low Medium Low  VeryHigh Low

Surface roughness

Medium Medium Medium Medium

Very High ~ High Medium  Medium High  Very Low

kel

Commercial availability High Medium  Medium Low High Medium  Medium Low  Very Low Medium
wob 4 RS AHelof Tk Table 42F 2 ) uliL S WA I, 4(10), A1) ol8ste] Birskiick. T
£ M,, S A4 0, A9 87 27o] jA9 & 2UNL  R: Fuzy AHPIA T8 71FXE A1) B9 15 3
Ry Table 39] <dojd Hr7IE dgstar 7tz ALstc). o|FA ARSI 7227 ALy JFEHE

hyz [y i
&7 A

M oll= RIZES Ygict vtz jEo) a5k 2xio] /o] a7
znc 288 Aol Mol dold BrE dsin
o]z FH7}= Table 39] AHzb
98 e dege

= ojzbal
2A| e E A Bl ulsE= Table 5

3.3 Fuzzy TOPSIS
FUZZy TOPSISo|| AR&-E v]A| 7ol gt 2 240 8 F7}
£ Table 73} 2t} w4 7k REel did RS Ak wA)

=
o

7}3t= Table 83t Zt}. 7hgw Br7EsolA 2](13), 4]
(14)0] whet zF @3 =70l FAA Sl SAMPIS) HA = ol
SHAYMNISYE Zr=t}. X4 A9 A¢ 1 Fto] 2245 £
7] wjEo ECDMo| PIS(0.096, 0.112, 0.134), Spade, D-shaped
7} NIS(0.168, 0.224, 0.336)0|th. BE Q7 2710 T3] PISL}
NISE 3k &, 2](15), 21(16), 2(17)y& A3t = AL
C; & 3 A= Table 92} 2t 2 AA|A =, 2H=E A
F7F 0.854=2 7P 2 oA 7ol a4 2S FHAI=
2|2 7k golet & 4= ol

R

4. 4E

2 AollAe #HA v 7k 8 Ad9E s Fuzzy
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Table 8 Normalized weighted evaluation table

Twist Spade D-shaped Single Laser ECDM EBM Ultrasonic

Min (0.134, (0.168, (0.168, (0.134, (0.134, (0.096, (0.112, (0.112,

diame.ter 0.168, 0.224, 0.224, 0.168, 0.168, 0.112, 0.134, 0.134,
0.224) 0.336) 0.336) 0.224) 0.224) 0.134) 0.168) 0.168)

Max (0.09, (0.09, (0.03, (0.06, (0.149, (0.03, 0.09, 0.12,
aspect r.atio 0.12, 0.12, 0.06, 0.09, 0.179, 0.06, 0.12, 0.149,
P 0.149) 0.149) 0.09) 0.12) 0.209) 0.09) 0.149) 0.179)
(0.031, (0.012,0. (0.012, (0.025, (0.025, (0.012, (0.031, (0.012,

Feed rate 0.037, 018, 0.018, 0.031, 0.031, 0.018, 0.037, 0.018,
0.043) 0.025) 0.025) 0.037) 0.037) 0.025) 0.043) 0.025)

Surface (0.067, (0.067, (0.067, (0.067, (0.048,0 (0.067, (0.056, (0.112,
roughness 0.084, 0.084, 0.084, 0.084, .056, 0.084, 0.067, 0.168,

g 0.112) 0.112) 0.112) 0.112) 0.067) 0.112) 0.084) 0.336)
Commercial (0.051, (0.038, (0.038, (0.025, (0.051, (0.025, (0.013, (0.038,
availabilit 0.063, 0.051, 0.051, 0.038, 0.063, 0.038, 0.025, 0.051,

Y 0.076) 0.063) 0.063) 0.051) 0.076) 0.051) 0.038) 0.063)
Table 9 Fuzzy TOPSIS result
Twist Spade D-shaped Single Laser ECDM EBM Ultrasonic

d; 0.272 0.455 0.559 0.378 0.123 0.339 0.235 0.447

d; 0.574 0.391 0.287 0.468 0.722 0.507 0.611 0.398

CC, 0.678 0.462 0.34 0.553 0.854 0.599 0.723 0.471

AHP-TOPSIS 7% &-8-5h= S AAISHAT. Bt 5144 S7gol ek Bt et ofsfiel Brirt Basiohal & 4 Qlok
o2z v 7k B E AlE B FEY 8 24 47 L AWEA oA Tk B E okt a9t 2HoR )
et $R =5 AHP (Analytic Hierarchy Process) 7|2 ©]-8-5} 22o] AAo] o A Y A= EAlIA Huh At sid
o AAKsE 5, o]& TOPSIS (Technique for Order Performance by HHHS Hr)h &40 2R 4= 9Jo g} 7=} ESF u|A| 7}
Similarity to Ideal Solution) 7|%ell @iAlste] Hzle] mAl 718 B SIe A A= BBl M B4 AL 9Iak A

TAL A WS AT o] TN o 249
SRE BGrtet viAl 7k 349 Hee F7e] Fuzzy =2l &
Hastoan 2+ AR o|EHA Hyh} A& 4=%]of 2|5k

TTHT

B2} ofe} dlojmn RHEE B MRS st A

oty Wb o] AFAL ozl AR £ =2 Al E B gl
PRty

B B0 A A A8t Fuzzy AHP TOPSIS 7|#H-e @31 270]
U AR5 doa S8 24es 4 vk Ado] 9t

L)

oAl =01, d& FY =& ARolA] a4 208 x]—r A=
U 713} 22 271510 u)A] 71E 9PHoE AIM (Abrasive
Jet Machining)S £7}8lle SUst HHS 85te] EAE &
A% 4= Qlrk. E3E, o] WS 2ol Fof - 7Rt of
Yzt 4 718 5 oE 2ol A A8 = k= AA
| St} BlEo] o 2719 Fo% B 7k 389 ARt
7ol oA Frts S8t 2N Bt o] =t
= AHol oot
mEba] 2 AtolA AAE S B H5808

Fasdo] Qltkarl wtE. o] & fJefA= =5 wiAl 7]4‘4—} t]f
e oheret dlolguolA W AN 5, 12]al ulA 7hE
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H‘l
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Manufactured by Screw Rolling
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This study aimed to determine effects of ultrasonic nanocrystal surface modification (UNSM) as a surface pre-process
on performance and surface characteristics of bolts manufactured through a screw rolling process. Surface roughness,
hardness, and microstructural changes after UNSM treatment were examined. Results showed no significant defects
such as cracks in all fabricated samples after screw rolling of bolt pre-processed by UNSM treatment. In addition,
material flow was continuously maintained without disconnection. After UNSM treatment, surface roughness was
improved for both body and screw parts. The surface roughness of the UNSM treated screw part was improved the
most at 43%. Hardness test showed the greatest increase in hardness on the surface hit by the UNSM ball tip, with
hardness improved to about 500 um deep from the surface. The hardness at the screw part was the highest at 471
HV, which was attributed to the fact that grains near the surface were deformed and refined by UNSM treatment
followed by screw rolling. Near the surface of the screw, refined grains and high dislocation density were clearly
observed by EBSD mapping. These results confirm that UNSM treatment before screw rolling is effective in improving

mechanical properties of screw rolled bolts.
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Fig. 2 (a) Schematics of the principle of screw rolling and (b) roll
dies and materials

Table 1 Conditions for UNSM treatment

Process parameters Value

Ball tip diameter [mm] 2.38
Amplitude [um] 20
Ultrasonic frequency [kHz] 20

Feed rate [mm/min] 2,000
Static load [N] 30
Rotating speed [RPM] 30

ATE Bl BMEen], I A 2 Ao AMHEE UNSM
A¥] 271& Table 19]] AIAISFAT

Fig. 4o uehd vpef o] LpARR (Thread)2} HEHT-(Body)
of ZFzf UNSM A z|stgl e, o] o= WAt H 57
< B3 WS FdstA EHok UNSME] adks dobly] 9
3 UNSM Ae] & Adzx7kg3st Aldat UNSM A 2jglo] dx
7Fe st AlEE 22 Alzkske). Zbzke] AlsHo| s Al LpARE-
OF gebRo Ao A, UAAY], nx| 22| ¥} 52 wHdst
k.

Pitch  pitch  1hread
(2.11mm) Diameter Depth
| (588mm) &7mm)

External
Diameter

Uit

Fig. 3 Dimensions of thread of bolt for experiment

Fig. 4 UNSM treatment for pre-machined material before screw
rolling
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Fig. 5 Schematic of procedure of fabrication of UNSM treated and
screw rolled bolt

Table 2 Dimensions of fabricated product

Unit: mm .PltCh Extemal Pitch Angle
diameter diameter
Design 58.8 60 2.11 60
Product 58.84 60.20 2.11 60.04°
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A Study on the Dissolution Characteristics of 3D Printed Tablet with
Lattice Structures
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With recent development of 3D printing technology, its applications to the bio-industry are increasing. Many research
studies are being done for manufacturing personalized tablets through this technology in the pharmaceutical process. In this
study, to control the dissolution rate of tablets, a lattice structure was inserted into the tablet and the dissolution rate was
compared. The tablet proposed in this study can be manufactured by the FDM method, adopting a lattice structure with a
large surface area-to-volume ratio. Tablets containing various lattice structures were fabricated using water-soluble PVA
filaments and dissolution experiments were conducted in water at 37°C. As a result, it was confirmed that the specific
surface area and the mass loss rate were proportional to both the 3D lattice structure and the monolith structure. Among
different structures, the diamond structure had the most active dissolution.
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1. M2 71&9] gEehe WA o2 ARt AAe vingE o, oF=2
g £58 AU ST 9 7IAe AR A

2 3D ZRIY 40| vpoleAtlo] HEgH= ARZE 5L S| ATH6-8].
QATH1]. Ao &ofell Al wl= FDA 5¢1& B Aprecia AR 2 g, A EE A8t HH 2dA e veS QY F
2 @A Lsxejgo] i3I, o] °F2 Powder-bed Inkjet Aol free] B5& Alold = qlof 4AE I ¥ 229 &
ZAd TR AFst o, 3D Y o] A el 3 e FHASr 4= 9lof 3D Z)IY| A3E o Y 7t

SR A Tl ARy Ui ALt 5YE st 2ATH9,10].
o] Azteteie2]. Lzl Azh ol%, QI S ofofE Al A= Bl ol wEbd SaALE AYAR ol
= 917 3D Y-S o] 87t A Azl HHHE @ AT S8AlE ool £k Wk S 227 2R 9ol Ab
7F o]FojAaL Qth3]. < #H dqE= =ol H= PVA S0l " = Fardefo] A== Telmisartany} go] oF=

(Polyvinyl Alcohol) H}HIEL} ©

oFZ-2 FDM (Fused Deposition AL uo] Bof| X k= EolEtd 8 8-S Hlst
Modeling) HF4leoll oJaff thefgt 7|5kek4] e+, ASHA, = of ol HX=E S7HAIXITH1L,12]. ¥hde] A= & &=
W, d71%, AHDY FAIE Azstalon, AA19] gl 4= £ =2A ko] AEAQ1 2271 BRZE Aol ARHT A=
7} BAe] sHAo] opd Ru| tfu] Aol wat gkl 501, 2¥d ol AME-E]= Tramadol2 6A]7F F<t ‘?_P*é o
AL dopltH4,5]. 3, FDM Ao & A Zgh Aol 7 -¢- S S|, LY Fo] SIE Aofshr] fl8l AHdE Hot
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Fig. 2 3D modeling unit cell
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Table 1 Tablet 3D printing conditions

Properties Conditions
Substrate PVA filament
Layer height [mm] 0.07
Nozzle temperature [°C] 195
Bed temperature [°C] 65
Print speed [mm/s] 50
Travel speed [mm/s] 150
Build plate adhesion type Brim

L L0

(a) Gyroid (b) Diamond (c) FCC foam 4. A4}

(d) Hexagonal (e) Triangle (f) Square
Fig. 3 3D modeling tablet & 3D printing tablet a7l oy dojex] ERIsty] 3 S AdS 53]
W dgston ARl Ba SE2 Yugstsiel wms|
e SHETCIEAA HAIE A= aAst] 1A St g5k sl el A5 FAY) Ak SAsh] Foah # 22
k= ARE W & ARte] met ¥slehes HIAY RES AFS HlaLste] A7l e ARtasSs Fekdich A A
WolZi olrk. B Afol Byt T AN RAES Bolsl i 3D A% PR} Wicels FEE Uo]A] 27} Tables 29}
2 1RE AAE Aol AAVE F4E 48 WA 30 UEodeh. TPMS i 0] B80] 3akeR 2
7] 194 80°C 2.Eo] 3N7F B AxE AFIE ARG A W BAS 2w 97 whel] 3D Ax Paxet B Folx
FE S Ax2E vhAl ol AAIY FHl= Fig. 59 v wsleH21]. A1) 712 A nTop Platform & 1)
) of At ArhE olgstel Palsict
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Table 2 3D lattice structure disintegration experiment result

Before mass After mass Mass loss rate Specific
Model [e] [e] [%/h] surface area
i s ’ [m*/ke]

Gyroid ~ 0.644+0.011 0.410+0.037
Diamond  0.622+0.004 0.330+0.038
FCC foam 0.642+0.004 0.470+0.038

36.4+4.7 3.144
46.9+3.2 3.305
26.8+6.3 1.944

Table 3 Monolith lattice structure disintegration experiment result

Before mass After mass Mass loss rate Specific
Model [e] el [%/h] surface area
§ s ’ [m/kg]

45.6+2.8 2382
39.1+4.2 2.178
36.2+3.3 2173

Triangle 0.610+£0.010 0.332+0.019
Hexagonal 0.628+0.018 0.382+0.022
0.624+0.009 0.398+0.024

Square

55
50 A
45
40 -
35

30 4
25
20

Diamond %

Gyroid }

2 2.5 3 3.5

|
T T T T T T T T T T T T TTT

FCC foam

Mass loss ratio[%]

-
n

Specific Surface Area[m?/kg]

Fig. 6 Disintegration experiment result graph of 3D lattice structure
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A Study on Creep Phenomenon after the Releasing of Injection Molded
Articles
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KEYWORDS: Fiber-reinforced polymer (MR ZSEE2tAE!), Composite materials (S&AHZ), Injection molding (AKES-A4S), Viscoelasticity (MEH)

Recently, with the expansion of application of polymer composite materials, high levels of deformation compensation actions
have been developed. However, there is a problem of high-temperature viscoelasticity that occurs over time after
completing the injection molding process. In this study, changes of mechanical properties of the Moldflow program for
injection molding were analyzed to verify the viscoelasticity phenomenon through deformation analysis. In addition,
deformation analysis of plastic injection molded products according to arrangement of three ribs was conducted and two
products with different geometric shapes of the same function were compared. As a result, it was possible to reflect the
viscoelastic effect by reducing the elastic modulus and shear modulus of the material. It was confirmed that the geometric
shape with thick ribs formed in multiple longitudinal directions was mainly responsible. On the surface of the product where
the rib arrangement was parallel and perpendicular to the flow direction, the orientation was orthogonal to the linear
direction and the maximum residual stress was 81.17 MPa, which showed the largest value. It was judged that viscoelastic
phenomena could be predicted and that an arrangement of parallel and perpendicular ribs that might intersect should be

avoided.
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1. M2 59 g 71AA B4 7H FRPoF 22 a1iAl B e
45 B iAol =esto] 11 A7 ek 1-5].

%X FRP (Fiber Reinforced Plastics)2} #2 14} =314 SRR ob A At AR TS BT A8 2ok &
27t AEAE SRlE SOt SRt FHIY AlEe digat = Qs H-EAlEol it veft A=, A5, 71sd 245
ke LR 7|E tol /Ay a8 SO AAEE Al ol MEA 8= . 53] AEAFAE digt L7
st 1 Ag woprt et % ZlefEar ok 43t 714 st at= A W SR Ao EVHR AR
2 et Oﬂf?} §2 5% (Volumetric Weight)ye 7H 3124} +H 54 71ed olwe] Wi W IAR, A 3zt
Ha3lg e u7e 2 Al Qs Holol| 2 ARRE] CAE (Computer-aided Englneermg) X3 (Morphing) 2 &-535}t
aL QAJeE O]Eifz o= ekl vlad Aol 7tk 283 A o WY B
9 Fole tho] MMEES S Tt B4 FEol dF & 2 5o] 7HEE QAek6-8].

FAAE WA o 2 AR oI 56] &2 v} HIgH Al olg|dt Mo 5l AEAE 34 R Fof A2l
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Fig. 1 Strain variation with time by creep compliance phenomenon
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Table 1 Mechanical properties of CTS P6635

Elastic modulus, 1st principal direction [MPa] 9120

Elastic modulus, 2nd principal direction [MPa] 6870
Poisson’s ratio (v12) 0.4

Poisson’s ratio (v23) 0.71

Shear modulus (G12) [MPa] 2750
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Fig. 3 Placement of the ribs to flow direction

Table 2 Comparison of products A and B of the same function with
different geometries

Content

Size [mm] 476 x 278 x 103 489 x 309 x 85
Thickness [mm] 2.5 2.2
Volume [mm?] 729,965 1,100,433

Deformation analysis 30 300

error rate [%o]

Fig. 3@ 5 ol Bl 212 wjxE vehd Zolct.
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EHEE 100 mm o]/l IAAIF L Ui, 7] FA
= ]me ﬂt' l"—O]% 10 mm=

N
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on, 712 =7 3 mm, g2 F7] 2 mm, 2/H =o0] 10 mmZ

A gsgict.

[Unit : mm]
M 0.9667
0.7749

0.2831

-0.2006

[Unit : mm]
W 0.9668
0.7772
0.2876

-0.1916

[Unit : mm]
W 3.589
3.432

0.276

-1.038
(c) 70%
[Unit : mm]

W 3.697
3.488
0.279

-1.139

(d) 60%

[Unit : mm]
W 3.870
3.596
0.323

-1.224

(e) 50%

Fig. 4 Deformation distribution of the product with elastic modulus
and shear modulus

>
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Fig. 5 Average fiber orientation tensor outside the products with
different geometries
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Fig. 6 Average fiber orientation tensor inside the products with
different geometries
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[Unit : MPa]
M 30.00
20.56
9.668
I 0.2243

(a) Sample A

[Unit : MPa]
W 30.00
20.57

l 9.703
. 0.2711

(b) Sample B

Fig. 7 Mises-hencky stress inside the products with different
geometries
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Fig. 8 Fiber orientation tensor of rib placement to flow direction
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[Unit : MPa]
M 67.06
45.34
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. 0.2024

(a) Parallel
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32.81

20.28

. 0.2388

(b) Perpendicular
[Unit : MPa]

B 81.17
55.94
35.71

B 02613

(c) Parallel and perpendicular

Fig. 9 Mises-hencky stress of rib placement to flow direction
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Fig. 10 Deformation distribution for rib placement to flow direction
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Prediction of the Remaining Useful Life of L-holder for Continuous Ship

Unloader
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Fracture toughness (ILtx|Q14d), Fatigue crack growth (I|2=EXIH)

A Continuous Ship Unloader (CSU) is a facility in which multiple buckets rotate to excavate cargo from a ship to land. It is
typically designed to have a lifespan of 20 years. However, fatigue damage is likely to occur before the end of its
designated lifespan. This study aims to examine the possibility of extending the component's lifespan by evaluating the
remaining useful life of L-holder, a part of CSU, that has been in use for 20 years. Fatigue load history was predicted by
measuring the strain with or without strain at the L-holder part requiring periodic replacement. Through tensile and fatigue
tests, the remaining life was evaluated when cracks were not present. In addition, the remaining life in the presence of
cracks was evaluated through destructive toughness test and fatigue crack propagation test. Life prediction results based
on test cycles were obtained. The proposed guidelines are expected to be helpful for preventing CSU accidents.

NOMENCLATURE
o, = Stress Amplitude
O, = Mean Stress
S. = Endurance Limit, Fatigue Limit

S, = Ultimate Strength
as = Critical Crack Length
N = Remaining Useful Life

SERILE

7](Continuous Ship Unloader, CSU)= Ae+&
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Fig. 3 Compact tension (CT) specimen for fracture toughness test
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Fig. 4 CT specimen for fatigue crack growth test
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Fig. 5 Measured principal strain under the no-load operation
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Fig. 11 Load-COD curve for SM490YB and CT specimens
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Table 2 Inspection period for each grade

Grade

(Remaining useful life) Inspection interval

1% (10 years or more) Crack inspection/3 years

2" (6 years or more) Crack inspection/1 years

1) Crack inspection for one ship during cargo
operations

2) Inspect immediately when abnormal load
is detected

3 (5 years or less)

= Ao FriEct. SR 27|
=lo] 80 mm o}/ FHo] = % %— 54
2 F43] g2 el 9 AH-S flaixe 2avh da

-

Q_
dole) 18] 29 A AAlsiel, 25 A1E RARS AR
S

2 2450, 91 18] FAAANE Ao Btk b A2 3
539 9ol MaHy) stk FAHAES A A
A A B4 BN S Ao A



654 / August 2023

o

ZHLUSSSX| M40H Mss

4. 48

2 AFellde 2043t ARgste] Ao mEd 44
stefz]el Hdas 5 shtel L-E2H9 XJ%#%‘% 53]

At AFE FYsIlon AR o A
L-Ztjo] o] &A5}A] &= AL, AFAFA Ol 2¢] 2 vk
3h= Hdh-&Z o] SM490YB 2:4]¢] .L]E?S]-EOH n|ato] &5]
< & AU el #&#Uﬂ‘c’ 7}X1L Aog BAEY]
e
7

o & 0o
.
i)

S

il o
N
N
o

o]
Lol 2eto] EAlsk: A9, vista] AAE Folol 3%
AZo]7k 5 mm o|ufeldl gHE4o] 404 ol4ol]
sk 2o HEFLLeI7 80 mmE 23 A
E4go] 54 ofatr} wn, olulEl oA Bt )
shgol sfstel 2710l s 7Hsdo] 7] dhzel Fopt

e dddolol Hste] AAHCz g7 fiste] 24

£ AAsk. A% ddaA 7l A 145
7|Eo 2 Sl Z8ele vad Aok Al =E%t A
&4 3t9719] Histe] HIJJM’U4 ARE Bt ol HiEeR
HER HrRE AAsH sEe AT 1 & AE A
B AP ggsto] F7|H o vaPAE 3 o
FARLE Aol Hl ==o] 2 Ao 2 YididEr

r

ACKNOWLEDGEMENT

o] =2 20219 AR Eeh)e] Ao gl
Aeke] 2918 vrol 4=3E 12)(No. 2018R1A6A1A030243509).

REFERENCES

1. Park, G T, Chung, G Y., Seok, C. S., Song, J. I, (2018),
Evaluation of critical crack length of tension bar for continuous
ship uploader, Journal of the Korean Society for Precision
Engineering, 35(12), 1169-1177.

2. Kobayashi, T., (1985), Mitsubishi continuous ship unloader, Bulk
Solids Handl., 5(3), 529-533.

3. Wasy, A, Rehman, A. U., Kim, H.-S., Ha, S.-H., Song, J.-L,
(2012), Structural analysis of continuous ship unloader,
Proceedings of the Korean Society of Manufacturing Process
Engineers 2021 Autumn Conference, 2075-2078.

4. Kim, C. U,, Lee, D. W,, Park, S. B., Song, J. L., (2017), Dynamic
characteristic evaluation of the bucket elevator chain pin and
plate, Journal of the Korean Society for Precision Engineering,
34(3), 211-215.

Park, J., Kim, C., Song, J., (2015), Study on the dynamic
behavior of heavy-duty roller chain systems, Proceedings of the
Korean Society of Manufacturing Process Engineers Conference,
138.

Nam, G. B., Ku, H. K., Wang, Y. Q., Hahm, C. H., Song, J. L.,
(2010), Structural analysis for portal girder of 2000ton CSU
using finite element method, Proceedings of the Korean Society
of Manufacturing Process Engineers 2010 Conference, 159-160.

ASTM E1820-18, (2013), Standard test method for measurement
of fracture toughness.

ASTM E647-15, (2015), Standard test method for measurement
of fatigue crack growth rates.

Kumar, V., German, M., Shih, C. F., (1981), Engineering
approach for elastic-plastic fracture analysis, Electric Power
Research Institute, 1-234.

Seung-Hun Lee

Master candidate in the Department of
Smart Manufacturing Engineering, Chang-
won National University. His research inter-
est is finite element analysis.

E-mail: tmdgns5791@naver.com

Dong-Woo Lee

Research Professor in the Research Institute
of Mechatronics Changwon National Uni-
versity. His research interest is reliability
assessment of machine and composite mate-
rials.

E-mail: Idwg1128@changwon.ac.kr

Jung-11 Song

Professor in the Department of Mechanical
Engineering, Changwon National Univer-
sity. His research interest is reliability
assessment of machine and composite mate-
rials.

E-mail: jisong@changwon.ac kr



S HUISS|X| X 40 H X 8= pp. 655-663

August 2023 /655

< | ron

Korean Soc. Precis. Eng., Vol. 40, No. 8, pp. 655-663

&8 MRS 0|8 MY Y

http://doi.org/10.7736/JKSPE.023.042
ISSN 1225-9071 (Print) / 2287-8769 (Online)

MA7IEE SR R o8t £

| ] [ = [ 1=

Wearable Inertial Sensors-based Joint Kinetics Estimation of Lower
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Recently, the estimation of joint kinetics such as joint force and moment using wearable inertial sensors has received great
attention in biomechanics. Generally, the joint force and moment are calculated though inverse dynamics using segment
kinematic data, ground reaction force, and moment. However, this approach has problems such as estimation error of
kinematic data and soft tissue artifacts, which can lead to inaccuracy of joint forces and moments in inverse dynamics. This
study aimed to apply a recurrent neural network (RNN) instead of inverse dynamics to joint force and moment estimation.
The proposed RNN could receive signals from inertial sensors and force plate as input vector and output lower extremity
joints forces and moments. As the proposed method does not depend on inverse dynamics, it is independent of the
inaccuracy problem of the conventional method. Experimental results showed that the estimation performance of hip joint
moment of the proposed RNN was improved by 66.4% compared to that of the inverse dynamics-based method.
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Fig. 1 Free-body diagrams of (a) foot segment and (b) arbitrary segment i
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Table 1 Averaged RMSE of the (a) joint force and (b) moment estimation
(a) Joint force [N]

Ankle Knee Hip
Ml M2 M3 Ml M2 M3 Ml M2 M3
Subject] 0.13 0.19 221 1.14 1.23 2.18 4.00 5.20 2.50
Testl Subject2 0.11 0.12 2.12 1.19 1.41 2.29 435 4.62 3.11
Test Subject3 0.17 0.23 2.30 1.23 1.51 222 3.90 4.92 3.00
Subject4 0.17 0.18 1.97 1.26 1.53 2.02 4.51 4.58 2.51
Subject5 0.23 0.40 2.45 1.23 1.96 2.58 3.06 6.30 3.07
Test3 Subject6 0.20 0.27 4.37 1.54 1.57 3.02 449 4.60 3.78
Average 0.17 0.23 2.57 1.26 1.53 2.39 4.05 5.04 3.00
(b) Joint moment [Nm]
Ankle Knee Hip
Ml M2 M3 Ml M2 M3 Ml M2 M3
Test] Subject] 0.98 1.53 1.15 2.72 3.65 1.21 8.06 8.72 1.79
Subject2 1.80 1.97 4.63 4.09 4.56 4.49 7.14 4.80 2.94
Test Subject3 1.37 2.41 1.54 6.21 7.47 1.67 10.94 12.03 2.08
Subject4 1.13 1.30 3.97 3.62 3.15 3.14 10.50 12.25 2.44
Test3 Subject5 2.19 2.67 1.85 2.48 6.42 3.48 4.28 8.64 4.77
Subject6 1.74 5.09 2.61 3.01 5.40 3.08 6.60 9.84 4.89
Average 1.54 2.50 2.63 3.69 5.11 2.84 7.92 9.38 3.15
el B o) A elolelz RUT Dgelc) I & A, AFATHE SR G, 2elm A SEO
ol 7t flaEEE 23] WAl it Holet AF HolER,  WHAA Hols] T2\ Y ol S A4WE Al
ol sl dlolel2 ALgslel mele] A58 Magelatt A a7 P mAES 2sis wolth. M29] A9 AlAe]
golg 7= ol FE52AIE sidstal o g 4 AAE Fs] Sfel AU EE ARSI 24]. 2 2
of A mdle s7] flsf, AlgtA el 3k HlolH Y= A 4 dee vlash] flsf = vl o 9 HHlEe] oigh &
9l MPHoR 2771 WHlolth. B Aol By Hlolel A ko) B AlE ©3HRoot Mean Squared Error, RMSE)S
o) kg 27717 19 F A4A dlole F4e Agsdth.  ALsigr.
AR Aoz ATz AFo] Qolo] HzhBiasyS 7leh
YHoR, sy Aol Ao|RASE A PR Y
SE 4 ot wEbA, 09] Fatt 0.5 deg/s®] EFHAE 2t 4. 240 A 0H
 ATFREOA Aoe] 3349l A4 WES A9 A4St
Aol 2 AFZ 5o HaFEidet. FHA S 712 B Table 12 Al o] ¥ ¢ 9l BHIES] 3t RMSES &
BAAel oty of7)A Fig 5ok o] 7k Elaenith F el mj#j

o] 9% Az Qoje] 10| =g Flels Aotk B
Al 74 A 9] o)z feeo] they] wEol, 2k AI4o] o] ojgk A% wlolE|e] Aulrt AelEl e,

= fzo] W JMfe] wol2E goleulct FA9lR ANS ¥ ] Aue] A9, WE FRelAL JEPEl Mist
o 2 A AES) S, FIA, Aol el M2e] o] AU M]S| A8k e, kol
AAZAAS] 7o) teolite 242 B3E 005 w03 degs, = M3o] S0 skt o, Sgeli Miel it
123 0.01 a.u (Arbitrary Unit)e] EEHAE 2=t} RMSE7} M2 tjH] 0.86 Ny 2 diHo|| T3F-o|A= 2F 2 N
A1 BTt s AR Al 2 S 1 A dektch ok 24 0] 100 N ol59] o
ulasts] Slal, A 714 e vl BAsech Sad W itk He mefeks o), Wiel tE 45 dolst u)
(M YA 2 AN Agolol $8 BFRAONS 245 2 A02 ¥ Sl
ARSI, BAAAZ I ShEeiobe st W, A Y B 49, Saol B olrh EAstAA, &
(M= FHE BN RS B 5 SE OIS S mpe] UL Miol T el W) et
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Fig. 6 Estimation results of (a) joint force and (b) moment of Test 2 from Subject 3
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Fig. 7 Estimation results of (a) joint force and (b) moment of Test 3 from Subject 6
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The objective of this study was to present a rotary manipulating system driven by a rotary actuator based on twisted shape
memory alloy (SMA) wires. The rotary actuator was composed of two oppositely twisted SMA wires connecting a rotor and
a stator through a shaft. Two oppositely twisted SMA wires could generate bidirectional rotary motions upon actuation of
each twisted SMA wire corresponding to the direction against the twist direction of each SMA wire. A manipulator was
designed and fabricated by integrating manipulating arms, the rotary actuator, and a Hall effect magnetic rotary encoder
which could measure the angular position of the rotary motion. We modeled and characterized the manipulator upon
application of a ramp current input to each twisted SMA wire. A proportional-integral-derivative (PID) controller was
designed and implemented to control the proposed rotary manipulator. Reference angular position tracking performances of
the manipulator were evaluated with a series of experiments.

1. Introduction

For decades, shape memory alloy (SMA) has gathered intense
research interests for many scientific and engineering applications,
for examples, composites [1-3]; robotics [4-7]; biomimetics [5,8];
biomedical [9]; and wearable devices [10,11]. SMA exhibits large
deformation with relatively high power density and can be easily
integrated into the structures as many available forms (wire, sheet,
etc.) [4,6,12-14]. At low temperature, SMA is represented by the
twinned Martensite without external stresses or loads [13,14]. And
it is deformable to the detwinned Martensite by external loads at
low temperature [13,14]. The deformed (detwinned) SMA is
restored to its original shape by applying heat, and it is called the
shape memory effect (SME) [13,14].

The property enables SMA applicable for the actuators. In many

practical applications, actuation mechanism based on the axial

Copyright © The Korean Society for Precision Engineering

Manuscript received: April 14, 2023 / Revised: May 23, 2023 / Accepted: June 5, 2023

contraction of the SMA wire has been preferred [1,3,4,6,15].
Recently, we proposed a new actuation mechanism for a rotary
actuator based on the twisted SMA wires [16], reporting the design
and fabrication processes with actuation performances of the rotary
actuator.

In the present work, we designed and fabricated a rotary
manipulating system driven by a rotary actuator based on the twisted
SMA wires. The rotary actuator is composed of two oppositely
twisted SMA wires connecting rotor and stator through a shaft. The
two oppositely twisted SMA wires generate bidirectional rotary
motions upon actuation of each twisted SMA wire corresponding to
the direction against the twist direction of each SMA wire. A simple
manipulating system was designed and fabricated by integrating the
manipulating arms, the rotary actuator, and a Hall effect magnetic
rotary encoder which measures the angular position of the rotary

motion. We modeled and characterized the transfer function of the

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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manipulating system upon the application of ramp current input to
each twisted SMA wire. A proportional-integral-derivative (PID)
controller was designed and implemented for the proposed rotary
manipulating system. The reference angular position tracking
performances of the manipulating system were evaluated with
varying the angular velocity and the maximum angular position of

the reference ramp inputs.

2. Design and Fabrication of the Rotary Actuator and
Manipulating System

2.1 Design and Fabrication of the Rotary Actuator using
Twisted SMA Wires

In our earlier report, we proposed a rotary actuator prepared
by the twisted SMA wires, with presenting its actuation
mechanism; design; fabrication processes; and actuation
performances [16]. For the present work, we further developed
the technique for a rotary manipulator driven by the similar
rotary actuator integrated with the sensor and controller. Fig.
1(a) shows the rotary actuator unit designed and used for the
present work. The two oppositely twisted SMA wires (200 um
diameter Flexinol® SMA wire with 70°C of phase transition
temperature, Dynalloy, Inc.), denoted by twisted SMA wire 1
and 2, respectively, are folded and adhered through the holes in
the rotor and the stator. A UV curable resin (JJOMA UV Resin,
Jjomanhan — Maeul) was used for the adhesion. We attached a
magnet assembly on top of the rotor so that it generates a
magnetic field on the rotary encoder, which senses the angular
position of the rotary actuator. A shaft connects the rotor and
the stator through their center. The fabricated rotary actuator
units are presented in Fig. 1(b). Fig. 1(c) shows the actuator
units with the magnet assembly attached.

We provide an optical image of the two oppositely twisted SMA
wires in Fig. 1(d). Those twisted SMA wires were fabricated by
using the same setup and procedures reported in our earlier report
[16]. A stepping motor was used to twist the SMA wires
(approximately 80 mm long), and the rotating direction of the
stepping motor controls the twist direction. The twisted SMA wire
generates rotary motion against the twist direction [16]. For the
present work, we used the revolutions of the stepping motor as 50,
which results in approximately 2 mm of helix pitch within the
twisted SMA wires. A UV curable resin is applied surrounding the
twisted SMA wires for insulating them during the actuation as
shown in Fig. 1(e). Figs. 1(f)-1(g) present optical images of the 3D
printed (ABS) rotor/stator, and the magnet assembly, respectively.

Fig. 2(a) presents a schematic of angular position measurement

Shaft
Twisted SMA wire 1

ﬁ

Twlsted SMA wire 2

Magnet assemb \\\\\\\\\

SN\

(g)

,\Twmed SMA wire 1

Twisted SMA wire 2

Fig. 1 (a) A 3D model of the designed rotary actuator. (b) Photo of
the fabricated rotary actuator. (¢) The rotary actuator with the

magnet assembly. (d) The oppositely twisted SMA wires. (e)
The twisted SMA wires applied with the UV curable resin
and the electrical leads. (f) Photo of the rotor and shaft. (g)
Photo of the magnet assembly

PCB

(a) Hall effect rotary
encoder

(C) Rotary encode
Magnet
\ Shaft
shaft ’
axis
Rotary\\ y
motion ¥
/ Twisted
“ SMA wire
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Fig. 2 (a) A schematical illustration of the rotary actuator with the
rotary encoder. (b) Photo of the rotary actuator with the rotary
encoder. (c) Detailed view of the rotary encoder

for the rotary actuator with a Hall effect magnetic rotary encoder.
Upon the application of electric current to one of the twisted SMA
wire, it generates rotary motion of the rotor about the shaft axis
(against the twist direction). The magnet assembly rotates in the
same direction. The rotary encoder detects the change of the
magnetic field and measures the angular position of the rotor. Fig.
2(b) presents the rotary actuator assembled with the rotary encoder
and Fig. 2(c) shows detailed view of the rotary encoder. We
modified a commercially available rotary encoder (SME360CAP,
SERA) for the present work.

2.2 Design and Fabrication of the Rotary Manipulator

As presented in Figs. 3(a)-3(c), we designed a simple
manipulating system composed of two rigid arms (fabricated by a
3D printer using ABS) assembled with the rotary actuator and the
rotary encoder. Figs. 3(a)-3(c) schematically show how the upper
manipulating arm rotates by the rotary motion of the rotary
actuator. We used the sign convention for the rotary motions of the

manipulating system as depicted in Figs. 3(b)-3(c).
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Rotary actuator

Fig. 3 A schematical illustration of the rotary manipulator with its
rotational motions

(d)
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Fig. 4 (a)-(c) The fabricated rotary manipulator and the resulting
rotary motions generated by the applied electric current to the
twisted SMA wires in the rotary actuator. (d)-(f) Schematic
illustrations of the rotary motions of the manipulator

The rotary actuator rotates the manipulator bidirectionally by
application of electrical current to each twisted SMA wire. The
rotary encoder integrated into the manipulator measures the
angular position of the rotor. Figs. 4(a)-4(c) capture the resulting
rotary motions of the manipulating system upon sequential
application of electrical current (1.5 A) to each twisted SMA wire
(denoted by twisted SMA wire 1 and 2, respectively) with
schematic representations in Figs. 4(d)-4(f).

3. Experimental Setup

An experimental setup composed of the rotary manipulator, a

Fig. 5 Experimental setup composed of the manipulator, current
driver, and DAQ system

custom-made current driver, and a DAQ board (NI-USB6211) was
built and used for the experiments; Fig. 5 presents the experimental
setup. We built and used a custom software to drive and control the

rotary manipulator by using LabView.

4. Results and Discussions

4.1 Characterization of the Rotary Manipulator

To characterize the response of the manipulator driven by the
proposed rotary actuator, we applied a ramp current input to each
twisted SMA wire (denoted by isma; and isyaa, respectively). We
defined the positive rotating direction of the actuator as the rotating
direction corresponds to the twisted SMA wire 1; denoted by
SMAL1. For the positive rotary motion, we applied the ramp current
input to the SMA1 as igya1(7) = 0.1¢ A for 18 sec, while the current
to the SMA2 was zero.

Fig. 6(a) plots the applied currents (isma; and isman) to the
twisted SMA wires. Fig. 6(b) provides the resulting angular
position of the manipulating arm in the positive direction,
measured by the rotary encoder. For the negative rotary motion, we
applied the same ramp current input to the SMA2 as igvax(#) = 0.1¢
A for 18 sec, while the current to the SMA1 was zero as shown in
Fig. 6(c). Fig. 6(d) captures the resulting angular position of the
manipulating arm in the negative direction, measured by the rotary
encoder. As shown in Figs. 6(b) and 6(d), there exists the minimum
current level from which the angular position starts to be
recognizable (approximately 0.5 A and 0.3 A for the positive and
negative directions, respectively). In other words, the rotary
motions of the SMA wires are not initiated at the input current
smaller than those values. It is expected that the temperature-
induced phase transformation of the SMA wire is not sufficiently

initiated at the electrical current smaller than those values.
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Fig. 6 (a), (c) The current input to the twisted SMA wires, and (b),
(d) the resulting angular position of the manipulator; (b)
motion in the positive direction, (¢) motion in the negative
direction

We also plotted the measured angular position of the rotary
actuator with respect to the amplitude of the input current in Figs.
7(a)-7(b). As the input current had values from zero to specific
values (approximately, 0.45 A and 0.3 A for the positive and
negative rotating directions, respectively), the rotary actuator

showed nearly zero angular motions. The rotary actuator started to
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Fig. 7 Angular position of the rotary actuator with respect to the
amplitude of the input current (a) in the positive, (b) in the
negative directions
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Fig. 8 Block diagram representation of the rotary manipulating
system

rotate the manipulating arm at the input currents larger than those
values. We define the dead-band of the rotary actuator at which it
does not respond (or its response is negligible) to the input current.
The upper bounds of the dead-band are defined as the bias currents
(denoted by ipiss1 and iyisy for the SMAT and SMA2, respectively).
And the control inputs to each twisted SMA wire (denoted by 7o
and i,y for the SMA1 and SMA2, respectively in Fig. 7) are used
to model the system response upon the ramp input was applied.
The resulting block diagram of the rotary manipulating system
is presented in Fig. 8. We modeled the rotary manipulator as a
critically damped second order system with the gain K and the time
constant 7. The response of the system upon the application of the

ramp input Z.,(#) = 0.17 is obtained as in Equation (1) [17].
At) = 0.1K[t—2T+(t+2T)e "] (1)

We plotted the ramp responses of the rotary actuator in the
positive and negative directions in terms of the control inputs icyy
and i in Fig. 9, where icon (f) = icon2(?) = 0.1¢ A. The model fitted
responses following Equation (1) are plotted together in Figs. 9(b)
and 9(d) with the experimental data. Table 1 summarizes the fitting
coefficients K and 7 of the model obtained by nonlinear least
square curve fits, with the coefficient of determination R>.

The system parameters (K and 7) obtained from the ramp

responses showed small variations between the positive and
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Fig. 9 (a), (c) The ramp inputs to the rotary manipulator ic,, and
icon2, and (b), (d) the ramp responses of the rotary actuator in
the (b) positive and (d) negative directions with the model fits

negative directions. We expect those variations are mainly caused
by the quality variations in the manufacturing processes of each

twisted SMA wire, and the manipulator assembly.

4.2 Controller Design and Performance Evaluations

We implemented a PID controller to the rotary manipulator and

Table 1 The system parameters obtained from the model fits of the
ramp responses

Positive direction Negative direction

K 83.4797 105.3464
T 11.5931 15.6548
R’ 0.9986 0.9989

Toias

6 1 % K 0
V=K, |14 +Ts G(s)=
—| K.(5) K,,(l ’S+T,3J : () B+1)

Teon

Fig. 10 Block diagram representation of the feedback control system

evaluated the reference angular position tracking performances.
The block diagram of the feedback control system with the PID
controller is shown in Fig. 10.

We first designed a PI controller with the controller gain Kp and
the integral time 7; based on the Ziegler-Nichols tuning rules [17].
And a small derivative action with the derivative time 7, was
added to the controller. For the gain tuning, the average values of
the system parameters (K and 7) in the positive and negative
directions obtained from the ramp responses were used. The
resulting controller gain Kp, integral time 7;, and derivative time T,
are summarized in Table 2.

To evaluate the performance of the control system, we
considered the ramp reference angular position () as shown
in Fig. 11. The slope of the ramp reference input is defined by
the angular velocity @ = 6O,./t, and we varied the angular
velocity @ and the maximum angular position &, for the
experiments.

We implemented the designed PID controller with a custom-
made control software using LabView and captured the angular
position of the manipulator upon the applications of ramp reference
inputs. The maximum current input to the twisted SMA wires was
limited by 2 A to prevent overheating and failures of the SMA
wires. Fig. 12(a) plots the response of the manipulator obtained
from the reference angular position tracking experiments by setting
the angular velocity and the maximum angular position of the
ramp reference input as @ = 0.1%sec and 8,,,x = 1°, respectively.
The inset in Fig. 12(a) shows the magnified image of the data. We
conducted numerical simulations of the response using MATLAB
and the simulated response is plotted together in Fig. 12(a). The
control system follows the reference angular position well with
small position error as shown in Fig. 12(b). Fig. 12(c) presents the

control input currents to each twisted SMA wire during the
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Table 2 The gain, integral time, and derivative time of the PID

controller
Controller parameter Value
Kp 0.90
T; [sec] 45.41
T, [sec] 0.60
o0
4

Fig. 11 Schematic representation of the ramp reference angular
position
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Fig. 12 (a) Response of the manipulator with the reference input and
the simulated signals (@ = 0.1%sec and G, = 1°). (b)
Position error. (c) The control inputs to each twisted SMA
wire. Inset in (a) magnified image of the data

experiments.

We increased the maximum angular position of the ramp
reference input @,,x = 10° with the same angular velocity @ = 0.1 °/
sec. The results are plotted in Fig. 13(a) along with the simulated
signals. As the magnitude of the reference input increased to 10°,

the response of the control system still follows the reference input
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Fig. 13 (a) Response of the manipulator with the reference input and
the simulated signals (@ = 0.1%sec and G = 10°). (b)
Position error. (c) The control inputs to each twisted SMA
wire. Inset in (a) magnified image of the data

well; see position error presented in Fig. 13(b). Fig. 13(c) plots the
control input currents to each twisted SMA wire during the
experiments, and we observe the increases in the control inputs for
the manipulator to follow larger reference inputs.

We conducted experiments with faster angular velocity of the
ramp reference input as @ = 1°sec. Fig. 14(a) captures the
angular position of the manipulator with the reference ramp input
(where 6, = 10°) and the simulated signals. As presented in Fig.
14(b), the response of the manipulator exhibits relatively larger
position error compared to the results with slower angular
velocity. Fig. 14(c) plots the control input currents during the
experiments. Referring to Fig. 14(c), larger control inputs are
required for tracking faster angular velocity of the reference
input.

The maximum angular position of the ramp input was further
increased to @, = 30° with the same angular velocity (@ = 1°/sec),
and the experimental results are plotted in Fig. 15(a) with the
position error in Fig. 15(b) and the control inputs in Fig. 15(c). The
manipulator followed the reference position with position error
smaller than 2° as shown in Fig. 15(b). The control currents
required higher values for tracking larger magnitude of the
reference input.

Finally, much faster reference input was considered with the
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Fig. 16 (a) Response of the manipulator with the reference input and
the simulated signals (@ = 10%sec and G, = 30°). (b)
Position error. (c) The control inputs to each twisted SMA
wire

angular velocity @ = 10°sec. We applied the maximum angular
position of the ramp reference input as 6,,x = 30°. The resulting
response of the rotary manipulator is presented in Fig 16(a) with
the position error and the control inputs in Figs. 16(b) and 16(c),
respectively. Referring to Figs. 16(a)-16(b), the manipulator could
not sufficiently follow the faster reference input and large position
error was observed during the motions. Since we limited the
current input to the SMA wire (isya = foias T eon) 3S IsMAmax = 2 A,
we observed almost saturated control input currents during the
motions.

It is noted that further tunes of the controller gains with
considering advanced controllers will improve the reference
tracking performance of the system. We remain the related studies

for our future works.

5. Conclusions

In this study, we presented design and fabrication of a rotary
manipulator driven by a rotary actuator based on the twisted SMA
wires. The dynamic response of the manipulator was characterized

by ramp response, and a PID controller was implemented for the
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position control of the manipulator. The reference angular position
tracking performances of the manipulating system were evaluated
upon the ramp reference inputs applied with varying the angular
velocity and the maximum angular position of the ramp input. The
proposed manipulator reliably followed the reference input with
position error smaller than 2° up to 30° of the maximum angular
position under 1°s of the angular velocity. While the proposed
rotary actuator has benefits for miniaturization; integration into the
assembly; with its relatively easy control of the bidirectional
motion, it has limited operating range and has difficulties for
achieving continuous rotary motion with the present form, when it
is compared to conventional electric motors. Further studies for
overcoming the limitations with the improvements of the
performance by re-designing and improving the manipulator with

the controller will be followed as our future works.
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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



I Code of Ethics for Academic Activities

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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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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[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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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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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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12F, SKY1004 Bldg., 50-1
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HYUNDAI

"WIA

> XF2000 (E=

> XF2000i (2~ 2 BF 7t58)

MMofgle Lzl

Flead (@ 212 FAST & DYNAMICS & ACCURACY

FAST

2 A1 27, 0155 UL 26

‘DYNAMICS

a L d
14, D45 WEQI F5 X

=
= |

"ACCURACY
2|L0| AHY & 2E2 NAH BEZE X

HYURnDAI AL BEEE FRA G HEE 153 U7X HHE /G XIH Tel (055) 280-9317
WI.A Tel (055) 280-9299 o|&V|=X|HAME/ZEX|H Tel (031) 596-8204
http://machine.hyundai-wia.com https://www.youtube.com/HYUNDAIWIAMT




Your Partner in

Suceess
Since 19899

ACE =~ 7
nanoche
E0{|0] A Lp1 7

www.acenanochem.com



Chemical Mechanical Polishing Total Solution

CMP & Polishing
Service

» MEMS Structure

» Coupon Wafer ~ 12 inch Wafer

> Sapphire / LCD / PCB / Quartz / Glass

» Rectangular, Thin and Flexible Substrate
» CMP Process : Si, Oxide, Metal, STI, etc.
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CMP EQUIPMENT FOR R&D
|
Polisher - POLI-7B62 for Coupon, up to 12" wafer

- POLI-B10 for Compound wafers

- POLI-500 for Coupon, up to 8" wafer

+ POLI-400/ 400L for Coupon, up to 8" wafer

- POLI-300 for Coupon, up to 4" wafer
Monitoring System Friction force and Temperature
Post- CMP Cleaner Cleaner-412S, Cleaner-812L, Cleaner- 412R, Cleaner- 326L
Pad Measuring System VMS (Viscoelasticity], PMS (Profile), TMS (Thickness)
CMP EVALUATION & SERVICE
CMP Consumables Evaluation Pad, Slurry, Conditioner, Retainer ring, etc.

CMP Process Service

G&P Technology Inc

CID GasP TCCHNOLOGY Tel: 051-518-9736, Fax: 051-513-2506

URL: http://www.gnptech.com / E-mail: gnptech@gnptech.com
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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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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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Korean Society for Precision Engineering



#IHYUS Y

Korean Society for Precision Engineering
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International Conference on
PRecision Engineering and Sustainable Manufacturing
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