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Recently, lightweight materials centered on the future mobility industry are used in various parts such as battery housings
and EV platform frames to improve fuel efficiency of automobile engines. Polycrystalline Diamond (PCD) tools are in
demand by parts processing companies to improve productivity for machining lightweight parts. PCD drills have excellent
cutting performance and wear resistance in high-speed machining. They are expected to grow in the global cutting tool
market in the future. Research is needed to improve their performance. In this study, PCD gun drill and twist drill were
respectively manufactured using brazing technology. Comparative machining experiments were then conducted. The PCD
gun drill is a straight-shaped tool with a PCD tip brazed to a tool body groove for the tip to enter the cutting edge. The
PCD twist drill is a spiral-shaped tool with a PCD drill blank brazed to a V-shaped butt joint with the tool body and an
internal groove. Both PCD drills were successfully manufactured and evaluated for dimensional accuracy and surface
quality by machining aluminum alloy materials with MCT equipment. In the future, we will evaluate not only aluminum
materials, but also various machining materials.
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Fig. 3 CNC erosion grinder

(d) PCD twist drill set up

(c) PCD gun drill set up

Fig. 4 Photos of the experimental set up on the MCT equipment
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Fig. 5 Photos of the fabricated PCD drill

Table 1 Machining conditions for PCD drill
Spindle speed [RPM] 5000, 7500, 10000

Feed rate [mm/rev] 0.1, 0.14,0.18
Cutting depth [mm] Feed depth: 6
Workpiece size [mm] 100Wx100Lx6T

Table 2 The main dimensions of drilling
Parameter PCD gun drill PCD twist drill
Lipheight [mm] 0.005 0.001
Runout [mm] 0.000 0.003
Blade diameter of tool [mm] 6.010 5.000
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(a) PCD gun drill-internal oil

(b) PCD twist drill-external oil

Fig. 8 3D geometry of machined AL6061 surface
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Characteristics of Lamb Wave Propagation on a Nanoscale Membrane

Induced by a Laser Ultrasonic Technique
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Z21}), Nanoscale membrane (O}0|5.2 = 3|Q1), Wave propagation (IS FI})

A lamb wave propagation behavior on a freestanding nanoscale membrane was investigated using a laser ultrasonic
technique in the present study. A 110-nm thick aluminum (Al) layer was deposited on a rectangular 200-nm thick silicon
nitride (SiN) membrane and the Lamb wave was launched using a pulsed laser. The transfer matrix technique was
employed to obtain a theoretical dispersion curve so that material properties of the SiN membrane could be estimated
through curve-fitting. In addition, picosecond ultrasonic measurement was used to characterize the Al film. Results showed
that the dispersive behavior of Lamb wave in the fundamental antisymmetric mode could be clearly observed on the
membrane. However, comparison of dispersion curves indicated that the effect of residual stress of the film became more

influential at a low dimensional scale.
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NOMENCLATURE

A = Amplitude

B = Product of Effective Elastic Modulus and Thermal

Expansion Coefficient
C, = Specific Heat
¢ = Effective Elastic Modulus
D = Field Matrix
D = Flexural Rigidity
d = Film Thickness
f

= Frequency
Iy = Laser Intensity
i = Interface
k = Wavenumber
L = Longitudinal Wave Component

6 »» xm™m T

-

> A ™ g £ g < =

Layer Matrix

Layer

Reflectance

Shear Wave Component
System Matrix

Time

Displacement

Velocity

Laser Heating Function
Angular Frequency
Phase

Absorption Depth
Thermal Conductivity

The 1% Lame’s Constant
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= The 2" Lame’s Constant

n
p = Density

c = Stress

t = Laser Pulse Width
¢ = Scalar Function

vy = Vector Function
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1 100 nm Al

200 nm SiN
200 pm Silicon
200 nm SiN

(a) A schematic picture of the cross-section of the membrane

‘

(b) A photo of the 10 mm x 10 mm silicon nitride membrane
before the aluminum deposition

Fig. 2 The nanoscale membrane specimen
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Fig. 3 A schematic picture of the laser optical setup. BPD: balanced
photodetector, BS: beamsplitter, CCD: charge-coupled
device, CW: continuous wave, DM: dichroic mirror, FL:
focusing lens, HWP: half-wave plate, MR: mirror, OBIJ:
objective lens, PBS: polarizing beamsplitter, PID:
proportional-integral-differential, PZT: piezostack, QWP:
quarter-wave plate
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Fig. 4 The picosecond ultrasonics experiment result
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Fabrication of LSC Cathode for High-performance Solid Oxide Fuel Cell
with Suppressed LSC/YSZ Interface Side Reactions
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Lanthanum strontium cobalt air electrode (LSC Z27|=), Alternative sintering method (CHX||AZEH)

In this study, we introduce a novel flash light sintering (FLS) method to address the issue of secondary phase formation in
conventional high-temperature thermal sintering processes. The microstructure and cross section of the Lanthanum
strontium cobalt (LSC) air electrode were analyzed using field emission scanning electron microscopy (FE-SEM). The
presence of secondary phases was evaluated using X-ray diffraction (XRD) and energy-dispersive spectroscopy (EDS) in
SEM. Electrochemical performance was assessed using NiO-YSZ anode-supported LSC cathode cells at 750°C. The
maximum power density of the thermally sintered LSC cathode at 900°C was 272.4 mW/cm? while the flash light sintered
LSC cathode by 18.5 J/cm? achieved 2,222 mW/cm? These results demonstrate that the flash light sintering process can
effectively prevent secondary phase formation and successfully sinter the electrode, thereby enhancing the performance
and reliability of SOFCs.
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1. M2 T, A elAe] Ast Luba ARG H71E ALk 4
Aolck. MAAFEHE 4] Ha|UE TAE SOFCE 4k o

AR AR T|Nke] A FF PRE AR A0 o Aot LR ALgs17] whEe] T5 A] Akh olee] Aw
& Zaska Qrk. oledt BAS shasky] 9Ig A Aeke 2 shusy] 918 129] FE7(800-1,000°C)0] LTECE
12 47 (Solid Oxide Fuel Cell, SOFCY= 874201 584  opxut 1.2 ZEFALS ATo] Ao} o A8 249] A}
3 oA Yo FEIT giry. SOFCE e o8d wjE,  Zesh] ujio] B Aol Alge] 9la, L AY 4
Be oUx £&, 2PT ARt TE AR SA4 5ol 4 ks AR THS S sk BAIZE ATH3AL met o]
AES /I Qs A AR UA B AN AW SAs] 98 120 ABLES FALY AT-LEES0-
SIH1.2] TS0°0)R el ABATS| B AW I YrHs-T]

SOFCS] %% flel ARTold 0] ahigo], 3713 F& F(600-750°C)9] SOFColME Hahdz ol=elof oy
o= AlA9] F1¢Iu %(Oxygen Reduction Reaction, ORR)?| 3} |2 FYol(Yttria Stabilized Zirconia, YSZ)7}, 37| =0 2=
oA F7]Fo0 2 FYUE AAE Akh o]l2og HIESH A=A Mgl (Mixed Ionic and Electronic Conducting, MIEC)

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.
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270] AMGHTHSI]. HEH Q] MIEC BHRYE LagSry«CoOss
(LSC)2} LagSro4CopFensOs5 (LSCF) 5o 3lom, ol52
wejol = s)ke] sz b avlolE Ade] BHol.

Rk 2 A4 A daele] shag sfa) SOFC 4
2 2NN 1129 2AT0] Basitt. TeiE 1.eo] 37
oAl YSZ W9 X2 HF(Zirconium, Zry= FEE (Cobalt, Co)2)
=2 WRSAHLRE QI8 900°C o4l LSC W] AEEE
(Strontium, Sr)¥} 3}ebz] HulSLS ¢l o SrZrO; (Strontium
Zirconate, SZO) = LayZr,0; (Lanthanum Zirconate)2} -2 A
A FARES ARITH10]. BAEE FAES Asiay) A= A
of oJAt T 7 2 A=Ts 7
BN BALZ k771 o] WIS S HE ek A
7} AlgJoH(Gd-doped Ceria, GDC)2} 7S ®Hu lo]o](Buffer
LayenS Ha 83 13 Afolo] H7kstol Sro] BHALS ojAah
o] kARl B4 HHolLh[11]. it wof lojo] vro] &
R AUEE Sre] 24 S709) A4S SAs] R R
sict. ko] AU E SFARS SJElIAlE 1,200°C o]Ake] 1.2 G|z
7} Basht, o] A YSZ8H GDC Afo] Fkgo] hystol
o|& diAlst7| fIgt o] Fagh AAo|ri(12].

H oL A= L4-Z(Flash Light Sintering, FLS)o|2k= Al
29 AAWS w22l T A&l BAYl o]y

e AT = e HoFal Rl FLS= A2Aeh =4

0O

;

o A HAIRA Qdolehe] wie Ak B9 HRE AIRE Qlol Bhe
AA7)E Wolth WA BRL 42 Y= A2 A7 UE

o] 7hsste] 7|2e] e AAZr] ATHE Aad FHO B
AYe mAHoR AN 4 glome AT AN S0
oA A ATE S| 4 k. B AFHe YaE 3
oz ARE LSC 3713 o) nATz, 244 aeln 47
slots) S4S Bk Z1E AR 229X 3 i)
A TAL B3l AL AolA ol Aol eAIHe] &
© A% ZH LSC 3713 A2 Astart

N

M H Ay Uy

2.1 HSHX| Al X|=F 2HH

LSC 37]= do]AEx= &uf(o-terpineol; Tokyo Chemical
Industry, Japan)@} E-AHA| (Hypermer KD-6; Croda, UK)E U
7] (Pulverisette 5, Fritsch, Germany)ol4] 24A17F E¢3t &
LSC ' (Lag.¢Sro.4C00s.5; K-Ceracell, South Korea) 7\&7}0]—
of 712 24AZt Bt EFeta, ZFA(BH-3;  Sekisui
Chemical, Japan)?} 7}4-A|(Dibutyl Phthalate; Sigma-Aldrich,
USAYE Z7tsto] 24X7F Fot esto] Azkstelet. dm= A
A8 SOFCE= NiO-YSZ A==k X XA (NiO:8YSZ = 60 : 40, T
7l 700 um)@t YSZ A RYSZ, T 12 um)= P A48
A== ¥R (Kceracell, South Korea)s ARESIATH A|ZHE
LSC #lo|AE= AFd ZYYS o]83dte] A= whX|o|

=7 10 um, WA 0.2826 cm’Q] YFO 2 EIEFF F 80°CO|| A
A% 5 600°C oM f718 AASH: tuely Hge 1Y
shsiet.
22 B SN U A5 24 U

LSC 478 34 2 2700) 2 £2% Fol, 0|24 44 of
AV S 5 5o Aol wush] 39 d4d 34
o 2L ol8siel LSC 3713 242 Adsiart. o
4 B4 9ay IR 8O, 003} 1000CHA 2
ARE 472 AT BB E P27 A (myPETLM200;

Semisysco, South Korea)E A}23190H, g Ax|L A= &
3 (First Light Lamps Ltd., UK.)e} &ZulE 2ZE, 1] 7}o]
=, 19 B A, elm B Aol 2 TAH B4 B
Aol H4= 917} AL, On Time(217} A7), Off Time(¢17}F Al
1 el 2o, 2 4 5] 9eh L5 87196 AV
9Jgt Fa4 F ollvAE 12.02 18.5 Jem®o]n, 27b Ak
585V, On Time2 Z+z} 29} 3 ms o]al, Off Time2 500 ms, &
2 4= 50|t}

Az LSC A= A=A 9] 4> FE-SEM (Field
Emission Scanning Electron Microscope, S-4800, Hitachiy}2 =
3w opdlrael w2 ARskda, 244 W A
Mok Aol o] olabak A4 oS shelaly] i) AHE AR
=+ "WEA R0 AAE LSC #7|=9] XRD (X-ray Diffraction) -4
T} EDS (Energy Dispersive Spectrometry) 442 XI8§3}4c). 3=
71A 0.2 750°C -5 A A] [-V-P =43} EIS (Electrochemical
Impedance Spectroscopy) #4]1S =3slo] ARHA] AFoz
We| H5g BT

3. Zdu} 2 ak
3.1 OJMI7?= &AM

FE-SEM£: o]g3ato] dad Hl 4 348< &8l AEE
LSC Z=9] w78} @S #A415F3AT Figs. 12 1(b)=
AAA FASE, 1(0)2 1(d)y= F4AZE FAHo=Z AZ=E LSC
A=9] vAlF2E YERd

Figs. 1(2)2} 1(b)S B Oéié = 01]*% o 25
L8 Qe AL o 2= 9lon], 2% 90004 1,000°C

= ST ol wet A A o(Partlcle rowth)ol F5lsHA
o} Figs. 102 1(DE R F4aZd FAoZE A2ty A4S
g A9 RV R g3 25 AR 2E 24
I 4= QUth On Timeo] 3 ms2 342 Agto] B 2314 Figs.
1(d)y= 18.5)/cm?e] U7} 2AFEQleH, 1(c)oA= On
Timeo] 2 msZ 12.0 J/em?e] o 2|7} ZAF=E|Qlth. Figs. 1(d)2
HH 1(c)olAEet YR A4t Aeg HART, AAH oz
AR =717 1(a)2F 1(b)ell vl 2hetz a2 44 4=7F
dadyE AR qAE Zem Hojzloh

27 9
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Fig. 1 FE-SEM top-view images of thermally sintered LSC at 900
and 1,000°C for 2 hours each of (a) and (b), and flash light
sintered by 12.0 and 18.5 J/cm? irradiation energy each of (c)
and (d)
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5 1o
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2 MR A 2
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YSZ o] 7ro] A% 2 Ao A2} SZO
O|ZMA) AJA] ojELE 233y}, Fig.
25wy dad A AE 900°C oFe] 24 SZO o]
Mol AEEE g RIS 5 9low, 2=r} ZUiee] wEt
o 4= it} ofo] whaj

s = LSC We] St

olapate] Wl AEs} F7bsHe AE &
47 $Ho ARE WAL SZ0 oAb o] HEHA|
ore Flow Blgich ol PP ARE Aol Rukg
o WAISlA] ¢gky] wEolth. XRD AWE AZESH] 91 +
7}& o2 SEM-EDS 242 Z3y35}4c}. Fig. 32 2™ Sro] A

HA oA UER}E AX Y Holid| o] SEM-EDX &4 a4}
Lol ofsff HWAYTl= ol=of| sfgsin, AT Ql o] A=
2 o2k A oHE uitka) 4= 9t

Figs. 3(a)2} 3(b)ollA] G472 249 AL n% o|xjifo] 1t

BPLHe 20 o 4 9lom, 1,000°Ce) A SZ0 AAFo] o 41
3 0.2 Mo} 900°C of i3 ojxie] WA AEst | 2 7
& & & 9ok W Figs, 30 @I mole 34 33
AT A e B o ahafo] LketA) gt ol WA B4
o 2 48 Aio] St oleel S} YSZLSC HHE2
OAIG ATk HAECH1415]. %, F22 T S 278 A
ZHe St ofolo] Bhtslo] YSZoh Hukeg o ol AE

@®YSZ MEMLSC @NO v SrZrO,
S "
s
% . ol, = L) . FLS 18.5 J/em?
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Fig. 2 XRD patterns for thermal sintered LSC at 900 and 1,000°C
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This paper extensively explores and analyzes the latest research trends in lonic Polymer-Metal Composites (IPMC)
sensors. IPMC sensors are known for their flexibility, lightness, and high responsiveness. They show great promise across
different fields. They can respond sensitively to various stimuli such as mechanical deformation, humidity, and pressure,
making them ideal for bio-responsive detection, health monitoring, and energy harvesting. This paper introduces actuation
and sensing mechanisms of IPMCs, discusses their manufacturing processes, and explores how these processes can
influence the responsiveness and stability of sensors. Moreover, through case studies of IPMC-based research that can
perform self-sensing functions, it presents possibilities brought by the integration of sensors and actuators. This paper
emphasizes the potential for research and development of IPMC sensors to expand into various industrial fields and
explores ways to continuously improve the accuracy and reliability of sensors. IPMC-based sensors are expected to play a
significant role in advancing medical devices and wearable technologies, thereby facilitating innovation in the field.
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1. M2 RAELS B2l o] of2le 242 AAEE 497t got,
o)Fu Aol 83w 2gzto] WolHrk TA7L Agick

AAe 8L E, &2, 93] & AR 249 HekE AIsko, [2-4]. o2fet ZAIE s3] HAshM st 7hule A
Belx A5E JAVL AT S Qe e WEels 48 & 289 AN/l "esien], 1 gz HT IPMC
oujgtct. AAE B3l F ASES SHTOZH, 14 o= (Tonic Polymer-Metal Composites)2t= AUFE Aaf|7} &k
W gARAE JFsebl sk Aade a4 EAS 2 Stk
ol © Zlofgick. Uo7t A AlARlo] £ B QIAlSE  IPMCE §914, A, B FEH 5o 548 A =
T olo] thgT 4 UER B FUR A5Y ALY FHAE T Ak LA, o5t AA] Healo] Haahcis W
Z A= A, ARk, Az, 7 RUEHY 5 ot A £ WAL QUTH5-7]. 53] IPMCE 9 27 9] wsle] uket %17
Y ZopollA P2l 4= Aejujgsiarl o], A AeE WA= 5A0] lel, olE AlM = Z-ga7] St

| 42 AAEE Y Y 71EE2A AREdEU )Y 5 ohefet At 2] AgE A Qlok =3 IPMC AlA = #9,
o] &3] A= 7k, A= ofek Z=2 10T oA & U, S S o 88l wefef wet o] YRR, 9
T =27HET 4R F2EA Qlrh 53], AvtE SRt /A YA 2 7], vz @A), AR AS A, 25 Al 5 ook
Fapsto] ARgArel A7t % £ HUEZEE 5 3= Al A Tk AlLdlef] A8 4= = Aol k. Porfiri= ol A] 422
ol aEHA vl A E3F wEA e gl 71E Aol B8 7Hs T IPMC AllAof 23t -5 ysh3lom[8]

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.
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Fig. 4 IPMC motion sensor system based on a different principle
from conventional methods [15] (Adapted from Ref. 15 with
permission)
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Fig. 5 (a) Voltage response of samples according to various
preparation processes [35], (b) Measuring platform for
capacitance and resistance, (¢) Measuring platform for ionic
electrical response [16], (d) Signal characteristics of alcohol
detection using IPMC [34], and (e) Respiratory response
curve at different times after drinking [17] (Adapted from
Ref. 34 on the basis of OA, and from Refs. 16,17,35 with
permission)
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Fig. 6 Dynamic displacement sensing test platform [18] (Adapted

from Ref. 18 with permission)
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Fig. 7 (a) A standard shock pressure tube setup [19,20], (b) The
schematic structure of compression mode sensor (Side view:
top and top view: bottom) [19,20], (c) Shear mode sensor
[20], (d) Calibration curves of three IPMC compression
mode sensors and linear fitting equations [19], and (e) Three
shear mode IPMC sensors [20]. (Adapted from Refs. 19, 20
with permission)
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Table 1 Summary of materials and fabrication techniques employed
in IPMC sensors.

Type of

Materials Fabrication technique  Ref.
sensors
Batch preparation using [11]
a fluid-bed-like reactor
Nafion w. Au elec. Electroless plating  [12,46]
Electroplating [23]
Mechanical Graphene mesh Sequential drying of
deformation incorporated Nafion w. Nafion, Dip coating of [13]
PEDOT: PSS elec. PEDOT: PSS
Nafion w. Au-Pd elec. Sequential .electroless- 26]
electroplating process
Nafion w. Pt elec. Electroless plating  [47-49]
Nafion w. Au-Ptelec.  Electroless plating [50]
Nafion w. Pd elec. Imp regnatlop-reductlon [16,17]
plating
LDH doped Nafion w. .
Pt elec. Electroless plating [32]
» Nafion w. Ti/Au elec. Sputtering [33]
Humidity -
Nafion w. AgNW elec. Spray coating [35]
Nafion w. Au-AgNW Integrated spray coating
. [34]
elec. and electrodeposition
Nafion w. Au elec. lmpregnatlop-reductlon [18]
plating
Sequential mixture
Nafion w. Au-Ru elec.  painting and melt ~ [19,20]
pressing
Pressure

Sequential electroless-

Nafion w. Au-Pd elec. .
electroplating process

[19]

Nafion w. Pt elec. Electroless plating [51]

(Adapted from Refs. 12,13,26,35,46,50,51 on the basis of OA, and
from Refs. 11,16,17,18,19,20,23,32,33,34,48,49 with permission)
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Fig. 8 (a) Photograph and illustration of how the throat sensor is
attached to the throat, and (b) Output voltages from the
IPMC sensor for normal breathing and deep breathing [46]
(Adapted from 46 on the basis of OA)
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Fig. 9 (a) Comparison of IPMC sensor preparation processes of
conventional electroless plating and a kind of fluid-bed-like
reactor [11]. And microscopic changes in the surface of the
films during reduction, (b) Design of smart glove system, (c)
Photograph of sensors integrated on glove finger tips to
diagnose pulse, (d) An enlarged view of double-sensing
arrays and how it perceive the International Braille, and (e)
Smart glove control robot hand to grasp the egg and the tool
plier (Adapted from Ref. 11 with permission)
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Microfluidic chips have become a critical component in advanced applications such as biochemical analysis, medical
diagnostics, drug development, and environmental monitoring because of their ability to precisely control fluid flow at the
microscale. The functionality of these chips is highly dependent on the precision and dimensional stability of microchannel
structures formed on them. While injection molding is an efficient method for a mass production of microfluidic chips, it is
required to minimize undesirable deformation due to thermal and mechanical stresses, which can degrade the overall
performance. This study investigated global (Macro-scale) and local (Micro-scale) deformation behaviors of injection-molded
microfluidic chips. Effects of processing parameters, including mold temperature, melt temperature, filling time, and packing
pressure, were investigated. The Taguchi-based design of experiments approach was employed to systematically analyze
these effects and to determine optimal conditions to minimize deformation.
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2t} Chu 52 o=E E-(In-mold Bonding) FAolA E1}
IeoE washs lola A MRS Agelel, Ui LE
slo] QAT ARSUS AanF|n T2

ol BAl FES FNE ¢ S-S Hasklei12]. E3,
Attia 52 v|A| AEAIE (Micro-injection Molding) ol 4] =)
stol A3 42 50 10 Y BAS AU 9
5 AlEdo|dat Aele Haste] Ak 2k, 4, ¥4 =4
= FAHgbels WS AdSAT13]. olHF dAEe 34
WA e AolE f1g 483 dolE g Agsiglot, W
HAUSS Aoz qfgstal 34 W Hapr Wy

A= FJFS AAZ LR 2E4% A= o3| &)t

® QATE olo} 2L TS RS LA, ARYE BHE F
of AlxE wAlRA oA Hsks ME ZAE AXA
(Macro) @ w]A| & (Micro) 44—1401]/\1 & Frlsta, HEgS =
23517] St HHe] B4 W EEehs o 28S 29
o} ol= WY A7} ‘j]/\ﬂvxﬂ 9] HAAAQ Fxko] ofzt

cfolzis Asel A 7ol A FHE FEAOE ol
37] Qigtoleh. THA] W (Taguchi Method)2 B85

g 33 W47 oARA Bl 2 gl A G A
HOR LA, W 43P 918 A0 3 WeE
wagons wARA B AE FUS FYAAL Yo

AR

2. Y ofl A WY

2.1 OMISA & 22

B AT UA AEYE THS FoH AZE AgA
Mo dgon WY BAS AR Fig 12 WF 249
Fa oo ARE nARAl He] AA| ARl Relzrt of
2 uigoR AEYY 34 3 sk WYe 24 9
Fig. 26k 2ol mlAlAl Mol Wahe 3D mal= AAstect. 3

lo
2
2
i)
o
Wi

4= Zo] 30 mm, H¥8] 15 mm, 57| 3 mmo|H,

Fole 2] 0.04 mmyl Y& wAp F-320] vpo]a R Aol

A o] Ut} o|nff Ao|EL a4 mdo) L3O, AX
= (Sprue) ¥ # | (Runner)= Ao A A 2]5}5 ).
22 /oA 43

Moldflow Plastic Insight (MP)& AlE-3lo] AEAE A

Agelolct. e o W4l A HaE
(Mesh Convergence)s %= W4 Z7](Mesh Size)s
AAsAn. AAl AEAE ol&d WE EFI7REHICIE
(Generic Polycarbonate)?] A7 Ad ZAL 7|£02 43 2

ool mAeA AY wEe BAsH] SleiA
]_

M e

3 A3t

Fig. 1 Microfluidic chip manufactured by injection molding
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Fig. 2 3D model and dimensions of the microfluidic chip
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Fig. 3 Mesh convergence test using switch-over pressure

(Mold Temperature}= 95°C, 8§ 2x=(Melt Temperature)=
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Table 1 Injection molding processing parameters and their level

Processing parameter Level
Symbol Description 1 2 3
A Filling time [s] 0.1 0.3 0.5
B Mold temperature [°C] 70 95 120
C Melt temperature [°C] 280 300 320
D Packing pressure [%] 100 150 200
‘ . - Packing time [s] 6
T - Cooling time [s] 15

Fig. 4 Finite element model of the microfluidic chip

Table 2 Lo(3*) orthogonal array table and switch-over pressure

o83l AFE nigto g AA AT Arte] AFAS 11y Run Result Processing parameter
slo] W3] 2712 0.30 mmz % xgs}gau}. Ps[MPa] A[s] B[’C] C[°C] D][MPa]
22202, Fig. 49} 72 HH(Node) 4= 8928671, 94 1 22412 0.1 70 280 22412
(Element) <= 474972702 1A4E 33 $3tas moe 1 2 16.378 0.1 95 300 24.567
shelct. E3E, Alo|E Qdatel] fIAIRE 83719 ARl AlE =4 3 12.053 0.1 120 320 24.106
= AAsto] AulE W /-5 siAe FAda HedS ok 4 9.398 0.3 70 300 18.796
SFAT. 5 6.490 0.3 95 320 6.490
6 12.883 0.3 120 280 19.325
2.3 5d U 23 7 4822 0.5 70 320 7233
2 Aol uAlRAl o) AEAdE FAT B4 I 8 10.460 05 95 280 20.920
= TR e 3 HeE S AL 39 2R, 88 25, 9 6.661 0.5 120 300 6661
HQF Qb= (Packing Pressure)S A1A51% 2, Table 13} ZHo| 4
f%l 3529 ¥4 HERE 5o
4 AIZHA)S] H9l= AF F40 vlA= 9FE Leste] ARSEE Lo(3Y) Fusjdus ggste] 34 21 23S 44
0.1-0.5 s= A4ttt 5% 2=B)%} &5 2=(Cx= Aol akal, AR AlETolAS #'35}‘214
A 7Hg%h Mg ZE7tEY0|E A9 E Y 2= MYE HOF M A= (Ps) AR 2ol S50l 99%el E
17}

F 70-120°C, 280-320°C2 AAalich. Wt oFd  li AJHe] AW 24 whelA K9t TR ABEL a7t

D) T4 ¥ 2ol vioh W A Al A A2 ) AT el G A2, BED L), €8S
Bl Hop Bk e A, BO AR S |OR  SE)E WeE A4 LGY AmIUS N0E 55 o
= Wl 7ol 100-200%2 AAsHSict. A Aeetglon, 2ok M gkelo] Wl 4.822-22412
S 3 W4 3 A Pacing Tine)e] A9 /1% o MPa eyt H32002, 290 690 98 el v
& Foto] WOt Aol 65 oY A W Meh WS B A4 MYk BAFE WS DAY U)E AE}AO
OFeS SISkt webA] £ iAol MOk AKKS 62 3w, Table 29 FAWS 2T olF QWD WY sl B
3. Wt AZH(Cooling Time)o] 39 Hwe] Wz A28 gt
o glore, JHgHRl 15 58 $AIste] sl4e Aasiart. AR we) £2) A FUF FHRANN G4 Q3
238 m2otnE, QubAQ) oA Tk gl uks g A
2.4 MBI W HQL B Q21 oA A Bska AE of ol whE AL Spoleh. w3 4
CEA WS A B B W A HANE Sl 9e 89l 30 FRUSY] LY ude Agsh Eio| o)
AGEE BA HOR[14], A BEHS Foln WES 2 ARELE, EAHLAANOVARIA B4 W 7F AEAE

#|a3ksl7] 917t 741 2 A|(Robust Design) 7' 7|HEo.= 7F & Z3tshA] st

t}. Ao 221(Control Factors)©] -3 =<>(Response Variable)

of nAl= P Briste] Y A& =55, 4T of & 2.5 Hd 3

<H|(Signal-to-noise Ratio, S/N Ratio)E &-83f #4 5S4 4 2 Aol mARA JY MES AXA B viA A

FHom FAsk= o] 4ol kgl Ay SI¢E 4 oz o] A5 AAA MEE mARAl el A
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Maximum Deformation Point ‘L#x

Fig. 5 Global (Macro-scale) deformation measurement location

kN
a

Micro-channel

B D

Fig. 6 Square section edge points of microchannel

W Bk Hold 2 Wl Wt NS
5he WA o2 2Ystgick Fig. Soll Vet ule} o] Alo]
2HE 7P W mAe] SA Rl H) o] dEEglen,
oji= 97hx] MA| 7] mEOA Ak AE Hch

mpolZz Aol ulAd WE EAS Uu] 03 mme] F4%
A o SaEglon, Ad e A4PoR sHgst
ek, o) v A ]| e Fig. 63 2ol 217} A, B, C, D&
rgrgskal, Ad o] do] oz A 1HAo= A ojH 8719 A
HolH W3 e BrlelodrkFig 7). vlola Ad W)
A RS QA Fu HIHE(Volumetric Deformation
Ratio)& ARE-SIGITE mho|ae gy} e SHA 1S Hujs A
A¥517] glste] TheAlE 2ol 7t 91x19] 8 HEAS 4 =
Fato] AR 671 Ui ALS 28ate1s)

=
=
E

X=X Yi=Vi Z;—2Z;

V= édet Xp—X; V=V Z—z; (€))
Xp—X; Yi—=Vi Z—z;

Vioar = Vit Vat Vit Vy+ Vst Vg )

3.0150

Point A

PointB --+-- PointA' -+~ - Point B'

299901 y=3.0000

2.9863 2.9863 2.9863 2.9862 2.9863 2.9862 2.9863 2.9862
2.9830

2.9670

2.9510

2.9465 2.9464 2.9463 2.9463 2.9463 2.9464 2.9463

Microchannel Y-Direction Coordinate

2.9350 ™ r T * - — U r
6.0000 4.0000 2.0000 0.0000 -2.0000 -4.0000 -6.0000

Microchannel Z-Direction Coordinate

!
Ga

. 8 Changes in Y and Z coordinates at 8 measurement points
before and after deformation

A P Yis Z)s P'( X ¥jp 2 '): Py (X Yio Z)s Pi(Xp¥), 2)) = AL
WAS TS 2 B 5o 3349 H3olul, V i Al
o] u]2 vpepich. oju) 1z} 241 912, 243} 3 91HA
e $1A] 9 8 7|Wre g mE Rujg ALK 4%, A
AL Bgo] vl Btk o] St olelg EAIE A
a17] S8l e FHUFE 7Iee® FE Al sidshe 13
83 =4 AAAolA 87 (A, B, Cy, Dy, Ag, By, Cg, Dy)&
gofol vlo|zz Ajde] Hug At

ey = (( VBefarei VAﬁer)/VBefore) x 100 % (3)
Vasier = Vizss T Vazagt Vazset Vaass t Vaszg + Visgs (4

Viefore = A1ByxA,Cy x 443 )

B WY E(ey ) ARESE a4 W] el HES 99,
7% ZAEE FAUSTE 252004 vholaR AY whEe)
A A%t B X149 Y, Z Fat HskE S5 Fig. 89 4
Aol Z FH3E §1A] E}—E— Y FH3E ¥5o] diZF 0.00010] 4]

0.0002 =& Uepdt) ol um w98 shAksieels vl
3 2ol o, o 7éﬂr°ﬂ Qe vIAA e Ao

2 AzEich uebA ofeldt H WhAle]l A4S Bsleka A
7F 208 ZolwA BAo] At Aoz Busidrt.
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ol

A 2t

3.1 HAIH B siM
3.1.1 ¥ s
Fig. 90| UeRd ule} Zrol, ula|f-A4] 32 AREAd & AA1A
C 72 27] A FAISHEA o) FARE Il 56t WY
A Boink o] Il & BIFS Aol WAgstA] ghgkon,
X, Y, Z M| e oA o] = I AR R ol A 85
H EekiY A (Resing= w30 F=HUE F W2 A w3t 114
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Fig. 10 Comparison of shrinkage deformation in X, Y, Z directions
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Table 3 Simulation results of global deformation

Processing parameter Response value

Global
deformation
[mm]

0.1533
0.1557
0.1577
0.1576
0.1702
0.1514
0.1683
0.1506
0.1642
0.1387

Run

>

B C

w)

|| N || R W=

— W W W[ N [N =] =] -
W WIN[ =W —=]W|[N|—
—_ N = W= W[ N W N -
W= W | N[N =W W| | ==

Optimum

0.1700

0.1656

0.1612 4
- //

0.1524 4

Mean of Global Deformation (mm)

0.1480 T T T T T T T T T T T T
Processing Parameter Level

Fig. 11 Main effects plot for global deformation

3.1.2 B sitM Ant

Table 3¢] 71/\17‘4 HE AlEdold An, FHd WHEge
0.1702 mm, Z4 HE-2 0.1506 mm=Z SRAE I} o] & vg
o7 WMye Ao g} 2ol Fe) 2 W 2T w56
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Table 4 Response table for global deformation

Level A B C D
1 0.1556 0.1597 0.1518 0.1626
2 0.1597 0.1588 0.1592 0.1585
3 0.1610 0.1578 0.1654 0.1553
Delta 0.0055 0.0020 0.0136 0.0073
Rank 3 4 1 2
SS (E-2) 0.0049 0.0006 0.0279 0.0080
Contribution [%] 11.84 1.45 67.39 19.32
HeF (D) S7HerS #go] Fadhe A 2ol
ol Hef el 255 FAIZF 59 HHo| B% AsiA ¢
ZhE|o] o] B o AA|E7| oz sAEH. V&
Aol A Het o] E5EY Af, Al vt +YsH
FAEA] ol ARl =5o] WS, o] = Qlsf A& ¥
Fo| S7Feh= Aol Harg vp UeH17]. ohel, b ¢hEo]
WA oA Wi S3o] Frlste] 3] AlEe] F3
of A = v 4 Jler=, 29 Het ¢he e
= dHst= Aol Fasith
ST AHARS 2 oA HFo] fash= Ao 2
o, o= A&7t 53 WollA 35 AlRte] EojsA Wi

gelol uthRd BEvt getey) oz usct, v,
F4 Azro] Aol d B9 44| BFo| BRANAL, B F
SlollA] st gelo] WAlste] Al X4 AUET} A5t
% qleka Wag vt QIeHIg). T $ Aol U Ao
FAlo] RSP oloiA AE We] Agte] WA FHe
Aol glomz, 4 ARk 2 A5 Agsjok gk,

T LRGP S FEUSE Wo] sk A4S 1

oL, e 3 WS HnRe o) Wyl njE g
FHAOR Aech ol 3 St UY 4F olHoR A4
i W2t ) JX@H“&H % o4 wah w3k Aef]

=

Ao Qi) 42 wao] SokaT, o1 £ ool
W 774 Ak Askck 2 ek gek19]

ALY ATKTable 4] w2, 8§ Lmb s|oj=r}
67.39%% 713 AujAel WS vlAL WeE SRIET. B

orelo] 7lojm= 19.32%2, WHE 23l glo] Fo3H W
qgs sh= Aer yehylth 3 AR 7lol=rt
4%, Hot O]—E:LJ Zdk 1454 JoFS u]wh:} HL]—D:I =3
7147t 1.45%0) EaFste] AAA HE Asol ALY
H| 22| oh= Ao SISl o3t 74 AXE vt
2 AANA HYE Fadlels A ¥ ¥ 2

1-B3-C1-D32o.& EgE] ot g 23 715— z7] A
;‘T&f}f}&]x] oro 2% War 23to 2 WEHFS 0.1387 mmE Lt
eyttt o] 7)& o ®&%H0.1702 mm) tjH] 18.51% 743t
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Fig. 12 Deformation behavior of microchannel cross-section at 8

measurement points
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Table 5 Total volume and volumetric deformation rate of microchannel Table 6 Response table for volumetric deformation rate of micro-
Run Total Voiume Volumetric deformation channel
[mm”] [%] Level A B C D
1 0.13751 2.4740 1 2.441 2.487 2452 2.569
2 0.13763 2.3898 2 2.491 2.509 2.510 2.402
3 0.13753 2.4606 3 2.540 2.477 2.511 2.504
4 0.13745 2.5193 Delta 0.099 0.032 0.060 0.164
5 0.13733 2.6049 Rank 2 4 3 1
6 0.13769 2.3492 SS (E-2) 1.4699 0.1573 0.6991 4.1200
7 0.13752 2.4684 Contribution [%] 22.80 2.44 10.84 63.91
8 0.13743 2.5316
9 0.13730 2.6213
Optimum 0.13785 22332  AfolE HolA] g=th.
HeF dold s 712717F WA At H oA STk, 5

26000 b oA Mol 7P WA Uehve el dEE. o

T T T T T T T T T T T T
Al A2 A3 Bl B2 B3 C1 C2 C3 D1 D2 D3

2.5500 -

2.5000 -

24500 ../
5% 3739 FUHol A 7hs Aol Atk olejdt A F
A3 W 9lel o) LeRgs ZRsAe] glout, utola

A WP ALSL] AL B Y AL A

2.4000

Mean of Volumetric Deformation Ratio (%)

.J
g

=TS
=

ke
Processing Parameter Level =0° =o=

Table 62] 4] Aol mb2r, ujA]2] Wy 7P 2 FF=
L

Fig. 13 Main effects plot for volumetric deformation rate of micro- _
HAE ke DESE GE)OR oETl 63.91%2 LEREe

chamnel ™, A AT 22.80%2] 7|oler = RIAE & JIFS 1)
A B4R g1 o= Bl ggo] uto]a g Adat &
W £= 5 3 HeES A £ 2Ele §Y 2o 2 vAA WS Alofsh= b A JTHS 5hH, S AIRE
o M (Heat Transferys £}9-5to], npo]a &2 Ad Ty o] ¥ E3H HE O] Aol S-a3t FakS nHthes A HolEr
FE A= 2 ajlo] Hot o] Ail= npo]A 2 Ad T2V} v 2R -5 WSt
T UZFsHA 9hgslr] wiie], Bt ¢helo] mlo]a R Ade] 3
3.2.2 B3 siiA Ha} g 9 2R Alojell A=Al IS gk At o
Hy A vfo]az Afde] §HA) Kyl 0.1410 mm’Z AXE A)SHCH20]. HoF oFee ot A3 oyt WA A=<
Eglon, Wy & Ful= 494 7o) Fu) gog ALkt o, ol A dEHtE 72 TATY St whehA Heb 9F
0|5 Table 50 2]l upel o] Hu] HFPES =E3I3t gt HAE FH ARE Sa% 24 28ahn, Bl ofg )
Fig. 139] Famte £4 AvE BH, 2829 727|171 AAl FH AIZro] MR AT BebH o7 2h8sh= kg VeIt
A Wy AyE AvH o vhdshs 7 4R 34 # C(E&8 25)9 DEY %)= 217 10.84%2} 2.44%2] 7]
Al Aolgt S Kol AL ERIsth 34 AR} 8§ AEE Ho Jjgoz o ofgfeS Holrt. ujA2E wg
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Table 7 Residual stress (Mises-hencky stress) simulation results

Mises-hencky

Type Parameter combination stress [MPa]
Reference A2 B2 C2 D2 12.790
Global Al B3 Cl D3 9.798
Local Al B3 Cl D2 9.230

..

Fig. 14 Residual stress distribution under reference condition
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Evaluation System for Enhancing Machine Tool Energy Efficiency
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As the global manufacturing industry moves toward carbon neutrality, improving energy efficiency of machine tools has
become essential. Although machine tools contribute significantly to industrial energy consumption, systematic methods for
evaluating their energy consumption remain insufficient. To address this issue, this study developed an energy consumption
evaluation system based on ISO 14955, the international standard for machine tool energy efficiency. The proposed system
enabled a detailed analysis of energy usage patterns in different operating states, identifying key areas for energy
reduction. The developed system could measure energy consumption of individual machine tool components in various
operating states using power meters and automatically generates reports. This allows users to identify which components
and operating states consume the most energy. We tested and validated this system on three different machine tools and
analyzed strategies for reducing energy consumption. The developed evaluation system can help machine tool
manufacturers integrate it into their equipment, develop energy-efficient technologies, and contribute to sustainable
manufacturing.
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Energy Consumption Evaluation Reporting
Energy Consumption Evaluation (S/W)

Fig. 3 Energy consumption evaluation system and reporting
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Fig. 4 Hardware configuration of the energy consumption
evaluation system
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Fig. 5 Software for the energy consumption evaluation system
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(b) Power measurement

Fig. 7 Photographs for JIS specimen machining and power
measurement
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Fig. 8 Comparison of power measurements with commercial power
analyzers
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Table 1 Comparison of average power measurement results with
commercial power analyzers

. Measurement accuracy
Commercial power

0
. D:;:::gled analyzer [kW] with r[efp],ect ™

fkw]  YOKOGA gy e YOKOGA by ke

WA 1735 WA 1735

WT-1803 WT-1803

1272513 272921 273330 99.85 99.70

2 274300 274075 274509  99.92 99.92

3 275308 275267 276207 99.99 99.67

4 276627 276461 276460  99.94 99.94

5 274458 274489 276179 99.99 99.38

6 273318 273543 274379 99.92 99.61

7 274435 274165 274339 99.90 99.97

8 275825 275918 276220  99.97 99.86

9 275804 275409 277008  99.86 99.57

10 276551 276030  2.76873  99.81 99.88

Mean 99.91 99.75
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3P 220V 14A

10. DC Power Supply I
4. 0il Cooler

M
1P 28V 32A 3P 220V 5A

Fig. 9 Installation locations of power meters
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Table 2 Machine tool components for power measurements
Unit ID
0 Main switch

Components

Servo drive power supply
ATC left
ATC right

Oil cooler

Coolant pump

Bed flushing pump

Mist collector

Tool magazine left

O | 0| Q||| BV~

Tool magazine right

10 DC power supply

11 Lubrication pump
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Table 3 Default time share of operating states (Year-round operation)

OFF STANDBY SETUP READY  PROCESSING E-STOP OTHERS
Default time share [%] 5 15 5 60 5 0
Table 4 Default time share of operating states (261-day, 8-hour operation per day)
OFF STANDBY SETUP READY  PROCESSING E-STOP OTHERS
Default time share [%o] 77.36 3.58 2.38 1.19 14.30 1.19 0.00

Table 5 Energy consumption of machine tool components and operating states

OFF STANDBY SETUP

READY PROCESSING E-STOP OTHERS Total

Ratio [%]

Total consuming energy ~ 182.1  2329.9 1553.2 776.6 13433.8 486.4 0.0 18762.0 100.00
Main switch 0.0 1176.6 784.4 392.2 8758.9 304.1 0.0 11416.3 60.85
Servo drive power supply 0.0 131.7 87.8 43.9 1848.6 0.0 0.0 2112.0 11.26
ATC left 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.7 0.00
ATC right 0.0 0.0 0.0 0.0 12.1 0.0 0.0 12.1 0.06
Oil cooler 0.0 27.0 18.0 9.0 107.4 9.0 0.0 170.5 0.91
Consuming Coolant pump 0.0 0.0 0.0 0.0 2723.5 0.0 0.0 2723.5 14.52
energy Bed flushing pump 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
(kWh] Mist collector 0.0 561.6 374.4 187.2 2250.7 187.2 0.0 3561.2 18.98
Tool magazine left 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
Tool magazine right 0.0 0.0 0.0 0.0 35 0.0 0.0 35 0.02
DC power supply 0.0 205.2 136.8 68.4 837.4 48.3 0.0 1296.0 6.91
Lubrication pump 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
Not measured 0.0 251.1 167.4 83.7 974.9 59.5 0.0 1536.8 8.19
Compressed air 182.1 1153.2 768.8 384.4 4674.9 182.2 0.0 7345.7 39.15
170kWh Lubricant Pump Annual Energy Consumption by Default Time Share :
1,296kWh | Tool Magazine Left BT
‘ u Compressed Air (39.15%) Bed Flushing Pump
1,537 kWh u Mist Collector (18.98%) . "cRLe;:
= Coolant Pump (14.52%) £ ¢ aTC R;m
IR u Servo Drive (11.26%) g_ 0il Cooler
’ Estimated Energy el = Not Measured (8.19%) 3 ot :;:‘:v:;
18,762 kWh #DC Power (6.91%) servo Drive
u Qil Cooler (0.91%) Coolant Pump
2,723 kWh u ATC Right (0.06%) Mist Collector

u Tool Magazine Right
(0.02%)

3,561 kWh

Fig. 10 Annual energy consumption of each component
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BOFF BSTANDBY B®SETUP ®READY ®PROCESSING BEMERGENCY-STOP

Fig. 11 Annual energy consumption of each component by operating
states - Machine tools I (Year-round operation: Table 3)
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Lubricant Pump

Annual Energy Consumption by Default Time Share :
7,246 kWh

Tool Magazine Left
Bed Flushing Pump
ATC Left

Tool Magazine Right
ATC Right

Oil Cooler

Component

DC Power
Not Measured

Servo Drive
Coolant Pump

Mist Collector

Compressed Air

0 1,000 2,000 3,000 4,000 5,000
Energy Consumption (kWh)

BOFF ®STANDBY ®SETUP ®READY ®BPROCESSING ®EMERGENCY-STOP

Fig. 12 Annual energy consumption of each component by
operating states - Machine tools 1 (261-day, 8-hour
operation per day: Table 4)

Tool Magazine | Annual Energy Consumption by Default Time Share :
ATC Am | 26,897 kWh
Not Measured [l
chip Conveyor |l
swes2 (I
sves1 NI
Coolant Pump NN
servo Drive |GG
Wist Collector NI
Cooling Unit | I
Compressed Ar | I

0 2,000 4,000 6,000 8,000 10,000 12,000
Energy Consumption (kWh)

Component

BOFF ®STANDBY B®SETUP ®READY ®PROCESSING ®EMERGENCY-STOP

Fig. 13 Annual energy consumption of each component by
operating states - Machine tools 11

Lubrication Pump Annual Energy Consumption by Default Time Share :

ATC 13,171 kWh
Oil Skimmer

Spindle Cooling Fan
Cabinet Fan
Chip Conveyor

Not Measured

Component

24V Supply
Mist Collector
Coolant Pump

Compressed Air

Servo Drive

[ 500 1,000 1,500 2,000 2500 3,000 3500 4,000 4,500 5,000
Energy Consumption (kWh)

BOFF ®STANDBY ®SETUP ®READY ®PROCESSING ®mEMERGENCY-STOP

Fig. 14 Annual energy consumption of each component by
operating states - Machine tools 111
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Effects of NaCl Solution on Proton Exchange Membrane Fuel Cell with
Serpentine Flow Channel of Different Depths
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Degradation of proton exchange membrane fuel cells (PEMFCs) can be accelerated by impurities in the air. In maritime
environments in particular, sodium chloride (NaCl) can reduce the performance of membrane electrode assembly (MEA) in
PEMFCs. In this context, we experimentally analyzed effect of flow channel depth on PEMFCs humidified with a NaCl
solution at the cathode side. The analysis was conducted in serpentine flow channels with different depths of 0.4, 0.8, and
1.6 mm. The initial performance of unit cells was compared to their performance after applying a constant current for 10
hours. Results showed that the degradation rate correlated positively with the flow-channel depth. Channel depths of 0.4
and 1.6 mm resulted in 2.4% and 7.3% decreases in the maximum power density, respectively. For the 1.6 mm channel
depth, the activation loss after 10 hours was larger than the initial loss.

Manuscript received: March 13, 2025 / Accepted: April 29, 2025

1. M2 AFIEFNaCl)o] 242314 (Membrane Electrode Assembly,
MEA)9] ¥3lE 7I&A7]1= Aoz deA ¢t} Okada et al.

AlAA o= ghasmzo] tigt A7 FekEEA Ay & UEF ol&Na")e] dajder £ 4 ol2s thAsto]
Alofl gt A7} BEs] o] FoJA|AL Qltk. o4 AH|AIE o)& PEMFC9| /52 AStAZITtaL HISHGITHS]. Yadav et al>

SR QARAAE 49} Akno] W|SSESS olgalo] A7l s} ol&(Chol wiF Hule] a1 fEeihs AL A8
£ Aol Aotk AR Asfjd ] S wet oz oz HSSHAUTH6] Li et al> FAIXEe] AFS Foto] dst
FRE UslolAl glovl, dimAew A et ARz Oli°1 PEMFCS] A3} U7-4< ofshizichs 22 uart
(Proton Exchange Membrane Fuel Cell, PEMFC)2} 113 Atsl= [7.8]. L Lo = F7]=o) Fg5E+= NaCle] A A0l ko o

=A% (Solid Oxide Fuel Cell, SOFC)7} 9t}t. o] % PEMFC 3t ﬂ%ﬁ T A E QITHO-14].

+ T dRAAel vsl w2 e, 100°C oJste] A2 A5, = gH, frRo] F4== PEMFCY| 53t =dddo] 2 9%
2 AT w2 A)E W A2 So] -G 7HA| T Qri1]. o] < 713t NaCl2 §-25 Fdto] RR3-= §7 MEAC] ¥+
2t FHE2 53 5 ol Agete] AgAk, Alvh Fs 7] miZel, NaCle] 9%s 248 o 29 4% oA 2
o TR ool A 285 lTt2]). 2sfioF & a7} etk Yoo et al2 B FRo} AHY {20

SHAIRE PEMFCE= Zufj9l Wimo] 54 §2 252 =2 9l oiet NaCl =89} 7159] 935 2ABIH(15]. a5 A+

3 ==l vl Ferelth34]. 59] sFeE el ¥71o =3kd of M= A FE= FH F2of vls NaClef| 23k dstof
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Serpentine flow field

Table 1 Humidification medium and channel parameters of each

case
c Humidification  Design parameters of channel
ase .
Current collector l Mass flow medium Depth [mm] Width [mm]
Bipolar plate }A Bubbler controller d Air | DI water 08
Vent MEA - Line heater ’
S o NaCl 2 NaCl solution 0.8
<« c "ml"" p""’e‘ solution 1.0
urrent collector | . N
3 NaCl solution 0.4
PEMFC unit cell °
M fl .
Vasstow =+ 4 NaCl solution 1.6

Line heater

Fig. 1  Schematic of NaCl contamination setup
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Table 2 Performance changes of NaCl solution cases with different
channel depths

Channel depth [mm] 04 0.8 1.6
Degradation rate

@ Max. power [%] 2.4 5.0 7.3

Increase rate of activation 14 48 63

loss [%]
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T 243t Aol AolAlis A & 4 Gtk ol FAT 4%
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Design and Implementation of an lllumination Optical System for a
Xenon Arc Light Source with High Uniformity
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We present a xenon arc source-based illumination system designed to achieve high spatial uniformity and efficient light
collection across a wide spectral range. The proposed optical system comprised an ellipsoid reflector, diffuser, motorized
iris, and collimation lens to optimize beam homogenization. Non-sequential ray-tracing simulations were performed to
evaluate angular irradiation distributions of various diffusers and the overall beam profile uniformity. The system was
experimentally implemented using a fused silica holographic diffuser optimized for high-power operation, with a motorized
iris enabling precise control of light intensity. The resulting beam profile exhibited a well-defined flat-top shape, with a beam
uniformity of approximately 95% evaluated according to the ISO 13694 standard. The developed illumination system
demonstrated its ability to produce highly uniform illumination, suitable for various optical applications including
spectroscopy, precision measurement, and optical imaging.
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Fig. 1 Xenon light source and reflector configurations for high
throughput illumination (a) Paraboloid reflector for
generating a collimated beam, (b) Ellipsoid reflector for
generating a focused beam, and (c) Donut-shaped beam
profile resulting from the central aperture and structural
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Fig. 2 Schematic diagram of a homogenized illumination optical
system using an ellipsoid reflector. Light emitted from the
xenon arc source is collected and directed by the ellipsoid
reflector toward a diffuser, which randomizes the ray
directions. The iris diaphragm controls the aperture size, and
the collimating lens transforms the diverging rays into a
uniform beam at the observe plane
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Fig. 3 Simulation results of the Xe source illumination system (a)
Angular irradiation distribution of various diffusers, with
surface roughness optimized to achieve results equivalent to
the specifications of commercial products, (b) Ray-tracing of
the illumination system performed using the non-sequential
mode of the ray-tracing tool, and (c) Beam profile obtained
by the simulation detector, demonstrating a clear flat-top
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Fig. 4 Experimental setup of the Xe source illumination system.
The Xe source is assembled with an ellipsoid reflector, and
the emitted light passes through a diffuser before entering the
iris. The iris, which is used for controlling the light intensity,
is motor-driven to allow external adjustment. After passing
through the second focal point, the light is directed through a
lens barrel for collimation, resulting in a homogenized beam
profile
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Fig. 5 Experimental results of beam profile (a) Beam profile, and
(b) Flat-top cross-section of the collimated beam
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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
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of the society or the Editor.
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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
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. The Committee shall be convened by the chairperson as needed, held in attendance of the majority of members,
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. The informant who made the report although it was known or it could be known that the information given is false
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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
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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
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shall be notified in advance of the related procedure.
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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
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(® 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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