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Flexible Acoustic Emission Sensor Signal Classification Using Convolutional
Neural Networks for Pipeline Leak Detection

1,#
Hpe R
Byungjae Park'*
1827 laKistn 7|AZSHE (School of Mechanical Engineering, Korea University of Technology and Education)

# Corresponding Author / E-mail: bjp@koreatech.ac.kr
ORCID: 0000-0002-8952-0736

KEYWORDS: Acoustic emission (S&F 4l&), Spectrogram (AH/E 2 77124), Convolutional neural network (ZIZ22MY F& UIEYXZ),
Pipeline monitoring (IO |Z2}21 2 LI|E{Z!)

This paper presents a method for the real-time detection of pipeline leaks using flexible Acoustic Emission (AE) sensors.
The signals gathered from the AE sensor are transformed into RGB images through the application of Mel-spectrogram
and color coding. These converted images serve as input for a Convolutional Neural Network (CNN) based on ResNet18.
With this approach, both the presence and intensity of leaks in a pipeline can be identified using the AE sensor. The
effectiveness of the proposed method was validated through data collected from a testbed featuring a galvanized pipe.

Manuscript received: February 14, 2025 / Revised: June 24, 2025 / Accepted: August 30, 2025

1. M8 Aesie2]. et 2t Aleete] 12, 4le Hup FRo) 23
o= QI o] 7HA] Alm A2 71| #8-2 YRR it
gpolzelele EHE T A= AHA et 7AIE =% AE ufo]z2iQl o] FAslo] afgg SHY 4= Atk AE
gk bl e ARSE:. mhofZeielo] TRl 8Qlo R &4 AA = A2 2a7IA] SAZ 4= 3L, J717F 2ot A7} 8o
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Fig. 2 Plasma color-coded Mel-Spectrogram of an acoustic emission signal

Table 1 ResNetl8-based model

Table 2 Hyper parameters

Layer name Output size Layers Name Value
convl 112 x 112 - Image size (H x W) 128 x 256
conv2 X 56 x 56 2 x[3 x 3, 64] Batch size 256
conv3 x 28 x 28 2 x[3x3,128] Num. epoch 900
conv4 x 14 x 14 2 x [3 x 3, 256] Learning rate 1.0e-6
convS_x 7x7 2 x[3x3,512]
Output 1x1 average pool, 6-d fc, softmax Acoustic emission sensor
Gas leak l Signal
S(m. i) = ZioP(m, W)H () 3
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Fig. 4 Confusion matrices of the proposed method and the other methods
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R 314 179 6 1 0 0
400
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~- 19 3 300
[
2
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' ' -0
0 1
Predicted
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Multi-layered Perceptron 500
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2
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- 100
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' ' -0
0 1 2 3 4 5
Predicted
(d) MLP
Table 3 Accuracy and F1 scores
Accuracy F1 score
Proposed 0.930 0.930
SVM 0.866 0.867
Decision tree 0.854 0.875
MLP 0.876 0.875
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Table 4 Color coding

Colormap Accuracy F1 Score
Grayscale 0.917 0.917
Plasma 0.930 0.930
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Development of the Fretting Corrosion Test Equipment for the Automotive
Electrical Connector

PARSF BV Py
Jeong Hyun Kim' and Sang Hoon Lee'?#

1 MEaket7 |athstn U8l XES X3S} (Department of Automotive Engineering, Graduate School, Seoul National University of Science and Technology)

ot
2 M2atst |atstn AEXEFA|ARIZ ST} (Department of Rolling Stock System, Seoul National University of Science and Technology)
# Corresponding Author / E-mail: hyla@seoultech.ac kr, TEL: +82-2-970-6433
ORCID: 0000-0001-9530-2818

KEYWORDS: Fretting corrosion (Z2{|El5Al), Low temperature condition (XM22E=774), Automotive electrical connector (RFSXIE7 |7{4IE)

Fretting corrosion results from microscopic abrasion of connector contacts and is influenced by environmental conditions in
automotive applications. This study designed and fabricated test equipment capable of evaluating fretting corrosion
characteristics at low temperatures. A temperature—humidity environmental chamber was used, and a compact test jig box was
created fo fit inside it. The specimen was positioned outside the box and fully exposed to low temperatures, while the driving
components were enclosed inside the box. To ensure their reliable operation, warm air was supplied using vortex tubes,
maintaining the internal box temperature above 0°C even when chamber conditions reached —40°C. A hemispherical-tip jig was
also produced to enable consistent specimen preparation. Experiments conducted at —40°C used a constant current-resistance
method to measure output signals. The system successfully captured accurate and stable resistance changes corresponding to
displacement cycles. These findings indicate that the developed equipment provides stable low-temperature operation and
reliable measurement performance. Therefore, the system is expected to support fretting corrosion characterization across a
wide range of environments, including low-temperature, high-temperature, and temperature-cycling conditions.
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Fig. 1 The schematic of fretting corrosion testing system

Table 1 Specification of test equipment

Equipment Model Specification Make
Digital 0-1,000 V, 0-3 A,
multimeter 34401A 3-300 kHz HP
0-80'V, 0-20 A, S
Power supply PWR401ML 400 W Kikisui
. 1-150 V, 040 A, S
Electronic load ~ PLZ205W 200 W Kikisui
CMI- 18 W, 3,000 rpm,
Motor DC24V Cool muscle
17L30A17L30A 0-40°C
3 kg, 1.0£0.1 mV/V, .
Load cell OBUG-3 20-80°C Bongshin
USB HUB UH305 4 USB3.0 Port, i

1 Power only port

200

300
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Table 2 Material property of bakelite & aluminum

Table 3 Specification of fretting corrosion testing

Category Bakelite Aluminum Specification Data
Material Thermosetting plastic Non—ffirrlous Ddisplacement [um] 1-1,000
type meta Frequency setting [Hz] 1-100
: 3 3
Density 1.3-1.5 glem 2.7 glem Data logging interval [case] 100
Spem.ﬁc 14 27 Test data logging [case] 99,999
gravity
Tensile 550 Mpa 90-200 MPa
strength p
Thermal Low High
conductivity (0.2 W/mk) (205 W/m.k)
.. Low .
Conductivity (insulator) High
Corrosion High High
resistance
Abrasion High Medium e o
resistance
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Fig. 5 Equipment for preparing the hemispheric specimen
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Fig. 7 Experimental setup for fretting corrosion test under low
temperature condition

Fig. 8 Measurement of internal temperature of test jig box
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Fig. 11 Photography about 500 um length displacement

Table 4 Performance test with temperature range

Temperature Displacement [um]
20°C 500
0°C 500
-10°C 500
-40°C 300/ 500
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Fig. 13 Result of fretting corrosion test under -40°C condition

Table 5 Results according to the test cycle

Test cycle Resistor [QQ]
0-300 Less then 0.005
300-400 >0.005
400-500 <0.01
505 Greater than 0.01
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Structural Design and Analysis of a Quadcopter Type CanSat for

Diverse Launch Conditions
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This study evaluates the structural design and safety of the CanSat in launch environments. The CanSat serves as an
educational replica satellite, allowing users to experience the design and operation of small satellites. To ensure stable
operation during launch, the structural analysis and design must consider external forces, including vibration and
acceleration loads. We determined the material properties for the structure and conducted modal and random vibration
analyses, comparing the results with launch environment data from NASA, ECSS, Falcon 9, and Soyuz-2. Additionally, we
performed an acceleration load analysis using actual data from CanSat launches during competitions. The modal analysis
indicated that the first natural frequency was 65.34 Hz, which exceeds the required threshold. The random vibration and
acceleration load analyses further confirmed the structural safety of the design. While the data from NASA and ECSS were
conservatively set, reflecting higher vibration intensities, the Falcon 9 and Soyuz-2 launch vehicles provided relatively lower
vibration environments due to differences in their designs. Overall, the results demonstrate that the CanSat's structural
integrity is maintained under the conditions analyzed for Falcon 9 and Soyuz-2.

o A, AT W, 7ot T 5 chare Hofeld 249 )
o] oJ3to] Y A k. olelet 5o whet 24y
o] Ao 9 AAE AHT 4 e LG ZzIYe)
Baio] kol a1 ek WEH 275 FE37] S WS

Copyright © The Korean Society for Precision Engineering

Manuscript received: March 21, 2025 / Revised: August 24, 2025 / Accepted: August 27, 2025

712 gle) o)A W LA} o] 2ol Aok Fhet.

olol whe} sjelolx] WeIAe] Fra|Ho] Tt AT Al
E|oieh. =) e WgPe] BB uFITE HolE Aw oy
of that AlEElO|NE Saslo] Txa)A AT BASE o
TAIE SeiRen, WY AA D =2l 27 wAe}

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.



30/ January 2026

L &5 wHeR s TAske s &4 H 7kGEolA 9
TH A% TN o] ATLS] ARV ek ST LR
o] o 6636}7%‘% 27 Y] THEEE dlSste]

3] ] ]IH_,_Oﬂ AAH oz thofsl =4 AL

=5 uaow_va iﬁd 919l Fueiel 2R AAe 7
ZeAE B AT FRAC) AL BASH: AT68PE

SaEgeh S AV BRI AFAE daeEe &
89 4 9l 29 FHEZ TMOR AF 24 71 s
LAY A2EE At 0] L et Fet eoge]

A Yl s 54 A BRE AT ARIZE loH - 13]
Lielof ook TRARA] AR A
s N ofyEl mE SAI; AR o] A
£ ol&sto] F2AY kS Brlstar
SjAF 9 =7PE ol A Al
a3t ARES ATt A o] ARES WA A, &
2] 2, FA| 5 okt aQlEel o) Hloly o] gk
Atk & =&olA SpaceX®| Falcon 9, 2{A|ok] Soyuze}
National Aeronautics and Space Administration (NASA),

ol Aol FA7E
Agste A% ol
A gk WA Al

European Cooperation for Space Standardization (ECSS)Oﬂ/\ﬂ Al
Fote W 84 o

‘—IEL.

N

Rl A=A Al H oM

2.1 TEA| B TIEA L BN
A% WG A= FSolA dskshaA HAE 7
HER AdS Ak ddz 9ot BgolA 2949 o
A3k et S Aofs] $1s) ASFE A ALgET B9
= 9] BEe zrdYS xSt AlA, $4l K&, GPS
g, M2l B &, vjE g, A& ¥, Single Board Computer
(SBD) 5 S FHRLR OO o5 Oleltt H
< Fig. 10 e Qlok. 2401 DApAlol] &4E 4= ==
A& 110 mm, =°]| 200 mm, FA4 1 kg o|Y= Zﬂﬂo}oﬂotﬂl
e 241 (Center of Mass)2 7049 erg A el 82 HA
71§18l Fig. 29F o] F2A4|9] 4ol fAskes H7
Ak A=TE s Wiitel AR 2EZE 3dste] R
F(Motor Arm)°] W& 4= =% AA5HT) ZF AlAet B
TFx2A | E2ES ER AAHoH, QTQP—J A
A817] 8l 7= Kol (Counterbore) 7|H-S ARME-5}o]

ﬁt\ Juies _\ﬂ 0" l
i
OE; l‘lO

e e
X,
_?L
2
i)

224 FARE PLAR 3D ZYES So) Zejalgion], =
AHQl YFAS 15 STS 304 HEES ARgaloc). A7)

Fig. 1 Overall configurations for CanSat

Fixed Support

X(mm)  Y(mm) Z(mm)
05 -048  -90.75

Fig. 2 Designed CanSat structure

Table 1 Material properties of CanSat structure

Properties Unit (]3)(%02 ) g;;j/: ) STS 304
Young’s Modulus ~ GPa 0.375 0.473 195
Poisson’s ratio - 0.36 0.36 0.27
Density kg/m’ 870 1140 7969
Yield strength MPa 14 24 252.1
Tensile strength MPa 17.7 28.7 565.1
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Table 2 Random vibration analysis results

Test Type Dir  Max Stress [MPa] M.o.S
X 1677.10 -0.88
Qual. Y 1695.80 -0.88
NASA Z 581.88 -0.65
X 1185.90 -0.83
Acpt. Y 1199.19 -0.83
V4 411.45 -0.51
X 65.29 2.09
Falcon 9 Y 69.70 1.89
Z 22.95 7.79
X 110.66 0.82
Soyuz-2 Y 117.86 0.71
V4 79.44 1.54
X 479.31 -0.58
ECSS Y 497.64 -0.59
Z 340.04 -0.41
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Fig. 9 Random vibration analysis for Falcon 9
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Fig. 10 Acceleration load analysis for X, Y, Z axis acceleration
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Ceiling Hazardous Object Inspection Robot for Counter-terrorism

Security Check
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22, Anti-terror security inspections (CHE{|2{ 2Ot HZA)

Ceiling inspections present challenges due to limited accessibility and structural constraints. To ease the burden on security
personnel, who would otherwise need to manually disassemble, inspect, and restore ceiling components, this study
proposes a robotic system for detecting hazardous objects within ceiling environments. The proposed system features
several key innovations: a hollow-structured track mechanism designed to reduce vibrations from jolting while traversing
structural beams and to improve localization accuracy. We optimized the robot’s mass distribution and required drive torque
through dynamic simulations to ensure stable mobility in confined ceiling spaces. For effective hazardous object detection,
we developed a YOLOv8-Seg-based background learning algorithm that suppresses ceiling-structure patterns, allowing for
the identification of unknown objects without prior class-specific training. Additionally, we introduced a frame-based filtering
algorithm to enhance detection reliability by reducing false positives caused by motion blur during movement. The system's
effectiveness was validated through experiments conducted in a ceiling-structured testbed, demonstrating its capability for
accurate hazardous object detection under realistic operating conditions.
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Fig. 2 Robot platform and simulation environment model
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Fig. 3 Geometric parameters and center of mass of the robot
Table 1 Geometric model parameters
Parameter Symbol Length [mm]
Obstacle height h 70
Wheel radius r 44
Wheel base d, 220
Track width d, 138
Platform height d; 113

= =t
2 YA O FET 5 9 st

siA Ak, A B4 QA7 AR B g 2 9%
stk A Bl 5 Qgleh 53], A F4lo] =i B
Fo| APOR UL ol Fuol Y3t Yol T4
B Sl 5 oleh Tet W FAol AUHA Ay
AT Aol 23] T Edo] AN BHHo] g
sfo] FEY Alo] MAE 4 9L, o] als) 3 r Aol
A3k 7HsAgo] ik mebal, ol S8 A5t opje o
NHEQl 2 57 FPHoR et #Y Y A% F4
Wi3)7h Bashh B Aol oldl W melste] =i W
4 942 HRaA 43t wE 1F £aE F9I A
2 B3 BASLh Fig 59 el Age) 02 23 we

o (), (2-(5), (O &=, =& 82 o5} et

(1) 77H0-4 sec): =HLo] BAof|A] FIL £ 0.3m/s=
&= B0k, B B3 oF 0.06 NmE UEhton], E50] A&
2 Hdf 0.4 Nm& FR1=]9]c},

X
o%

1. @

) Moving
Direction

3 1. @

®

(1) Moving |
Direction E x

1

1

L @ e

Overcome

(b) Case 2

Fig. 4 Obstacle overcoming simulation results

20

5 (1)

1.0

‘(2, 3,4,5)|  (6)

»€
>

\4

4

0.5

0.0

Torque[Nm]

-0.5

Time[sec]

Fig. 5 Drive torque in obstacle overcoming simulation

(25) AT sec): 23to] olgol st o] F Fust
L abgom RS ¥l s st 5 Eas 349
Z7kstel 2] 1.5 Nm7bH) 453k A0 2 ekt

(6) FZHT10 seo): B3to] oS 83 5, vielst 55
sho} WA R0z AfEL TR, of WM wTHHO
2 2 7o wWAste] W] oF 13Nme| UAF2l Halrt
PFHAI Ao R Bl

AT HolE FH TFelH QTHE B3] B2 W5



40 / January 2026

Table 2 Specifications of the selected motor
b Motor: ECX FLAT 32S (50 W, 24 V)
Nominal speed [rpm] 10,000
Nominal torque [Nm] 0.0478
Max. torque [Nm] 0.0914
= . Current [A] 3.04
E g Size [mm] @32 %175
Rl Gear: GPX32
- Gear ratio 35:1
Efficiency [%] 78
Combined output
Nominal speed [rpm] 285.7
Nominal torque [Nm] 1.3
138 mm Max. torque [Nm] 2.5
) 150 mm .
Fig. 6 Robot size for limited cross-sectional entry
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Fig. 8 Obstacle overcoming test of the developed robot
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Fig. 9 System configuration of the narrow-space exploration robot
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Fig. 15 Training dataset and results of the hazardous object detectio
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Algorithm 1: False Positive Filtering for Object Tracking

1 Initialize tracked objects and their confidence scores;
2 for each frame t do

3 Detect objects C; in frame (;
4 Initialize new filtered objects list: filtered_objects < |);
5 Create a spatial index for tracked objects;
6 for each object O;, in C, do
7 matched < False;
8 Find nearest neighbors O, in tracked objects within distance
S
9 for each Qj -1 in nearest neighbors do
10 if ToU(Oj4-1,0;,) > T then
11 con fidence(Q; ) «
a - confidence(Oj-1) + (1 — a) - confidence(O;);
12 Increase object persistence count:
count(0; )  count(0j,—1) + 1;
13 Append O;; to filtered objects with updated confidence;
14 matched < True;
15 break;
16 if not malched then
17 Initialize new object with
con fidence(Q; ;) « initial_con fidence;
18 Append O;; to filtered objects with count 1;
19 Update tracked objects: tracked-objects < [illered_objects;
20 for each object O in tracked objects do
21 if count(Q) > T, and confidence(Q) > Cypip, then
22 L Draw bounding box for O;

Fig. 17 Pseudo code of object filtering algorithm
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Ze|= A7} 518 WA olstd A9, BT AR F

VO, if count(0;) 2 n, O,— valid detection 3)

B Aola AT AR el A%Hel e A% 24
I AR 7 HE e Agste] LHAE Fola, AFE 5
A= 2A 7&%% 3 3}55 @7#]5]‘214- Fig. 1794 244 2

4.3 B DAL B IEE TR A AL W 2N
dar 3F S0 fdE 'R AsE B fldl,
Fig. 183} Zro] 7}2 1.8 m, A2 1.8 m 379 9 4= 1A
H F 1296 m*] A WAF 8-S 5L, Yol Zgt )
o] &4, &3], FoldkL, AAEAl 717] 5 "A tdel 2
4 9l %aﬂ AA 15%S vj x5t}
2o glEE&gH(Lithium-Polymer), 6-cell (22.2V), 1,550 mAh
HHE—]EI% ek glom, 18] $4 71E 1A A4 Falo]
Hssith 2 AR AL A8AT A 2578 Fo 2ES
5 2ASIg o, oF 28 462 Fo A S TS,
% 5.00022]910] H 2 R o]\ 30 fps 551
ok E53% B ofujA]of dfsf GT (Ground Truth) Y3= d
olg] Thilg)es ATt &, 4184 53 AFE BA 2d
= A8sto] AR "HAE sk @A 23S GT Hlo|& e}

ml

= Hazardous object

A Traversed path

5.4m
A A A T
5 A [~ A A
v >
A A a | al |
=

Inside of simulated ceiling environment

Fig. 18 Reduced-scale ceiling environment

Table 3 Results of hazardous object detection with object filter

applied
Confusion matrix Object detected ~ Not detected ~ Recall
Object TP: 4168 FN: 412 0.91
Background FP: 322 - -
Precision 0.93 - -

Table 4 Results of hazardous object detection without object filter

Confusion matrix Object detected ~ Not detected  Recall
Object TP: 4427 FN: 695 0.86
Background FP: 1402 - -
Precision 0.76 - -
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¢ FN (False Negative): GT &= dijsl & A&7} ¢A
t, ToU7} 0.5 m]RkQl 79

* FP (False Positive): GT $JgE0] gl= Yxof 91 E A
At 2t A

e Recall: GT Y& = YIE ehx] o] &3t v
_ TP
Recall = TPTFN (4)

e Precision: Y& 1] mdlo] X3 HA| = AAZ GT
AHEQ] v

TP

P P _ A4
recision TP+ FP

®)
H Ao A= LA (False Positive)’} S718lE et 2= 99
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Autoencoder-based Milling Cutting Force Monitoring by Spindle Vibration
Signal Detection
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In machining operations, dynamometers are typically used to directly measure the forces acting on cutting tools. However,
their high cost and complex setup restrict their use to laboratory environments, making them unsuitable for real-time
monitoring in general production settings. To overcome this limitation, this study proposes an autoencoder-based learning
model for estimating cutting forces using only spindle vibration signals acquired during milling. The model features a deep
neural network (DNN) that takes processed spindle vibration signals as input and predicts latent features derived from
cutting force signals through an autoencoder. These predicted latent features are then fed into a pretrained decoder to
reconstruct the corresponding cutting force signals. To enhance the model's accuracy and robustness, the raw vibration
signals sampled at 20 kHz were filtered with a bandpass filter that spans the effective frequency range of 20-2500 Hz,
effectively removing irrelevant noise. For validation, an accelerometer was mounted on the spindle head of a milling
machine, and vibration data were collected during cutting. The estimated cutting forces were compared to ground truth
measurements obtained from a dynamometer. The model achieved a Pearson correlation coefficient of 0.943,
demonstrating that reliable cutting force estimation is achievable using only low-cost vibration sensors.
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1. ME A1) Cutting Foree) 379} B2+ 7be] 244 ABAES
HHgshs 8 Wit At e T, 334, A= A
AAEoNA AREE A 39 38 A AlE 2 A5 7 dAEe S e, ol A SH H &
of 2 FFS lelml, 512] vk (Wear), 3}<=(Breakage), Agroga Ft nhel 3 oS BUEPEE = qlok ey
H| A AF AFel](Abnormal Conditionsy= ZH}2 A G840 #]5}, S A4 S54517] sl A== 3527 (Dynamometer)
4 B, AH S 5oz olojxith. Fefo YA wA = g 2] o) Aloko g Qlsl ARt A AR 285
7Iu LA ABAEE 7)ol &S B, Y B WA B 7ol RHAIZE Qlek ERE AR S 3ol 4] AlA o v
WA MRS A FE oS oIl o]t AAE FES B T I ThsAdol e, = 2] wet
7] 93 3+ A EYE & (Tool Condition Monitoring, TCM) ro|2o] oJgko 7 =A A7} A5 4= 9ITH4,5]
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of AgEE WE, &5, €2 Ushdbes o &9 A2 5, o= Etstar, @ A8 7HsAdol Wobd dAE i

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.



48 / January 2026

-7k H 74 o] &ds] A+l

U =
REA R =
olth. 712 ATAE AR, A%, S3PE(Acoustic Emission,
9

AE) A 58 olgsle] Al sk wilo] Algtslel
Stk AR AAC] O3t WA FES 2 ABE ARl &

A4 A
of WEe AEshe Ao, 7A AlL|e] 28} Ao B4
A 7ol weh Alee) o] AstEle £A7F ok
AE AlM = dap F Asks 4] kHzol A 4= MHzS| 315w}
4 A5 = 7|9k RMS (Root Mean Square)e] @z F19]
SEHE HAASHAIRE, 2 2ol rigdshal ik AlER o] 8
gjo] AAIZE 3-8l Alefo] mErH4-8].

718 Ay AL 7= Aol ofsf St s
o] =213 Sl sl WAsk= Asol T2k AF shed A

A=

Z

offl o

= =l Agse 24 S44& Z8shs HoR, Ay
&b A9 AE 7 A dRelM Y] A840] =
T2y s Aol ek wAES AHE 9 FEVIA
o] 7=, FHY A, 2UE 2 $YALY T30l AT
5 Toll Y= 71 A, A=l AL v g Aol m
2, 71&9] A% 39 7t FEerRe w2 HAUEY 40
ol AE =t ool wEt Tt dd s 42
T2 daEate] wAdg BAE Al gt wAlZI
ZEgo] 8=l QUu{7-11]

& AellMes 71 ssEAel ot A S4e diAl
s17] flsf, 2uFE AE Aente® g dAte s 2
T e HAlEE 7Rk 24wl Aljbekal, vl s
W F HIAESEl L EQISH (Autoencodery S A-E-3TE ¥

A delgz g QlEy

FEeAery 249 Adee
(Encoder) 7152 E3]| A4t o] £ wlE|(Latent Vector)S &5

DNN2] £2-2 t]3t(Decoder) 7|50l ¢JeElo] HEHoz A
A Alez B3t o F9l, 7§ shs Aol ot
Ak ZA9lo] A%E AFytoa HAES AA7F 2AT 2= Q)
= 2Es At Aok Hdlo] A2 AEE flal, 7=
AAE Foll SAE A Aot FgAel ofgt A4k Al

Coefficient) #-41& 53] 54 He=g Br1stgct.

= S
%9 5% WEoR M, ofF Bl A3
A4 Fo] JHSHEE 3] IS QETUE TE

2 ol eI 9| A, S LelE, Tl & g
g8 wRe] T S PHS 74

op
i
[

P C R ]
x X
2 z 2
z2
f enc : f dec
Zm .
Xn-1 Xn-1
L Xp | X, |
Latent
Input  Encoder Decoder  Output
Features

Fig. 1 Architecture of autoencoder

2.1 2EQIFH IR

LEQFAYE Y HolHE AR It m gFsL,
Al el Ao s Bshs HAE Sk 7|gke) Al
ojth. 7|EH o2 AT} tIY R FAEH, Q13
4ol ¢ HolHE dFste] B4 HEHS
£ o8 o oY Ao Edshe g3 .0l
2|3k dubAel @ =Rl o] 2= Fig. 1of Urehdl upe} 3¢
T} 12-14].

HECERIE

1209
fof
i
>
N
1o
1o
Am
oX
1=
)
|o
fru
2
A
ol
ok
rr
i)

z=o(W, x+b,) 1

oA7NA W, Qe 4EA WY, b, B WH, ok
HlA1E 2et geolu, 2 i 4 W olt.

AAE B4 vE L e B 9 e g,

o714 W, 9} b,z 217} vzl o] 150} WS vehic,

3
2 AR50 AFoz Suze AH 77 128, 64
Agor PUHoR EHiun, HFH oz 323910 54 W)
EHE Z23l}15,16]. UIEE o] & =
TFEZ AL Fgote] e ke apgor Bt qli
tlo} f3ie|o] 7F 2YZol Tanh EA3} F<7t AL
820 N3 (Linear) BA3tE LA QIT4EE SO
AE #H kol A, 2EH 54
% AWE 2% 7]8 DNN 34 mdo] 2 Zggho
et
olgdt TxE 7oz QFiel tF T Ake 77t 4]

(3) 2 A@)ek ol ekl 4= glck.

i [ T =
5os
I
i)
>
1%
O

op
b =



St=EUISE|X| M43 8 H1= January 2026 /49
Encoder Decoder DNN Decoder
| Il r 1 Y : 1
Ay
F, F, . Fx
= z
z = D o = 4 =
. f . ay 8—»%»5»&)»32—»64»8
N > 64 > 32 —>64 > @ Latent \
/ Latent \ . / Features N Fy
Fy 8 Features g f'y a, §
L T J L T )
S - Input Hidden Hidden  Output
Layer L Layer Layer
Input  Hidden Hidden Output aver Y
Layer Layer Layer Layer Fig. 3 Architecture of the autoencoder-based cutting force
Fig. 2 Architecture of cutting force autoencoder model estimation model using spindle vibration signals
zp = [(F) 3) Z7J3}7] 1%t DNN 7|9t sy mdlg At
A|¢HE DNN 229 24 Fig. 3of vtehdl whe} o), 51
F _fd(zf) “) _ - e _ - N
3tel 3% 29E s AR(V)E Yoz AMgsiH, & 3,000
SVIA FE HARe) Yol dEols, [ SRQlaniE 5 A2le] Aot OlEls TG DNNE Y gelesie o
o melwl Ak Alolth. 2,7} At AToH 2EF B4 melmro] AFuold 22 32419 WAlele] EYuEE &
wejolc}. o= B, o] ) F 9] 24 (Hidden Layery
tanh §420] £ W9l [L1]2 ASE R, Qe golH & EFRI) 7F 2USS X HOR 2048 — 512 — 128 %}
Aol 3} Hofof gttt & ATtol A= HArE o] X Ay Hoz FEe] o AUS Ao Fadiy, HF &Y
Ue A1EOR HolaE B shon, AR Gt 2 F RAUCR Myse] eEQlnro] SRuE Gdut U
o] 4=aglct. shws A4 ol
F 52l SOl A=, DNN B8l (fy,yy e S8l 58 %7%]‘9“—}5](2/)
From = ol G) = emzyel gamol] Yslel Yale] Fake AE(F, ) B
Atk o t3e LEQINY sy T4 S7-5=A 7Rt
EAH o= A(6)0l whet U A Y= HekE o] k2] Hlo|EE o]835to] ofn] gk5o] $hrE o[, DNN
A A 7|4t =4 Ao A= v Z Y uleha|glE 14 ske] AR
P el 6 7V IRl ol sietolee mgstel ALg et

AN Fropn = QEQTCE Bo) B8 H573tE 3]
grolH, ol 7 &9 HdigkE Fsto] HE ol gk
Fo] Ht},

wd S5 i doje] Fol HUE Holg F 7te] 912
skl o R fyun, 24 R Hd Alg oAt
(Mean Squared Error, MSE)& AR5l MSE= 41(7)1) o]
A ojErt.

) @)

£ el BLEA S LEISEOIA 28 A}
o 2% SYUEE BEPOR L, o2 AF By

il

o] t]AT= A@oA AYH AT FLUsE L5 7R,

@2 ggo] 7]& QA &go| ofd DNNORHE =44 &
e R GR|E 9, olo] wet 4@ REH HEHo
Bzl 2o A|(9)ef Zo| Holgirt,
2f = Jown (V) ®)
Fy = f2,) x max|Fl ©)

A= /\L]‘il?_a e s gfg Eiﬂilﬂ 78k Ak

£& st taee] sehE g
wm% 4 720 s PR ol B0 5 4
S BEAS FAO Bugos wte] A4 glolw Fud

A JJr B elo] 7Ms sttt
2 ArolAE A AsRRE 248 Axe 54U 2ol
Qi vt AR 54 o WAEES DNN Sg 5

o

o, )=y sheln|gE Ao AH T2 8Ky oA
& %‘—&"M o5 B3 mulo] Yuis} A5t AN HEHS F
o Ex o, AEASTE AAEE =A== A5k}

o:



50/ January 2026

"l Spln le
sensor

Fig. 4 Experimental setup: (a) Sensor placement on the 5-axis
machining center and (b) Data acquisition system used for
force and vibration signal measurement
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Fig. 6 Cutting force reconstruction using the autoencoder
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Effect of Flash-light Sintering Voltage on the Microstructure and
Chemical Properties of Lithium Lanthanum Titanate Thin Films
Prepared by Electrostatic Spray Deposition
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Perovskite (HIZEAFI0|E), All-solid-state batteries (F111&|ZHX])

All-solid-state batteries (ASSBs) utilizing non-flammable inorganic electrolytes are gaining significant attention due to safety
concerns associated with conventional lithium-ion batteries. Among various oxide electrolytes, lithium lanthanum titanate
(LLTO) demonstrates high ionic conductivity at room temperature but is prone to lithium loss at elevated sintering
temperatures. In this study, we employed electrostatic spray deposition (ESD) at 250°C, followed by flash light sintering
within milliseconds using a xenon lamp. This approach enabled the production of dense and highly crystalline LLTO thin
films with minimal lithium evaporation. Scanning electron microscopy (SEM) analysis confirmed reduced porosity at 650V,
while X-ray photoelectron spectroscopy (XPS) revealed stable lithium content. Additionally, X-ray diffraction (XRD) indicated
the formation of a cubic perovskite structure that is beneficial for ionic transport. This rapid and scalable process shows
promise for producing high-quality LLTO electrolytes, thereby enhancing the safety and performance of next-generation

ASSBs.
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1. N2 ole AEES Uehlt thEAel 1A Asjdolch. et 5
o2 AUl E3kE FOS)S Ao wgstol SOy 5| /%
BOI2AA= A7IA; FollA oUA] AA = ARE A, 3 7HaE A Bt olye), FE ARlER A" g5 E
el ool HAk FAEAL Sk 7| FEel=dA =T S Ao i QUH(1]. o= sl bAda A
AREEE A dafde 7HAA Rrlee ERstal gl HE Hgdo] AiFer HAEE AlekE A, 53] Lithium
oluf spAfe] fedE WAstL k. ol2fRl o], B|7H1Ad Lanthanum Titanate (LLTO)2} 22 =&o] 4] Adsf&e] #+¢
F7) A AsES AMgshe AR o tiet At 2t T FER SR QITH2]. LLTOE 204 93t ol A
5] AL Qlek. AuAAA| oA A AL 71E 2lEel EEE UEls HREATI0)E 29 &ﬂ%i, FJ%(Li)FJr
23219 e 7lsa FAO BlEeles Akshe A Heha(La), ElERE(T)O] Hl&o] 22} 033, 0.55, 19 o o]

oS FAsof StRR, 2 o] H=Ao] Aot AE=7) 7P Serhal EarEn3].

AR P51 A AHE A Ae)aa} GAE 5220 LLTO dafde] Az Wy oms e @)s)(Pelletizing)o}
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FA AL vt SIS AU Alold 4 AN ATL &
RS ] i w183 AlZto] Z71ete] AL Ego| WolAlr).
HhHo| Sol-gelH 7t AZRE A7) & F2PH(Electrostatic
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Foh ey LLTOO 3H-5 2lE2 §-3lo] Wol 1,200°C o4
oA A FUFCEMN, A= 2F, T, HEREY HlE|
A= FA7F Ay
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2.1 LLTO 22} FMol& =} W

|HZ Axst7] flsf, MA A2olA
2A|7F =9t of|Eh2(99.5%, Sigma Aldrich)ol] LiNO; (99.0%,
Sigma Aldrich)?} La(NOs);-6H,0 (99.9%, Sigma Aldrich)S &
ksl ar, ME 2 Ti(OCH,CH,CH,CH;), (97.0%, Sigma Aldrich)
£ OPAIEoMAIE(99.5%, Sigma Aldrich)o]l Zg33ict. o] %, 7
SRS A2oA 247 F7kE SRR F, FEIHIE(99%,
Sigma Aldrichyg 37}sto] 2447t 59t E3siict. ojuf d
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= skt eE3t 719 Abol 9] ARl 50 mm=E A5
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= H2EATM0|E A Gt W 9l EskE Qs Fa
= ZlEYsioict. FAaA 9 A7PAY- 550, 600, 650Vl

2.2 LLTO g9} £ 2M HitH

LLTO ko] 9 FAl= FAF 22k #v]7 (Scanning
Electron Microscopy, SEM, Nova Nano SEM 450, FEI)2 o]&
slo] pHaksleich LLTOS| 240} sobs B4 XAl Az
F33(X-ray Photoelectron Spectroscopy, XPS, K-Alpha, Thermo
Fisher ScientificyS 53l 435 o, dfuto] AX Lz X-
Al 3] (X-ray Diffraction, XRD, SmartLab, Rigaku)2 ©]-&3}
o] shelstgirt.
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o= ofds] 7]go] WEEM, ol Vg5 HE ol

57} & wupe] Rzt Beolu, AAE 650 VoA Fa

3T
2% 23} 7| go] 3A| waste] muEel ke YT 4 9)
[elKe)

Figs. 2(a)-2(dy= zHz+ 472 A LLTO ¥haln} 550, 600,
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(c) 650 V

Fig. 1 SEM images of the surface morphology of the LLTO thin
film flash light sintered under (a) 550 V, (b) 600 V, and (c)
650 V

630 Voll 4| B8 LLTO ¥tute] £718 Lhehiich, ad
o] Z&Y=]7] A LLTO ¥Fate] Sl oF 350 nm3. o i
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AR Qg 7 WP} AgleS Selet 4= lrk. AutA o
47 Aofl LLTO up} ol §7]20] tha mghslof glom,
Tl §71Ee] FWSA 7)go] WXHA FA}
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o ol 1 ol it B4 oiisigon
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351 rsmI
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500 nm

Fig. 2 Cross-sectional SEM images of (a) as-deposited LLTO thin
film and flash light sintered under (b) 550 V, (¢) 600 V, and
(d) 650 V
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Fig. 3 XPS spectra of (a) Li 1s and (b) Ti 2 p of as-deposited LLTO
thin film and flash light sintered under 550, 600, and 650 V
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Fig. 4 XRD patterns of as-deposited LLTO thin film and flash light
sintered under 550, 600, and 650 V
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As advanced materials with high hardness, strength, and heat resistance are increasingly applied in fields such as
aerospace, semiconductors, biomedical engineering, and mold manufacturing, the demand for high-precision machining
technologies is growing. Micro electrical discharge machining (Micro-EDM) has gained attention as a non-contact process
that locally melts and vaporizes conductive materials using electrical sparks, allowing for the fabrication of intricate 3D
microstructures with high precision. This study analyzes the impact of capacitance in RC-type discharge circuits on the
machining characteristics of single discharge craters using aluminum, brass, copper, STS304, and WC-Co. Additionally, we
compare the overlapping behavior and morphological evolution of multiple discharge craters across these materials. We
investigated the diameter and depth of single discharge craters, as well as the geometrical characteristics of overlapped
craters. The results demonstrate the influence of discharge energy and material properties on discharge crater geometry,
providing a quantitative basis for analyzing surface morphology in the Micro-EDM process.
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100V, 0.2 nF

Fig. 2 SEM image of WC-Co electrode (@ 580 pm)
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Table 1 Material properties of workpiece [22-25]

Tm[K] c¢[J/KgxK] k[W/mxK] p[kg/m’]
Aluminum 933 840 237 2700
Brass 1173 382 121 8450
Copper 1358 387 400 8930
STS304 1673 504 16 7930
WC-Co 3073 303 110 15800
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Depth
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Fig. 4 Schematic diagram of discharge crater size

Table 2 Average diameter of single discharge crater according to
workpiece materials and capacitance (100 V)

Average diameter of discharge crater [um]

Material
0.2 nF 2 nF 20 nF 200nF 2000 nF
Aluminum 6.5 15.0 314 65.8 191.4
Brass 5.9 12.3 30.5 52.1 145.6
Copper 5 10.5 21.8 50.9 1333
STS304 42 10.5 20.5 61.6 131.0
WC-Co 4.1 10.1 20.5 455 125.6

Table 3 Average depth of single discharge crater according to
workpiece materials and capacitance (100 V)

Average depth of discharge crater [um]

Material
0.2 nF 2nF 20 nF 200nF 2000 nF
Aluminum 1.5 4.6 6.6 13.2 30.9
Brass 1.3 32 7.1 9.0 16.9
Copper 1.1 1.4 2.7 7.5 11.6
STS304 0.9 1.1 1.4 22 4.9
WC-Co 0.6 0.9 1.2 1.59 4.6
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Fig. 5 Average diameter and depth of single discharge crater
according to workpiece materials and capacitance (100 V)
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Table 4 Change in average diameter and depth of single discharge
crater per unit capacitance (applied voltage = 100 V)

ACapacitance ADiameter [pm/

Material [nF] nF] ADepth [um/nF]
02—2 25.14 52
2—20 5.95 2.01
Aluminum
20 — 200 1.26 0.27
200 — 2000 0.23 0.05
02—2 23.52 5.31
2—20 4.64 1.29
Brass
20 — 200 1.27 0.31
200 — 2000 0.19 0.04
02—2 19.75 4.81
2—20 4.17 0.6
Copper
20 — 200 0.84 0.1
200 — 2000 0.19 0.03
02—2 15.88 3.99
2—20 423 0.51
STS304
20 — 200 0.72 0.06
200 — 2000 0.24 0.01
02—2 15.72 2.81
2—20 4.05 0.42
WC-Co
20 — 200 0.8 0.05
200 — 2000 0.16 0.01
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Fig. 6 Average diameter and depth of single discharge crater per
unit capacitance (applied voltage = 100 V)
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Estimation of Kinematic Parameters of a 6-Axis Serial Robot through a
Circular Test Using a Double Ball-Bar
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Double ball-bar (H{& £Hl}), Circular test (2E HIAE), 6-axis serial robot (6= ZI1E Z2)

This study introduces a straightforward and cost-effective method to enhance the positional accuracy of a 6-axis serial
robot using a double ball-bar (DBB). Kinematic errors, a primary source of inaccuracies in offline programming, are
estimated and calibrated through circular tests. The kinematics of the robot are modeled using the Denavit-Hartenberg
(D-H) convention, and a mathematical relationship between radial deviation and kinematic errors is established. To
avoid singularities, identifiable parameters are selected using singular value decomposition. The method involves three
steps: measuring the tool center point (TCP) with the DBB, estimating key kinematic parameters, and verifying the
calibration results. Redundant or less significant parameters are excluded to concentrate on the most impactful ones.
During the process, the robot is commanded to trace a circular path while radial deviations are recorded. This data is
then utilized to estimate and adjust the kinematic model. After recalculating and executing the circular path with the
calibrated model, a notable reduction in deviation is achieved. This proposed approach requires no additional
equipment and provides a quick, affordable solution for improving the accuracy of industrial robots while lowering
maintenance costs.
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NOMENCLATURE )4 = Measured Position on the Circular Path

T = Nominal Transformation Matrix (TM) that Defines
Radius of a Double Ball-bar (DBB)

Radial Deviation Measured by a DBB i1

Frame {i} Relative to the Frame {i-1}

TCP Position E T, = Actual TM with Kinematic Error
t . .
CP Position rro; b b T = Nominal TM for Joint 6
Ki tic E the Robot ]
fhematic ot of The Robo T, = Actual TM for Joint 6

Estimated Kinematic Error

Center Position of the Circular Path
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Fig. 3 The deployed robot (KR 60 HA, KUKA) and the attached
tool

Table 1 Specification of the deployed robot

Manufacturer KUKA (Germany)
Maximum reach [mm] 12,033
Positional accuracy [mm] +0.7
Positional repeatability [mm] +0.05
Path accuracy (circular) [mm] +0.4
Path repeatability (circular) [mm] +0.16

Table 2 Specification of the utilized double ball-bar

Manufacturer Renishaw (UK)
Part name QC20-W
Accuracy [pum] +(0.7+0.3%L)
Resolution [pm] 0.1
Measurable range [pum] +1

_____

&S
/
/
? | L
~ A
\
\
V-____.______,—-"

Fig. 4 Generated measurement paths for the circular test
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Table 3 Estimated errors in link parameters

Parameter Value
Aa; [mm] -0.9132
Aa, [mm] 0.5287
Ag; [mm] 1.2681
Aay [mm] 0.1194
Aas [mm] -0.2551
Ay [rad] 0.0002
Ao, [rad] 0.0034
A [rad] 0.0008
Aay [rad] 0.0012
Aas [rad] -0.0006
Ad, [mm] 09112
Ads [mm] -0.1850

\\
NN
Aty

Center pivot = =% &
assembly

Fig. 5 Circular paths and their center points in position 1 & 2
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Table 4 Convergence of joint angles in numerical inverse kinematics at p;c

Angle Step 1 Step 2 Step 3

(deg) Joint value A Joint value A Joint value A
6 6.7440 0.1533 6.8973 0.0002 6.8975 0.0000
& -94.3426 -0.0144 -94.3570 0.0001 -94.3569 0.0000
& 132.3457 0.0772 132.4229 0.000 132.4229 0.0000
6y 10.8680 -0.1694 10.6986 0.0010 10.6996 0.0000
& -38.4947 -0.0202 -38.5149 -0.0270 -38.5419 0.0000
G -8.5278 0.2086 -8.3192 -0.0011 -8.3203 0.0000

S [mm?] 4.697088 0.000014 0.000000

A 0.01 0.001 0.0001

Table 5 Center positions with respect to the base coordinate system

>
Center positions [mm ( oe
Path P [mim] = (ST an e = (19)
DPex DPey Pe:z
CP1 1270.016 179.928 947.831 7} 29 om0l o4 WAE 7| 7ekA mel £ o] oy
cP2 1269.937 -119.917 947.784 Dshe Ea) AAME WA MR 23 Aol7]d] Aeiste] 2
CP3 1270.003 29.983 947.921 slolon], 24 WAL 32804 7|5st Wl EolslA] 2L
ahirt.

B Azo| AZ CPl, CP2, CP3o| thal 24¢ ukbd w3}
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o 45 717k wetle S Agsiele o S v W
A7} 154 ol o] ula 27 AT AL ol
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% b WA Aigre] Wil A 88.79%7H4) Zastele.
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o] FelE|9ic.
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Fig. 7 Measured radial deviation without / with calibration

Table 6 Summary of the measurement results without/ with

calibration
Without calibration With calibration
Path Plane Average  Standard  Average  Standard
|AR| deviation |AR| deviation
[mm)] [mm] [mm)] [mm)]
XY 0.2168 0.1126 0.1255 0.0566
CP1 YZ 0.4166 0.1754 0.1450 0.0938
ZX 0.4769 0.2466 0.0627 0.0499
XY 0.2166 0.0600 0.0680 0.0420
CP2 YZ 0.4280 0.1775 0.0497 0.0451
7ZX 0.4810 0.2621 0.0539 0.0301
XY 0.2547 0.1789 0.0877 0.0442
CP3 YZ 0.4461 0.2235 0.0952 0.0597
ZX 0.4671 0.2575 0.0607 0.0476
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Study on the Variation in Mechanical Performance of Medical Balloons
depending on Polymer Tube Extrusion Process Variables
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Balloon catheters are a key technology in medical devices, essential for minimally invasive procedures. This study
quantitatively analyzes how the orientation characteristics of polymer tubes, influenced by extrusion conditions, affect the
mechanical properties and compliance of the final balloon—where compliance refers to the change in diameter under
external pressure. Nylon 12 tubes, with a target outer diameter of 1.2 mm and an inner diameter of 1.0 mm, were extruded
under six different orientation conditions by varying the screw flow rate and puller speed. The tubes were processed under
identical forming conditions, allowing for a consistent evaluation of their mechanical properties. As orientation increased,
elongation decreased while yield strength increased, and these trends continued in the balloon, significantly influencing
compliance. To quantitatively measure orientation, we introduced the dimensionless Deborah number. We established a
curve-fitted experimental model that links extrusion conditions, polymer tube properties, and balloon compliance. This model
allows for the prediction of balloon performance based on extrusion-stage parameters, providing a practical framework for
process optimization. Overall, this study offers an effective quantitative indicator for forecasting balloon catheter performance
based on extrusion conditions and supports the systematic design of medical balloon products.
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NOMENCLATURE V.; = Average Velocity at the Die Exit

L, = Free Surface Length

B = Dimensionless Parameter Characterizing Swell Ratio ' . .
A = Relaxation Time

N, = Piston-driven Normal Stress

T = Shear Stress

DDR = Draw Down Ratio

. . 1. M2

V, = Puller Withdrawal Velocity

V = Release Velocity of Polymer Melts _

oD e ey Y 1.1 B4 FEE]

t = servation Time s

L v 243G 24 AlES CT (Computerized Tomography), MRI

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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Table 1 DDR recommendation for industrial plastic extrusion

Material DDR
HDPE 1.15
LDPE 1.60

Polyurethane 1.3-2.0

P-PVC 1.15-2.0

U-PVC 1.15

Table 2 FEM specifications for numerical analysis

FEM specifics Value [Unit]
Nodes 120305 [EA]

Elements 115040 [EA]
Flow rate 7.849E-08 [mmi*/Sec]
Pulling speed -0.1 [m/s]
D, +D v
DDR = -L—¢ = 2 2
Dy+D; vy @

Fig. 3& =&E1} Tip & Die 719] ©rH 2 1|82 DDRZ, A
F0] oA Wste)] A A o r JIES vAH oF g AH
A7t B4 o],

T4 AR Q) =R, D, += Die®] WA, D, = Tip2
3, Dy= AEY &4, D, = A& WAHS Yyeiyd, v, =
Z2|(Pullen)o]l oJs A== AE &=, vf% |5 LAt
BT 4Eg ojulg. ofele WAES /e 4E B
QoA AjFo] HMPFEL FHom JHHE= e A5



82 / January 2026

Symmter

N
N
O\)

Fig. 4 Schematic diagram of the computational domain, mesh and
boundary condition used in numerical analysis.

et}
248 552 A¥che 25 EE PAHAGI@)S v
T2 gAer Aed o
op 0%
9P Lo 4
Ox; Ox; @)
A7IA p= &E, 1, & 58 WAE UElHT Generalized
Newtonian Fluid 288 293 A9 22 AL 2(5)% 4|
HeH17].
(6ui+6ui) 5
b () Ox; Ox ®)

Land) <]
317] Slal Ak W cholHE Hojo] 4228 Remeshing)
£ #g3to] 22| ol B MAB A

EEE
S fARES ARHor], AH feke 2R Fae wu

i)
i
)
1B
H1
lo
o
o
il
N
22
i
32
&

Tip - —]

Fig. 5 Schematic diagram of the Tip & Die

teeee Parsion

Parsion tube

Cooling body ‘

Heat load

Stretching Stretching
-—)

Clamp peek

mold ‘

Balloon

Fig. 6 Balloon forming process

A 2 5 9 Sl A i 20 4853l

S|4l Aik= Fig. 4ol AXEGlow X814 A vigte
2 T}kl Tip & Die 2@ A7 2 #2519 2n, DDR H]&
1.15-28 7|22 2 Tip 7% 1.8 mm, Die A7 2.0 mm= A7
3 HAe 5 W A B dHRsIH. F A= Fig. 5

o Lett glt.

]_
& AX Parison FHE WYk, o] B4 R
7 oEaoR gl Z1RE, o]k ol 229 4
FAlo] AE Goe Ao 2HFHE 4B Bk
U7 E3) 7HEE Parison FEE 229 AY A A o
22 wrt B OR QYW 4 Qs FulEn, 34 o
(]

(Blow Molding) Z-4el 4= 7kt 3
A, SIS GBS Gk

=

o] IPgolA] T} FHol @Alge] F5] Fusjofof s,



January 2026 /83

] ko Uk WAl ol sk FHE 271 ¥
ozl

£, 9% 34e S vlE FAE =24 It 2G4
FolA ] Wy AsS AR, AA 5489 45 ool 2d
Al FFF vHTH18,19].

B AFoA= HEF o 97 2.75 mm, Zo] 20 mme| 2
28 IS AFs] fla 9% 1.2 mm A 1.0 mmé] aE
2 FHE 4E ¥t H8s9 e, Parison F¢ 16-

18 mmE A|¢Jstal WZ]sto] Parison Tubed AI&FSHATE. o=
Blow up Ratio (BUR)E &3t A S & of7|4 BURS =%
FEO YAl et 25 AxE= T4 9749 vlE ottt
dRkA o g BURO] 2.5-5 A= oA A27F H7] wio
[20,21], o]& &3 F B ARRFS AHste o, £HdE Parison

Tube= Zlﬁ E=29 A¥e &3 A4 2.75 mm, 4°] 20 mm

Z1Zh vl R ST A o R & 65419 2008 Akt
He 2A 4 AR W7 342 FdsA A1
o, = A5 o]§sto] 15°Co WS =8 7]= A
o2 A3k}
ol 88 o 250-260°C WO AIEE 1EA ER7}
Uk W7 24 ste]l SuHES oy, Ay It 24 o
9]9] FFS wiAIStLA}L B¢l

aHow FrekEs AR 2An W, 54

T

==

oot

o ool
o

fak)

N,

o] EAL &% EATL HEMY AZo] A7) o|2AS Ak
o= Hrjsly] glel A= ol eI} %%ol Zrgos

[e]
e Hwe] W@ Aol FXY =32l Deborah
Number (De)S TEiste] 74 e uh2 a*é HeE A

o A B3} A GO FHAL A6 2t
A /lvexit
De=%= 6
¢ I Lf ©

oA7IA 1, & WAL R JEFAAE Hol EET 9

A1¢] J;‘T"F*E Vewie © T A-5-999¢] o] L, = Yehd 4
UL, o] ZAIZE A2 Tipd}t Die?] &5 ©H/ALS] B Shear
Rate®] G122 A1@3kc}. o|afdl HA40] wol Ea) A

z790] A

g 40 sersing shgon) dael 34 %
I} TP gh2 T

able 30f) 4bA18] Leh 2t

Table 3 Extrusion process parameters by conditions

TYPE Fl[(znvg/rse;te Pull[er:rrl/ sslieed Debor?]}; :]umber
Condition 1 2.12E-7 0.06 0.06
Condition 2 4.24E-7 0.13 0.11
Condition 3 6.32E-7 0.21 0.16
Condition 4 8.38E-7 0.27 0.20
Condition 5 10.2E-7 0.35 0.23
Condition 6 12.1E-7 0.45 0.25

Table 4 Balloon foaming process parameters

Temperature [°C] 150
Forming time [s] 180
Pressure [bar] 7
Left-Right stretching [mm]
Left-Right stretching speed [mm/s] 5
Cooling time [s] 180
Cooling temperature [°C] 15
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Fig. 9 The WAXD patterns of Nylon12 under different orientations
of polymer tube

Table 5 Elongation and modulus of tubes by extrusion conditions

TYPE Elongation ratio [%] E [Mpa]
Condition 1 1755 0.87
Condition 2 1468 1.13
Condition 3 1147 1.19
Condition 4 843 1.22
Condition 5 546 1.42
Condition 6 322 1.64
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orientation conditions
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Fig. 11 Stress-Strain curves of balloons formed from oriented tubes
in axial and radial directions
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Fig. 12 Bar graph of average yield strength and elongation in
balloons under different processing conditions

7}
HhH Hi SRETIE = Axial HF3Fol|A] Condition 10] 189.2 MPa,

Table 6 Elongation and modulus of balloon by extrusion conditions

TYPE Elonga[toz]n ratio Average[i:[e;:]strength
Condition 1 (Axial) 279.8 189.2
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Condition 4 (Axial) 163.5 264.7
Condition 5 (Axial) 142.1 280.4
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Stress Strain Curve
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Fig. 13 Compliance of balloons different extrusion conditions
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Table 7 Mechanical properties of polymer tubes with balloon

Compliance indicators by deborah number
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[De] [MPa] ’ [NP]
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0.2 55.42 843 7
0.23 59.42 546 8
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We present an extrusion-based dispensing system designed for the planar patterning of tungsten ink through direct ink
writing. This system achieves uniform ink deposition by precisely controlling the dispensing pressure and the motion of the
substrate along predefined writing paths. To assess the impact of pressure on pattern geometry, we fabricated line patterns
under various pressure conditions and analyzed their widths and thicknesses. To gain further control over pattern width, we
employed an adjacent line overlapping strategy, where several lines, each approximately 200 um wide, were written with
partial overlap. We quantitatively verified the relationship between the number of adjacent lines and the resulting pattern
width. This method was also adapted to create planar patterns with complex geometries, including variable widths, curved
paths, and discontinuous features. The resulting patterns demonstrated uniform quality and precision. These findings
confirm that our proposed system provides a versatile solution for fabricating planar conductive patterns with intricate
geometries, suitable for applications in printed electronics and interconnects.

1. Introduction

The demand for precise and versatile patterning techniques has
steadily increased with the rapid advancement of electronic,
sensing, and energy devices [1-7]. As functional devices require
increasingly  tunable geometries, traditional fabrication
techniques face limitations in terms of process complexity,
material compatibility, and geometric flexibility [3,8-14].
Photolithography, while offering high resolution, relies on rigid
processes and cleanroom environments, making it less suitable

for cost-effective or scalable production [3,8,9,15]. Screen and

Copyright © The Korean Society for Precision Engineering
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inkjet printing provide greater flexibility, yet each comes with
trade-offs in terms of ink viscosity, resolution, and pattern
precision [7,16,17]. To address these limitations, extrusion-based
direct ink writing (DIW) has emerged as a promising alternative
for printing high-viscosity, metal-rich pastes [4,18-21]. Unlike
droplet-based methods, DIW enables continuous deposition with
minimal clogging [5,10,22]. These characteristics are well suited
for applications requiring thick, uniform, and durable conductive
patterns, such as printed electronics, heaters, and interconnects
[4,5,19,23].

Here, we introduce an extrusion-based dispensing system for 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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planar patterning of tungsten ink. The system consists of a
dispensing unit to regulate dispensing pressure (P), an XY motion
stage for the substrate motion, and a control PC to coordinate both
dispensing and motion. P was varied to study its effect on pattern
geometry, particularly width and thickness. Based on a line pattern
of approximately 200 pm in width, an adjacent line overlapping
strategy was applied to modulate the overall pattern width by
increasing the number of adjacent lines. This method was further
extended to fabricate planar patterns with complex geometries,
including variable widths, curved paths, and discontinuous
features. The proposed method enables the straightforward
fabrication of planar patterns with complex geometries,
demonstrating its applicability to various planar electronic
structures.

2. Experimental Setup

Fig. 1(a) shows a schematic of the extrusion-based dispensing
system that was used in this study for DIW of planar patterns. Fig.
1(b) presents a photo of the experimental setup. It consists of a
dispensing unit (ML-5000XII, Musashi Engineering) to regulate
the P, a metallic nozzle with an inner diameter of 100 pum for
dispensing tungsten ink, and an XY motion stage (OSMS26-300,
Sigma Koki) to control substrate motion. The PC controls stage
motion and dispensing. The syringe contained tungsten ink
(Winner Technology), which was then dispensed onto alumina
substrates. The writing path was segmented with a spacing of
100 um between neighboring points, and the stage moved at a
constant speed between these points. The average writing speed
along the entire path was approximately 0.7 mm/s. This segmented
approach is particularly advantageous in curves, where maintaining
smooth motion is critical. Although momentary acceleration and
deceleration may occur between neighboring points, their influence
was negligible in our experiments. Further optimization of the
writing motion will be studied in the future work. A camera
provided real-time visual monitoring. The tungsten ink had a
viscosity of approximately 50,000 mPa‘s (as provided by the
manufacturer), and all experiments were conducted at room
temperature.

Figs. 2 shows the procedure for fabricating single lines using the
extrusion-based dispensing setup shown in 1. As shown in Fig.
2(a), the process begins with the dispensing of tungsten ink
through the nozzle. The motion stage then moves along a
predefined writing path (Fig. 2(b)), and dispensing stops once it
reaches the specified length (15 mm) (Fig. 2(c)). The fabricated
line pattern is shown in Fig. 2(d).

Dispensing pressure

Tungsten ink

Dispensing
unit

Motion
controller

Nozzle

Control PC

Ny y
. Substrate_/ Printed
XY motion stage patiem g

Dispensing

XY motion g =
stage d
; Motion
B controller

(b)

Fig. 1 (a) Schematic of the extrusion-based dispensing system and
(b) Photo of the experimental setup

[E—
Writing
path

(b) Stage movement along the

(a) Dispensing start

predefined writing path

(c) Dispensing stop at the . .
. (d) Fabricated line pattern
specified length

Fig. 2 Fabrication procedure of a line pattern using the extrusion-
based dispensing setup. Scale bars are 5 mm in (a)-(d)

3. Results and Discussion

3.1 Effect of Dispensing Pressure on Pattern Quality

To investigate the effect of P on the geometry of the fabricated
patterns, the width and height of line patterns were measured under
varying P conditions: 300, 400, 500, and 600 kPa, as shown in Fig.
3(a). Higher P increased the ink flow rate, leading to wider and

thicker line patterns. Fig. 3(b) presents optical microscope images
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Fig. 3 (a) Width and height measurements of line patterns fabricated
under varying dispensing pressures (300, 400, 500, and 600
kPa) and (b) Optical microscope images of line patterns
fabricated under the same conditions as in (a). Scale bars are
300 pm in (b)

of line patterns fabricated under the same conditions, illustrating
the influence of P on pattern quality. At 300 kPa, bulge defects
were observed, likely due to insufficient ink flow relative to the
writing speed [10,24]. At 400 kPa, uniform patterns with a width
of approximately 200 um were obtained. Despite using a nozzle
with a 100 pm inner diameter, the ink spread laterally after
extrusion, increasing the pattern width to approximately 200 pm.
However, by adjusting parameters such as writing speed, nozzle
height above the substrate, and P, it is expected that the pattern
width can be further reduced. The influence of these parameters
will be investigated in future work. Further increases in P resulted
in wider patterns, but no noticeable change in pattern quality was
observed. These results indicate that control of P is effective for
adjusting pattern geometry. However, the achievable pattern width
is constrained by the nozzle diameter and the rheological behavior
of the ink [25,26], making it difficult to fabricate planar patterns
wider than a line pattern. To overcome these limitations, we
implemented an adjacent line overlapping strategy to modulate

pattern width and fabricate planar patterns.

After cleaning

Before cleaning

(@ (b)

Fig. 4 Optical microscope images of the pattern (a) before and (b)
after ultrasonic cleaning. Scale bars are 300 pum in (a) and (b)
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Fig. 5 (a) Schematic of the adjacent line overlapping strategy and (b)
In-situ images capturing the fabrication of planar patterns with
adjacent lines. Inset in (b): schematic of the writing path used
in the fabrication process. Scale bars are 5 mm in (b)

3.2 Adhesion Test of Tungsten Patterns

Additionally, to evaluate the adhesion of the patterns to the
substrate, samples fabricated at 400 kPa were treated with
ultrasonic cleaning at 40 kHz for 5 minutes. Figs. 4(a) and 4(b)
show optical microscope images of the patterns before and after
cleaning. No notable changes or defects were observed, indicating
sufficient adhesion of the pattern to the substrate.

3.3 Planar Pattern Fabrication via Adjacent Line Overlapping
Fig. 5(a) schematically illustrates the adjacent line overlapping
strategy used in this study. To fabricate planar patterns wider than a
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Fig. 6 (a) Planar patterns fabricated by sequentially overlapping O
(single line), 1, 3, 7, and 15 adjacent lines, (b) Pattern widths
as a function of the number of adjacent lines. Insets in (b):
corresponding optical microscope images. Scale bars are 5
mm in (a), 1 mm in the insets of (b). (c) Thickness profile
measurements of planar patterns fabricated with 0 (single
line), 1, 3, 7, and 15 adjacent lines

single line, several lines were sequentially written with a uniform
spacing of 100 pm. Each adjacent line, approximately 200 pm in
width, was written to partially overlap the previous one, forming a
planar pattern with increased width. Fig. 5(b) presents snapshot
images showing the fabrication of planar patterns with a single line
and up to three adjacent lines using the proposed strategy. During
this process, the nozzle followed the writing path shown in the
inset of Fig. 5(b).

Fig. 6(a) shows planar patterns fabricated using the adjacent line

overlapping strategy with varying numbers of adjacent lines: 0

(b)

Fig. 7 (a) Schematic diagram of a planar pattern with variable width
and (b) Fabricated planar pattern with variable width. Scale
bar is 5 mm in (b)

(single line), 1, 3, 7, and 15. As the number of adjacent lines
increased, the overall pattern width also increased, demonstrating
the effectiveness of the proposed strategy. Fig. 6(b) presents
measured pattern widths and corresponding optical microscope
images, confirming uniform pattern widths. Fig. 6(c) shows the
thickness profiles of the same patterns, indicating how pattern
thickness changes with varying numbers of adjacent lines. The
thickness increased as more lines overlapped, due to increased
material deposition. To further demonstrate the versatility of this
approach, we applied it to fabricate planar patterns with variable

widths and complex geometries.

3.4 Fabrication of Planar Patterns with Variable Width and
Complex Geometries

To demonstrate the capability of the proposed system to
fabricate patterns with variable widths, a planar pattern was
designed. Fig. 7(a) shows a design in which the pattern width
varies along its length. Fig. 7(b) presents the fabricated pattern
based on this design, where the width was controlled by
adjusting the number of adjacent lines. These results
demonstrate that modulating the number of adjacent lines
enables precise control of pattern width and provides a
straightforward method for fabricating patterns with variable
widths. To further demonstrate the applicability of the adjacent
line overlapping strategy, planar patterns with more complex
geometries were fabricated. Figs. 8(a)-8(c) show representative
patterns, including a zigzag pattern, letter patterns, and an
animal-shaped pattern. The corresponding reference images are

shown as insets for comparison. These patterns include
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Fig. 8 Representative patterns using the adjacent line overlapping
strategy: (a) a zigzag pattern, (b) a letter pattern, (c) an
animal-shaped pattern, and (d) in-situ images of the
dispensing sequence for the discontinuous features in (c).
Insets in (a)-(c): corresponding reference images. Scale bars
are 5 mm in (a)-(d)

complex geometries such as curved paths, directional changes,
and discontinuous features.

Figs. 8(d) shows snapshot images of the in-situ dispensing
sequence used to fabricate the discontinuous features in 8(c).
Along the writing path, dispensing was stopped at each
discontinuous feature. To prevent contact between the nozzle and
the previously written pattern, the substrate was lowered by 1 mm
under the control of the Z motion stage (OSMS40-5ZF, Sigma
Koki). The nozzle was then moved to the next position, the
substrate was returned to its original height, and dispensing was
resumed. The high viscosity of the tungsten ink caused a slight
delay in material extrusion through the nozzle after dispensing was
resumed. To address this issue, a pause of 300 ms was applied
before initiating nozzle movement. We note that no clogging was
observed in our experiments for 3 hours. This controlled sequence
enabled the fabrication of discontinuous features without nozzle
interference. These results demonstrate that the proposed system
enables planar pattern fabrication with complex geometries,
including variable widths, curved paths, and discontinuous

features.

4. Conclusions

In summary, we introduced an extrusion-based dispensing
system for the planar patterning of tungsten ink using direct ink
writing. By precisely controlling the dispensing pressure (P) and
substrate motion, the system enabled uniform ink deposition
along predefined writing paths. To investigate the effect of P on
pattern geometry, line patterns were fabricated under varying
pressure conditions, and their widths and thicknesses were
measured. To expand the achievable pattern width, an adjacent
line overlapping strategy was implemented, wherein several lines
approximately 200 pm in width were written with partial overlap.
The relationship between the number of adjacent lines and the
resulting pattern width was quantitatively verified. Using this
approach, planar patterns with variable widths and complex
geometries, such as curved paths and discontinuous features,
were successfully fabricated. Discontinuous features were
fabricated by lowering the substrate along the Z-axis to prevent
nozzle interference. The fabricated patterns exhibited uniform
quality and precision. These results demonstrate that the
proposed system provides a versatile solution for fabricating
planar conductive patterns with complex geometries, applicable
to printed electronics and interconnects. While the system
enables fabrication of patterns for such applications, the printed
tungsten patterns in this study were not electrically conductive, as
no sintering process was applied. Future work will focus on
sintering of the pattern and evaluation of its electrical
performance to verify its applicability to electronic devices. In
addition, efforts will include improving pattern resolution,
optimizing motion control for more complex geometries, and
validating the method with other materials and substrates to

broaden its applicability.
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The study examined the flow characteristics within an LNG cargo pump, specifically focusing on how variations in the
geometry of the inducer and inducer casing affect pump performance. LNG cargo pumps are essential for transferring LNG
from carriers' storage tanks to onshore facilities. The inducer significantly influences the pump's suction performance,
making it crucial for efficient LNG transfer. Given that the inducer often operates under challenging conditions,
computational fluid dynamics (CFD) analysis was conducted on various geometric configurations. The analyses assessed
velocity, pressure, efficiency, head, and pressure loss coefficient. Among the configurations studied, Case 4 exhibited the
lowest efficiency and head, although the differences compared to other cases were minimal. Notably, Case 4 demonstrated
more uniform pressure distributions and stable velocity profiles. Additionally, its pressure loss coefficients were 34.9% and
10.9% lower than those of Case 1 and Case 2, respectively, indicating enhanced flow stability and reduced energy loss.
Overall, within the design parameters of this study, Case 4 emerged as the most optimized configuration for stable LNG

transport.
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Fig. 2 3D Geometry of rotor in LNG cargo pump

Fig. 3 3D Geometry of LNG cargo pump
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Table 1 Design parameters of inducer and inducer casing

Inducer casing (R) [mm)] Inducer angle (0) [°]

155 0 (Case 1)

130 5 (Case 2)

215 10 (Case 3)

120 -5 (Case 4)
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Fig. 4 Velocity streamlines in cargo pump

(a) Case 1 (b) Case 2 (c) Case 3 (d) Case 4
Fig. 5 Velocity vectors in cargo pump
Table 2 CFD results of efficiency and head
Case 1 Case 2 Case 3 Case 4
Efficiency [%] 44.75 46.12 49.46 44.02
Head [m] 174.2 177.1 201.5 172.4

S ACR o Ert. ¥, Table 2004= HZ9] 8&
W S gho] Case 31 A9olA] 0] B 2he SRlet 5 9]
OF ARk o2 st X5 YERaL QAL Case 30] 71 &
A AitEe] f5/dsol 7P 4 Aoltar o dE )

Fig. 62 7= "lgFo]| thgl Cargo HITO &% HixE HoE
tF 2ol A -80 em A oA H=7} FTFShE Fate Qlw
Ao datel Qg Fatolar, A A9 oAM= e
&7 $ROE S17t 345 F7hHE A8 melzrh

Case 12 QURA Yol ] H57} HAHO R Zrjoh 2S
Hol3a1, Cases 29F 32 QIFA|9] 2% 5°, 10° &= HSIAIZ] A
olck. ARA] Alol4e] ol HAL Foigo] WHo] Zago
22X HE7t F7Fk= Aol HhY, Case 4= QFA1Q] 21& -5°
2 zo] Aol4e] WHo] F7iEo] AHOR S} Zhawhe



102 / January 2026

40
“$-casel
—35 |
++case2
.§.30 [ |#-case3
o
£25 -cased
220 0-& A4
£
315
‘0
010
]
2 5
0

inlet -90 -60 -30 0 30 60 outlet
Z - Axial length (cm)
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Fig. 7 Pressure distributions in cargo pump
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Table 3 Average value of pressure loss coefficient for each case

Inducer design K,
Case 1 1.948
Case 2 1.407
Case 3 4.114
Case 4 1.268
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Study on the Reduction of Charge in Electrostatically Charged Particles
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This study examines the charge reduction characteristics of charged particles using a neutralizer to prevent accidents from
electrostatic discharge and enhance process efficiency. The research measures the number of charges, elimination
efficiency, and penetration rate under various voltage polarity conditions with a DC-type bipolar electrostatic eliminator. The
results indicate that electrostatic neutralization is most effective under negative high voltage (-HV) conditions, while the
mesh penetration rate increases and charge accumulation occurs under positive high voltage (+HV) conditions.
Furthermore, partial charge neutralization is observed under both positive and negative high voltage (tHV) conditions due
to the sequential emission of positive and negative ions. This study quantifies the mitigation of electrostatic charge using a
neutralizer, offering insights for optimizing filtration systems and improving process stability. Future research will refine
electrostatic control mechanisms by considering additional parameters such as particle size, material properties, and flow

conditions.
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Fig. 3 Discharge current of the electrostatic eliminator under
different applied voltage
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Table 1 Comparison of voltage-current data according to polarity at
the same applied voltage

Case Voltage [kV] Current [mA]
1 0 0
2 +9.5 0.06
3 -9.5 0.03
4 +9.5/-9.5 0.02/0.03

Table 2 Comparison of potential difference, electric charge and
number of charge data according to voltage polarity

Case Potential difference  Electric charge Number of
[kV] [C] charges

1 0.26 7.23E-10 1.02E+04
2 0.41 1.14E-09 1.60E+04
3 0.08 2.23E-10 3.13E+03
4 0.14 3.89E-10 5.47E+03
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voltage

Aol A7) AA &
HV 20014 Bo}2.2 o
83 A7) A7 w3t 71 %%%2111 SUL(P) E3
7KK Aol e v, - V 24 A A
A&(E)0] YL Ha} 2ol ‘:li*é*f% 7h54o] Fg RIS
LHY Z0AE oleat Soleo] wAH o 2gsje] Lit
3l J3k 7 Aot

B QA AT o]eFEI|E A8 B AA W ARl
A% el ti 49 LuE A, o
7] A7) 7149 M-t 9 el
4 e Aoz Jden, BT AFAE YA 21, AL, 5
5 87 5ol zﬂzm 55 Tejstel we 4uE 447 A

o] w7 Aok, okze] Ax7] AA7] & 2]

5t

El E 0 =
R mA M-S Agte] ol Belx MeIE B =
Aol A7) AA ER(ET YA FHRPS £HT A2
olt}.
ACKNOWLEDGEMENT

O] = 202520260 S PAANSHL AaAFA] A
TH] A Yo e AFATY.
Aol & Es T4l ZAIEY A nl

S A ol AAlEf o] A=Y T

6

:IL

.
o
ri
ok

REFERENCES

10.

11.

Goldman, M., Goldman, A., Sigmond, R., (1985), The corona
discharge, its properties and specific uses, Pure and Applied
Chemistry, 57(9), 1353-1362.

Sakata, S., (1990), Contamination-free ionizer for super clean
room, Proceedings of the 3rd International Aerosol Conference,
817-820.

Kodama, T., Suzuki, T., Mogami, T., Watano, S., (2003), A new
passive-type electrostatic eliminator used in a powder storage
silo, Powder Technology, 135, 209-215.

Zhou, Q., Hu, J., Liang, C., Chen, X., Liu, D., Ma, J., (2019),
Study on electric field distribution in cylindrical metal silo
containing charged polyethylene powder, Powder Technology,
353, 145-155.

Jeong, J.-H., Woo, D. S., (2018), The development of the ionizer
using clean room, Journal of the Korea Academia-Industrial
Cooperation Society, 19(1), 603-608.

Huang, H., Chen, W., M, J., Zhang, Y., Bi, N., Du, S., (2024),
Study on the application of atomized corona discharge combined
with screen electrode in dust collection, Journal of Electrostatics,
130, 103953.

Kim, S. H., Park, G W., Choi, H. Y., Choi, C. Y., Park, S. H,,
Park, Y. G, Lee, D. G, Ha, M. Y., (2021), Experimental and
numerical study on discharge characteristics of carbon brush
type-corona discharger, Transactions of the Korean Society of
Mechanical Engineers-B, 45(12), 681-689.

Ao, C. K., Jiang, Y., Zhang, L., Yan, C., Ma, J., Liu, C., Jiang,
Y., Zhang, W., Soh, S., (2022), Balancing charge dissipation and
generation: Mechanisms and strategies for achieving steady-state
charge of contact electrification at interfaces of matter, Journal of
Materials Chemistry A, 10(37), 19572-19605.

Intra, P., Tippayawong, N., (2009), Progress in unipolar corona
discharger designs for airborne particle charging: A literature
review, Journal of Electrostatics, 67(4), 605-615.

Antoniu, A., A., Vacar, [.-V.,, Plopeanu, M.-C,,
Dascalescu, L., (2012), Sinusoidal and triangular high-voltage

Smaili,

neutralizers for accelerated discharge of nonwoven fibrous
dielectrics, IEEE Transactions on Industry Applications, 48(3),
857-863.

Ohsawa, A.,
towards zero offset voltage with corona ionisers, Journal of
Electrostatics, 71(2), 116-124.

(2013), 2-D electrohydrodynamic simulations



Deokhyeong Kim

Ph.D. candidate in the Department of Smart
Manufacturing  Engineering, Changwon
National University. His research interest is
optimized design and performance analysis
in application area of gas turbine.

E-mail: ejrgud28@changwon.ac.kr

Sungbin Lee

M.S. candidate in the Department of Smart
Manufacturing  Engineering, Changwon
National University. His research interest is
thermal fluid.

E-mail: 20195070@gs.cwnu.ac.kr

Geonho Kim

M.S. candidate in the Department of Smart
Manufacturing  Engineering, Changwon
National University. His research interest is
optimized design and performance analysis
in application area of gas turbine.

E-mail: 20247103 @gs.cwnu.ac.kr

Seonghyun Ko

Ph. D. in the Al & Robotics Convergence
R&D Laboratories, Eco Process Engineer-
ing Research Center, POSCO HOLDINGS.
His research interest is optimization of man-
ufaturing process for secondary battery
materials.

E-mail: shkoh@posco-inc.com

Heesung Park

Professor in the Department of Industrial
and Mechanical Engineering, Changwon
National University. His research interest is
thermos fluidic devices for sustainable
energy systems.

E-mail: heesungpark@changwon.ac.kr

January 2026 /111






S HUISS|X| M43 H X 1= pp. 113-120

January 2026 /113

~|ron

Korean Soc. Precis. Eng., Vol. 43, No. 1, pp. 113-120

2lo|X =0 WE

Laser Modulation

=X & go|X-r= 22iEl MS
Performance Evaluation of Laser-induced

http://doi.org/10.7736/JKSPE.025.00026
ISSN 1225-9071 (Print) / 2287-8769 (Online)

=7}
Graphene on Wood under

== 1 %I 1 1 2 S 1,#
SIAE, z[8, =%, 4T, Hat+th

Hyungjun Ha', Hyeong Ryeol Choi', Do-Jeong Kim', Young-Jin Kim? and Han Ku Nam'#

Ehstw 7| AIZSHR (School of Mechanical Engineering, Chungnam National University)
2 KAIST 7|7{|=&knt (Department of Mechanical Engineering, KAIST)

# Corresponding Author / E-mail: hanku.nam@cnu.ac.kr, TEL: +82-2-821-5642

ORCID: 0000-0003-3482-1600

KEYWORDS: Laser-induced graphene (24|0|X-&:5= Z12HEl), Laser modulation (]|0|X{ tH=), Green electrodes (R1€t2d F1=2), Laser direct writing (24|0|X ZI 235}

Laser-induced graphene (LIG) fabrication technology, introduced by the James Tour group at Rice University in 2014,
has been extensively explored for various applications. These applications include physical sensors such as bending,
temperature, and touch sensors; chemical sensors like gas and pH sensors; and energy storage devices, particularly
micro-supercapacitors (MSCs). Additionally, theoretical studies utilizing molecular dynamics (MD) simulations have been
conducted to investigate the LIG formation mechanism. However, the carbonization and graphitization of organic
materials are complex and spatially non-uniform, making complete mechanistic interpretation difficult. Most existing
research has primarily focused on chemical and materials science aspects, with practical process optimization using
commercial laser systems largely limited to simple variations in laser power and scan speed. There is a lack of
systematic studies addressing broader laser-parameter modulation. In this study, we systematically varied laser
parameters—including power, scanning speed, pulse width, repetition rate, line spacing, and defocusing—and
comprehensively evaluated the resulting electrical, physical, and chemical properties of LIG formed on wood substrates.
The results provide insights into how graphene quality varies with laser processing conditions and demonstrate a
versatile approach for controlling performance through laser modulation.
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Table 1 The sheet resistance value of LIG under various
combinations of laser power and scan speed

Speed
Power [mm/s] 20 30 40 50
[W]
0.5 5215 4337  1028K 6263K 157.4K
0.75 110.7 8812 1.387K 4846  68.79K
1 1755 2684 1246 § -
125 2233 244 4325  3998K
1.5 201.6 - - § -
1.75 1407K 3473 2397 - -
2 531.9K - - § -

-: Not conductive
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Fig. 2 (a) Raman spectra of LIG samples fabricated at various laser
scan speeds and (b) Evolution of the Ip/Ig ratio with respect
to laser power
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Table 2 Change in Laser Spot Diameter (um) as a Function of
Defocusing Distance (mm)

Defocus [um] d(z) [um]

0 26.7
100 274
200 29.4
300 324
400 36.1
500 40.5
600 452
700 50.3
800 55.5
900 60.9
1000 66.5
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Fig. 7 Effect of line-spacing on the sheet resistance of LIG
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Fig. 9 Sheet resistance Values of LIG as a function of pulse
duration at 100 and 1,000 kHz repetition rates
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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://www.editorialmanager.com/jkspe/
Search for Journal of Korean Society for Precision Engineering: https://jkspe.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://www.editorialmanager.com/jkspe/).

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.

e 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 Sl 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

¢ Full Text of Code of Ethics for Academic Activities of the Korean Society for Precision Engineering: https://jkspe.or.kr/policy/ethics.php
* 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.
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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.



I Code of Ethics for Academic Activities

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
E

. 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.

. 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

(® 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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JOURNAL OFTHE KOREAN SOCIETY FOR PRECISION ENGINEERING

Indexed in SCOPUS, KClI SCOPUS S#%|(2017~), KCI S 2] (2001~)

1984'4 27k AZH123], O 1 LA
ISSN 1225-9071(Print) / 2287-8769 (Online)

INTRODUCTION 1. 27I0ict £ Aol e SE8=E 718
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IJPEM-ST

INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING-SMARTTECHNOLOGY

2023 New Journal 20234 27k 1723|1978 19 il

ISSN 2951-4614(Print) / 2951-6382(Online)

INTRODUCTION 1. Full Open Access
2. Research papers, Short communications, Technical briefs,

Position papers, Industry case studies

AIMS AND SCOPE e Big Data Analytics and Informatics e Augmented, Virtual and Extended Reality
e Sensors, Instrumentation and Process Monitoring e Human-Robot Interaction, Augmentation and
e Prognostics and Health Management (PHM) Collaboration
e Industrial Internet of Things (IlOT) e Autonomous Things

e Industrial Artificial Intelligence
e Digital Twin, Cyber-Physical Systems (CPS) and
Metaverse

WEBSITE www.ijpem-st.org



IJPEM

INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING

2024 Impact Factor: 3.6 SCIE, SCOPUS, KCI S| IANUARY 22 |

200044 2, HZH123], O3 1 2
ISSN 2234-7593(Print) / 2005-4602 (Online)

INTRODUCTION 1. Regular paper, Short communication, Review paper
2. X StEfiE| Ui =5 & 24 == M™ = A
3 U CIREE = Z2 =R A A B

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

2024: Semi Conductor Manufacturing
2025: I[UPEM 25th Anniversary Special Issue
2026: Humanoid Robots and Physical Al and for Manufacturing

IJ PEM 'GT INTERNATIONAL

JOURNAL OF
INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING-GREEN TECHNOLOGY PRECISION

ENGINEERING AND
2024 Impact Factor: 5.6 SCIE, SCOPUS, KCI SAiA|

MANUFACTURING
201418 27, A7 63), B4 19 WY
ISSN 2288-6206 (Print) / 2198-0810(Online)

INTRODUCTION 1. Regular paper, Short communication, Review paper
2. =N stz e =R S 2+ == MY =AM
3 U CIRRE+ Z2 =R AU H SR

AIMS AND SCOPE e Energy Saving and Waste Reduction in e Design and Manufacturing of Green Products
Manufacturing Processes e Materials for Green Manufacturing
¢ Manufacturing of New and Renewable Energy e 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

2025: Autonomous Manufacturing with Green Technology

2026: Autonomous Manufacturing for Sustainable Industry




INTERNATIONAL JOURNAL OF
PRECISION ENGINEERING AND

MANUFACTURING

IJPEM is published by the Korean Society for Precision
Engineering with Springer. The journal has a history of 26 years
and aims to disseminate relevant fundamental and applied
research works of high quality to the international precision and
manufacturing engineering community. The journal is indexed
in SCIE (Impact factor 3.6) and downloaded more than 148,000
times a year around the world

Topics of the Special Issue cover novel research
contributions of precision engineering and
manufacturing - theories and applications in the field of

Humanoid Robots and Physical Al for
Manufacturing

The potential focus areas to be covered in this Special Issue include,
but are not limited to:

- Embodied Al for factory-level decision making and control

- Humanoid robots for precision manipulation and tool use

- Al-based learning from human demonstrations in industrial tasks

- Perception and action integration in complex factory environments

- Dexterous manipulation with vision and tactile feedback for contact-
rich tasks

- Safe and adaptive human-humanoid collaboration

- Integrating physical Al with digital twin, mixed reality, and large
language model (LLM)

- Applications of physical Al in flexible and modular manufacturing
systems

- Design, modeling, and control of anthropomorphic mechanisms
- Deployment strategies of humanoid robots in legacy factory systems

- Case studies and real-world demonstrations of humanoid systems in
production

@ Springer

the language of science

JANUARY 2025

| Guest editors
Jongeun Choi
(Yonsei University, Korea)

Huitaek Yun
(KAIST, Korea)

Jingang Yi
(Rutgers University, USA)

| Submission Procedures
Deadline for Submission Date:
February 28, 2026

Publication Date:
September 1, 2026

Volume, Number:
Vol. 27, No. 9

K= : E= Korean Society for

..... Precision Engineering



pISSN: 2288-6206 / eISSN: 2198-0810

INTERNATIONAL
JOURNAL OF PRECISION
ENGINEERING AND
MANUFACTURING
GREEN TECHNOLOGY

About IJPEM-GT s

PRECISION
IJPEM-GT is co-published by the Korean Society ENGINEERING AND
for Precision Engineering and Springer Nature. MANUFACTURING

The journal is published bimonthly, and JCR 2024
impact factor is 5.6, which ranks it top 12% (22/182)
journal in the category of Engineering-Mechanical
and top 22.5% (16/71) journal in the category of
Engineering-Manufacturing.

JANUARY 20256 |

Impact Factor: 5.6 by JCRin 2024

Topics of the Special Issue cover novel research contributions |1 Guest editors:
of “Green” precision engineering and manufacturing - Prof. Martin B.-G. Jun

theories and applications in the field of (Purdue University, USA)
Prof. Young Tae Cho

(Changwon National University, Korea)
Prof. Sanha Kim

Sustainable Industry ﬁmikk,ﬁ
ror. >eo im

(Yonsei University, Korea)

Autonomous Manufacturing for

The potential focus areas to be covered in this Special Issue o
include, but are not limited to: I Submission Procedures

) ) ) ) Deadline for Submission Date:
« Cyber-Physical Production Systems for Sustainable Manufacturing ~ November 30, 2025
- Green Robotics and Intelligent Control in Smart Manufacturing ~ Publication Date:
. o : : . May 1,2026
- Sensing, Monitoring and Diagnostics for Green Manufacturing

. . . Volume, Number:
« Integration of Al in Manufacturing Vol. 13, No. 3



ACCESS

International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY

JANUARY 2026 II"” | | ‘

International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY

VOLUME 4, NUMBER 1

16382 _onine

e <=pE
IJPEM-Smart Technology (hereinafter ‘1JPEM-ST’) is a new-launched
academic journal which will be published by the Korean Society for

Precision Engineering (KSPE). Submit an JPEM-ST

http://submit.ijpem-st.org

Aims and Scope

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:

v Big Data Analytics and Informatics

v Sensors, Instrumentation and Process Monitoring

v Prognostics and Health Management (PHM)

v Industrial Internet of Things (I1OT)

v Industrial Artificial Intelligence

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

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

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

« Publication Date (Scheduled)

Vol. 4 No. 1 January 1, 2026
Vol. 4 No. 2 July 1, 2026

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

KE; E= Korean Society for
camas

- 2y www.ijpem-st.org
Precision Engineering

Editorial Board

Editor-in-Chief

Sang Won Lee / Sungkyunkwan University, Korea

Co-Editors-in-Chief

Jay Lee / University of Maryland, USA

Jun Ni / University of Michigan, USA / Shanghai Jiao Tong University, China

Senior Editor
Dong Yoon Lee / Korea Institute of Industrial Technology, Korea

Editors

Hyeong-Joon Ahn / Soongsil University, Korea

Hae-Jin Choi / Chung-Ang University, Korea
Chih-Hsing Chu / National Tsing Hua University, Taiwan
Martin B.-G. Jun / Purdue University, USA

Yangjin Kim / Pusan National University, Korea
Seungchul Lee / POSTECH, Korea

Sangkee Min / University of Wisconsin-Madison, USA
Seung-Ki Moon / Nanyang Technological University, Singapore
Duhwan Mun / Korea University, Korea

Simon Park / University of Calgary, Canada

Editorial Board

Seung-Kyum Choi / Georgia Institute of Technology, USA
Baeksuk Chu / Kumoh National Institute of Technology, Korea
Haseung Chung / Michigan State University, USA

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

Jay-l. Jeong / Kookmin University, Korea

Hyungjung Kim / Seoul National University, Korea

Jihyun Lee / University of Calgary, Canada

Wonkyun Lee / Chungnam National University, Korea
Kyoungmin Min / Yonsei University, Korea

David Rosen / Agency for Science Technology and Research, Singapore
Jung Woo Sohn / Kumoh National Institute of Technology, Korea
Joo-Sung Yoon / Kyungnam University, Korea

To be added



Submission System

Journal of the Korean Society for Precision Engineering

Indexed in SCOPUS, KCI

Editor-in-Chief: Bo Hyun Kim

Frequency: Monthly

ISSN: 1225-9071(Print) / 2287-8769(0nline)

Submission to JKSPE: https://www.editorialmanager.com/jkspe/
Search for JKSPE articles: http://jkspe.kspe.or.kr/

NellENAL OF THE KOREAN SOCIETY FOR
[23=¢ISION ENGINEERING

Introduction of
Journal

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.

Aims and Scope

The Journal of the Korean Society for Precision Engineering is devoted to publishing original
research articles on all aspects of precision engineering and manufacturing. Specifically, the
journal focuses on various fields including:

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

Award

JKSPE Award
Best Editor Award
Contribution Award

The article processing charge (APC) will be waived for full papers presented at the conference that are written in
English and do not include acknowledgment statements.

Email: paper@kspe.orkr | Tel: +82-2-518-2928
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ISSN 1225-9071(Print) / 2287-8769(0Online)

Editorial Board

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

« Editors
Jihwan An (POSTECH)
Younghak Cho (Seoul National University of Science & Technology)
Baeksuk Chu (Kumoh National Institute of Technology)
Won-Shik Chu (Gyeongsang National University)
Doo-Man Chun (University of Ulsan)
Koo Hyun Chung (University of Ulsan)
Jihong Hwang (Seoul National University of Science & Technology)
Yongho Jeon (Ajou University)
Jonghan Jin (Meter-Lab. Inc.)
Maolin Jin (Korea Institute of Robotics & Technology Convergence)
Bongchul Kang (Kookmin University)
Sung-Mook Kang (Daegu Catholic University)
Hyun-Wook Kang (UNIST)
Yang Jin Kim (Pusan National University)
Hyo-Young Kim (Korea Polytechnic University)
Sanha Kim (KAIST)

AWARDS

JKSPE Awards

USSR E1E =8 & /1Y
et 7IX|Q] =EXXoA 2

« SCOPUS

N

http://www.kspe.or.kr

« 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

INDEXED IN

- Korea Citation Index (KCI)
- Korea Science

=3 Full Paper
=== 50 Al Axi=7}

Namkeun Kim (Sogang University)

Chang-Ju Kim (Korea Institute of Machinery & Materials)

Dong Sung Kim (POSTECH)

Seung Hwan Ko (Seoul National University)

Moonkyu Kwak (Kyungpook National University)

Hyunseop Lee ("Dong-A University)

HyunWook Lee (Korea Railroad Research Institute)

Changwoo Lee (Konkuk University)

Chang-Whan Lee (Seoul National University of Science & Technology)
Kwang-Il Lee (Kyungil University)

Duhwan Mun (Korea University)

Jungjae Park (Meter-Lab. Inc.)

Hyung Wook Park (UNIST)

MinSoo Park (Seoul National University of Science & Technology)
Jung Woo Sohn (Kumoh National Institute of Technology)

Submission to JKSPE
Search for JKSPE

« https://www.editorialmanager.com/jkspe/
« http://jkspe.kspe.or.kr

12F, SKY1004 Bldg., 50-1
Q Jungnim-ro, Jung-gu, Seoul,

\\ +82-518-2928(T) ﬂ paper@kspe.or.kr
+82-518-2937(F) h

04508, Republic of Korea
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2026. 3. 10. 2026. 3. 21. 2026. 3. 31.

Mon Fri Mon

E

e EE0F
- MYUTIE Precision Manufacturing Processes

« MU=H Precision Measurements

« 22H|0{XF52} Robotics, Control and Automation
« ADIEMAAIAE] Smart Manufacturing System

« MALUXYZ Design and Materials

« X17|AH Machine Tools
- L}.=0}0]|2 27]& Nano/Micro Technology
; - HIO|2&IA Bio Health

« MEH|IZA|AH Additive Manufacturing
- SAMAMY & Green Manufacturing Technology
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7 — W &hf* Al

T KSOE @ otz Yy U F oty 2o Malasts| AFR=2 Tel (02)518-0722, (02)393-0725 E-mail conf@kspe.or.kr Homepage http://www.kspe.or.kr/event/
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International Conference on ( @

PRecision Engineering and Sustainable Manufacturing PRESM  siGaboree

PRESM
202

Topics & Scope Important Dates

1. Manufacturing Processes Deadline for Abstract Submission of Regular Session:

February 2(Mmon), 2026

June 28 sun - July 3 Fri, 2026
Marina Bay Sands EXPO, singapore

2. Machine Tools & Systems

Deadline for Acceptance Notification: (Mail from the PRESM Secretariat)
3. Automation, Measurement & Control March 31(Tue), 2026

4. Materials & Design . [/1]]] 1L
Deadline for Early Registration/ Presenter Registration:

May 1(Fri), 2026

5. Micro/Nano Technology

6. Bio & Health Full Paper Submission (Optional):

May 1(Fri), 2026

7. New and Renewable Energy

8. Sustainable Technology

Participating Journals b

1 International Journal of Precision
Engineering and Manufacturing (IJPEM)

*SCIE, SCOPUS / Impact Factor 3.6 (2024), Q1

2 International Journal of Precision Engineering and
Manufacturing-Green Technology (IJPEM-GT)

*SCIE, SCOPUS / Impact Factor 5.6 (2024), Q1

3 International Journal of Precision Engineering and
Manufacturing-Smart Technology (IJPEM-ST)

4 Journal of the Korean Society for Precision Engineering (JKSPE)

*SCOPUS [l =]
[=] ﬁﬁ .--E

Organizer Co-Organizers Supported by
K< Korean Society for L JSPER The Japan Society for - Taiwan Society for Singapore Exhibition
E.EI = Precision Engineering (KSPE, Korea) U Precision Engineering (JSPE, Japan) =P » = Precision Engineering (TSPE, Taiwan) ., & Convention Bureau

PRESM2026 Secretariat ¢} www.presm.org =z presm@kspe.or.kr
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