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CFRP (Carbon Fiber Reinforced Plastic) is a composite material formed using carbon fibers and epoxy resin matrices. It
has low productivity and suffers from machining defects during precision machining. Laser machining of CFRP is
associated with the problem of heat damage to the epoxy resin. EDM of CFRP can process various shapes with a shaped
tool, however it has a lower material removal rate compared to laser, and the non-conductive epoxy resin layer on the
surface must be removed before EDM processing. In this study, we have proposed a laser EDM hybrid machining in which
CFRP was pre-processed with a laser and then post-processed by EDM. The laser pre-processing conditions were
selected by adjusting the laser power and the number of repetitions to minimize thermal damage. According to EDM
conditions, the size of the thermal damage area occurring in the epoxy resin, the change in the side gap, and the change
in the processing time were investigated. Using the hybrid processing, micro-holes with a diameter of 150 um were
machined, and square-shaped micro-holes were also machined. To improve productivity, a multi-tool capable of processing
four square shapes was manufactured, and multi-processing was performed.

Manuscript received: September 30, 2022 / Revised: November 7, 2022 / Accepted: December 2, 2022

1. Introduction

CFRP (Carbon Fiber Reinforced Plastic) is a composite material
using carbon fibers and epoxy resin matrices. It is widely used in
various industries such as aviation, automobiles, ships, sports,
medical, electronics, robotics, and defense. It has been in the spotlight
for its excellent properties such as light weight, high strength, high
elasticity, abrasion resistance, and fatigue characteristics [1].
However, precision machining of CFRP is difficult due to the
heterogeneous properties of carbon fiber and epoxy resin. Defects
such as delamination, fiber pull out, burrs, uncut fiber and thermal
damage are easy to occur during cutting such as drilling and milling,
and high tool wear is also a problem [1-3]. Various non-
conventional machining methods are also being used in CFRP
processing. Among them, laser machining is capable of processing

CFRP from a large area to a small area without considering tool

Copyright © The Korean Society for Precision Engineering

wear and cutting force [4]. For precise micro-shapes, picosecond
pulses are used [5], and good shape processing is also possible even
with nanosecond pulses [6]. The author also studied micro
machining of CFRP using nanosecond pulses [7]. However, there is
a problem in that extensive thermal damage occurs to the heat-
sensitive epoxy resin during laser processing of CFRP [3].

CFRP machining using EDM can process various shapes
depending on the shape of the tool electrode. Since EDM is a non-
contact machining resulting in almost no cutting force, so precise
shape machining without delamination or burr is possible [8]. For
micro machining, it is possible to make micro holes in CFRP using
EDM [9]. However, EDM is generally slower than laser machining.
There is a problem that the non-conductive epoxy resin layer on the
surface of the CFRP must be removed before EDM processing [10].
To make up for the shortcomings of EDM of CFRP and increase
productivity, a hybrid machining of drilling and EDM deburring

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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was researched [11]. However, this process was not applied to
make various shapes other than the circular hole shape.

In this study, the hybrid machining of CFRP using laser and
EDM was proposed. After pre-processing with a laser to minimize
thermal damage, post-processing with EDM was performed to
machine the micro-shape. By using EDM tools with various
shapes, not only circular but also square shaped micro-holes were
machined. In addition, multi-processing using multi-tool was

attempted to improve productivity.

2. Experimental Set Up

In this experiment, Ytterbium Pulsed Fiber Laser (K2 Fiber 20,
K2 Laser System, Korea) with a wavelength of 1,064 nm was
used. It is adjustable from 10-95% based on the maximum power
of 20 W, the maximum frequency is 200 kHz, and the maximum
scan speed is 3,000 mm/s. EDM machine was manufactured in the
laboratory. It has XYZ axis with the tool rotation, and uses an RC
type EDM power. The EDM tool was made of tungsten carbide
with a diameter of 0.5 mm, and was manufactured to various
shaped microelectrodes through WEDG. As the dielectric fluid,
EDM oil (EDM OIL 100, Universal Oils, Korea) was used. For a
multi-processing, SS304 with a diameter of 1.0 mm was used as a
multi-tool electrode, and deionized water was used as the dielectric
fluid. The CFRP specimen is plain woven type and has a thickness
of 0.5 mm (Muhan Carbon, Korea).

3. Feasibility Test of Laser EDM Hybrid Machining

In Fig. 1 shows the machined rectangular shape by hybrid
process with pre-processing by laser and post-processing by EDM.
Laser processing conditions were 95% power, 20 kHz frequency,
600 mm/s scan speed, and 800 repetitions. For EDM, a square tool
with a side of 310 pm was used, and 120 V and 94 nF were used.
After laser pre-processing, the size of the square shape was 265 um
on the front side and 132 um on the back side. After EDM post-
processing, the size of the square shape was 353 pum on the front
side and 343 pm on the back side. After EDM, the overall size
increased due to the size of the square tool (310 pum), but the taper
was decreased from 14.9 degrees after laser to 1.1 degrees after
EDM. So a square shape with almost no taper could be processed.
However, after laser machining, thermal damage occurred widely
around the machined area, which could not be removed even after
EDM. Therefore, it is necessary to reduce the laser thermal damage

area in order to produce a precise shape after EDM.

(b)

5 ;

Fig. 1 Square shape machining on CFRP using hybrid machining for
feasibility test: after laser pre-processing (a) Front view, (b)
Backside view; after EDM post-processing (c) Front view,
and (d) Backside view

4. Results and Discussion

4.1 Laser Pre-Processing

In order to reduce the wide thermal damage in the laser pre-
processing step, the laser power and the number of repetitions were
reduced. Fig. 2(a) shows a case of 50% laser power and 10
repetitions. Although the wide and deeply damaged areas were
reduced, a large area was still thermally damaged. Fig. 2(b) shows
a case of 30% laser power and 5 repetitions, and it shows that there
is very little thermal damage around the machined area. A very
small thermally damaged area is not a problem since it is included
in the machining area of EDM post processing. Although the
amount of laser processing in the depth direction was relatively
small, 30% power and 5 repetitions were selected as laser
conditions because wide and deep thermal damage could not be
removed even after EDM. Fig. 2(c) shows the result of processing
a rectangular shape under the conditions of 30% power and 5

repetitions.

4.2 EDM Post-Processing

Fig. 3 shows the result of EDM post-processing of a circular
shape after laser pre-processing. In the laser pre-processing, a
circular shape was machined with 30% power and 5 repetitions.
The EDM tool size is 233 pum. As shown in Fig. 3(a), under the
EDM conditions of 120 V and 10 nF, thermal damage occurred in
which the epoxy resin melted widely in the carbon fiber direction
due to the heat generated during EDM. In Fig. 3(b), slight thermal

damage occurred around the hole on the back side. As shown in
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Fig. 2 Laser machining results with different conditions: (a) 50%
power and 10 repetitions, (b) 30% power and 5 repetitions, (c)
30% power and 5 repetitions (square shape)

© (d)

Fig. 3 Machined holes by laser EDM hybrid process with different
EDM conditions: 120 V, 10 nF (a) Front view, (b) Backside
view; 90 V, 10 nF (c) Front view, (d) Backside view

Figs. 3(c) and 3(d), under the EDM conditions of 90 V and 10 nF,
the discharge energy was relatively small, so it was possible to
machine a shape with a very small thermal damage area around the
machined hole after EDM post-processing.

To analyze the size of thermal damage after EDM post-

processing, the thermal damage area ratio was calculated as follows.

Thermal damage area
Machined area

Thernal damage area ratio = x 100( %)

In the case of 120 V and 10 nF in Fig. 3(a), the thermal damage
area ratio is larger than in the case of 90 V and 10 nF in Fig. 3(c).

300
©
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Fig. 4 Thermal damage area ratio according to voltage in EDM post-
processing (capacitor: 10 nF, tool size: 233 um)
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Fig. 5 Thermal damage area ratio according to capacitance in EDM
post-processing (voltage: 100 V, tool size: 215 pm)

Fig. 4 shows the thermal damage area ratio according to voltage
in EDM post-processing. In this case, the capacitor is 10 nF, and
the tool size is 233 pm. As the voltage increases, the thermal
damage area ratio increases. Fig. 5 shows the thermal damage area
ratio according to the capacitor in EDM post-processing. In this
case, the voltage is 100 V and the tool size is 215 um. As the
capacitor increases, the thermal damage area ratio also increases.
That is, if the discharge energy increases, more heat is generated
during EDM, so the thermal damage area increases.

Fig. 6 shows the machining time and the side gap according to
the voltage in EDM post-processing. In this case, the capacitor is
10 nF and the tool size is 233 pm. When the voltage was 90 V, the
side gap was the smallest at 25 pm. In the case of 90 V and 110 V,
the machining time was almost the same, and in the case of 120 V,
the shortest machining time was 13 minutes.

Fig. 7 shows the micro holes with a diameter of 150 um by
using hybrid machining. In the laser pre-processing step, it was
processed to a size of 100 pm. In the EDM post-processing step,
conditions of 100 V and 5 nF were used, and the tool size was 125
um. The EDM machining time was 9 minutes, and it was observed
that the epoxy resin was slightly melted around the machined holes
after EDM.
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Fig. 6 Machining time and side gap according to voltage in EDM

porst-processing (capacitance: 10 nF, tool size: 233 pm)

Fig. 7 Micro holes with a diameter of 150 pum by using hybrid
machining: (a) After laser pre-processing (30% power, 5
repetitions); after EDM post-processing (100 V, 5 nF, too size
125 pum) (b) Front view, (c) Backside view

4.3 Square Shape Machining

In this experiment, a rectangular shape was machined as shown
in Fig. 8. In the laser pre-processing, a square shape was processed.
Then, EDM post-processing was performed using a square tool
with a side of 210 um. In this case, EDM conditions were 100 V
and 10 nF. The tool can be rotated when machining a circular
shape, but it is impossible to rotate the tool when machining a
square shape. Therefore, the removal of debris and the supply of
dielectric fluid in the machining area were relatively difficult, so
the machining time was increased to 41 minutes. The size of the
machined rectangle is 247 pm on one side. After EDM post-
processing, the epoxy resin melted in the direction of carbon fiber
on the front side. This is because the thermal damage is increased
due to the prolonged machining time and unstable machining

environment caused by non-rotation of the tool.

(b)

Fig. 8 A square shape by hybrid machining with laser pre-processing
(30% power and 5 repetitions) and EDM post-processing (100
V and 10 nF): (a) Front view, (b) Backside view

4.4 Multi-Processing Using Multi-Tool

In order to improve productivity, a multi-tool capable of
processing four square shapes was manufactured, and multi-
processing was performed using this multi-tool in EDM post-
processing. A SS304 shaft with Imm diameter was used to
fabricate four rectangular multi-tools using wire electrodes. As
shown in Fig. 9, the outer four sides were machined to make a
rectangle (steps 1 to 4). Then, by machining in to a cross shape
(steps 5 to 6), four square multi-tools are completed. In this case,
EDM conditions were 125 V and 97 nF, and the total processing
time was 97 minutes. The length of one side of the rectangle is 140
pum. Fig. 10 shows the multi-tool after being used for CFRP multi-
processing, and it can be seen that the tool tip is worn out.

In EDM post-processing using multi-tool, since the discharge
gap is not controlled for each hole during discharge, machining
stability and efficiency may be reduced. Increased machining
area and no tool rotation also reduce machining stability. Using
the multi-tool, there were many electrical shorts between tool and
workpiece, and the machining did not proceed well in the depth
direction. Therefore, the amount of machining in laser pre-
processing was increased in order to reduce the amount of
machining in EDM post-processing. As laser conditions, 80%
power and 200 repetitions were used, and the size of the
processed shape was reduced by repeatedly irradiating one point.
A total of 4 holes were pre-machined with a laser according to
the size of the multi-tool. As shown in Fig. 11(a), after laser pre-
processing, thermal damage occurred around the machined area.
In EDM post-processing, 125 V and 47 nF was used because of
the large machining area of multi-processing. Deionized water
was used as a dielectric fluid. The EDM machining time was 14
minutes. Figs. 11(b) and 11(c) shows the front and back sides
after EDM post-processing. In conclusion, multi-processing is
possible, but the machining shape accuracy is not high. Further
research is needed to improve machining shape accuracy in

multi-processing.
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b
4 6

Fig. 9 Fabrication procedure of multi-tool (outer four sides
machining: steps 1 to 4, cross shape machining: steps 5 to 6)

Fig. 10 Multi-tool (after being used for CFRP multi-processing)

(a) (b)

Fig. 11 Multi-processing of 4 square shapes with multi-tool by
hybrid machining: (a) After laser-pre-processing (80%
power, 200 repetitions); after EDM post-processing (125 V,
47 nF) (b) Front view, (c) Backside view

5. Conclusion

In this paper, micro machining of CFRP using laser and EDM
was studied. In the laser pre-processing step, thermal damage was
minimized by controlling the laser power and the number of
repetitions. As a result of the experiment, the conditions of 30%
power and 5 repetitions were selected. In the EDM post-

processing, the size of the thermal damage occurring in the epoxy

resin, the change in the side gap, and the change in the machining
time were investigated according to the EDM conditions. The
thermal damage size was analyzed through the thermal damage
area ratio. In the case of high discharge energy, thermal damage
occurred widely around the machined area after EDM post-
processing. When the discharge energy is reduced, it is possible to
machine the shape with little to no thermal damage after EDM
post-processing (ex. 90 V and 10 nF). By using the hybrid
machining, micro-holes with a diameter of 150 um were
machined, and a square-shaped hole with a side length of 247 pm
was also machined. To improve productivity, multi-processing that
can process 4 square shapes was tested. In order to increase the
machining stability and efficiency of EDM in multi-processing, the
amount of laser pre-machining was increased and the amount of
EDM post-machining was reduced. As a result, four square holes
were machined by multi-processing. But, the machining shape
accuracy was not high, so further research on improving

machining shape accuracy is needed.
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Practical Gravimetric Flow Rate Measurement Method for Slot-Die
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Slot-die coating is a method of coating a wide layer of thin film on a substrate. It has the advantages of large-area coating
with high reproducibility and uniform thickness. For this reason, it has been widely applied in various industrial
manufacturing fields. To secure higher coating uniformity under various coating conditions, estimating and controlling the
flow rate of the coating solution discharged to the substrate is crucial. In this study, a practical gravimetric flow rate
measurement method for slot-die coating uniformity evaluation has been introduced. The gravimetric method is a technique
for accurately and quickly estimating the flow rate through the mass change over time using a precision weighing balance.
We analyzed the measurement principle and errors caused by fluid mechanics such as hydrodynamic force or capillary
force. The dynamic properties based on fluid viscosity were also evaluated for flow rates from 5 to 50 ulL/s. The
repeatability of the fabricated measurement system was ~1.5 ul/s. Finally, it was confirmed that the settling time for high-
viscosity fluid could be advanced by 56.4% through multi-step feedforward control.
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NOMENCLATURE m. = Mass from the Capillary Force Effect
my = Mass from the Hydrodynamic Force Effect

D = Outer Diameter of the Nozzle .

D; = Inner Diameter of the Nozzle i = Mass Flow Rate

F, = Gravitational Force of the Weighing Object Q; = Volume Flow Rate

g = Gravitational Acceleration t = Measured Time

h; = Impact Height V; = Volume of the Fluid

I = Current Applied to Voice Coil Motor y = Surface Tension

K; = Force Constant of the Voice Coil Motor 6 = Contact Angle between the Fluid and the Nozzle
L = [Insertion Depth of the Nozzle

p = Density of the Fluid
my = Mass from the Buoyancy Effect u; = Normal Impact Velocity of the Fluid

my, = Liquid Mass inside the Nozzle below the Atmospheric up = Initial Velocity of the Falling Fluid
Pressure Level Am;= Measurement Error of the Fluid Mass

m; = Fluid Mass
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Fig. 1 Schematics of slot-die coating system
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2. Gravimetric Flow Meter

o A el ol $IXI5 917 AL ezt gol
e Al 7] Sol A S 25t 7ol WeluE A%
7] TE/7t HEY Aol2 Bl HY A RARIh ofy)
e R CEE S

i
T

- K, l/g (1)

oA71oA g= FEVIEE, K+ AAP] 5719 @ Ao,
AA7] 57100 7tE= AR [ 8l HAdEe g 72
% 9let.

& 54 A2"oAs E47F Fole 3ol fA7E @71
A% (Reservoir) FEJ2] Weighing Pan2 AAX|5}al 1 Ak
FAZE EZEE =55 AAXITE veF fA17F v S/ ol
W ESHE fA0 23] Kt 4] A S fAle U
p= E=ZET {AY RuE £ nlds T A 7 O
& HEHom waT 5 vk

Vi=my/p @

i) = V()= V(1 =A1))/ At 3

Fig. 32 AI2te 5 574 A&delth. fa719 WAYSS
W9 S354] 3.64 1 12 7R W wFYSelH, 71A1A W=
Z271= ¢35} Flexure Pivote] 7= 0.1 mm=z A&t ¢
A AlA 2] 79~ Photodiode (PD)ef -3 = W& 4|75 53l
#I9lE Zgelm s A AAE AAlR, Fol5-2 oF 2ol
[16]. 3t B2 wWe] A &A] A3 o5t (Ti20KD, Renishaw)s
ARESERIEE. A Bl 918l AREE AR HolA FY R
(Voice Coil Motor, VCM)= & Al 3.9 N/AE Ad EBHE
AFE5FITHAVM24-10, Akribis).

SAE EESIE HIE XE 225 mm 37|29 30 mLeo]



February 2023 /107

Counterweight

Weighing pan ““HL_*

Current : 2 Seg I i Syringe
Amplifier Photediode actuator pump

S H HIM o

Differential
wolume

Weight Volume Flow rate

Fig. 2 Schematics of a gravimetric flowmeter for coating nozzles

Fig. 3 A photograph of the fabricated gravimetric flowmeter
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Fig. 5 Nozzle setup for (a) Fluid drop (b) Immersed discharge, the
measured flow rate in case of (c) Fluid drop, and (d)
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Fig. 6 Nozzle gap effects on the uncertainty of the flow rate
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Table 1 Test fluid properties

Water Glycerol  Silicone resin
Density [g/cm’] 1 1.28 0.98
Dynamic viscosity [cPs] 1 1,069 5,100
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Fig. 7 Flow rate linearity evaluation for (a) Water, (b) Glycerol, (c)
Silicone resin
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Fig. 8 Measured flow rates of (a) Water, (b) Glycerol, and (c)
Silicone resin in case of 50 pl/s pump command

Table 2 Measured flow rate, repeatability and settling time

Fluid Mean flowrate Repeatability — Settling time
(Viscosity) [uL/s] (1o) [uL/s] (5%) [s]
(\;V;esr) 457 0.18 225
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Wear Estimation of an Intelligent Tire Using Machine Learning
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E}0]0), Acceleration sensor (7} MIA]), Fast fourier transform (<5 ZE2|0f] HeEt),
), K-nearest neighbor (K-Z|Z2& 0|R)

Tire-related crashes account for a large proportion of all types of car accidents. The causes of tire-related accidents are
inappropriate tire temperature, pressure, and wear. Although temperature and pressure can be monitored easily with TPMS,
there exists no system to monitor tire wear regularly. This paper proposes a system that can estimate tire wear using a 3-
axis accelerometer attached to the tread inside the tire. This system utilizes axial acceleration, extracts feature from data
acquired with the accelerometer and estimates tire wear by feature classification using machine learning. In particular, the
proposed tire wear estimation method is designed to estimate tread depth in four types (7, 5.6, 4.2, and 1.4 mm) at
speeds of 40, 50, and 60 kmph. Based on the data obtained during several runs on a test track, it has been found that
this system can estimate the tread depth with reasonable accuracy.
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Table 1 Number of training datasets

Velocity Tire tread depth
[km/h] 7 mm 56mm  42mm 1.4 mm fotal
40 72 72 144 144 432
50 72 72 72 72 288
60 72 72 72 72 288
Total 216 216 288 288 1,008
Table 2 Number of test datasets
loci Tire tread depth
\Eif(f)ljht]y 7 mm 56mm 42mm 1.4 mm Total
40 144 72 144 144 504
50 144 72 72 144 432
60 72 72 72 72 288
Total 360 216 288 360 1,224

Table 3 Accuracy of MLR for classify the tire tread depth [%]

Velocity Tire tread depth
Total
[km/h] 7 mm 56mm 42mm 1.4 mm
40 0.0 93.1 66.7 5.6 33.9
50 1.4 87.5 55.6 30.6 34.5
60 8.3 62.5 52.8 30.6 38.5
Total 2.2 81.0 60.4 20.6 352

Table 4 Accuracy of SVM for classify the tire tread depth [%]

Velocity Tire tread depth
Total
[km/h] 7 mm 56mm 42mm  1.4mm
40 91.0 77.8 97.9 98.6 93.3
50 50.0 81.9 100.0 94 .4 78.5
60 88.9 87.5 98.6 97.2 93.1
Total 74.2 82.4 98.6 96.7 88.0

Table 5 Accuracy of K-NN for classify the tire tread depth [%o]

Veloci Tire tread depth
[km/ ht]y 7 mm S56mm 42mm  14mm Tota
40 98.6 95.8 98.6 98.6 98.2
50 95.8 87.5 98.6 98.6 95.8
60 972 88.9 100.0 98.6 96.2
Total 972 90.7 99.0 98.6 96.9

Table 6 Runtime and training time of machine learning models to
classify tire tread depth

MLR SVM K-NN
Training time [ms] 6.984 34.612 14.842
Runtime [ms] 1.209 1.530 1.958
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Effect of Cross Section of Glass Fiber and Injection Conditions on the
Warpage and Gloss in GFRP Injection Molding
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SFT, which has a high glass fiber content, is one of the effective methods to replace metal and secure weight reduction and price
competitiveness. Also, paintless injection molding in which a functional pattern is applied to the mold surface can eliminate the
cost of painting. In this study, three types of SFTs were manufactured by adding round glass fibers measuring ®7 and ®10 um
and flat glass fiber measuring 27 x 10 um for the experiment. DOE (Design of Experiment) was conducted to confirm the change
in the warpage of the product and the gloss of the micro pattemn due to the cross-sectional shape of glass fibers and the major
infection conditions. Based on the results, it was identified that the flat SFT had a very small warpage compared to the round
SFTs, and the holding pressure was the main factor in the warpage of all three SFTs. The ®7 um SFT had the largest gloss
value, and the ®10 um SFT and the flat SFT had similar average values. All SFTs demonstrated an enormous change in gloss
according to the change in mold temperature. The flat SFT had the smallest standard deviation in both warpage and gloss.
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slof| whg AFFst @77 S7Fks Aol ol2Rt a2 S
F2A1717] 98l SFE2AE E34A (Composite Material) =
tiAlste = AE7F @ol o] FofA|aL JAeH 1]

S84 73} Z22~El(Glass Fiber Reinforced Plastic, GFRP)
2 o]g3t A]—%*‘h‘?ﬂ T Ao /\H/‘k_}/ﬂo] _‘,3._/':*‘ 1, e S sk
T Aol F45S AT = Q= F2 dietol € 4= Qi

S}ATE, GFRP Ad3ollAl+= O‘“/Wnor—i ojifolt 2h-gE
Sz Qs Wshs HY( arpage)oﬂ gt ez} HHEA] Z
fstH, o]& JiAste = WS dA-E0] o]Fo AL Qlth

Livi= CAES} A Y-S 53 H AsAL HIEH e FEo
HEYFE 841% Eol= Z2TE EAUTH2]. ParkS Ap52} Eof
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Fig. 1 Measurement angle of gloss

Table 1 Gloss range according to measurement angle

Measurement angle [°] Gloss range
20 More than 70 GU (high gloss)
60 10-70 GU (medium gloss)
85 Less than 10 GU (low gloss)

H|2(%)& GU (Gloss Unit)g}= TS Algslict.
Fig. 1o]xe} o] JARga} =2|ao]o] Zte g
U, $4E0 38 d=of wet 20, 60, 85°= st
ARESITE. Table 12 &4 = _4 el B9l wE =23 s
HojEoh A8 O - 85° ool A S 5HA Hth

2AAEE

22 Al
AFA YL FAH 71EE olgsto] Hade U 5
2 HAzug mgeyl §A A8dC, A SR

(Factorial Design)i} ¥ HH (Response  Surface Method,
RSM)o. & LE3}F 4= %E} QAAufA F FEaQl A
(Fractional Factorial Design)2 A& 27| 12}9] w5220 tj

3t ARE YA 7| Q3 a9} 22} 5 (Interaction) 2}

BUhE &5kt AR-HL
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7 oSl el gk aabE EAE o] oS o, AVE £
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gt} 6H* T I, V= EJ—}”"% EA3l=t o] ARE-E
o, Vi= FAAe} 22k 5 241-8-9] gjlo] 7hsatAnt AF SIS
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Table 2 Cross section and dimensions of glass fiber

Type (Size) Cross section
[nm]
Round D,
(0 =07 —
Round ﬁ
(D,=D10) '

Flat H
w=271=10 —

ARSI PAGS 24 954, /IAA B4 9 feldaote)
Ageo] $osto] 1A gol AHgE I ULH.10).
e dolt 10mm oo AHAE ALEFH o3t

AEE s 5 g, A2rkae] A%eks Bl glck. 1)
zofl, & AtelA= ol 3mmel RS 60% H7FE oA
& 73} 971aA4=X|(Short Fiber Reinforced Thermoplastic,
SFT)Z AREaRoich shlaah 9 227]% Table 26] Liehdl le}
Zo] @7, ®10 ume] Y3 (Round)} 27 x 10 ume] Z=H(Flat) &
Aoz R,
71 & A2t FrEl A
AzolH, sl o8l SFT&

B BASF ARJA] QRstol 2851 gl
Az}t

3.2 AEEE

AAE 918l Fig. 20] 22l AlH 43 A= 4 e 53
= ARBSHRIEE AlHS] A7) 186 x 95 mmo|w, FAl= 1.8
mmo|t}. 55 2] i8] E|(Cavity) oA FEE= Al A=
AEe] P Hrksl] el AW 2ol e 722 Mg
okorr},

AlE o] v Ak Fof(Corey= Fig. 2(b)oll UeRA 3l
%) (Hatehing) o]l A} HELS 218317 §18) Fapot ¢
FeRE ool 164 x 72.5 mm =27]9] Feaolol=
o]# 7}&7](Laser 1200, Agie Charmilles)s &-§35}0] FHEA}
S 7H55kEE A0l offol= AEAR T AlES ol
o] A3} €5t &5 mm =79 & W(Lock Pin)} A& FH&
2 9fat Welo] e Ro] AxH Tt

AN 718 FAlo] AYE ulale gEl dlo] uAE
AAIsh=El AAQl Ao m deA Hupd Eojut 7hHe} |l
o] w79 hgo2 wol BEE T UehII]. Fig 32
Aol 2-8% —41‘4% FEj O] FHkAL SR O] S HojETh
Hlof whikbAbel 2l 0}71 SRl Xﬂw"ﬂﬁ 25 J FFo
2 AAEU
Shoich el ehmdl s
(InfiniteFocus, Alicona)g %3f|
s019] el Yy 1
= 90-104.8 umz H3xE|glon, sfEl zlojo] HZhS 99.7 um
o| it

rlr

p—— 88—
[}
5

(a) Top view

(b) Bottom view

Fig. 2 Shape and size of specimen

240 um

1004m

S
Al

(a) Top view

(b) Section view

Fig. 3 Shape of micro pattern
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Fig. 4 Micro patterns processed on the mold surface
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Table 3 DOE by injection conditions

Melt Mold Injection V/P  Holding Cooling
Case temp. temp. speed position pressure time

Cl [Cl  [mms]  [mm]  [kef]l 5]
1 280 80 20 16 400 15
2 300 80 20 16 800 15
3 300 100 20 16 400 30
4 280 100 60 16 400 15
5 300 100 20 18 400 15
6 300 80 60 18 400 15
7 280 100 20 18 800 15
8 280 80 60 18 800 15
9 280 80 20 18 400 30
10 300 80 20 18 800 30
11 280 100 20 16 800 30
12 300 100 60 18 800 30
13 280 100 60 18 400 30
14 280 80 60 16 800 30
15 300 80 60 16 400 30
16 300 100 60 16 800 15

o) 43 D FPLEOIA AE dEenol B4zt wae
A P £ 60 mm/sQ]- 29k 800 kefs AA3IGIT) npA|uro 2

YZRAEE & o] matElo] FHE0] THsF ATkl 1525 2
2AREOR SR, HPARES H2AREE] Ffol] sdsis
3022 AA3A}.

RS Blaly] $lal vl (Minitab)e ol831e] AH7
< WA AP 25E o Bl Sk Ive] 202 e
2 AAE AEAZ 9

¢l wjxH o g ATt Table 3
AAFe] =22S HojEr)

ogp)E ol&ste] S5ttt 54 % Fig 5(3)011*1 LPE}% 7)\4
o] Fekgl 590 MES AR & ESHS 7IEoR
Fig. 5(b)ell Uebdl 9305 S45k3tt. 2t fIxlolA 4% =0l
ofl Al AlFe] FAI(1.8 mmyE M ghS ZF 91| 2] WPt st
At

7} Case’d 1-9%1 Q]x|of|A|o] X4, o, B4t Table 4
of 71kt Hagkat Hdigke] Yx= F3 <ol UErgl
EP 27k Hoighe] A= SFTHERE 2jo]& KL 393t
AT ®7 um SFTE] HE gk 7ol x| om, X
2 tiRE 8HollA RIS, YR CasedlA= 2, 99

Bd

B Reference Plane

(a) Set-up specimen (b) Measurement location

Fig. 5 Warpage measuring system
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oI sl walth ARG AEes o A% Al
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ofsto] SFTZF ke vlashch.
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®10 pm SFT tfjr] 2-& AL Feld 4= Qlqitt. Flat SFT= 9
o 1.39 mm=E 4F SFT thjy] o 2h2 gkS Helow,

AN
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Table 4 Results of warpage and gloss

Warpage [mm] Gloss [GU]
Case D7 D10 Flat
Min. Max. Average Min. Max. Average Min. Max. Average o7 10 Flat

1 0246(8) 5.702(7) 2.830 0.737(9) 7.780(7) 2926 0.089(2) 1.627(3) 0.872 0.526 0.329 0.341

2 0363(8) 3.782(7) 1.632 0.178(9) 2.588(3) 1.016 0310(5) 1.423(3) 0.793 0.470 0.328 0.339

3 0676(8) 6.631(7) 2.548 0.629(9) 9.207(7) 3.051 0.188(5) 1.716(3) 0.811 0.339 0.241 0.316

4 079 (9) 6458(7) 2796 0.631(9) 7.687(7) 3.464 0.180(5) 1.424(3) 0.733 0.341 0.253 0.324

5 0.698(@8) 7.261(7) 2841 03579 10213(7) 3456 0.069(2) 1.682(3) 0.856 0.349 0.233 0.319

6 0277(8) 4398(7) 2238 0.504(8) 4708 (3) 1.854 0.046(2) 1.487(3) 0.745 0.484 0.330 0.338

7  0.653(08) 5.777(7) 2.605 0.102(9) 6.496(7) 2352 0.261(5) 1.238(3) 0.766 0.403 0.262 0.314

8 0.597(8) 4.686(7) 1.843 0.100(1) 2.629(3) 1.255 0278(5) 1.261(3) 0.694 0.497 0.371 0.338

9 0274(8) 5388(7) 2923 0941(2) 7.655(7) 2941 0.024(2) 1.566(3)  0.800 0.549 0.363 0.333

10 0359(8) 3.711(7) 1616 0.158(9) 2.110(3) 0862  0.303(5) 1336(3) 0.759 0.480 0.342 0.342

11 0711 (Q2) 5.634(7) 2427 0.288(9) 5486(7) 2299 0269 (5 1.193(3) 0.728 0.403 0.268 0.324

12 0494 09) 4145(7) 1769  0.162(1) 3.705(3) 1.603 0303 (5) 1.0609(3) 0.727 0.305 0.273 0.313

13 0.781(8) 7.027(7) 2913 1.042(8) 7.126(3) 3.415 0.021(2) 1308(3) 0.682 0.396 0.271 0.324

14 0435(8) 3.281(7) 1421 0.181(9) 2.820(3) 1.056 0284(5) 1.121(3) 0.652 0.502 0.374 0.345

15 0478(8) 4.656(7) 2.031 0305(1) 5.676(3) 1.820 0.135(22) 1.521(33) 0.779 0.464 0.329 0.345

16 045409) 3962(7) 1767 0227(1) 4495(3) 1902 0309(5) 1.196(3) 0.723 0.299 0.264 0.305
HAE 02002 2 Welel] /g Eastach. Flat 249t 2= 1g 5 gl
wjstel] W AEe) 4% ool A1 o] AX HEY o, e el Aol e SEA0 Fa
ssol s ol A7) iz $% HPELS 2= A siths 2l Sfn|eitt
ow g,

7} SFTo| 9efo] YT F1 ol sfelely] 98] Ade 4.2 WeE
QA B4 AYsIdeh. MEAE-L2 22; B AR A2k A Micro-TRI, BYKYE ol-§-3te], sjdHle] FR=s =
on, FOJEhA] 2 WEAEE eAger Hule &Y gokoiet. sEle] FEl=E 10 GU ofske] g ol s
(Pooling)2 X18¥3}e], Fig. 71} o] Pareto At EZ E o] =214} Hog A ZIeE §5°2 31¢itt. £ A= Table 40 UEl
£ YRR Pareto AE= 7P 2 Aol A 7P 2k &t it
7HA #EehE Bkl Adighs Hojeth X5oR FAE # Feee AR $UT YA or 45 WA, Fig 9

F#3he 83h= g3t oolgke AR 7HIE AAske Al
ojm, Y& 7oAt 9 w o ARE-0| FH(Term)S FEA|SEAL STt
EQh AFEO A FH o R FAIE 7S eSS Holkle
PAG R 2 Aol 5%E o R A5kt
Figs. 7(a), (b)2} Zo] @7 um SFTOA = B, 32%E, A
F2Eo AEEE o8 o IS F= AR UES
o, ©10 pm SFTo|AE Helvl FHE, AESE o2 9
sl—»p: Z9t}. Fig. 7(c)Q] Flat SFTOHHL Hel A& E, A
T 207 3o Y-S F9Ith. 3714 SFT RF Hlo] 3o
P2 S e AS T 4 ATk
olfgt Ail= Fig. 89 FAIMEOAE I = Ut
b SFTO] v s ¢l HFs 5Ug #91(1~8mm)= ]
1olch @10 pum SFTE] 391 x}~ o2 27 Hls) 2 7171
74431, Flat SFT= 2122 lE 2AE A= 7]L87)
A7) ket Eh, Heto] Ul uhel feko] Folx|=

ol _|\i

:L ]

£ BAMRY A3 HojZr)h 7 um SFTO| Feiw gighe
0.43 GUE 714 7lon], 12 HAE 00812 27 Wl o
el Wy} 714 71k ®10 um SFTQ} Flat SFT= Z42F 0.30

7} 033 GURE SARE B73HS 7AW, £2HXE= 10 um
SFT7} 0.0482 0.013& ZH= Flat SFT i8] 2 FZHAE 1Y
o Flat ST PojAle] Amel upiz e 2ausle] 713

‘:71-6].011:]-

SFTE iz Ayt ZrixEls 84089 e 9 o)
2 29lo] H3ick. &7 pm SFTE o] Zol e 4:0] §
AR AP, SRR FAEE S Waste] ew
7} et Ao wohg )

Figs. 102} 119] Pareto X}EL} FRIA oA EHelgr 4=
o] 37}#] SFT ®H% E.fﬂSLE} Fewo 7W 2 ¥ =
AR =, 5= s
Alsted, wiAlsiE S %Ol Heks 2 it
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Term 2.776
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A i B: Mold Temperature
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BF i D: VP Position
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Fig. 7 Pareto chart of warpage according to SFT type
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Fig. 8 Main effect plot of warpage according to SFT type
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Fig. 9 ANOVA of gloss according to SFT

®10_Gloss Flat_Gloss

Term 257
B
A
c
D Term
AF A: Melt Temperature
E B: Mold Temperature
AB C: Injection Speed
AE D: VP Position
F E: Holding Pressure
AC F: Cooling Time
0 5 10 15 20 25 30 35
Standardized effect
(a) ®7 um SFT
Term 2,78
B
A
E
C
F
AB
D
BD
AF
AD
DF !
0 10 20 30 40 50 60 70
Standardized effect
(b) @10 um SFT
Term 2.78
B
AB
AC
AD
A |
F |
BD ;
E !
DF i
D :
c |
0 5 10 15 20
Standardized effect
(c) Flat SFT

Fig. 10 Pareto chart of gloss according to SFT type
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Fig. 11 Main effect plot of gloss according to SFT type
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The Experimental Study of lon Transportation

by Rotating Magnetic Force
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KEYWORDS: Magnetic field (X7 |%}), lon transportation (0|2 4~2), Magneto-hydrodynamics (Kt7| XIS}, Water electrolysis (4=745H), Hydrogen (=4)

Hydrogen production using water electrolysis is generally a well-known phenomenon. Hydrogen produced using the water
electrolysis method is an environment-friendly energy source called ‘green hydrogen’ that does not emit any environmental
pollutants when using renewable energy as an energy source. This study aims to improve the efficiency of hydrogen
production by using the ion transportation effect induced by a rotating magnetic force. For this purpose, the experimental
conditions for ion transport were determined through an experiment using a copper wire and the rotating magnetic force for
water electrolysis was applied using an alkali aqueous solution. Based on the results, an increase in the number of bubbles
generated by the rotating magnetic force increased was observed. It is assumed that the efficiency of hydrogen production
using water electrolysis can be improved by the rotating magnetic force.

NOMENCLATURE

PEM = Polymer Electrolyte Membrane

HTE = High Temperature Electrolysis
AE = Alkaline Electrolysis
RMH = Rotary Magnet Holder
RPM = Revolutions per Minute
1. M2
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oha AARE SIat 7H e B shtetn mashglc

AE AL 2 oful] BRI e U ul§S Mol B
A7k AR Qe AN AR HALS wzely dsjue
AbgHok SHER ThaRet QaAe) ol FFel ofdu 4

3ol Fobsit,

i A 7)ol ARAT QP4 S b F63 2
A2 oA A AE WHAE o8t i A BE P
ojgt AT 22 A2t Suje] Au, AsUe] ERe) Sro|
I3t A7t djF-2o|tt. Nagai et al. [2], Kaninski et al. [3],
and De Souza et al. [4,5]12 &ZE]4d A3&(KOH, NaOH), At
A HBEMHCL HoS0y), 1 7+ A, 5 axt 4 §of o=
o} 7o 2 | W4t B9) Soh A EEof mjX= gk
S zA}E1ITh. Nikoli et al. [612 &ze] A RE ALE6lo] 2

(o]

3 FEj9] o] W Aol B IRHES et B
o G807 $Aas AP H, o] HIuAoA YAH 5=
20| A2k thelek ofufx] Waske of 15% 7Adth. Licht et
al. [712 1ytol] ofgt a0 3502 Qs dA= #H <A
9] o] Tt SIS 1471—5':311 ol Fd = A2
B 0™, Zhang et al. [8]2 44 AYARS $J3E & 7| &3]
Al 2~lo] & AA gt X3S AleIct
P 1 AAZE ARolA} vl w2 AEE AVE ikt

4 gl AR oA R WM o e oA W

2 70 ouA A% uiAolth SIS 714 o8 4
A A ol dhet e Aol SR KON
VA sl e H b9, 30% olAke] el

& oIk s 0% ol geki0L
S o] HEA AL TE B Alostel ol& A
o AAe TEARN, e A3 el S5 B
ula) g AIAT T&o] oF 4u] & Ao BlEgITHII). 1
TAA 50] AL BHE Aol A o] 20) BT B HE
Sl whet 27 Pebd 4 9lee o 4 olet.
2] o] 24} 4418] ke 123 eVoluh, 4418) Aoz
o= Q) ol20] B WasHE A

spo] glo] AL o £ Wk
AAT BRE ol7] AL A e Aol HE 5
93}t

Ao HAL o] 2.9 YA
A 2 dEA ot o] AR HilFE] WA 7]
Artelr] ffsl AREEH, o]27157], oW 5 TRt
A&

o]

o

= HE ¢
O
9
Mo 2 e

Rlofahze] AHgd 4 9l

A Ao EH‘:'HE 4715 2 P, Aol oJgt =
zejo] Aajele] tjRg ST
AAA AAF A7|=Fo] 753Xt Matsushima et al. [12]2
TFelew 4 AHe 7o EA ol tRvt SRS
sersigon, Aol ofs) o] B B £wsh AR WAt
Fhokn el mwe) £ 457k 2718 SIsielch Bund
et al. [13]& & A Apolo] A= wigkyl 1TO ™ =g

= X H190
B B g B3 7

. Rotation direction

External
RMH

Pipe

Internal
RMH

4~33=] Q). Yunet et al. [14]% =
NEE AL olgsiol e 4 glont, 448
&t o ) 428 @ < dokn el £
8|2} BeAste] lida et al. [15] 2
tollAl A= Afol o] Aot Léﬂé«] ol EP~ —rZﬂOH A
cagstetcy, Aol e 45 Alolel et Had

Qo] w7l Uy zpr|go] eEE 2r|gog 2l A
Ak AR 22 St
webs] Al s ol 2o o]5-

%S
A 2| O] Aol ol ago] PE A AlLE

o (W
ﬂl]O olt

O

) SE ARSI ENE
& 4 9 Ao AZbETh B ApelAs Sae] Alxw U
] RMHE) 31 5t Alo] W §1708 51807 ol

g — =
0] e %‘*JOﬂ uAE e Blstnnt shgick
2. ¥

2.1 A &

Fig. 12 & A5tollA aQket Ag A9 g =S vehdch
A449) HE 28 dolzel] A1RE Holal] 919} Tolze)
W7ot ool vi| = Riek. Fig. 2004 & o= Ql5zo] A Al
= T89S 7S e 5 e 1Y A, A E ddsh= 4
719l mlo] 9 Rotary Magnet Holder (RMH)Z 3HA Y& 4
Act. RMH:= Figs. 13} 2004 vebdl 23} 2ol j5 RMH®}
Q] RMH= H/d¥tt.

2.2 Rotary Magnet Holder (RMH) M|

RMH Type 1-> Fig. 3(a)2} o] 199] ApA2 5= WgF 20°
Ao w wjx g 4 Q=R skl i
ZE 18704 ufR| = AASEITE 1L, 7+71 NS 33417171
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8 EESES
Magnet on internal RMH

Internal RMH
External RMH

Chamber

Fig. 2 Configuration of experimental apparatus

QlefiA Wi 9 9F RMHE HE-E2]| AAFE 483t 5
A3t £ SHsHes AZFEIE A uijA] FAE 20,
20/40, 40 W 60° 7tAC 2 AASHOoH, o]l 54 aNE &
QI8t7] flsll, WA =8 thilof sto]zof] e A TEAIA
FYE PAJskL, RMH| sjd&wo] o2 Ay 4155 S48t
%tk RMH Type 2= © 47t A7 Algshr] $fsf Wi/
3 RMHo| ujo]szo] Zo] wigko 2 6do] AH4S U5 Wgko.
2 15/1530° ZHA02 w3 2= Q2 AA=Eon, zF 108
M Z 216709 RS wjHE 4= Qlc}. 0|2 o]¥3}o] Fig.
3(b)ell UEhd A Zo] 300 7HAo® A4S wjXsd
RMH Type 25 ©]-83t A¥ol|A%= RMH Type 13} upzh7px] =

T e o] &sto] A7 B Al HAE= AY AlEE 34
33ttt o]2fgk RMH Type 1 % Type 29] AEHE 3l 30° o

&ol 7H7o] A& WskE fdske] HdiY frer|dge WA
AL solelct. T3k, 192 AR 682 AH4o] ¢ =
78S AR S Slskaitt.

o]g3t A Ayt e 2 oAl Figs. 3(b) 2 3(c)oll U
Bl viel o] o2 F avE FtHAlZ]7] fIste] Tho]L o]
o] Wefor 349 X}*—'la Z|digt W2pA71 15° 7HH 0 2w
(1 gjgystgon, o213t el 360° 5ok 6H uhE |5}
et 55 Ato]2] 7EA o] 30°(15/15/30°)7} E|=2E a1c).

RMH Type 3-& Fig. 3(c)2} Zro] &= Wgko & z1zF 74, 64
o] z}Alo] A HIeF 15° 7HA 0 2 vjA|g 4= Q== *47:]]5]04
t}. o] TE-E Y= ko 2 60° 7HA o2 63] WHEslo] RMH
Type 3& U3 Wako & 15/15/30° A o2 /9] RMHE A
A ZF 120704 F 240705 i gsteSs AAE AT RMH Type
39] ARollAe 2] Al thAlell Hof =-golle a7+ A
=oll AHYE 7tste] sl AES skl

Fig. 33 7*01 Z} RMH %9 W# RMH?} 2% RMH=
S A W ES 2= E AAE ok RMH Type 22} Type 39

o

External RMH
Outer dia. ;: @200mm
Inner dia. : @160mm
width: 70mm
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Fig. 3 RMH Types and magnet arrangements (a) Type 1, (b) Type
2, (c) Type 3
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Table 1 Type of experimental variable
. . RPM Aqueous
Iin? ?g?gl Fg; Magne[tointerval (Experimental sequence) Wiring solution Case
P 1 2 3 4 [wte]

20 Case 1

20/40 Case 2
Type 1 150 250 350 450 18
4,048.5 40 Case 3
(0,405 T) 60 No aqueous Case 4
solution

30 6 Case 5

Type 2 130 217 304 391 Case 6
15/15/30 18

Case 7

45103 NaCl 15 Case 8

’ 130 217 304 391
Type 3 (=0.4517T) 15/15/30 No NaCl 20 Case 9
wiring

391 304 217 130 NaCl 20 Case 10

2.3 A i

Table 1= RMH 53, 2H4 7=, A4 w4, 3|4 e, 54
We] wet F 107k 2 ¥tk RMH Type 1 4398 20°
(Case 1), 20/40° (Case 2), 40° (Case 3), 60° (Case 4) 7tZ2 o2
A4S U7 po 2 wjeskol HIgskeich. RMH Type 2= 2t
AL 9z wpeko F 30° (Case 5) ZHALR Hjx|3t AT} 15/
15/30° (Cases 6 7) 7tZAo& wjx|gt Ado] ARE= I
RMH Type 3 AFA42 15/15/30° 7HA 0. &2 vjdsh= Ag o At
L=} (Cases 8-10). Cases 1-62] Ao A= A& 10 mm, 2
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Fig. 9 Experiment of Cases 8-10
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There have been frequent fatal accidents of firefighters at fire scenes. A firefighting robot can be an alternative to humans
at a fire scene to reduce accidents. As a critical function of the firefighting robot, it is mandatory to autonomously detect a
fire spot and shoot water. In this research, a deep learning model called YOLOv7 was employed based on thermal images
to recognize the shape and temperature information of the fire. Based on the results of the test images, which were not
used for learning purposes, a recognition rate of 99% was obtained. To track the recognized fire spot, a 2-DOF pan-tilt
actuation system with cameras was developed. By using the developed system, a moving target can be tracked with an
error of 5%, and a variable target tracking test by alternately covering two target braziers showed that it takes about 1.5
seconds to track changing targets. Through extinguishment experiments with a water spray mounted on the pan-tilt system,
it was observed that the temperature of the brazier dropped from 600 degrees to 13 degrees. Based on the obtained data,
the feasibility of a robotic firefighting system using image recognition was confirmed.
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Fig. 1 Annual number of injured firefighters [1] (Adapted from Ref.
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(a) RS3 of L.A fire department [2]
(Adapted from Ref. 2 on the basis of web page)

(b) Smart firefighter robot of hyulim robot [3]
(Adapted from Ref. 3 on the basis of web page)

Fig. 2 Various firefighter robot
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Fig. 4 Network architecture of YOLO [13] (Adapted from Ref. 13
on the basis of OA)
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Fig. 5 Examples of image data for training
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Fig. 10 Water spray control system configuration

Table 1 Specification of the developed pan-tilt system

Components Name Specification
CPU: Intel Core i7-10875H
Computer  TFG256XX GPU: GeForce RTX 2060
Resolution: 160x120
Camera  ThermoCam 160B Scene Dynamic Range:
-10~+140°C
Microcontroller:
Mcu OpenCR ARM Cortex-M7
Motor MX-64R Stall torque: 6 N'-m
Pump 26820200 Max pressure: 200 PSI

Displacement: 7.6 LPM
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Fig. 17 Extinguishment experiment
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Fig. 18 Result of extinguishment experiment

Fig. 17} Zro] St2ti =58 4 m ojZl Ago|x AL A5
oo SEojo] 2= WIS SAFCH vFFA AoH 2=

& A= A RE slrdfe] =7t 35| Wolbd wizhx| o] &
T ¥sks S 54 2395 Fig 189} o] 2= vt
L%+N§ﬁﬂﬂimﬁﬁEﬁ6m£%HBEE%E#%
28] Hobd A I 4= QASIth &7l olsl k= <t
o] tj= 11-;0—0] =2 Holo| Sojo) 22 JE|x 27| Lx7)
%EPW It 2 257F B R EQlnh o] F Fal BAF Al
ZIA} Ak o“—l | 237} 7HsehE 2RI

L

5. d8

2 =RolMe 3 A4S =4 AlREE el fls
YOLOv7olgts g3yd ZES O]Jlsﬁ 34 A= ]3;_. 1‘:_1.51

H

A2EE AT @rxd J %Q £0l7 l H?SH m‘gl-” OlUle
S AL, vEE Aol 8l W-HE ALES Aot

ré

&3t 2 avks Jﬂﬁﬁ‘iq g
o= BRIgE 23t 99%9] X ES =4l
A3} 5% ool et 2 21_—]0}
© Ae I =3 v RiE 24 AY 2y 15% 0
Y2 223t AL Solgic). npxjuto g 43t AL HAEES
B8 24 A2 AAF A 0] S BYoR L)
AR A& BRI F5oll= 7 Al o<l stdol FAlol 7
RS WA REEo] Gl 90} Zo] Hua 4 iy
OH ol di-s-8k= sk HI°olHE F7lekaL, 2ol 2rmet 37

7|Ee 2 A sl $AEE Hoke 7 e A
333%‘ o7 ol

]
_T‘i
_1>_4
~
B
i
£
ok
X
r oo
_CL
O
ol

l

ACKNOWLEDGEMENT

% 0& r 20221515 ]’]_-81-7]%7(-]E_5A]H Cﬂ Z‘]HEA]7]§]1—E‘
71ol A X8t ICT 4114 4.0(1711174110) AFJe] 2
T2 PGy

REFERENCES

1. National Fire Service Academy, The number of injured
firefighter by year. https:/www.nfa.go.kr/cherish/news/notice/
?boardld=bbs 0000000000000047&mode=view&cntld=288

2. Yonhapnews, U.S. firefighting robot was out in force on the LA
building fire for the first time. https://www.yna.co.kr/view/
AKR20201015028100075

3. Moneytoday, Hyulim robot developed AI-IoT fusion smart
fire fighting robot. https://news.mt.co.kr/mtview.php?no=
2022010709225481172

4. Son, G Y., Park, J. S., (2021), Implementation of fire detection
system based on video analysis with deep learning, Journal of
Institute of Control, Robotics and Systems, 25(9), 782-788.

5. Kim, Y.-J,, Kim, E.-G,, (2016), Image based fire detection using
convolutional neural network, Journal of the Korea Institute of
Information and Communication Engineering, 20(9), 1649-1656.

6. Kim, Y., Cho, H., (2020), Detecting location of fire in video
stream environment using deep learning, The Transactions of the
Korean Institute of Electrical Engineers, 69(3), 474-479.

7. Wu, H, Hu, Y., Wang, W., Mei, X., Xian, J., (2022), Ship fire
detection based on an improved YOLO algorithm with a
lightweight convolutional neural network model, Sensors, 22(19),
7420.

8. Goyal, S., Shagill, M., Kaur, A., Vohra, H., Singh, A., (2020), A
yolo based technique for early forest fire detection, International
Journal of Innovative Technology and Exploring Engineering,
9(6), 1357-1362.



ro

ZHLUSSSX| M40H M25

February 2023 /147

10.

11.

12.

13.

14.

15.

16.

Majid, S., Alenezi, F., Masood, S., Ahmad, M., Giindiiz, E. S.,
Polat, K., (2022), Attention based CNN model for fire detection
and localization in real-world images, Expert Systems with
Applications, 189, 116114.

Muhammad, K., Ahmad, J., Mehmood, I., Rho, S., Baik, S. W.,,
(2018), Convolutional neural networks based fire detection in
surveillance videos, IEEE Access, 6, 18174-18183.

Ramasubramanian, S., Muthukumaraswamy, S. A., Sasikala, A.,
(2020), Fire detection using artificial intelligence for fire-fighting
robots, Proceedings of the 2020 International Conference on
Intelligent Computing and Control Systems (ICICCS), 180-185.

Girshick, R., (2015), Fast r-cnn, Proceedings of the IEEE
International Conference on Computer Vision, 1440-1448.

Redmon, J., Divvala, S., Girshick, R., Farhadi, A., (2016), You
only look once: Unified, real-time object detection, Proceedings
of the IEEE Conference on Computer Vision and Pattern
Recognition, 779-788.

Wang, C.-Y., Bochkovskiy, A., Liao, H.-Y. M., (2022), YOLOvV7:
Trainable bag-of-freebies sets new state-of-the-art for real-time
object detectors, arXiv Preprint arXiv:2207.02696. https://
arxiv.org/pdf/2207.02696.pdf

Ziegler, J., Nichols, N., (1943), Process lags in automatic control
circuits, Transactions of the ASME, 65(5), 433-440. http://
doi.org/10.1115/1.4018788

Kurihara, K., Hoshino, S. i., Yamane, K., Nakamura, Y., (2002),
Optical motion capture system with pan-tilt camera tracking and
real time data processing, Proceedings of the 2002 IEEE
International Conference on Robotics and Automation (Cat. No.
02CH37292), 1241-1248.

Hyeonjae Jeong

M.S. candidate in the Department of
Mechanical Engineering, Kumoh National
Institute of Technology. His research interest
is robotics.

E-mail: guswol104@naver.com

Hyunbin Park

He is currently pursuing the Ph.D. degree in
the Department of Mechanical Engineering,
Kumoh National Institute of Technology.
His research interest is robotics.

E-mail: gkrgusqls500@gmail.com

Maolin Jin

Principal Researcher & Director with the
Korea Institute of Robots & Convergence.
His research interest is robot motion control,
disaster robotics, and factory automation
E-mail: mulimkim@kiro.re.kr

Baeksuk Chu

Professor in the Department of Mechanical
System Engineering, Kumoh National Insti-
tute of Technology. His research interests
include robotics, mechatronics, and intelli-
gent control and reinforcement learning.
E-mail: bschu@kumoh.ac.kr






ZHUISS|X| X 40 H X 2= pp. 149-155

February 2023 /149

< | ron

Korean Soc. Precis. Eng., Vol. 40, No. 2, pp. 149-155

ol

SHERIE

} ot
o oHd

[

http://doi.org/10.7736/JKSPE.022.095
ISSN 1225-9071 (Print) / 2287-8769 (Online)

£H jli2|o] =& £5x XH A7

A Study on Controlling Arrival Velocity of Pneumatic Tube Carriers

Using Counterpressure
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A pneumatic tube system is a system that transmits and receives objects quickly inside pipes and is used in urgent
situations or when transferring or returing objects. It is mainly used in hospitals, large marts, and automation systems. For
long-distance transportation (up to 10 km) high pressure is used at industrial plant industrial sites. A large amount of flow
rate and high pressure are used to generate instantaneous pressure and flow to the opposite side, where the transport
target is stored in a separately manufactured carrier and transported. Specially manufactured carriers considering significant
frictional force in the straight, curved, rising, and lower sections during long-distance transport are employed. The other
party experimentally generates reverse pressure to lower the care speed inside the transfer pipe that arrives at a high
speed and operates the worker valve to reduce the speed, but the valve must be operated every time according to
pressure and distance changes. In the present work, a method of arriving at a carrier in a stable pipe through speed
reduction by controlling the flow rate and reverse pressure depending on the distance from the transmission unit and
calculating the reverse pressure compared to the teleportation speed is presented.
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Table 1 Pneumatic tube system parameter

Table 2 Pneumatic tube system air requirement spec

Parameter Symbol Value Unit
Tube carrier net mass - 1.3 kg
Mass of carrier with payload m 1.8 kg
Carrier cross-section diameter - 0.45 m
Static friction in Steel pipe A 0.02

Velocity 1% 13 m/s
Air density of fluid P 12 kg/m®
Air kinematic viscosity y2; 1.51 x 107 m%s
Pipe inner diameter D 0.623 m
Acceleration of gravity g 9.8 m/s?
Length of pipe L 60 m
Absolute roughness £ 0.0675 mm
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Table 3 Carrier deceleration effect

Discharge

> 4.5 5.0 5.5 6.0 6.3
pressure [liter]

Impact force

145 88 13 08 05 -
(N]

Destination time

46 46 45 44 43 -
[s]

Table 4 Carrier deceleration effect with instantaneous speed

Sending Pressure 5,07 5345 gus 6.8 7.6/54

[bar, 1/min]
Instantaneous
speed [m/s] 12.3 12.1 11.5 9.1 8.1
D15char_ge pressure 1068 4576 4888 SIRM1 S48/13
[/min, liter]

Impact force [N]  0.48 0.53 0.55 0.51 0.57
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Micro-Patterning of Liquid Metal on Flexible Substrate
Using Laser Induced-Forward Transfer
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KEYWORDS: Laser induced-forward transfer (240X .= ZA}), Liquid metal (24X{|=<), Flexible electronics (5 H&XY),
Dynamic release layer (S|44Z), Circuit repair (2|2 4=H)

We have developed a direct conductive patterning method with micro-scale line widths using the laser-induced-forward
transfer (LIFT) and liquid metal. As this method does not need post-thermal processing, there is no thermal damage even
on heat-sensitive polymer substrates by low-power laser irradiation on the dynamic release layer (DRL). Unlike other liquid
metal patterning processes, this procedure can easily achieve fine line widths of a few tens of micrometers corresponding
to laser spot size. The solid-state UV pulse laser with 266 nm wavelength and 20 ns pulse duration was used to transfer
Eutectic Gallium Indium (EGaln) liquid metal and the results for the single and multi-pulse laser irradiation were investigated
to determine the effective process conditions. The applicability of flexible circuit fabrication and selective circuit repair was
successfully tested on Polyimide (Pl) substrate. After the LIFT process, the electrical properties of liquid metal on the
pattern were measured to be approximately 5~8 x 10 (/m of resistance.
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Fig. 1 Process diagrams of (a) Laser induced-forward transfer
(LIFT) and (b) Laser induced-forward transfer with dynamic
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4 Power meter

5 Galvano scanner
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Fig. 3 Laser scanning system for LIFT process
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Fig. 5 (a) Single-shot LIFT results w/wo DRL and (b) Line
patterning results by DRL-LIFT
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In the scheduling of assembly lines with human—robot collaboration, variations in workload caused by differences in the
available working hours of workers and robots must be minimized. A scheduling method that considers buffers shared by
automated guided vehicles and cooperative assembly by multiple workers is proposed herein. In particular, cooperative
work requires an assembly schedule that minimizes the make span and satisfies the delivery date, while accounting for the
possibility of work partitioning, the number of workers, as well as their available time slots and skills. Hence, it is difficult to
obtain an exact optimal solution within a reasonable computation time using existing methods such as mathematical
programming. Heuristic or metaheuristic approaches are effective for solving this problem. However, these approaches are
not suitable for cooperative assembly by multiple workers. Therefore, a genetic algorithm supported by dispatching rules
with four genes is proposed. Computational experiments are conducted based on multiple worker skills. The results showed
that when the worker skills are the same, the genetic representation of the job name and part processing order is effective,
whereas when the worker skills are different, the genetic representation of the cooperative process with the worker for each

operation is effective.

1. Introduction

In the manufacturing industry of a society where the labor force
is declining, automation is necessitated to improve the production
volume per worker. However, in assembling high-value-added
products, many tasks exist that are difficult unless humans are
involved, and the effective operation of an assembly line involving
human-robot collaboration is required. Since humans and robots
differ not only in terms of production capacity per unit time, but
also in workable time zones, the workload of each process
fluctuates significantly. Furthermore, the workload of each process
fluctuates owing to changes in product specifications and high-mix
production. When the workload variation between processes is
significant, the production volume is restricted by processes
involving high workloads; therefore, variations in workload must

be suppressed. In this study, we focused on a shared buffer that

Copyright © The Korean Society for Precision Engineering

Manuscript received: August 9, 2022 / Revised: October 7, 2022 / Accepted: October 20, 2022

aggregates intermediate products on an assembly line and
cooperative work in which multiple workers perform multiple
processes simultaneously for the same assembly target to reduce
the variation in workload on the assembly line, where human—
robot collaboration is involved.

In a shared buffer, the buffer capacity is shared by aggregating
the intermediate products of an entire assembly line to effectively
exploit the buffer capacity even when the workload of each process
fluctuates. It can be easily realized by transporting the assembly
target to a place other than the workplace in the next process using
an automated guided vehicle (AGV). Figure 1 shows the shared
buffers for intermediate products transported by AGV. In case that
another intermediate product exists in next station, the intermediate
product cannot go to next station. When the intermediate product is
transported to a shared buffer, the station will be ready for other

intermediate product to be placed. In cooperative work, multiple

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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workers perform multiple processes simultaneously for the same
assembly target to dynamically allocate the production capacity
based on fluctuations in the workload of each process. Figure 2
shows the deference between independent work and cooperative
work. An intermediate product can be assembled faster by
cooperative work. Cooperative work cannot be performed at all
times owing to restrictions such as the possibility of work division,
number of workers, and workable time zone. Moreover, even if
cooperative work can be conducted, the effectiveness degree can
change depending on the skill difference among the workers.

In an assembly line where the workload of each process
fluctuates significantly, the scheduling of each production resource
such as workers and robots becomes increasingly important to
effectively suppress variations in the workload. Therefore, a model
that can collectively manage elements such as unit transport by
AGVs, evacuation to a buffer, a workable time zone between
workers and robots, worker skills, and cooperative work is
required. Furthermore, because many factors must be considered
and scheduling becomes more complicated, an algorithm that
derives a feasible and efficient schedule within a permissible time
is required. The objectives of this study are to make such a model
and scheduling algorithm.

Studies that model the assembly line typically describe the
constraints of intermediate products [3,4,6-9] and AGVs [2,3,13];

however, none of these studies involve worker skills or shifts.
Some studies consider worker skills [5,12] but shifts and
intermediates are not considered. Meanwhile, other studies involve
cooperative work by multiple workers [1] but do not consider
worker skills.

Regarding the scheduling algorithm, in studies that involve the
occupancy constraint of the location where the intermediate
product is placed, a method for deriving the exact optimum
solution of the schedule via mathematical programming has been
proposed. However, it has been shown that as the scale of the
problem increases, it becomes difficult to solve it in an acceptable
time [3,6,8]. In addition, by lengthening the scheduling time unit, a
solution can be derived in an acceptable time even for a
complicated problem that manages cooperative work by multiple
workers [1]; however, this results in a low time resolution of
scheduling.

Heuristic and metaheuristic methods can be used to derive a
solution to this problem in an acceptable time regardless of the
time resolution of scheduling [2-4,7-9,13]. Among them, the
genetic algorithm is applicable to many areas; for example, in
studies that consider worker skills, a method based on the
arrangement of workers as a gene [5,11] has been proposed.
However, no method has been proposed for assigning cooperative
work by multiple workers.

In this study, we target scheduling problems that consider
cooperative work by multiple workers with different skills in an
assembly line where robots collaborate with multiple workers with
a limited work time zone, where units are transported by AGVs
and evacuated to a buffer. We propose a solution based on the
modeling of an assembly line and the genetic algorithm.
Additionally, we conduct a numerical experiment in which
different skills and shifts are set for each worker while targeting the
assembly line of machine tools, as well as verify the usefulness of

the proposed method.

2. Scheduling Problem Setting

2.1 Assembly Line Model to Be Scheduled

The model of the assembly line targeted in this study is
described. In the assembly line, multiple units are assembled
individually and then combined; finally, all the units are combined.
In the assembly of machine tools, the bed and column are
individually assembled as a unit and then combined. Assembly per
assembly target is defined as one job, and one job comprises
multiple processes. A predetermined order relationship exists

between processes, and one worker or robot performs work for one
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process. The processes of different units can be performed in
parallel. Furthermore, cases exist where processes of the same unit
can be performed in parallel. For example, when assembling
multiple components to one unit, one worker may perform
individual assemblies, or multiple workers may assemble
components in parallel. In cooperative work, multiple workers
perform multiple processes of the same unit simultaneously.
Examples of processes in assembling a machine tool include
mounting a unit on an AGV by a worker, assembling components
to a unit by a worker or robot, and connecting a bed and column by
a worker or robot.

The location wherein the process is executed is called the
workplace, and the location wherein one or more workplaces
where the same type of process is performed is called the station.
Multiple processes are preset for one station, and processes of
different units may be set. For example, bed and column assembly
processes may be executed at station A. One unit is transferred to
the workplace at a time, and a preset process is performed.

Subsequently, the worker goes to an arbitrary workplace and
executes one process at a time. The worker’s skills are
predetermined, whereas the ability to execute a specific process
and the execution time change depending on the skill. In addition,
the shift is predetermined for the worker, and the process can be
executed during the shift, not outside the shift.

The robot is fixed to a specific station and executes one process
at a time. Executable processes are preset for a specific robot.
Within the station, the robot can perform processes in multiple
preset workplaces. For example, different processes can be
performed in two workplaces reachable by the robot arm. The
operating time of the robot is set in advance, and the robot can be
operated 24 h a day.

A unit is mounted on an AGV and transported between stations.
The occupancy of an AGV is released when units (a bed and a
column) are combined or when a finished product is unloaded.

If the destination station is occupied when it traverses between
stations of a unit, the AGV equipped with the unit traverses to the
shared buffer space and waits for the destination station to
become available. If no free space is available in the shared
buffer space, it remains at the source station and waits for the
destination station or shared buffer space to become available.
The capacity of the shared buffer space is to be predetermined.
Figure 3 shows the processes: a unit of job 1 waits at the station
where previous process of job 1 is executed, then waits at shared
buffer, then waits at the next station until next process starts in
the form of a Gantt chart. The movement time of the unit is
sufficiently small with respect to the execution time of the

process and is thus negligible.

Station A | Job1 Processing | Jobl Waiting Transport

Shared Buffer | Job2 Waiting Jobl WainngJ Transport

| - = T TP ————
Station B | Job3 Processing | Job1 Waiting | Job1 Processing

Worker | Jobd Processing [ lob1 Processing |

Time

Fig. 3 The unit occupies the station or shared buffer until the next
process start

| stationa
| Human StationB
! Assembly StationC |
Robot & Human | StationD
- Azsembly ‘—I

Robaot
Assembly

[ '_'»:-;u-,ri-l_
Robot & Human

Assembly

(a) Overview

StationA StationB StationC StationD StationE

[Part} - .
teit] Combine ——————{Product
LRt | m ™ ™ ™ B9 T
][O . A | | | i i
Worker Robot Robot & Robot Robot &
Worker ‘Worker
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Fig. 4 Assembly line with human-robot collaboration

2.2 Condition Setting for Machine Tool Assembly Line

The machine tool assembly line shown in Figure 4 is
represented by the model described in Section 2.1 above as an
example of the assembly line. The assembly line in Fig. 4
comprises stations A to E. One machine tool is assembled by
assembling the necessary components to the bed and column and
connecting them. One job is executed by performing the following
processes:

(1) Station A comprises two workplaces, and workers perform
their tasks.

(2) Beds and columns are appropriately transported from station
A to the workplace of station B. Station B comprises one
workplace, and components are assembled by a robot.

(3) Beds and columns are appropriately transported from station
B to the workplace of station C. Station C comprises two
workplaces, and components are assembled by a worker and robot.

(4) Beds and columns are transported from station C to the
workplace of station D. Station D comprises one workplace, and a
robot connects the bed and column.

(5) The combined bed and column are transported from station D
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to the workplace of station E. Station E comprises two workplaces,
and the workers and robots perform their tasks.

The following specific conditions are set:

e Workers can shift stations A, C, and E as appropriate to
perform arbitrary work.

e At stations B, C, and E, only one robot can perform its task. At
station D, two robots can perform their tasks, but they are
considered as one robot because the processes are always
synchronized.

e The worker’s day shift comprises a continuous work time of 4
h in the first half, a break time of 0.75 h, and a continuous
work time of 4 h in the second half. The night shift begins
immediately after the day shift and involves a continuous
work time of 4 h in the first half, a break time of 0.75 h, and a
continuous work time of 3.5 h in the second half.

® The robot operates 24 h a day.

e Two workers are assigned each to the day and night shifts.

3. Scheduling Method based on GENETIC Algorithm

3.1 Gene Expression for Scheduling

Herein, we propose a scheduling method based on a parameter-
free genetic algorithm (PFGA) [10,12]. Table 1 shows the genes
assigned to the three jobs, which are represented by genes assigned
to four classes. The four classes are (1) job name, (2) processing
order of bed/column, (3) cooperative process with workers for each
operation, and (4) assigned worker number for each operation.
These genes are considered as one chromosome. The parameter
values of these genes in Table 1 show an example of a genetic
representation of three jobs in which four workers and three
cooperative processes are assigned. The genes of each class are
described as follows:

D Job name

Genes are represented by integers from 1 to the total number of
jobs. By changing the gene that represents the job name assigned
to the job processing order, the job processing order will change.

@ Processing order of bed/column

Genes 1 and 2 represent a bed and a column, respectively, which
are processed in the order in which the genes are listed. For
example, the notation “1, 2” represents scheduling in which the
bed is processed first, and the notation “2, 17 represents scheduling
in which the column is processed first. It is assigned to the process
before the bed and column are connected at station D, i.e., the
process of stations A, B, and C.

(@ Cooperative process with workers for each operation

Regarding the processes performed by the operator, the

Table 1 Example of genetic representation of three jobs (A job is
represented by genes assigned to four classes)

Job processing order 1 2 3
D Job name 2 1 3
@ Processing order of bed/ 1.2 2.1 1.2
column

(3 Cooperative process with
workers for each operation
@ Assigned worker number 1,3,4,4,2, 4,3,2,1,2, 1,1,2,4,3,
for each operation 1,..,1,2 3,...43 3,..43

1,0,1 11,1 0,1,0

processes for which cooperative work is realizable by the operator
are flagged; the gene of processes 1 and 0 indicate that the
cooperative work is performed and not performed, respectively.
For example, cooperative work can be performed in three steps,
then three genes will be assigned in order. When a gene of this
class is “1, 0, 1,” it is scheduled to perform cooperative work, not
perform cooperative work, and perform cooperative work, in that
order.

@ Assigned worker number for each operation

The worker number is a gene assigned to the process performed
by the worker. The order of genes of the worker number is
arranged in the order of the bed process, the column process, and

the process after the bed and column are integrated.

3.2 Scheduling Process
Figure 5 shows the entire flow of the scheduling process using
PFGA. The flow is as follows:

e Step 1: An empty local population is generated.

o Step 2: In all jobs, for genes in classes (1) job name, (2)
processing order of bed/column, (3) cooperative process with
workers for each operation, and (4) assigned worker number
for each operation, the genes that should be included in each
class are randomly arranged and assigned. However, only
when Step 2 is performed for the first time, “(1) job name” is
not random but is arranged in the order of the delivery date set
for each job.

e Step 3: The genes of classes (1) job name, (2) processing order
of bed/column, (3) cooperative process with workers for each
operation, and (4) assigned worker number for each operation
assigned in Step 2 are combined into one chromosome and
stored in the local population. After performing Step 3 for the
first time, Steps 2 to 3 are repeated because only one
chromosome exists in the local population.

e Step 4: Two chromosomes in the local population are
randomly extracted and crossed as parent chromosomes to

generate two child chromosomes (The crossover method is
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Fig. 5 The entire flow of scheduling process using PFGA

described in Section 3.3.).

e Step 5: Two child chromosomes generated in Step 4 are
selected randomly and mutated (The mutation method is
described in Section 3.4.).

e Step 6: A total of 1 to 3 chromosomes from the two parent
chromosomes extracted in Step 4, and the two child
chromosomes generated in Steps 4 and 5 are returned to the
local population (The method for selecting chromosomes to be
returned to the local population is described in Section 3.5.).

e Step 7: If only one chromosome exists in the local population,
return to Step 2; if two or more chromosomes exist, return to
Step 4, and repeat the process up to Step 6. This repetition is

performed for a predetermined number of generations.

3.3 Chromosome Crossover Method

Multipoint crossover is applied to the “(1) job name” gene on
the chromosome. Figure 6 shows an example of crossover for a
chromosome with eight jobs. The numbers shown in the figure
represent the “(1) job name” in the genes that constitute the
chromosome. In Step 4 of Section 3.2, two parent chromosomes
are extracted from the local population, as shown in Fig. 6(a). The
number of chromosome cuts, n, in crossover is randomly
determined between 1 and the number of jobs, -1. For example, if
the number of jobs is eight, then the number of disconnections will
be one to seven. For the two parent chromosomes, the cleavage
position cp is randomly determined, the cleavage is performed with
the number of cleavage n, and the genes are crossed to generate a
child chromosome. In the example shown in Fig. 6, the number of
cuts n is three, and the cut position cp is 2, 5, and 6.

When a crossover is performed, child chromosomes are
generated in the following processes (Steps 1 to 3) such that the
same job number does not overlap in the chromosome.

Step 1: As shown in Fig. 6(b), two parent chromosomes A and B
randomly selected from the local population are cleaved by the
number of cuts n to achieve subparents Al, ..., An+ 1, B1, .., Bn+ 1.

Step 2: Regarding the job name genes of the even-numbered

cp=2 p=5cp=6
Parent chromosome A | 1 ‘ 2 3 ] 4 J 5 6 7 ’ 8 |
Parent chromosome B | 6 | 1 5 | 4 | 2 3 8 | 7 |

The order in
parent chromosome B

The order in
parent chromosome A

T T .l:_".tj:""';.ﬂ'l'"l"

(b) Crossover and sorting

Child chromosome A | 1 | 2

Child chromosome B | 6 | 1 2 | 4 |

n
"

(¢) Crossover result

Fig. 6 Chromosome crossover processes

subparents of parent chromosome A, as shown in Fig. 6(b), the
order of the job name genes arranged in parent chromosome B is
verified, and within each even-numbered subparent of parent
chromosome A, they are rearranged based on the order to generate
child chromosome A, as shown in Fig. 6(c).

Step 3: Regarding the job name genes of the even-numbered
subparents of parent chromosome B, as shown in Fig. 6(b), the
order of the job name genes arranged in parent chromosome A is
verified, and within each even-numbered subparent of parent
chromosome B, they are rearranged based on the order to generate
child chromosome B, as shown in Fig. 6(c).

When moving the position of the “(1) job name” gene, the “(2)

EEINT3

processing order of bed/column,” “(3) cooperative process with
workers for each operation,” and “(4) assigned worker number for
each operation” genes that represent the job move simultaneously.
Multipoint crossover is applied to the “(3) cooperative process with
workers for each operation” and ““(4) assigned worker number for
each operation” genes related to the same “(1) job name.” For the
“(2) processing order of bed/column” gene on the chromosome,
the randomly selected parent gene is inherited without

modification.

3.4 Chromosome Mutation Method

One child chromosome is randomly selected from the two child
chromosomes generated by crossover. The numerical value m is
randomly determined from 1 to the number of jobs possessed by
the selected child chromosome, and the jobs in the child

chromosome are randomly selected m times. One class is
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randomly selected from the four classes of the selected job, and the
gene is mutated as follows:

If the selected mutation class is “(1) job name,” when the
processing order “O-order” before the mutation of the job is
smaller than the processing order “M-order” after the mutation,
then the processing order of the jobs in between is shifted forward
individually. When the O-order before the mutation of the job is
larger than the M-order after the mutation, the processing order of
the jobs in between is shifted individually.

When the selected mutation class is “(2) processing order of
bed/column,” only one mutant gene exists, but two genes are
mutated simultaneously. For example, if the original gene is 1, 2,
then genes 2, 1 are mutated; if it is 2, 1, then genes 1, 2 are
mutated.

If the selected mutation class is a “(3) cooperative process with
workers for each operation,” then the gene to be mutated is
randomly selected from the genes of that class, and genes 1 and 0
are switched.

If the selected mutation class is “(4) assigned worker number for
each operation,” a gene to be mutated is randomly selected from
the genes of that class, and the gene is mutated to a gene randomly

selected from the worker’s name.

3.5 Chromosome Selection Method

The selection of chromosomes to be returned to the local
population in Step 6 of Section 3.2 is performed in one of the
following cases (Cases 1 to 4) based on the fitness evaluation value
derived using the method shown in Section 3.8.

e Case 1: If two child chromosomes have a higher fitness rating
than the two parent chromosomes, then the two child
chromosomes and the parent chromosome with the higher
fitness rating are returned to the local population. This
operation increases the number of chromosomes in the local
population by one.

® Case 2: If two child chromosomes have a lower fitness rating
than the two parent chromosomes, then the parent
chromosome with the higher fitness rating is returned to the
local population. This procedure reduces the number of
chromosomes in the local population by one.

e Case 3: If one parent chromosome has a higher fitness
evaluation value than two child chromosomes, then the parent
chromosome and the child chromosome with the higher
fitness evaluation value are returned to the local population.
This operation does not change the number of chromosomes
in the local population.

e Case 4: If one child chromosome has a higher fitness

evaluation value than the two parent chromosomes, then the

Table 2 Scheduling policy

Scheduling policy A B C
Gene of job number Yes Yes Yes
Gene of unit priority Yes Yes Yes

Gene of cooperative work No Yes Yes
Worker assignment for No No Yes
each task
Worker priority for a task Highly skilled Highly skilled Decided by

worker worker gene

child chromosome is returned to the local population, and
Steps 2 and 3 in Section 3.2 are performed. This operation
does not change the number of chromosomes in the local

population.

3.6 Scheduling Policy

In this study, the scheduling policies A to C shown in Table 2
were set, and a comparative evaluation was performed.

Policy A: Scheduling is performed by the genes of two classes:
“(1) job name” and “(2) processing order of bed/column.” The
genes of “(3) cooperative process with workers for each operation”
and “(4) assigned worker number for each operation” are not used.
Cooperative work should always be performed when possible. If
multiple worker candidates are present simultaneously, then the
worker with higher skills is prioritized. If the skill levels of the
workers are the same, then the workers are assigned in the
ascending order of the worker number.

Policy B: Scheduling is performed based on three classes of

EENT3

genes: “(1) job name,” “(2) processing order of bed/column,” and
“(3) cooperative process with workers for each operation.” The
gene of “(4) assigned worker number for each operation” is not
used. If multiple worker candidates are present simultaneously, as
in policy A, then the workers with higher skills are prioritized. If
the skill levels are the same, then the workers are assigned in the
ascending order of the worker number.

Policy C: Scheduling is performed based on four classes of

29 <6

genes: “(1) job name,” “(2) processing order of bed/column,” “(3)
cooperative process with workers for each operation,” and “(4)
assigned worker number for each operation.” By performing the
genetic manipulation of (4), the assignment of highly skilled
workers to processes that do not require high skill levels can be
avoided. If multiple worker candidates are present simultaneously,

then the worker defined by the gene is prioritized.

3.7 Process Allocation (Dispatching) Policy
The process was dispatched based on the following rules:

e Rule 1: For each job, the high-priority unit (bed or column)
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Fig. 7 Assembly process of machine tools. Two boxes lined up vertically indicate cooperative work

process, low-priority unit (bed or column) process, and post-
bonding unit (bed and column) process are allocated from the
genetic information described in the “(2) processing order of
bed/column” class.

e Rule 2: Each process is allocated to the earliest possible time.

e Rule 3: If multiple workers who can be assigned are present
simultaneously, then they are assigned based on the policy
shown in Section 3.6.

e Rule 4: When the process is completed, if the next workspace
is available, the unit is shifted to the next workspace; if the
next workspace is not available but the shared buffer space is,
the unit is shifted to the shared buffer space; if neither the next
workspace nor the shared buffer space is available, then the
unit will remain in the same workspace.

e Rule 5: Even if a new process exists that can be assigned to
the same workplace immediately before the assigned process,
if the shared buffer space is full and waiting is necessitated in
the workplace, the waiting time zone may interfere with the
schedule of the allocated process. In this case, a new process is

assigned after the assigned process.

3.8 Schedule Evaluation: Calculation of Fitness Evaluation
Value

For the schedule generated based on the dispatching rule, the
gene fitness is evaluated by the total time from the start of the first
work to the end of all work (makespan), as well as the delivery
date penalty. Because the job end time does not exceed the delivery
date, the fitness evaluation value EV is calculated based on Rules 1

and 2 below, and the schedule is evaluated.

e Rule 1: If the job end time exceeds the delivery date, then the
penalty is calculated by adding the fixed penalty and the
penalty proportional to the exceeded time (Fixed penalties and
proportionality constants are preset.).

e Rule 2: The penalty calculated in Rule 1 is added to the
makespan and then used as the fitness EV (The formula for

calculating EV is shown in Section 4.1.).

4. Evaluation Experiment

4.1 Experimental Conditions

Numerical experiments were conducted to verify the
effectiveness of the proposed scheduling method. In the numerical
experiment, scheduling was performed using an assembly
comprising seven types of machine tools. Figure 7 shows the
assembly process of machine tools A, B, and C, and the processes
performed by the robot and operator to assemble the bed and
column are shown separately. The orange, blue, and yellow boxes
shown by the black frames in the figure represent one process. The
process is performed in order from left to right. Arrows indicate
that the station being processed will change. The blue box
represents the robot process. The orange box represents normal
work, i.e., a process that can be performed by all workers who do
not require advanced skills. The yellow boxes represent high-
difficulty tasks, i.e., tasks that require a high degree of skill, and
processes that can be performed by a limited number of workers.
The process in which two boxes are lined up vertically represents a

process in which two workers can work simultaneously. For
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Table 3 Job combination and job breakdown

Job combination I

Job combination 11

Job combination II1

Job combination IV

Number 3 4 3 5
Machine tool A
Delivery deadline April 10, 11, 14 April 11, 12, 14, 17 April 14, 16, 18 April 14, 16, 17,17, 20
Number 2 3 6 4
Machine tool B
Delivery deadline April 10, 13 April 12, 14, 16 April 13,16, 17,17,18,19  April 14, 15, 17, 21
Number 4 3 2 5
Machine tool C
Delivery deadline April 10, 10, 12, 12 April 11, 14, 17 April 14, 18 April 14, 15, 17, 19, 20
Number 1 2 2 5
Machine tool D
Delivery deadline April 11 April 11, 14 April 14, 17 April 14, 15, 17, 18, 22
Number 1 4 5 4
Machine tool E
Delivery deadline April 10 April 11, 14, 16, 16 April 13, 15,17, 17, 20 April 15, 15, 19, 20
Number 1 2 4 2
Machine tool F
Delivery deadline April 11 April 14, 16 April 14, 15, 17,20 April 15, 18
Number 3 2 3 5
Machine tool G
Delivery deadline April 10, 11, 14 April 14, 17 April 13, 16, 19 April 14, 15, 19, 19, 22
Table 4 Worker skill pattern
Shift Skill level pattern 1 Skill level pattern 2 Skill level pattern 3

Normal task: 1

Normal task: 1.2

Worker 1 Day High difficulty task: 1 High difficulty task: 1.2 Normal task: 1.2
Normal task: 1 Normal task: 0.6 S .
Worker 2 Day High difficulty task: 1 High difficulty task: 0.6 High difficulty task: 1.2
. Normal task: 1 Normal task: 1
Worker 3 Night High difficulty task: 1 High difficulty task: 1 Normal task: 0.6
Worker 4 Night Normal task: 1 Normal task: 0.8 High difficulty task: 0

High difficulty task: 1

High difficulty task: 0.8

processes that allow cooperative work, if the skill levels of two
workers who work simultaneously are equal, then the work time is
also equal. Machine tools D and E have the same assembly process
as machine tool A; however, their total processing times are 1.5
and 0.7 times, respectively. Machine tool F has the same assembly
process as machine tool B, but its total processing time is 1.4 times
longer. Machine tool G has the same assembly process as machine
tool C, but its total processing time is 0.7 times longer.

Job combinations I, II, III, and IV with 15, 20, 25, and 30
number of jobs, respectively, were set (see Table 3). Additionally,
Table 3 shows the breakdown and delivery date for machine tools
A to G in job combinations I, II, III, and IV. These job
combinations were determined based on job data from an actual
conventional assembly line. The scheduling dates for each job
combination (I, II, III, and IV) were verified to be April 1 and
April 7. In addition, as shown in Table 4, combination patterns 1,
2, and 3 of the worker’s skill values and the shift of the workers
(day shift/night shift) were set. Worker skill values were set for
each of two types of processes, i.e., normal and high-difficulty

work. The actual work time RT can be expressed by the skill value
of the worker corresponding to the process, S, and the standard
time of the process, ST, as shown in Eq. (1). When the skill value S
of the worker corresponding to the process is 0, the work cannot be
performed. Although it is desirable that the skills of all workers
should be equal, some workers have lower skills. As a result, in
some cases, lower skill workers cannot perform some tasks. We
then assumed that they would be covered by a combination with

higher-skilled workers, as shown in Table 4.
RT = ST/S (1
The EV for each scheduling is calculated using Eq. (2).
EV = wl x MS+w2 x PE )

In Eq. (2), MS represents the makespan, PE the delivery penalty,
and the time unit for each is one hour. The makespan and delivery
date are weighted by w1 and w2, respectively. In this evaluation
experiment, wl = 1 and w2 = 5 were prioritized to satisfy the

delivery date. PE is calculated using Egs. (3) and (4) based on the
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conditions. The smaller the EV, the higher is the evaluated value.

PE = 0 (when FI is than DU) 3)

PE = (FI — DU) x i + j (when FI has passed DU)  (4)

Equation (3) is applied when the job completion date FI is
earlier than the job delivery date DU. Equation (4) is applied when
the job completion date FI exceeds the job delivery date DU. In
Eq. (4), i is the penalty coefficient proportional to the time over the
delivery date, and j is the fixed penalty value assigned when the
delivery date is exceeded; in this numerical experiment, i = 1 and j
=24 h (1 day). FI-DU is the period between FI and DU, expressed

in units of h.

4.2 Scheduling Results and Discussion

Figure 8 shows the result of dividing the EV of schedule
policies A, B, and C shown in Section 3.6 by the number of jobs to
obtain the EV per job when scheduling on April 1 and April 7 for
job combinations I, II, III, and IV (whose number of jobs are 15,
20, 25, and 30, respectively) shown in Table 3 for each of the
worker skill value combination (1, 2, and 3) shown in Table 4. The
average value of 10 trials is shown. Based on a preliminary
experiment, the number of generations of the genetic algorithm
was set to 300. The calculation times per trial based on a computer
with a Core i7-6600U CPU and 16 GB of memory, regardless of
the rules, were as follows: 2 min when the number of jobs was 15;
4 min, 20; 6 min, 25; 8 min, 30.

Although policies A and B are similar, policy B yielded slightly
higher evaluation scheduling results. Since policy C comprises
more gene combinations than policies A and B, it can yield highly
evaluated scheduling results, although they are lower than those
yielded by policies A and B. In dispatching policy B, rules are set
for consecutive processes, and if the skills are the same, the same
worker is assigned in the ascending order of the worker number;
furthermore, the possibility of assigning the same worker is high.
In policy C, workers are assigned to each process. Therefore, cases
exist where the workers are different for each process;
consequently, some processes require a wait time for the
appropriate workers.

Therefore, policy C yields lower scheduling results than policies
A and B.

In skill value combination pattern 1, policy B resulted in lower
evaluation results than policy A in some cases. In the
abovementioned pattern, since the skill values of all the workers
are the same, the work time of each process by two workers who
perform cooperative work is the same, and no waiting time is

generated during the cooperative work. Because cooperative work

Scheduling start day: 4/1

Skill Pattern 1
17 180

Scheduling start day: 4/7
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Fig. 8 Evaluation values of makespan and delivery penalty for three
different worker skill patterns calculated based on three
different scheduling policies. Scheduling policy B is effective
for skill patterns 2 and 3, where skill of each worker differs

is always performed in policy A whereas the presence or absence
of cooperative work is considered in policy B, it is assumed that
scheduling evaluation results lower than those yielded by policy A
will be obtained when cooperative work is not performed in policy
B. However, when the number of jobs is 20 or 30, policy B yields a
higher evaluation scheduling result than policy A. Under the
scheduling conditions of this study, the work time per day using
only robots is 8.5 h. Therefore, to efficiently perform work using
only the robot, storing AGVs in the middle of multiple processes in
the buffer may be more effective than proceeding with the process
via cooperative work. Hence, it is assumed that the scheduling
result of policy B, which considers the presence or absence of
cooperative work, yields a higher evaluation value than policy A,
which always performs cooperative work.

In skill value combination patterns 2 and 3, policy B always yielded
a higher evaluation scheduling result than policy A. If the skills of two

workers who perform cooperative work are different and their work
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Fig. 9 Schedule Gantt chart. Red bars indicate waiting before the process station, and light-red bars indicate waiting at the next process station.

Other bars represent job difference

times differ, then waiting time may be incurred. Hence, it is assumed
that high evaluation scheduling results are obtained when cooperative
work is not performed, and that those results are obtained by policy B,
which considers the cooperative work, instead of policy A, which
always performs the cooperative work.

The evaluation values between skill value combination patterns
2 and 3 did not differ significantly. Pattern 3, which includes
workers with low skill values, yielded a worse evaluation value
than combination pattern 2; however, the number of high-difficulty
work processes was less than that of normal work. Therefore, it is
assumed that even if a process exists that cannot be performed
based on the situation, it will not impose a significant effect.

Figure 9 shows the obtained scheduling results partially in the
form of a Gantt chart. The horizontal axis represents time, and the
bars in the Gantt chart represent the state in which a bed or column
is placed in each station or shared buffer space, as well as the state
in which the robot/worker is operating. The red bar of the station
indicates that the bed or column is waiting in the workplace after
work, and the light red bar of the station indicates that the bed or
column has shifted to the workplace where the next process is to be
performed and is waiting for work. Colors other than red and light

red indicate the difference between jobs.

5. Conclusion

Scheduling issues in assembly lines that include unit transport

by AGVs, evacuation to buffer, different skills, and collaborative

work of multiple workers and robots with workable time zones,

and cooperative work by multiple workers were investigated in this
study. Subsequently, an assembly line model was proposed, as well
as a scheduling method that combines a genetic algorithm and
dispatching rules based on that model. In the proposed method, the
machine tool assembly line is represented by the genes of four

EERT3

classes: “(1) job name,” “(2) processing order of bed/column,” “(3)
cooperative process with workers for each operation,” and “(4)
assigned worker number for each operation.” We successfully
achieved a schedule based on the EV of the schedule.

A scheduling system was constructed based on the proposed
method, and numerical experiments were conducted to determine the
appropriate conditions for reducing the makespan and fulfilling the
delivery date. When the worker skills were the same, the scheduling
evaluation results that accounted for the job name and processing
order of bed/column, or those that accounted for the account job
name, the processing order of bed/column, and cooperative process
with workers for each operation did not differ significantly.
However, when the worker skills differed, the scheduling that
accounted for the job name, the processing order of bed/column,
component priority, and cooperative process with workers for each
operation was effective. Hence, the appropriate allocation of
cooperative work by considering worker skills can effectively
improve the production volume in a complicated assembly line,

where the workload of each process fluctuates significantly.
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Stretchability enables the device to be patched to a curved surface or to be folded several times to maximize usability.
Among many methods, the pre-strain method is advantageous in that the stretchability as much as the pre-strain applied to
the substrate is guaranteed even without material improvement. When the pre-strain is restored to its original state, the thin
film gets wrinkled or the substrate gets buckled. Wrinkles and buckling that appear in this way are affected by the physical
properties and dimensions of the substrate, and it is necessary to analyze their effect. In this study, a theoretical approach
was used and a nonlinear post-buckling analysis was performed using a finite element method. The analysis was divided
into two steps: the pre-strain step and the recovery step. According to the analysis results, it was possible to predict and
analyze the wrinkle and buckling behavior due to pre-strain according to the physical properties and dimensions of the
substrate. The pre-strain analysis method can be applied to multi-layer structures with three or more layers and can be
used as a method to analyze wrinkle suppression and wrinkle shape control in future studies.
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NOMENCLATURE

P, = Critical Load

o, = Critical Stress
g, = Critical Strain
A = Wave Length
= Amplitude
k = Winkler’s Modulus of an Elastic Half-Space

h; = Thickness of Thin Film
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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.

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

Publication Fee:

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

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

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

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

I Contact Us

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

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



I Rules for Submitting and Publishing Papers

Article 1 Purpose

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

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

Article 3 Responsibilities and Compliance with Code of Ethics

A.The Authors are responsible for the submitted paper.

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

Article 4 Scope of Research

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

Article 5 Categorization of Submissions

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

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

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

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

Article 6 Submission

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

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

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

D.The submitted paper shall not be returned.

Article 7 Review and Decision to Publish Paper

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

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

Article 8 Copyright

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

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

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

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

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

Article 10 Manual of Style

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

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

Article 11 Publication Fees

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



I Guidelines for Manuscript Writing

1. Manuscripts should be written according to the format of the Journal (https://www.kspe.orkr) and should be
submitted online (https://article.kspe.or.kr).
2.The manuscript should be organized in the following order: (1) The title in Korean, (2) The title in English, (3) Author
names in Korean, (4) Author names in English, (5) Affiliations in Korean and English, and information of corresponding
author, (6) Keywords, (7) Abstract, (8) Date of submission, (9) Introduction, (10) Main body (Theory, Experimental,
Results, Discussion) (11) Conclusion, (12) Acknowledgements, (13) References, (14) Appendices, (15) Position format
3. A manuscript may be written in Korean or English. If necessary, the original terminology may be provided in
parentheses to avoid confusion.
4. The manuscript title must be expressed concisely, preferably in ten words or less, and Keywords must be written in
English, with Korean translations in parentheses, and numbering six words or less.
5. The abstract must be written in English and not exceed 200 words. Figures and tables shall not be included in the
abstract.
6. Figures and tables shall be numbered in order in the main text, and captions should be written in English. Captions
shall be labeled beginning “Fig. 1” for figures and “Table 1” for tables.
7. Arabic numbers and S| 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.
e 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 SI units?

8. Is the English abstract within 200 words?

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



I Rules for Reviewing Papers

Article 1 Purpose

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

Article 2 Submission and Reception

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

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

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

Article 3 Selection of Reviewers

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

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

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

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

Article 4 Review Procedure

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

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

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

Article 6 Deadline for Author’s Revision

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

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



I Rules for Reviewing Papers

Article 7 Decision over Publication

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

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

Article 8 Review of Special Papers

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

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

Article 9 Confidentiality

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

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

Article 10 Objection

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

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

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



I Code of Ethics for Academic Activities

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

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

Chapter 1
Overall
Rules

Chapter 2
Author

Article 1 Purpose

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

Article 2 Application Area of Code of Ethics

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

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

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

Article 3 Scope of Misconduct

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

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

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

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

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

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

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

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

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

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

Article 4 Honesty of Author

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

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

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

Article 5 Authorship

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

following 4 criteria:

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

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

Final approval of the version to be published; AND

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

0
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Chapter 3
Roles and
Responsibilities
of Members
of Society

Article 6 Compliance of Authors

A.

During the research implementation process of the submitted paper, the author shall respect human rights, comply
with life ethics, and obtain universality such as environment protection.

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

perverting the research result.

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

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

. If citing a public academic data, its source must be clearly stated. For data obtained from an undisclosed paper,

research plan or personal contact, it should be cited after consent from the researcher who provided the information.

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

plagiarism and is not allowed.

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

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

. All researchers who made important contributions to research implementation shall become co-authors, and the

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

. Indicating a person who did not make academic contribution to research or falls short of contribution based on

causes outside academics is unethical conduct that defames the dignity of academics.

In relation to copyrights, if approval of a person in charge is needed, the author must be granted approval before
submission of the paper, and confirm that there will be no dispute of contract or ownership that may be affected by
the publication of said paper.

Article 7 Compliance of Editorial Board Member (EBM)

A.

The EBM shall fairly and objectively execute the revision process of the paper according to the set regulation without
prejudice on the author’s gender, age, race, affiliated institution or personal acquaintanceship with the author.

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

C.

results for the submitted paper.

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

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

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

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

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

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

paper can be examined by another EBM.

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

of the society or the Editor.

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

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

Article 8 Compliance of Reviewers

A.

The reviewer shall fairly and objectively perform reviewing duty for examining the paper according to the set
regulation without the prejudice on the author’s gender, age, race, affiliated institution or personal acquaintanceship
with the author. Personal academic beliefs that have not been completed, verified or under judgment based on
assumption must be eliminated.

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

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

A

A.

. 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.

rticle 9 Ethics Committee
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

. Establish and promote research ethics.
. Prevent and discourage research misconduct.

C. Deliberate and vote on research misconduct.

D

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

E. Improve and enhance other research ethics.

Article 11 Convocation and Voting of Ethics Committee

A

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

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

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

D. The decision shall be reported to the board of directors for the final decision.
E. If the chairman deems it necessary, opinions by a person other than external personnel or members can be heard.
F. 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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INTERNATIONAL
JOURNAL OF PRECISION
ENGINEERING AND

MANUFACTURING

Special Issue on Robots for
Manufacturing Processes and
Systems

IJPEM is published by the Korean Society for Precision
Engineering with Springer. The journal has a history of 23 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 2.041) 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.

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

* CAD/CAM for manufacturing robots

* Robotic machining

* Robot and machine tool integration

* Mobile robots for factory floor

* Next generation collaborative robots for advanced
manufacturing

* Robotic material handling and assembly automation

Guest Editors

- Prof. Michael Zah

Technische Universitat Miinchen,
Germany

* Prof. Martin Byung-Guk Jun
Purdue University, USA

* Prof. Jihyun Lee
University of Calgary, Canada

Publication Schedule

- Deadline for Submission Date

- Publication Date

-Volume, Number

- Impact Factor

K= : E= Korean Society for

----- Precision Engineering

@ Springer

the language of science
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International Journal of

Precision Engineering and
Manufacturing

SMART TECHNOLOGY

HIIIII__

International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY
JANUARY 2023 | |I||||l||

voLuMe 1. numess 1

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

academic journal which will be published by the Korean Society for

Precision Engineering (IKSPE).

Aims and Scope

it okl o ] KEFE

SER L

Under the great wave of the 4™ industrial revolution, smart technology is becoming ever more important
in the precision engineering and manufacturing fields. International Journal of Precision Engineering

and Manufacturing-Smart Technology (IJPEM-ST) is a fully open access, international journal that aims
to rapidly disseminate relevant fundamental and applied research works of high quality to international
academic and industrial communities. The journal's specific focus areas in the precision engineering

and manufacturing fields include, but are not limited to:

+ Big Data Analytics and Informatics

v Sensors, Instrumentation and Process Monitoring

v Prognostics and Health Management (PHM)

 Industrial Internet of Things (IIOT)

v Industrial Artificial Intelligence

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

+ 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. 1 No. 1 January 1, 2023
Vol. 1 No. 2 July 1, 2023

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

www.ijpem-st.org

KE: E= Korean Society for
I

Precision Engineering

Editorial Board

Editor-in-Chief

Sang Won Lee / Sungkyunkwan University, Korea

Co-Editors-in-Chief

Jay Lee / University of Cincinnat USA

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

Editors

Hyeong-Joon Ahn / Soongsil University, Korea

Hae-Jin Choi / Chung-Ang University, Korea

Chih-Hsing Chu / National Tsing Hua Universiy, Taiwan

Martin B.-G. Jun / Purdue University, USA

Dong Yoon Lee / Korea Institute of Industrial Technology, 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
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

Yangjin Kim / Pusan National University, Korea

Jihyun Lee / University of Calgary, Canada

Wonkyun Lee / Chungnam National University, Korea

David Rosen / Agency for Science Technology and Research, Singapore
Joo-Sung Yoon / Kyungnam University, Korea

To be added
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Scope

« Precision Manufacturing Processes
+ Precision Measurements

« Robotics, Control and Automation
« Smart Manufacturing System

« Design and Materials

» Machine Tools

« Nano/Micro Technology

« Bio Health

- Additive Manufacturing

« Green Manufacturing Technology

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

LICt.

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

Editorial Board

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

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

Yang Jin Kim (Pusan National University)

AWARDS INDEXED IN Submission to JKSPE
Search for JKSPE

RS eE K|z =Y - SCOPUS _
- IR MUTES|X|of| LHE =2 F J4E « Korea Citation Index (KCI) . http!//éft'C'e-kSDE-or-kr
EFIBt 71R|Q| =R AIXIO | AL o [Keren Setanee « http://jkspe.kspe.orkr

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

+82-518-2928(T) paper@kspe.or.kr

+82-518-2937(F) http://www.kspe.or.kr
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KSPE 2023

Spring Conference ke

2023 =AY

3.13
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AP SEor
2023.

« HUTLE Precision Manufacturing Processes

o ™UU=EM Precision Measurements

o REH|X}S8E Robotics, Control and Automation
o ANPEMATAI AR Smart Manufacturing System

o HHUIE Design and Materials

« BEI|H Machine Tools

LH=0}0[ 214 Nano/Micro Technology - '

«HIO|QMA Bio Health
« MEH|EAA- Additive Manufacturing
o SAMMI|E Green Manufactiiring Tech

| KSgE s =vasay

Korean Society for Precision Engineering

K-Precision,
Smart & Green

Ol %0 2 OHY]

r=[H2]

2023. 5. 10wed-5. 12

29| | AYUSHL AIRF Tel. (02) 518-0722 E-mail. conf@kspe.or.kr
Homepage. http:/www.kspe.orkr/event/
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International Conference on
PRecision Engineering and Sustainable Manufacturing

PRESM
2023

Important Dates Participating Journals

Jllly 16 sun — 27 Fri, 2023
Bankoku Shinryokan,

Okinawa, Japan

Deadline for Abstract Submission International Journal of Precision

of Regular Session: 1 Engineering and Manufacturing (JPEM)
February 15 (Wed), 2023 *SCIE, SCOPUS / IF 2.041 (2021)

Date for Acceptance Notification: International Journal of Precision

(Mail from the PRESM Secretariat) 2 Engineering and Manufacturing-Green
March 15 (wed), 2023 Technology (JPEM-GT)

*SCIE, SCOPUS / IF 4.660 (2021)

Deadline for Early Registration/

Presenter Registration: Journal of the Korean Society for
April 15 (sat), 2023 3 Precision Engineering (JKSPE)
*SCOPUS

Full Paper Submission (Optional):
May 1 (Mon), 2023

Awards & Honors

Best Paper Awards
Young Researcher Awards

Outstanding Presentation Awards

Organizer
K=EOE Korean Society for
----- Precision Engineering (KSPE, Korea)
Co-Organizers
LSPER  The Japan Society for

U Precision Engineering (JSPE, Japan)

n Taiwan Society for
TS8VE Precision Engineering (TSPE, Taiwan)
Secretariat

Homepage www.presm.org | Email presm@kspe.or.kr |
Tel +82-2-393-0725 | Fax +82-2-518-2937
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Korean Socetylo 1 Precision

KSPE 2023
Spring
Conference
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International Conference on
PRecision Engineering and Sustainable Manufacturing

PRESM 2023

2023.7.162-21a=

Bankoku Shinryokan

Okinawa, Japan
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Smarter MOTION | POSITIONING P I

[.-836
Linear Stage

Stackable - Compact
Cost Effective

AbM| H[O|X|
P AISCIRZE

Lase Units = Z60mm, $2 TR0
Active axes X u Ol% I:|':|-I'(|)’| 25~200 mm
Travel range 25~ 200 mm o
: . = 7tgkskE £|CH 150 N
Design resolution 5 pm
Min. incremental motion 0.24 ~0.75 pm ® Folded drivetrain %ﬁ
Bidirectional repeatabili +0.4~3 m
Pt ‘ = 2lLlo] AT M
Straightness / flatness +2~3 pm
A o = C
Max. velocity 40 ~ 80 A m HXIOREIR =Cl Hy|o|3 2E!
Load capacity 150 N
Overal mass 0712 g 20| 742, Bl AE&ZAL A HIE,
C-663, G-901
Recommended controllers ACS ! 2t O'HQ!EEL EE':!&) HMEFHEES
PI Pl (Physik Instrumente) | MSSEAIZET 4oI2 156 10% 05354
Korea Ltd. I Phone 024750060 Fax 024753663 E-mail info-kr@pi.ws www.pikorea.co.kr

WWW.PIKOREA.CO.KR
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