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Analysis of Stiffness Factors of Polymeric Ligation Clip
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KEYWORDS: Polymer ligation clip (22|H ZZH 2&!), Stiffness analysis (24 5liAd), Clip applier (E&E 7|71),
Taguchi method (CHEX|®H), Finite element analysis (5 24 5lAd)

With the increasing frequency of laparoscopic surgery, interest in the application of polymeric ligation clips as a method for
ligating blood vessels has grown. Automatic clip appliers with built-in polymeric ligation clips have been developed to
reduce ligation time. As the built-in clip is loaded into the jaw of the applier for ligation, a high spring constant, the elastic
property of the clip is required to load properly. As the built-in clip loses its elastic properties due to stress relaxation over
time, a polymeric ligation clip with a high spring constant is needed to increase the shelf life of the applier. In this study,
four design factors of the cavity at the clip hinge (length, width, eccentricity, and angle of the cavity) were derived and
applied to the Taguchi optimization method using finite element analysis to evaluate which factor was critical. The four
design factors explained 93.5% of the variation in the spring constant. The factors related to cavity width and eccentricity
were significant at p<0.05. Cavity width was the most crucial factor, explaining 70.8% of the variation in the spring constant.
The spring constant of the improved clip model increased by 55.4% compared with the existing model.

NOMENCLATURE
E = Young’s Modulus
v = Poisson’s Ratio
k = Spring Constant
F = Reaction Force
6 = Displacement
1. M2
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Fig. 1 Polymeric ligation clips applied by clip applier [4] (Adapted
from Ref. 4 on the basis of OA)

N
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Fig. 2 Structure of polymeric ligation clip

Fig. 3 Automatic clip applier with built-in polymeric ligation clips [7]
(Adapted from Ref. 7 on the basis of OA)
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(b) Factors of cavity location; CE (cavity_eccent), CA (cavity angle)

Fig. 4 Four design factors related to cavity size and location

Table 1 Design factors and their levels used in Taguchi method

Design factor Level-1 Level-2 Level-3
CL [mm] 1.45 1.61 1.77
CW [mm] 0.48 0.54 0.59
CE [mm] -0.054 0 0.054
CA [deg] -3 0 3
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Fig. 5 Finite element mesh model of a clip with all four factors set
to level-1 and applied boundary conditions

Table 2 Material property of POM (PolyOxyMethylene) [9]
(Adapted from Ref. 9 on the basis of OA)

Parameter Material property Value
E Young’s modulus (MPa) 2,824
1% Poisson’s ratio 0.44

Type: Total Deformation
Unit: mm
Time: 1's
7.2734 Max
6.4653
5.6571
4.849
4.0408
3.2326
24245
1.6163
0.80817
7.9376e-6 Min

Fig. 6 Deformation shape of the clip by a displacement of 7.2 mm
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Fig. 7 Reaction force (F) vs. displacement (9) of the clip
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Table 3 Spring constant by means of Taguchi method L18

Run Design factor k
No. CL cw CE c4 [gf/mm]
1 1.45 0.48 -0.054 -3 7.195
2 1.45 0.54 0 0 4.890
3 1.45 0.59 0.054 3 5.161
4 1.61 0.48 0 3 6.109
5 1.61 0.54 0.054 -3 4978
6 1.61 0.59 -0.054 0 4.614
7 1.77 0.48 0.054 0 6.359
8 1.77 0.54 -0.054 3 6.518
9 1.77 0.59 0 -3 2.893
10 1.45 0.48 0 0 6.367
11 1.45 0.54 0.054 3 5.545
12 1.45 0.59 -0.054 -3 4.436
13 1.61 0.48 -0.054 3 6.435
14 1.61 0.54 0 3 4.617
15 1.61 0.59 0.054 0 3.728
16 1.77 0.48 0.054 3 5.871
17 1.77 0.54 -0.054 0 5.513
18 1.77 0.59 0 3 3.509

Table 4 Analysis of variance (ANOVA) of each design factor

Source DoF Adj.SS  Adj. MS F P
CL 2 (14041021) 0.5091 3.06 0.097
cw 2 (17603;305) 8.1898 49.28 0.000%*
CE 2 (31 jii/f) 1.6678 10.03 0.005%*
c4 2 ?3990023 0.4519 2.72 0.119

Error 9 (1 645905/08) 0.1662
1 B

R? =0.9353, *p-value<0.05

A ﬁao Jes %k A% ﬂ @% oF 03.5%= tﬂﬁo} %8; o

ek o] U] 7HA] AAIRIAZE & e AE S HaliEr-
2 28 p<005E 7IECE FS ul, 35 HCOW) 35 B

(CE) AARIAZL Fomfgt Aoz Uepydth 53], 35 & k=

A WEe] 708%5 HiEohk= Hlp- Fashal B IRkl
o 4= Qi B WAl QAR 1L theomA] AA) WE 144%2

GhsEstn Sick ol ek B oNCLRE 35 ZHCH) AR
AT o] 2 G FA g A0 ehie.

7.0
6.5
6.0
55 A N

5.0 -

4.5 -

-

Spring Constant, & (gf/mm)

4.0 -

35

1 2 3 1 2 301 2 301 2 3
Cavity Length (CL) ~Cavity_Width (CW) Cavity Eccent (CE) ~Cavity_Angle (CA)

Fig. 9 Main effect plot about spring constant k&

Table 5 Increase of spring constant by the improved combination

Model k [gf/mm] Increase
Existing
(CL-2, CW-2, CE-2, CA-2) 4675 )
Improved o
(CL-1, CW-1, CE-1, CA-3) 7263 33:4%
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Improving Micro-hole Laser Drilling Performance Using an AOM
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E212]), Black oxidation (£3+ x{2)

PCBs (Printed circuit boards) have been widely used in electronic products such as wearables, smartphones, and table
computers. Recent trends of miniaturizing electric components require improvement of component density and electronic
functionality by decreasing the size of micro via holes (50-110 um), which interconnect electric signals between adjacent
layers in high density interconnection (HDI) PCBs. To generate micro via holes, we studied CO; laser drilling with the help
of pulse shape controlling using acousto-optic modulator (AOM). Pulse shape controlling is one of the key factors to reduce
heat effect during the laser drilling process. To increase laser absorption, the substrate was subjected to black oxidation
prior to CO, laser drilling. We designed a diffractive optical system using a circular aperture. Micro via holes were obtained
by optimizing the optical distance. The laser drilled via hole was studied both experimentally and theoretically.
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Fig. 1 Premium smart phone and main PCB board
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Fig. 5 Pulse shape control by using on time and delay of AOM
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Table 2 Optimal experimental results for via hole drilling

Hole Aperture AOM (Ist/2nd)  Power (1st)
(mm] (mm] [ us] (W]
50 2.8 25/18 19.18
65 34 25/18 26.53
78 437 25/18 33.45
80 4.6 25/18 37.28
88 5.43 25/18 43.39
110 6.22 25/18 47.34
Q2(-35mm, 35mm) Q1(35mm, 35mm)

Q4(35mm, -35mm)

Fig. 11 Microscopic view of the top and bottom image for 80 pm
via holes
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Selection of Optimal Condition for Reducing Dimensional Error of Holes
in Dry Cutting of Polyacetal Resin with Indexible Drill
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In this study, polyacetal plates were machined with an indexable drill (@18mm) to measure the dimensional error of holes
according to the cutting conditions and investigate the influencing factors to obtain precision holes. Cutting velocity, feed,
and depth of cut were selected as experimental variables, analyzed using design of experiment, and optimal cutting
conditions were investigated. Cutting velocity and feed were significant factors affecting hole accuracy, whereas depth of cut
had little effect. The factor with the greatest influence on hole accuracy was cutting velocity, and the dimensional error of
the holes tended to increase as the cutting velocity increased. Dimensional error tended fo decrease as feed increased. In
addition, the interaction effect between cutting velocity and feed and cutting velocity and depth of cut were significant. In
this experiment, the optimal cutting velocity, feed, and depth of cut needed to minimize the dimensional error of holes were
100 m/min, 0.15 mm/rev, and 2 mm, respectively.
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Dy = Dirill Diameter & A oln] ol A& ez Flskal Qs FAloIHH1]
D, = Hole Diameter A8 Fetage Aamrt Ad 94, 34 548 o83t A

S/N = Signal to Noise Ratio =, UE 59 3HoE AL sk WHAo] gubAlolgle
n = Number of Experiment 2 AU7NA, Fe BEF Y 87 STk dAkeel 2
y; = Response of Experiment 843 S840 FoHAAL QUEH1-9]. HEo] 2 thEs &%
Aol et aatel S BTt Aol it 53 B8 A
O 48 SRt tig A Ao Fa Aol
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Table 1 Levels of the parameters

Level
Factor
1 2 3
Cutting velocity
A [m/min] 100 200 300
Feed
B [mm/rev] 0.05 0.1 0.15
c Depth of cut ) 4 6
[mm]
Table 2 Properties of polyacetal
Properties Units Value
Density glen? 1.43
Tensile strength MPa 63
Elongation at break % 31
Notch impact strength kJ/m? 7
Coefficient of friction - 0.2
Modulus of elasticity MPa 2600
Melting temperature °C 165

2.2 HElyy

Table 20| Al= & A7l ARSE FejotAlE =49 7|A4
478 ehi Aol B ARL 916 ASE BT (Fie @)K
HAE F4dsh= E&U(Tool Holder)e} AARIA F2el 214
E(Inser)E FLEECH E3F )& AAE 17, U= AAE 17)
7} zalelo] WA 198 FAT. JHEE 274He) 29
Al & AFS A=t Table 20 Uebd A =9] 7]A12]
v 3] oo} 79 2Ajo 0%
3 AEE Q1A Bl

o]& %" A71A10 Atz HolE olé(mm/min)e] opd
A ol (mm/revys B4R A=t ol HAF £k
FE= A= IJHAFRPM)} =P Ao 205 Fofsty] 9
groleh. T AHlzlo]l Wgo] FIke #ofshrl 98l Fig.
1(b)e} o] dv] 7hgeg Az wg 7= 9 7H&
ujz] sakict. ol FALEol mt Aol A Aol o)=
LA 1S B9 27 AES IS Qe il
srsin Aalgol A o8 ojulaich. 1e)n FAES
S QL 712 9 71 @D Gt B4 olFol
5% slof AU2E Azslaisic

7Fre AlEE H(Burr) 2 olEE AlA = 33 £47]
(CORDAX RS-50 DCC, Sheffield Measurement)S £33 W73
S5kt 54 FEE Y Aol 15 mm ofef| REo®
AlHEo]9] 172 A o]t

Shank: 025mm

Outer Insert
A: SPGG 060204 DA K10(TaeguTec)
B: TDR 3180-25T2-06(TaeguTec)
0D: 17.932mm

L: 54mm

(a) Insert and tool holder of indexible drill

(130)

26

A4)

140

(1

T® @
@ &
© &

® @ @ 9

#
D @ o
®
o
)

168

(b) Schematic of pre-drilled workpiece(168 x 140 x 30 T)

Fig. 1 Cutting tool and workpiece for experiment

Table 3 Analysis of variance for S/N ratios

Term DF SS MS F P

A 2 30.937 15.4683 23.85 0.000"
B 2 21.966 10.9831 16.94 0.001"
C 2 3.776 1.8882 291 0.112
AxB 4 66.173 16.5433 25.51 0.000"
AxC 4 8.717 2.1792 3.36 0.068
BxC 4 5.693 1.4233 2.20 0.160
Error 8 5.187 0.6484
Total 26

*P<0.05 means significant difference

3.1 F&M A WS Bt &M
Z4€ ArE HEoR BAREAS HASGa O At
Table 37} Zth A HE(A) @ o]E(B)S 95% A4z
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28 T
-8-A(cutting velocity)
-= B(feed)
[&-C(depth of cut)

27

26

S/N ratios(dB)

25 -

Level

Fig. 2 Main effects plot for S/N ratios (dB)
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T & (Term)¥ Al5== Table 49} Zt}. BAREXA A (Table 3)
eialo] o] §oliol whet 1A a0l HHT.
SHHPYY W27 23 B (Fig. 4(a))ellA=
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o
olN
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o
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ox rin
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S/N ratios(dB)

26
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1

Level of A

(a) Interaction plot of cutting velocity (A) and feed (B)

32
Level of C
-1
-2
A3

30

28

S/N ratios(dB)

26

24

Level of A
(b) Interaction plot of cutting velocity (A) and depth of cut (C)

32 r
Level of C
-1
-2
A3

30

28

S/N ratios(dB)

24 -

Level of B
(c) Interaction plot of feed (B) and depth of cut (C)

Fig. 3 Interaction plots for S/N ratios (dB)
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Table 4 Estimated model coefficients for S/N ratios

Table 5 Estimates for models at optimal cutting condition

Term Coefficients Term Coefficients
Constant 25.8502 A%x B? -0.2368
A 1.4909 A x C 0.2784
A? -0.9728 A xC? 0.2973
B 0.0161 A*x C -0.6548
B? -1.1127 A?x C? 0.6927
C 0.5248 B x C -0.3528
C? -0.2057 B x C? 0.2772
AxB 1.8479 B*x C -0.5502
A x B? 0.6495 B%x C? 0.1955
A’ xB 0.3478
99
90
|
O 504
)
a
104
1 : - : .
-1.0 -0.5 0.0 0.5 1.0
Residual
(a) Analysis for model
(including all terms, R? = 0.882)
99
90
g
O 50+
[}
a
104
-1.5 -10 -05 0.0 0.5 1.0 1.5
Residual
(b) Analysis for modified model
(pooling B x C term, R? = 0.835)
99
90
€
8 50
)
a
10

-20 -1.5 -1.0 -05 0.0 05 1.0 15 20

Residual
(c) Analysis for modified model
(pooling A x C, B x C terms, R?> = 0.776)

Fig. 4 Normal probability plot of residuals for S/N ratios

Estimates
Model Pooling - ‘
No. terms ADI S/N ratio
[mm] [dB]
1 - 0.042 27.646
2 BxC 0.047 26.743
3 AxC,BxC 0.048 26.465

EREClA Holuh WIwsh wgith vl B x CFL AT
BEo] AAASLE nE 38 IS R HL AHoz 7+
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3.3 2YHAS

Table 501]/\1h 2t g9 AFde dSsh] s ZEE X
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S/NH|&] Z2gto 2 AIB3CI ofrf. HHx2of|lHe] 1 A=
0.045 mm, S/NH|+= 26.936 dB2 =A% ict. A543 =g 2
H(Pooling B xC Term)o| &AZa} =AZEe] S/NH| 2}o]7}
0.193 dBZ 7} Z9fon, 1y 12 0.71 dBE 7M &8
A Bl Dok Hro} o 9 dlzo] Apolole nm EJ—P
7b ArgE olda AYZlo] 7o) wegke oA SrHe] Ay

ge AstAl7lE dAYE A5 5 A

N
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4128

Aelg BeAEY FUE A FUT L @7 99 2
AL Belobld £AE QHE e SUL ol §3tof
Ak 7Y 0AE Z4T olo] A WAL XS
2SIk B4 &5, o4, el HYQelS AEHSE A
Aokl 7k 2700 W2 S3ge APANES o) 9
o= BMskw Ml AL BAsT. £ 978 B3 o
23 Pe AR B2 4 it

2) 1 mkcﬂ 7% T FFE A s i & -
A &7} SNl we 7 exkE SR 4 :
HhA o] %2 Z7Ietel uhet S ex7h Zhaehs HeS Belch
) HA} S5 7} AF2(200 m/min ©|ANEHR= L7kl A o4t A
Yo W] Ao FFE nA= Fe e 2y §AOR
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Solople 419] 7| Aol QL m1AY) uhEEolet BAEI,
4) 2 Ao A AAIZE AAH oA ERjolAlE 4=A]2] A

A TE7E Al Y 23S AT 4 qle Y R A

ZAF 2% 100 m/min, ©]% 0.15 mm/rev, A% Z10] 2 mmo|t}.
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Development and Verification of Curvature-based Path Tracking Control
Algorithm to Enhance High Speed Driving Stability in Autonomous
Vehicles
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This study proposes a path-tracking algorithm based on feed-forward (preview distance control) and feedback (LQR, linear
quadratic regulator) controllers to reduce heading angle errors and lateral distance errors between a predefined path and
an autonomous vehicle. The main objective of path-tracking is to generate control commands to follow a predefined path.
The feed-forward control is applied to solve heading angle errors and lateral distance errors in the trajectory caused by
curvatures of the road by controlling the steering angle of the vehicle. An LQR was applied to decrease the errors caused
by environmental and external disturbances. The proposed algorithm was verified by simulating the driving environment of
an autonomous vehicle using a CARLA simulator. Safety and comfort were demonstrated using the test vehicle. The study
also demonstrated that the tracking performance of the proposed algorithm exceeded that of other path-tracking algorithms,
such as Pure Pursuit and the Stanley Method.
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1. Introduction

NOMENCLATURE
C, = Cornering Stiffness of Front Wheel A& 71t Aol g wet gelketar ks,
C, = Cornering Stiffness of Rear Wheel ekt 73 dee 2 AT 7Ise] tigt 2addo] ti
L, = Distance between Mass Center and Front Wheel Center L - I el 1 R e = e 2 R P A R
A al }o mro 5171 o) e
L, = Distance between Mass Center and Rear Wheel Center d S Aot A2 B2 Vless EIshal 1] 1T A=
2z Bl gME Az PARSIEL0 AT TN B [ KON
I, = Vehicle Moment of Inertia °‘ e 3dE HA=E w2y A Wots
s 23 dalo] Aol ule] Hojd A= wet 27
V. = Target Speed )
U 4 YES Aol Ao WAL AsHe AolrH2). A= >
= Vehicle Mass —

T 22 Ao 7e2 A Lo 2A| &S] wie] Ao
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2. State Space Model of Vehicle and Validation

2.1 Vehicle Dynamics based Error Model
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Fig. 1 Lateral bicycle model of the vehicle for lateral dynamics
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Table 1 Main vehicle parameters

Definition symbol Value [unit]

m 1,800 [kg]

I, 2,800 [kg-m?]
Ce, C, 55,000 [N-rad™']

L¢ 1.15 [m]

L, 1.55 [m]

Input Steering [rad]

|

2
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Data Points

Fig. 3 Input steering angle
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Fig. 4 Compare side slip angle for validation
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3. Lateral Control System

3.1 Feedback (LQR) Control
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4. Simulation

4.1 CARLA Simulator
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Fig. 12 Creation of a driving path using waypoints in CARLA
Town05
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(b) Heading angle error for path tracking algorithm at 30 kph

Fig. 13 Heading & lateral distance error with steering at a vehicle
speed of 30 kph in Town05

Table 2 Heading & lateral distance error RMS at vehicle speed of

30 kph in Town05

-
o
|

-
s

e
o

o

s
4
o

'
-
'

Lateral Distance Error [m]

=
3,
'

0 100 200 300 400 500 600 700
Data Points
(a) Lateral distance error for path tracking algorithm at 60 kph

0.2 7

0.15

0.1 1

0.05 -

-0.05

-0.1 1

Heading Angle Error [rad]

-0.15

-0.2

~
o 4
o

0 100 200 300 400 500 600
Data Points
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Fig. 14 Heading & lateral distance error with steering at a vehicle
speed of 60 kph in Town05

Table 3 Heading & lateral distance error RMS at vehicle speed of
60 kph in Town05

Lateral distance Heading angle Lateral distance Heading angle
30 kph (PP) 0.197 [m] S,fgé [[32‘;]] 60 kph (PP) 0.351 [m] 3’82521 [[:122]]
30 kph (Stanley) 0.412 [m] g'g ?31 [[crli‘;]] 60 kph (Stanley) 0.576 [m] 2.';) 57 2 [[(rlig]]
30 kph (85,) 0.021 [m] ot [[32‘;]] 60 kph (3, ) 0.128 [m] s [[(riig]]
30 kph (8, + 8¢) 0.011 [m] g:??i[g:g]] 60 kph (8, + ) 0.01 [m] 8:2288 [[;eg]]
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Fig. 15 Odometry of the path tracking algorithm and heading &
lateral distance error at 30 & 60 kph over curvature in
Town05
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(a) Original CARLA Town04 map
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(c) Town04 Curvature

Fig. 16 Creation of a driving path using waypoints in CARLA
Town04
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Fig. 17 Heading & lateral distance error with steering at a vehicle
speed of 30 kph in Town04

Table 4 Lateral distance error and heading angle error RMS at
vehicle speed of 30 kph in Town04

Lateral distance Heading angle
30 kph (PP) 0.161 [m] ?gig [[32;”1
30 kph (Stanley) 0.295 [m] 239668 [[crlig]]
30 kph (8, ) 0.016 [m] 8332 [[criig]]
30 kph (35, + 85¢) 0.008 [m] (())..8271 [[crleg]]
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Fig. 18 Heading & lateral distance error with steering at a vehicle
speed of 60 kph in Town04

Table 5 Lateral distance error and heading angle error RMS at
vehicle speed of 60 kph in Town04

Lateral distance Heading angle
60 kph (PP) 0.276 [m] 2406 [[SZZ]]
60 kph (Stanley) 0.433 [m] 22351 [[(rizc:]
60 kph (3,) 0.103 [m] 057 [[r(?:;]
60 kph (8¢, + 3¢ ) 0.009 [m] (())24(1)36 [[SZZ]]
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Table 6 Vehicle speed according to value of curvature

Curvature Vehicle speed
0.05-0.086 [rad] 20 [km/h]
0.016-0.05 [rad] 30 [km/h]
0.005-0.016 [rad] 45 [km/h]
0-0.005 [rad] 60 [km/h]

So) wlaeglon], 1 A} 2t 2ueEe A% Aol ofefet
%ol BHalg 4 Gl9tch.

A WA AlEe o] Aol A= j—%«] =717} HIsgt =4 2ol
A 309t 60kph &2o 2 H|w AT 3Yslglct =T A
k= +F LarElEe] 49 30 kphofl Al PPEU; HF @ 3j=
97.06%, Stanley= Tt} 98.53%2] A% FAS B 01, Feedback
(LQR)ET} 80%2] T2 d5 % J% Heloh gk A «

3} o) 217} 95, 97.29, S0%7} T %QO ctack v
A 60 kphol A W o7iet L A
93.83, 50% ! 84.62, 89.47, 33%2] TS gLoLzs}Mu}



June 2024 /447

Lateral Distance Error [m]

0 500 1000 1500
Data Points

(a) Lateral distance error for path tracking algorithm in CARLA

Town0S5 inner map

0.15 7

0.1 1

0.05

-0.05 -

-0.1 1

-0.15

Heading Angle Error [rad]

-0.2 1

-0.25

o
(2
= J S R
o
-
(=3
=3
o
-
o
o
o

Data Points
(b) Heading angle error for path tracking algorithm in CARLA

Town0S5 inner map

Fig. 22 Heading & lateral distance error of &, + Jy in CARLA
TownO5 inner map for curvature and speed of vehicle

Table 7 Lateral distance error and heading angle error RMS at
vehicle speed of 20-60 kph in Town05

Lateral distance Heading angle
20-60 kph 0.033 [rad]
) 0-131 [m] 1.89 [deg]
20-60 kph 0.013 [rad]
(8, +8¢r) 0.041 [m] 0.744 [deg]
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Influences of Helix Directions and Helix Angles of Planetary Gear Set
Designs on Thrust Bearing Power Losses in an Automotive Gear Train
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Automatic transmissions, which have the advantages of compact structure and smooth shifting, are installed in various
vehicles with engines and hybrid power sources. Research and development are continuously being conducted to improve
power and fuel efficiency. In this study, the influence of helix direction and helix angle of the planetary gear set on thrust-
bearing power loss in an automatic transmission was analyzed. A sample automatic transmission model was constructed to
analyze the axial load and bearing relative rotation speed, which are the main factors in thrust-bearing power loss. The
relative rotation speed of the bearing was analyzed using the sample model, and the thrust-bearing load in the axial
direction was analyzed according to the helix direction of the planetary gear set constituting the model and the helix angle
of the planetary gear set. The power loss occurring in thrust-bearing was derived using the analysis results of relative
rotational speed and load, and the influence of the helix direction and helix angle of the planetary gear set was analyzed.
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7] ¥zt M2 Hlojyg 52 &AM Hkg B
7] {3t 710] Q=2(2), 4= ZHPA), FAAE(CD)R= 5Y3at
L 18-22° g A ZHHA) 7|2 %= T 70 f47]0]
AE dAE mdglo] 2gat9ct. = (Normal) HE(m)2] X
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Table 1 Designs of 1st-3rd planetary gear sets

PG1&2 PG3
S P R S P R
z 48 24 96 60 18 96
m 122 126
[mm]
PA
18 20
[deg]
HA
2 18
[deg.]
€D 482 523
[mm]
FwW 2 2 2 17 17 17
[mm]
D,
668 346 1262 830 268 1263
[mm]
D,
613 292 1315 774 211 1318
[mm]
T 907 200 207 187 228 187
[mm]
TTD s 301 1285 805 241 1287
[mm]

Table 2 Designs of 4th planetary gear sets

PG4
S P R
V4 25 33 91
m [mm] [1.45, 1.48]
PA [deg.] 20
HA [deg.] [18,22]
CD [mm] 454
FW [mm] 24 24 24
D, [mm] [42.0, 42.1] [54.5, 54.6] [140.0,140.1]
D, [mm] [35.8, 35.9] [48.3, 48.5] [145.6,145.7]
TT [mm] [2.66, 2.66] [2.17,2.18] [2.66, 2.66]
TTD [mm] 39.1 51.6 142.4

=7 (Tooth Thickness, TT)Q] Z /A z}o]= 0.001 mmo]|c}.
S 710l AlEE YA Zh2 AR U A] Alde] & 2t
o7} Y= A LT Aldolztal & = Stk 149 {44 7]0]
AlEo|| Z3e= A 7]o], | 7]0], JMOJ 710 2] #9] A7)
= % SY3ltt. TTD (Diameter at Measured Tooth
Thickness)}= % FA7} 544 HZH AlE= 9ulgt.

Fig. 19] 2HEui4:7] el % ugre] a15g A Aok 2
HAE Ho]d, A Wgke] 5L XA|sk= UE E(Needle
Roller) H|o1®], &3} 7 WoFe] sha& A A|sh= =(Ball) o]
ol A&t 22AE wojgof tiste] & Wk sk A9
A wolg e Agsidon, s S8 Hojgo st

PGl PG2 PG3 PG4
Input Output

T1 T2 T3 T4 T5T6 T7 T8 T9 T10 T11l T12(B1)

(b)

Fig. 1 (a) 3D model and (b) cross section of a sample automatic
transmission model

I R R B Hﬂﬂ%‘ 2 Agsild. 52
74 W sl AA 9] & WlolR2 3t 7 gt A W
ol s A&t Fig. 1(bell= & ¥ she= W
olRRE FA[SIGl o, AYAE H|o]Y2 TI-TIR, & Hofd
2 Bl 32 TI2&2 #A|5T)

w4710l NE 2, A4 Hﬂﬂa‘ el X*%, 787101 Al
E9f F8 3 845 AZdske= 4 $Hol=

WA B Tl B TEA Wl B SW20}E
Fgsto] TATIIOM, 84 &=, 345 T AL HAS 5

ystoict.

AFNET|E AT §4710] AEL 7o) @iz 249
Wkt 2] dslel] e selie woly B &4 42
Slstel, Wl zre] Wkt 7] wate] sk A2 A
Sa3jof k. Fig. 2() B710le] BYUE Fr) BHoR 7|
ofo] 2§k AL 2t Figs. 2b)2} 2c)et 2ol 9 HF
L (Lef) & 22 T R (Righto2 A8, 918 /1o
| 3 7]o] W2 7k o] Lolwl Wl s]oje] We
éﬁSR%ﬁmlmélﬂWAWEﬂﬂ@ﬂWQﬂ
22t Wigo] Lol Wil sujel 7]oje] A zhe Ly
aoleh. §4710] AIES] Al Zlof, & 7lof, 3l 7ol &
Aol Wl Sk, o Tlole) WA el HelH,
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(a) (b) ()
Fig. 2 (a) Spur gear, (b) left, and (c) right hand helical gears
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Fig. 3 Total amount of maximum axial loads of all thrust bearings
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Fig. 4 Differences of axial loads on thrust bearings for 18 and 22
degree of helix angle
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Fig. 5 Rotational speeds of thrust bearings

Table 3 Pitch diameters of thrust bearings

Bearing number Diameter [mm]

T1-T8 65.0
T9-T11 40.0
T12 45.0
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WHA18 WmHA19 mHA20 HA 21 mHA?22
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Fig. 6 Total amount of power losses of all thrust bearings
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Fig. 7 Differences of power losses of thrust bearings for 18 and 22
degree of helix angle
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Fig. 8 Max. axial loads acting on thrust bearings of RRLL helix
angle directions for 18-22 degree of helix angles of PG4
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Fig. 9 Power losses of thrust bearings of RRLL case
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Fig. 10 Max. axial loads acting on thrust bearings of LRLL helix
angle directions for 18-22 degree of helix angles of PG4
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Fig. 11 Power losses of thrust bearings of LRLL case
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Fig. 12 Differences of thrust bearing power losses at 18 and 22
degree of helix angle for forward speed ratios
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Fig. 13 Thrust loads of LRLL helix directions for (a) 18, (b) 19, (c)
20, (d) 21, and (e) 22 degree of helix angles of PG4
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Fig. 14 Thrust loads for 18-22 degree of helix angles of PG4 at 5th
speed ratio
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Digital Twin Platform for Machining Robotic Production System based
on Cutting Force Physics Models
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Digital twin technology offers the advantage of monitoring the status of equipment, systems, and more in a virtual
environment, allowing validation through simulation. This technology has found numerous applications in the industrial
robotics field, driven by recent advancements in the manufacturing industry. Consequently, predicting machining quality
using digital twin technology is imperative for ensuring high-quality processed goods. In this study, we developed a digital
twin program based on a cutting-force physical model and created a performance enhancement module that allows the
visualization of material removal for user convenience. The predicted cutting forces from both conventional CNC and the
physical model demonstrate a high accuracy of within 2%. Within the digital twin environment, the error rate for the robotic
drilling process is 13.5%. Building upon this, we developed and validated a module for material removal visualization,
aiming to increase convenience for on-site operators.
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This paper was presented at KSPE Autumn Conference in 2023

NOMENCLATURE w = Cutting Lip Length of Drill Bit

o 0 = The Angle between the Shear Area and the Resulting

A = Initial Yield Strength [MPa]
dening Modulus [MP. Force

B = H

ar-emng © u_l_ls.[ al ) A = Friction Angle
¢ = Strain Rate Sensitivity Coefficient E* = Equivalent Young’s Modulus of the Workpiece
n = Hardening Coefficient Material
m = Thermal Softening Coefficient vy = Poisson’s Ratio of the Workpiece Material
€ = Plastic Strain f(t) = Instantaneous Feed Rate at the Chisel Edge
& = Reference Plastic Strain Rate [s™'] P., = Plough Effective Cutting Force [N]
Ty = Temperature of the Material Pwuse = Plough Effective Thrust Force [N]
T,.; = Melting Point of the Material F,,; = Indentation Force from the Chisel Edge [N]

T, = Material Initial Temperature Lopi = Length of the Chisel Edge
Coefficient of the Chisel Edge

L = Shear Length kopi

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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1. M2

T ARFAN)E(CTE] AL Aze] WAL 27 &
Ao, CAD, CAE, CAM, FEQ & AFEH X 7|&o] wi=
A st glo] ARl Fa3 Hake At ek, uf
ehA ThopR ARl R o] that Y] Tl W oS4 o

23 v Ak A7t 53l dEb gxg E9(Digital
Twin)7|&o] ZP3EIL Ql= F=Ao]t}2].
oA Ege PUe AEAE-S B A4S AESkL S48}

W 35 ZSHCo-evolve)sh= Ee]4] AHHE= =22 7iA|)t
CAEsE Ere) §714 g ofulstul[3], tAE B9 /)4
2 "8 A7 (Reducing Costs)[4] L A12]4 (Reliability)[5]} 2
AL vlgro 7 47} Aol sAly|eR ARt 9ok E
,APAE A2 Boke] "AE B A8 7 AlEdo]d mE
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Table 1 Values of each parameter in the Johnson-cook material
plasticity model

A [MPa] B[MPa] C n m Teir To
856.41 84026 0.111 0.8 0.663 1632 25

Chisel edge Drill point

angle

Point angle

Margin

Fig. 2 Geometry of a twist drill bit

Fig. 3 Cutting forces in shear plane model
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Table 2 Ti-6Al-4V mechanical properties

Length [mm] 103 x 103 x 30
Tensile strength yield [MPa] 1100
Elongation at break [%] 10
Modulus of elasticity [GPa] 114
Shear strength [MPa] 760
Melting point [°C] 1604-1660
Fooe=F. APy, Fyy=F 4Py )

Chisel Region %9 9] Indentation Force:= 3-2F=(Workpiece)
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A F82 FA)| Torqueol H|3H

ct. Eioﬂ FEFS MR = A2 9 UeF daY
of| 2t ALsh TAE Eflo] ‘?_‘333}93@}

GHDF HAFY o2 upgom odl CNC (DIXI 1200 Jig
Boring Machine)& 53] =27 A3 7,1]'36]—311:]—

e w2 T Ul Aot AR 54 7Y,
ArolEotoll 4 Bol AHBES Ti6AL4V7} AHGEGIT BT
EF AN AWH O AFEE HA 6 mmz 44
E9lon, TIAIN Z8% WC Drill (YG-1, DREAM DRILL
INOX DH452060)°0] 7}g-oll AR&-=|¢lt}. 235 (Spindle)] 3]
HEEl 2122 RPM, 0|4k (Feed Rate)e 169.77 mm/mins
% 10 mm 9] A e =85 Sk
ASo o]AHo| 2 Ti-6AL-4V

AollA FLstAl 8=
(22], B 714 2 A B ARARE Tables
S4H 22 Fig. 40f] A S i}

ol Qi ONC =994 5o e A4 Hlole} v,
2 Lip Region+Chisel Regiono] 2J5t 48 W 2|7 A|AF T
HAFE (F_mmr, N/mm’) HH5]S A 4kgic),

22 2XEESHO| st =2 29 2
28 2|E 3835t = FAHAH(Level 2)o4= Level 1
ONC =223} S90a Ti-6AL4V AlHo] A5 3lo0], AHg



462/ June 2024

T

600 — 800N w— |

800 ~ E

600 E
z
8

S 400 - -
w

200 s

0 T T T A
0 4 8 12 16

Time(sec)

Fig. 4 Cutting forces measured on CNC

Table 3 Drill technical details

Diameter [mm)] 6
Coolant supply Internal coolant supply
Coating TIALN-T63
Tool-sense of rotation Right hand
Point angle [°] 140
Cutting material Carbide

Fig. 5 Robot drilling process schematic
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Fig. 6 SIMSCAPE modeling

Fig. 7 Revolute joint of the robot
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Experimental data modal Final prediction modal

dB)

it

Fig. 8 Final predicted modal result

Table 4 Revolute joint stiffness values

[Nm/rad] K61 K62 K63
Arbitrary 1.4098¢6 0.400760e6  0.935280¢6
stiffness

Final stiffness 1.4098e6 0.06055¢e6 0.043e6
[Nm/rad] Ko4 K05 K06
Arbitrary 0.36¢6 0.37¢6 0.38¢6
stiffness

Final stiffhess 0.006¢e6 0.006¢e6 0.006e6

mmmmm : Experimental cutting force data
: Calculated cutting force data
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800- o ik i
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g |
R 400-
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2) ’ ; ’ é ’ 1'2 ) 16
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Fig. 9 Comparison of cutting forces calculated through physical
model
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Fig. 10 Digital twin combination program for robot drilling process

Fig. 11 Robotic drilling process cutting force compared by
experiment and digital twin
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Fig. 12 Conical simple model
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Fig. 13 Material removal volume calculation algorithm using drill
shape and simple shape
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TGV QIE{xZX2| C|d MOIE et 2-step CMP Fi=F
2-step CMP Strategy for Dishing Control of TGV Interposers
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X M™EtSY, Interposer (QIE{ILX]), Through-glass via (R2| &S Z=), Dishing (C|4))

Chemical mechanical planarization (CMP) is an essential polishing process in semiconductor manufacturing. Advances
in memory technology, including increased capacity and performance, have increased the importance of electronic
packaging. In heterogeneous integration, the interposer acts as an important intermediary between the logic die and
the substrate, solving numerous I/O bump problems in high-bandwidth memory (HBM) and logic chips. Traditionally,
board-to-memory connections were made through wire bonding, which required additional space for wire connections
and introduced latency due to extended signal transmission paths. A through-type approach has emerged as a
solution that can significantly reduce waiting time and installation space by improving space efficiency and enabling
vertical connections without extending wiring. Due to these new approaches, the importance of CMP is reemerging.
Implementation of this important process requires precise control of the CMP dishing/protrusion of bonding surfaces.
Improper selection of Cu pad dishing/protrusion can cause problems such as increased RC delay time and signal
short circuit in the wiring. In this paper, we proposed a strategy to control dishing using CMP, especially for Through-

glass-via (TGV).
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Fig. 1 Schematic diagram of 2.5D integration
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: Copper : Glass

Overburden Cu

Fig. 3 Cu plating residues (overburden)
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Fig. 4 Mechanical causes of dishing
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Table 1 Experimental condition

Wafer 4 inch TGV wafer
Pad Closed-pore polyurethane pad
Slurry Colloidal silica
Pressure Head 140
[g/em’] Retainer 210
Velocity Head 93
[rpm] Platen 87
Slurry flow rate [ml/min] 150
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Fig. 5 Target of CMP stage (a) 1st and (b) 2nd
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Fig. 6 Real time data of friction and temperature in 1st CMP
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Fig. 7 Appearance of wafers by section
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Fig. 8 3D profile of dishing (a) after 1st CMP and (b) after 2nd CMP

Table 2 Dishing amount after 1st CMP

Wafer # 1 2 3 4 5
Dishing 184 21 190 190 197
[nm]

Table 3 Coefficient of dishing reduction

Particle concentration 12 wt% 509
Particle concentration 9 wt% 245
Particle concentration 6 wt% 100
Particle concentration 6 wt% + H,O, 1.0 wt% 85
Particle concentration 6 wt% + H,0, 0.2 wt% 46
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Fig. 9 Decrease in dishing amount at the same time interval for
each slurry
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Autonomous robots are commonly operated on rough roads. Thus, it is essential to predict their dynamic characteristics.
Even though it is possible to use real hardware to acquire a robot’s dynamic characteristics, this requires a significant
amount of time and cost. Therefore, a real-time remote driving simulator must be developed to reduce these risks. Most
real-time simulators employ physics engines, which are calculated using simple functional expressions based on particles.
However, in this case, there is a limit to reflecting the dynamic characteristics of actual robots. In this study, a multi-body
dynamic model of a robot was established. MATLAB Simulink was used to connect the vehicle model with the joystick and
calculate user input signals. The PID control system determines the driving torque of the robot to satisfy the calculated
signal. Gain value optimization is performed to enable real-time control. This study can be available to analyze the

traversability.
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1. M2
NOMENCLATURE
. 22 9l 3ol et 7o) WIgo] Wt Thoket vl
Kp = Proportion Gain
, et FG sl A7 S7RET Ak Rel = Uu ww
K = Integral Gain _ . o e o .
g of Zo] FAstE] Gl BRE FYSH: A9E AN T2
Ko = Derivative Gain Aol QIR Sqsy] ojele WA 2 BHNN AAF
WapL = Desired Wheel Speed of a Front Left Wheel o} Aezoz ogur) o|adt X9t o] FUsdt A
wp, = Current Wheel Speed of a Front Left Wheel oA ZHRL Dojoz =FPA|7|7] YA ZHo A
FL = Front Left Wheel BB EHo] asith Age] FEAL AWS FAAE &
FR = Front Right Wheel RB7} 7bsshATE AA stEQolE FHAE He T2 HE
RL = Rear Left Wheel 9 o] eutEm A wf= Aol &4E 4 Aok a9 E
oF A4 BEAS MY 2ie] FI3 BUS Tystel AA)
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Fig. 2 Joint diagram of suspension

Table 1 Spring property

Parameter Value
Spring coefficient 66.5 N/mm
Damping coefficient 0.7 N's/mm
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Fig. 3 Experimental setup for tire characteristics
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Fig. 4 Vertical force according to tire deflection
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Table 2 Design variable set

Case Ko K, Ko Simulation
success

1 4,021 368.4 263.2 0]
2 7,158 473.7 131.6 (0]
3 15,000 26.3 26.3 (0]
4 7,942 315.8 289.5 o
5 9,510 263.2 0 (0]
6 5,589 4473 52.6 (0]
7 4,805 289.5 394.7 (0]
8 884 131.6 105.3 (0]
9 14,216 0 500 X
10 100 184.2 342.1 (0]
11 10,295 236.8 421.1 (¢}
12 8,726.3 500 236.8 o
13 11,079 421.1 78.9 (0]
14 13,432 157.9 368.4 o
15 11,863 210.5 210.5 (0]
16 2,453 342.1 184.2 (0]
17 3,237 52.6 447.4 (0]
18 6,374 78.9 157.9 (0]
19 1,668.4 105.3 473.7 (0]
20 12,647 394.7 315.8 o
21 1,000 0 0 (0]

Table 3 Optimal design variable

Design variable Range Optimal value
Proportion gain (Kp) 100-15,000 10,295
Integral gain (K;) 0-500 236.8
Derivative gain (Kp) 0-500 421.1
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obstacle(cuboid)
Fig. 10 Driving view of rough road with obstacle
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Fig. 14 Comparison of vertical acceleration and pitch rate between
experiment and simulation under bump test
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Development of an EEG-based Gait Recognition Classification CNN-
BiLSTM Model for Brain-Computer Interfaces (BCl)
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KEYWORDS: Brain-computer interface (‘c|-Z45E{ QIE{H|O|A), Electroencephalography (‘c|mt), Gait (=&H), Dynamic environment (S&1 &),
Convolutional neural network (EhAd& A1Z42Y), Bidirectional long short-term memory (FEISF ZI-E7 | H|22])

Brain-computer interface (BCI) is a technology used in various fields to analyze electroencephalography (EEG) signals to
recognize an individual's intention or state and control a computer or machine. However, most of the research on BCl is on
motor imagery, and research on active movement is concentrated on upper limb movement. In the case of lower limb
movement, most of the research is on the static state or single movements. Therefore, in this research, we developed a
deep-learning model for classifying walking behavior(1: walking, 2: upstairs, 3: downstairs) based on EEG signals in a
dynamic environment to verify the possibility of classifying EEG signals in a dynamic state. We developed a model that
combined a convolutional neural network (CNN) and a bidirectional long short-term memory (BILSTM). The model obtained
an average recognition performance of 82.01%, with an average accuracy of 93.77% for walking, 76.52% for upstairs, and
75.75% for downstairs. It is anticipated that various robotic devices aimed at assisting people with disabilities and the
elderly could be designed in the future with multiple features, such as human-robot interaction, object manipulation, and

path-planning utilizing BCI for control.

1. M2

AT 4 9 Ae)7]e0] W g 4135k (Electrocardiography,
ECG), %= (Electromyography, EMG), |3Z(Electroencephalography,
EEG) 5 X441 %2 (Bio-signaly5 283t g W Aerx 7|
o wet gepska Ak gaol ZhsHATHI)

olof we AAAE A QlEFolAE FI A U A
Hz 71710 tigh A7t 2ds] HeiE= "‘f\ﬂoltq O]—Z—' %3]1
FR=9] A Tl 4ol AL FRAAA T2} 7]uk
¢1E] 3| o] 2~ (Human-computer Interface, HCI)o]| EH?‘),‘_P %3 Jo|
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C4, T4) J|=AE Tt 7]17](Q20r, CGX Ltd., USAYS AH8-3}
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2t} 500 Hz W= Zuleg 2Asgon, Hu As2
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Band-pass-filterS Z3] Betad}(14-30 Hz)E &5t AA T
ahaict.

A TolA] 152ukch W7 A3 Fof 152 o
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BiLSTM (Bidirectional Long Short-term Memory)S ZgIst £
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Fig. 1 Walking, upstairs, and downstairs experiment
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oA A7 Holu] gk MRAES Ak, shute] dlofe]
oA 924 Theo] HlolE| S &) AL

F(x) = Jf(x)e_imxdx (1)

Y
4

114 E2)of HEK(Fast Fourier Transform, FFT)4-2 (1)@} 2t}
2.2 H|o[g] Mx2|
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& 2745

X =2=H 2)

Standard Scaler4]-> (2)1} Ztt.
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2.3 Sliding Window 2|
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(a) Walking data sliding window processing
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(c) Downstairs data sliding window processing

Fig. 2 Output of walking, upstairs, and downstairs data sliding
window processing
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2.6 CNN-BILSTM

2 Ao A AREEE JIF A S A1 B o] R] 914 Y
ERo HAsE 4dE AAHConvolution)E ©]-8-3H= CNNz}
AAE dlolelQl Hut Al BRE 98 A Abe](Cell State)s

Zs|
= LSTMo| JEE AYgFo= Hast= ] 31]0]01 7}5H
BEE Hoh {fskA A2lsh= BILSTMZ Zd? CNN-
BILSTM=R &2 Al8-5}9 T}

Convolution Layer Kernel Size:= 322 A5}, Y H|o|
Elol|A] 7}AF 7335 EANE 32&3= MaxPooling2D LayerS AR
3ttt a5 A7EE E017] 98l Convolution Layer ©]3oj
Pooling LayerE Z-83= Zlo] O‘HPHO]E]-[U]. A3t g
(Activation Functiony= 27} 23t &8 HYE Y3} ‘Tanh’
& 5t3le}. Hdllo] S5 (Train) Hlo]E|of] ¥=skA| 2]-9-2]= 24
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S-S AR3| Classifications}$3 Tt
Fig. 3; 5]% CNN—BiLSTM H8Y 2@ Architectureo|Tt}.

2.7 Cross-validation
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BRI ol2lgt SheE melo] glojA Aol el

o
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Ase MNAZIE 2R oy} mElS Bl 9 Aifo] tf
g 45 AAAR HFol FasiAAL ek Jad Bd HF
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pom, melo] S 78] flsiA AA HlolEAlE o5
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Set 283l =] 41242 HSTITH16].

B Ao AL Train Hlo]ElE K] Fold® Wy gl
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3. 941 A8n}

A9 A3h= ZF 3leket 10051 (Epochs) WHEsFo] Sh3AI 1AL,
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A 27] 76.52%, At HWE 7] 75.75%2] H+ FS==
2359 t(Table 1).
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1
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Fig. 3 CNN-BILSTM architecture
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[ Fold 1 ][ Fold 2 || Fold 3 || Fold 4 || Fold 5 |
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o+ [ N |
split 3 | |M| |
splita | || |
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Fig. 4 K-cross validation

Table 1 Experimental results

Walking Upstairs ~ Downstairs Average
accuracy
A 93.38 72.41 80.56 82.11
B 93.63 79.44 71.89 81.65
C 9431 7772 74.8 8227
Totalaverage o, 5 76.52 75.75 82.01
accuracy

FUHOE AT 0279 279 BHE B BF P
2wtk B Ba Bl qlold Ad 02712 AT e

@712 B BRE F97E /K Bokeh. 1) s 2719k At
227) 79| £F SRE %2 71 42 £F 057E Ry

4 EYAHE

2 BCI A A%

Confusion Matrix
%age confidence

walking

Upstairs

Downstairs - 9

> &
& 3
1l J
$ &
Fig. 5 Confusion matrix of A

2 A8sl= F97F S718FL et EEG Dataset Classification
Using CNN Method dTofl A= Ex1o] Huts AA|7to 2 2
YERS sfioF & 97 @71 wiZel, 2FolA = 7 ke

w5st7] 913t HEFA AIEH(CNN)9 7H“Ur gete, &4
Zr(LossyS At5lict. CNNE& O]U]x] g el Q1A]o A
= Aee ?Jz‘ﬂiﬂoﬂ A% flolEsl HEHCWT) CNNE
Astslo] 712 WzRS B2kt oo wE Ayl Al
72.49%, =4 7k 0.576 556}ﬁ4[8 .

E3H X do]EE =T A 52 A (Motor Imagery, MI)

< dlolE =3 ol FdEe ez Qs Alofst] o
e ZAIR ] Qo] T &5 A3 (Movement Execution, ME)
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Chronic wounds necessitate periodic treatment and management due to their potential for serious complications. Recently,
ultrasonic mist therapy has been introduced to treat chronic wounds efficiently. This therapy requires a noncontact spraying
method to prevent side effects such as bacterial infections and pain. Therefore, research is needed on a spray nozzle tip that
can effectively transmit ultrasonic energy to the wound target with misted cleaning solution mobility in a specific direction and
at an appropriate speed. The performance of the nozzle tip is greatly affected by the flow characteristics inside it.
Computational fluid dynamics (CFD) is a powerful tool to analyze these characteristics in detail. The behavior of the mist was
analyzed in a simulation based on discrete phase model methodology in an unsteady state. Valid design parameters enabling
noncontact cleaning were determined by setting the design parameters of the nozzle tip's internal flow path and measuring the
spraying speed of the mist using CFD analysis. Through the simulation results, information on the sprayed skin surface and
spray characteristics are measured. Lastly, we present a nozzle tip design guide optimized for ultrasonic mist therapy.
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1. ME
NOMENCLATURE
dp = Diameter of the Particle T S WA 52 9 2l ojaf Af7F A A% HA
m, = Mass of the Particle o F9lo] s Feha] 27t SAEAY 715 aEo] o
i, = Velocity of the Particle R A EA Sk S Wt tEAC o2 el o)
7. = Particle Relaxation Time OB} 7Aeks A3kel £3ko] itk whA] ZAF W 8.3k A
¢ = Gravittional Force 1Rt HF o= oojd = Q7] wioll F7124el X 7o} #e
Py ~ Density of Particle 7h vlg- Fasich. oleh weste] 20199 Arleld d =)
T = Surface Tension of a Liquid Ay e) AR AR slelold Aj7t olele A4S B
L FISHE R Qhlshe A S Wound Hygiene o1 )
He WGt ol FAelAl dlole BE, Az,
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Fig. 1 Ultrasonic mist therapy system (SonoMist™)

Fig. 2 Mist spraying at ultrasonic nozzle (SonoMist™)

Table 1 Definition of nozzle tip parameters

d, Outlet diameter of the nozzle tip
d, Inlet diameter of the nozzle tip
L, Total length of the nozzle tip

A, Aspect ratio (L/d)

L; The length of the inlet section

L, The length of the contraction section
L, The length of the outlet section

22 ZZUAAE & § nUg

M7 ghefulelo] e w2 Yol Ak wakE v As]
Aste] w2 ¥ A wlebu]gE Table 13} o] HoJsldt).
eZ "o A AH(d, = 10emptt AA| Aol(L, =35 em)=
2 AtollAl ARSRE ] Al 9HA A4-E Ad=ste] AR
th eZ g Aol nAle IS AR ofsfstal X3
o] A gl EE =E6h] 913t Parameter StudyE 3513
t}. Parameter Study= ]38} 7]&0] 2 Reference ModelS 2 ¢
251901 (Fig. 3), Reference Model25 €] A4 u}etu]g o]
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Fig. 3 Design of nozzle tip parameter and reference model

Typel | Reference | Type2 Type3 I Reference l Typed

.

e — -

Reference
Model

(a) Control of aspect ratio (b) Control of L, and L,

Type5 I Reference | Type6 Type7 | Reference | Type8
(c) Control of L and L, (d) Control of L,and L

Fig. 4 Geometry of each models compared to the reference model

Table 2 Nozzle tip parameters for each model (d; =10 and L, =35
are fixed values for all models, Length unit = [cm])

Type d, A, L; L, L,

Reference 2 17.5 10 10 15

1 1.5 233 10 10 15

2 3 11.7 10 10 15

3 2 35 0 20 15

4 2 35 20 0 15

5 2 35 10 25 0

6 2 35 10 0 25

7 2 35 25 10 0

8 2 35 0 10 25
HIE = ] FHE 225k Typeslﬂr 2= Aspect

Ratio, Types33} 4% L .9} L;, Types5e} 62 L. 2t L,, Types7
5 82 L9} L, o] 247 WSS £ DU SolckFig 4. 2t 0
59 wetu] g gk Table 20 A 2]5H3ic).

Table 3 Calculation of injection pressure of reference model
according to pump pressure

Pump pressure Injection velocity Injection pressure

[Pa] [m/s] [Pa]
10 2.48 3077
50 5.40 14589
100 5.39 14535
200 8.94 39988
300 10.66 56856
2.3 X IsHAﬂ*

9 et ool f5 54T BAbEE va
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Table 4 The maximum velocity and the velocity at y =0, y =-0.02
m of each model (Velocity unit = [m/s?]

Type Vmax y=0 y=-0.02[m]
Reference 9.45 8.94 6.12
1 9.89 9.10 5.05
2 7.43 6.92 5.26
3 8.72 7.92 5.37
4 9.03 8.56 4.75
5 13.95 13.43 6.43
6 8.71 8.31 5.67
7 2291 10.91 4.26
8 727 6.35 4.95
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I Year of Launching

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

I Aims and Scope

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

I Fee

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

Publication Fee:

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

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

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

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

I Contact Us

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

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



I Rules for Submitting and Publishing Papers

Article 1 Purpose

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

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

Article 3 Responsibilities and Compliance with Code of Ethics

A.The Authors are responsible for the submitted paper.

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

Article 4 Scope of Research

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

Article 5 Categorization of Submissions

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

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

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

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

Article 6 Submission

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

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

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

D.The submitted paper shall not be returned.

Article 7 Review and Decision to Publish Paper

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

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

Article 8 Copyright

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

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

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

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

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

Article 10 Manual of Style

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

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

Article 11 Publication Fees

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



I Guidelines for Manuscript Writing

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

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

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

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

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

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

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

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

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

I Author’s Check List

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

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

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

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

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

8. Is the English abstract within 200 words?

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



I Rules for Reviewing Papers

Article 1 Purpose

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

Article 2 Submission and Reception

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

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

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

Article 3 Selection of Reviewers

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

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

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

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

Article 4 Review Procedure

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

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

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

Article 6 Deadline for Author’s Revision

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

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



I Rules for Reviewing Papers

Article 7 Decision over Publication

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

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

Article 8 Review of Special Papers

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

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

Article 9 Confidentiality

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

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

Article 10 Objection

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

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

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



I Code of Ethics for Academic Activities

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

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

Chapter 1
Overall
Rules

Chapter 2
Author

Article 1 Purpose

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

Article 2 Application Area of Code of Ethics

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

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

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

Article 3 Scope of Misconduct

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

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

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

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

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

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

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

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

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

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

Article 4 Honesty of Author

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

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

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

Article 5 Authorship

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

following 4 criteria:

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

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

Final approval of the version to be published; AND

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

0



I Code of Ethics for Academic Activities

Chapter 3
Roles and
Responsibilities
of Members
of Society

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

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

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

perverting the research result.

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

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

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

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

plagiarism and is not allowed.

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

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

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

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

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

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

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

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

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

C.

results for the submitted paper.

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

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

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

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

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

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

paper can be examined by another EBM.

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

of the society or the Editor.

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

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

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

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

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

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

C.

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

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

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

citation, the EBM should be notified in detail.

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

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

Article 9 Ethics Committee

A

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

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

. Organization and Duties of Committee

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

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

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

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

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

A
B
C
D

. Establish and promote research ethics.

. Prevent and discourage research misconduct.

. Deliberate and vote on research misconduct.

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

E. Improve and enhance other research ethics.

Article 11 Convocation and Voting of Ethics Committee

A

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

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

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

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

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

Article 12 Reporting Research Misconduct

A

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

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

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

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

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

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

A.

B.

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

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

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

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

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

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

(5 Cancel membership to the Society

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

according to the decision of the Committee.

Article 14 Protection of Rights of Examinee

A.

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

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

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

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

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

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

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

Article 15 Disclosure of Record and Information of Investigation

A.

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

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

concerned personnel, it may not be disclosed.

Article 16 Report of Investigation Result

A.

B.

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

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

(@ Content of information

(@ Misconduct subject to investigation

(® List of investigators of Investigation Committee

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

(® Related evidence and witnesses

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

C. Until the final judgment on the research misconduct, it must not be disclosed to the public.
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ISSN 2951-4614(Print) / 2951-6382(Online)
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International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY

DECEMBER 2022

247}

AZh A7 23 18 TR Y

INTRODUCTION 1. Full Open Access

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

Position papers, Industry case studies -

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

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

+ Prognostics and Health Management (PHM) Collaboration

+ Industrial Internet of Things (lIOT) + Autonomous Things

+ Industrial Artificial Intelligence

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

Metaverse

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

- Design and Materials

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

2017: 4D Printing

2018: Sustainable Manufacturing in 4th Industrial Revolution

2019: Energy Harvesting

2020: Green Smart Manufacturing

2021: Soft and Green Manufacturing and Applications

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

2024: Advanced Manufacturing for ESG
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INTERNATIONAL JOURNAL OF
PRECISION ENGINEERING AND

MANUFACTURING

INTERNATIONAL
JOURNAL OF
PRECISION
ENGINEERING AND
MANUFACTURING

= " JANUARY 2023

VOLUME 24, NUMBER 1

1SSN 2234-7593 (Print)
1SSN 2005-4602 (Oniine)

&) Springer

Ahnut IJPEM_[:FP IUPEM is published by the Korean Society for Precision Engineering with Springer.

The journal has a history of 24years 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 1.9) and downloaded more than 148,000 times a year

around the world.

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

Semiconductor Manufacturing
Systems and Process

The potential focus areas to be covered in this
Special Issue include, but are not limited to:
* Lithography systems
Etching and/or deposition systems
Probing and test systems
Inspection and measurement
Advanced packaging and assembly
Manufacturing of multi-layer structures
* Chemical-mechanical planarization (CMP)
» Air conditioning and contamination control
* Automation & robot
» Controlalgorithm and/or Al application
* Key components for equipment and process

Guest editors

Submission Procedures

@ Springer

KE: E= Korean Society for



OPEN ACCESS

International Journal of
Precision Engineering and
Manufacturing

International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY
sy 2023 L

VOLUME 1, NUMBER 2

SMART TECHNOLOGY

ISSN29514614 Pt KEFE

1SSN 29516382 onine

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

academic journal which will be published by the Korean Society for

Precision Engineering (KSPE).

Aims and Scope

Submit an IJPEM-ST

http://submit.ijpem-st.org

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

+ Big Data Analytics and Informatics

V Sensors, Instrumentation and Process Monitoring

v Prognostics and Health Management (PHM)

 Industrial Internet of Things (IIOT)

v Industrial Artificial Intelligence

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

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

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

* Publication Date (Scheduled)

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

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

www.ijpem-st.org

KE: E= Korean Society for
D

Precision Engineering

Editorial Board

Editor-in-Chief

Sang Won Lee / Sungkyunkwan University, Korea

Co-Editors-in-Chief

Jay Lee / University of Maryland, USA

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

Editors

Hyeong-Joon Ahn / Soongsil University, Korea

Hae-Jin Choi / Chung-Ang University, Korea

Chih-Hsing Chu / National Tsing Hua University, Taiwan
Martin B.-G. Jun / Purdue University, USA

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-I. Jeong / Kookmin University, Korea

Hyungjung Kim / Seoul National University, Korea

Yangjin Kim / Pusan National University, Korea

Jihyun Lee / University of Calgary, Canada

Wonkyun Lee / Chungnam National University, Korea

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

To be added
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International Conference on '
PRecision Engineering and Sustainable Manufacturing PRESM

PRESM
2024 7.z

Paradise Hotel Busan, cusan, korea

Deadline for Abstract Submission: International Journal of Precision
February 22 (Thu), 2024 7 Engineering and Manufacturing (IJPEM)
*SCIE, SCOPUS

Date for Acceptance Notification:
(Mail from the PRESM Secretariat)

March 15 (Fri), 2024

International Journal of Precision

2 Engineering and Manufacturing-Green
Technology (IJPEM-GT)
*SCIE, SCOPUS

Deadline for Early Registration/
Presenter Registration:

May 1 (Wed), 2024

International Journal of Precision

-‘ina ma

= . : bmi

Awards & Honors

Organizer

= [ Korean Socie www.presm.org | Email presm@kspe.or.kr

Precision Eng 22-0/25 | Fax +82:2:518-2937
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‘I KRON TECHNOLOGIES
“ HIGH-SPEED IMAGING

Affordable High-Speed Cameras
for Everyone

5" 1 D I Desktop
Touchscreen TB NvMe =[] & Mobile App C/F/EF/MFT/E-Mount

INTUITIVE INTERFACE BUILT-IN SSD REMOTE CONTROL FLEXIBLE LENS MOUNTS

o - 0T BRI £ o

End Mill Cutting TIG Welding . Ballistis & Combustion

HBicHHioIAEEHE HNZE=el, Tl A/S
[y T T —— e = =rH=HIc] QX . .
N2A| S22 2328, SCHEEE 8%  https://www.hbinst.co.kr/

H Al 1=
Kron Technologies S IEL  1r) 15 951.3787 FAX. 02-921-3789 E-mail. sales@hbinst.co.kr

Copyright2024. HanBaek Instruments Co., Ltd. All Rights Reserved



*-3—’“7I71I°I *HOI =

: I'DNSOLUHONSOI
- glohst OB AR gL G

EMDEI|H S K| 50'—‘| S0t Machme Greatnessol 7fII§ zAoz
CBEVA YA ERY EIE1§)\j°I '2%“8‘2 HortSLIct. ‘

O A2 AICHZF K| ZHEIL|E}. DN &2 M= af VLR s
UiEH PNEIZSISIDN Y- 8 iEE%’—JIO'I gl 7|§§xft“2f5._| -'-’“7|71|°| ?r*._%olo'lé’ﬁ ILICE.

Manufacturlng Solutions Leader DN % H=

| f & B in- :
Learn more at DN- SOLUTIONS COM




KISTLER

measure. analyze. innovate.

A7NE AEA BT B2 253 #wo] g CF 7025 < Tel: 031-8045-0907 >
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G2 H AL B 010-2675-9466 www.kistler.com
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Reinvent
the wheel.
And how
you make It.
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: 17 mm/ £21°
: £0.06 um
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L:10mm/s
=

: 5kg
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Pl (Physik Instrumente)

Korea Ltd.

2l £50 mm/ £30°
E: £0.1um

L :60mm/s

& :40kg

9z, 42|12 ZELA, 0|0|X] o3t

MEEEA S+ 422 156 105 05354
Tel 024750060 Fax 024753663

: 250 mm/ £30°

2
E:£02um
L:8mm/s
& : 250 kg

www. pikorea.co.kr

E-mail info-kr@pi.ws
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