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Bending and Compressive Performance of Strut Tower Braces based
on Finite Element Analysis for Improvement of Vehicle Safety and

Stability
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A strut tower brace is one of the components that can improve the driving stability of a vehicle. This component has
received steady attention for a long time due to its affordable price and easy installation. However, strut tower braces sold
in the market have different structures. Moreover, most of them do not contain sufficient information related to safety or
stability. Thus, this study aimed to analyze and compare structural behaviors of strut tower braces having various body
shapes under bending and compressive scenarios. For this purpose, this study selected six representative models in the
market and calculated structural behaviors (stress and deformation) using finite element analysis. Results revealed the body
shape had a decisive effect not only on the durability of the strut tower brace, but also on the safety and stability of the
vehicle. Among the six models tested, the model having a body shape with a single-axis form utilizing a wide rectangular
cross-sectional showed the best bending and compressive performances. This study also confirmed that bending and
compressive performances could be simultaneously improved depending on body shape.
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Table 1 Initial volume and ratio for each model

Model Initifalil \I/noSI]urn © Volume ratio Th[lr;kmn;} s
A 175,400 1.000 0.818
B 163,860 0.934 0.876
C 193,450 1.102 0.742
D 150,440 0.857 0.954
E 93,751 0.534 1.532
F 143,650 0.819 1.000
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Fig. 1 Detailed specifications of the strut tower brace

Table 2 The total number of nodes and elements for each FE model,
and the average Jacobian value and aspect ratio

Model Node Element Jacobian Aspect ratio
value
A 742,027 246,616 0.981 1.063
B 714,326 237,900 0.980 1.033
C 649,837 216,345 0.967 1.122
D 806,982 269,050 0.975 1.056
E 513,093 170,402 0.962 1.085
F 657,908 218,644 0.970 1.049
Average 680,696 226,493 0.972 1.068

A= H|9t(Jacobian) 7} 72 A2 H](Aspect Ratio)s =743}
o] 949 ZZ(Mesh Quality)S H7|51%t}[13,14]. Table 2
£ 7t melo] g fataswele) 3 AULED 68 1 )
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7t faoli 2, SRolE, 7o, oige) gl £
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0.33, Yield Strength: 300.00 MPa)& o314t}
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Aol 29 55 AFL 222 vol 95 W Ao v
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Fig. 2 Loading and boundary conditions for each scenario
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(b) Compressive scenario
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Fig. 3 Maximum von-Mises stress according to element size for
each model
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Modecl A
(96.2 MPa)

Model D
(36.7 MPa)

Model B
(282.9 MPa)

Model E
(44.4 MPa)

Model C
(90.3 MPa)

Model F
(164.3 MPa)

Fig. 4 von-Mises stress distribution of created models under bending scenario
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Fig. 5 Z-direction deformation of the created models under bending scenario

o] YT E o] WARE Ao vlsl, Model DO] Ztfj 52 tf
< Z2EE vlgf E2 RS o 58 #E A 127
A NS Bl ol A Al EAAE F7I6HA] gl
T2 AAE T8 A SEE ¥E 4 A &Y S S
Aotet = Qe QiR

—zs}w Fig. S A4 6] 2

)R L), 4T BRES A7) ol AU U
Er o} ol 2Eg uhe] B WA
Aol g Aolsteks 2 ofnjgict.

[e]

@A A PR %S Al e
Ut ‘?‘1_1 Model C2] ZA=H(2.266 mm)
Model BE] A73H(2.330 mm)ol] vla] o 2H& Anks eyt
(Fig. 5). o]= & F4%h= =8 @ FAF 2ol Qlaf &
AT, Model Bo} Ci= ] F4130] 27 727} gl ol
%9 $EA S0 AP o}, o whie] Gl o
2t} Model BQ] 8 ©hHe =3 U8 thHo|11, Model C2J
£8 TR £ A% SHow F4sel otk o] <) S8
THHO| Aol whet 725 7159] T Alx(Section Modulus)©] 2}
o]7} WAt Table 3). Model C2] THAA4= 286.0 mmo|H,
°li= Model B2] T A2l 97.6 mm’ct & =25 VrEpdict.
whebq SRS 2 Model C7F 54 MM A] T 92t Auke

Eg Ht
x%al:x o=z

HEJQ

H
245
-1



822 / November 2024

ror
Hl
02
ng
OF
]
for
A
>
5
H
=
ho

Table 3 Mass and section modulus of each model

Model Mass [g] Section Modulus [mm?]
A 598.8 314.5
B 598.8 97.6
C 598.8 286.0
D 598.8 363.9
E 598.8 456.2
F 598.8 497.9
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Optimized Coverage Path Planning for Efficient Autonomous Operation
of a Barn Manure Handling Robot
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Voronoi segmentation (20| £&), Coverage path planning ({H2|X| ZZ A1)

In the field of robotics and automation, path planning holds significant potential for optimizing field operations. These
operations must cover the work area comprehensively and efficiently with minimal movement. To achieve these goals,
coverage path planning (CPP) utilizing the Boustrophedon method is essential. However, in an experimental environment,
CPP often results in missed work areas due to cumulative sensor errors and structural inconsistencies. This paper aimed to
improve CPP by employing the Douglas-Peucker algorithm to simplify the work path and minimizing missed areas.
Additionally, Edge Zone Path method was used to generate edge paths, enhancing safety of the trajectory. For
experimental purposes, data were acquired from an actual barn. The work area was divided using three segmentation
algorithms. Among these, the Voronoi Segmentation, which demonstrated superior performance, was used to extract the
data. Experimental results indicated that the proposed optimized CPP improved path safety by maintaining a safe distance
from obstacles during frequent turns. Additionally, the Coverage Ratio increased the coverage area of the autonomous
robot by an average of 17% compared to the original CPP. These findings suggest that the proposed method can generate
more efficient and safe work paths.

Manuscript received: May 31, 2024 / Revised: September 5, 2024 / Accepted: September 6, 2024

NOMENCLATURE SA = Segment Area

] SP = Segment Perimeter
¢ = Epsilon NoE = Number of Edges
DP = Douglas Peucker Nm = Normalized
CPP = Coverage Path Planning INm = Inverse Normalized

= Robot Width NEZP = Number of Edge Zone Passes

L = Robot Length EZP = Edge Zone Path
T = Turning Radius DIT = Design Infield Track
NoS = Number of Segments NoT = Number of Turns

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Fig. 1 Specifications and mounted sensors of the manure handling
robot for barns
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Fig. 4 Results of filtering the point cloud map by applying the K-D
Tree algorithm
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Fig. 5 Point cloud map of converted grid data & out line points
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Fig. 8 Distance segmentation is the result of area division
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Fig. 12 As a result of dividing the work area, three areas were
detected
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g. 14 Results of applying douglas-peucker algorithm to three
areas
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Fig. 15 Architecture for path planning, explaining the overall path
creation sequence

5. Coverage Path Planning

5.1 Coverage Path Planning Architecture
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Fig. 16 Edge zone path is an edge path that ensures safety from
frequent turning sections
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Fig. 17 Detecting the longest axis by repeatedly rotating as much as
0 using minrect
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Fig. 18 Create a path within the edge zone path as a result of the
design infield path
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Fig. 19 A* is used to connect the coverage paths in each area to
create the final working coverage path
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5.4 Path Connection Algorithm
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Table 2 The path creation evaluation results of blue boundary

Blue Original DP NonDP-EZP DP-EZP
CPP CPP CPP CPP
Runtime [s] 0.07 0.37 2.51 2.47
Length [m] 15.24 16.67 17.81 17.24
NoT 6 6 14 10
Coverage [%]  79.365 67.3 96.913 98.748

Ratios A5t} 7 w2 71218 AAskitt
A B ASE Aot 44 e e HzAo
2 RE e Rt 4] ScoreE AbESle] F= Y AuE
u] ol
_ Original Value— Min Value
Nem Max Value— Min Value 27)
Original Value— Min
INm = 1- 2
" Max Value — Min Value (28)
Runtime Score = (w, x Inm Time) (29)
Length Score = (W, xINm Length) (30)
NoT Score = (wyx INm Not) 31
Coverage Score = (w,x Nm Coverage) (32)
All Score = (29) + (30) + (31) + (32) (33)
Table 2+= Blue Boundary®| tigt v 235 YERH oot

Original CPP2] Runtime, Length, NoT2] A% 71 =3}
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Fig. 21+= Blue Boundaryo] thgt v A HE F &S Table 2
£ Z8ste] JZ2 ZFSE Aot} Score A7} Original
CPP+= 0.599, DP CPP+= 0.282, Non DP-EZP CPP+= 0.612,
DP-EZP CPP+= 0.748% b}E]-"H:]— Original CPP+= Runtime,
Path Length, NoTol|A] 7} 943t 452 29 21}, Coverage
Ratio”} =53}7] 9grom, Anlzloz =gtg zke] ojojo] wf
Aot weta] 2 =FoA& Coverage RatioZ} 71 &2
Non DP-EZP CPP2} DP-EZP CPP &a18]&9] ZA7ke =74
O F H|wslygon, o] = NoT7} 22 DP-EZP CPP &18]&
of 7H HAsiE el A= A4 2IE 1L TSt

Table 3= Green Boundaryo] tigt v Z1}E YeRH H0]
t}. Original CPP2] Runtime, Length®] A-50] 71 94351352
u NoTZ eI3k eHAAL DP CPP/} 714 2aialc}. aha)uh
= 79 X% Coverage Ratio’} Non DP-EZP CPP, DP-EZP
CPPo]| 5l & 215 2Hlskict.
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Fig. 21 Graph of path creation for blue boundary evaluation results

Table 3 This table expressing the path creation evaluation results of
green boundary coordinates

Green Original DP NonDP-EZP DP-EZP
CPP CPP CPP CPP
Runtime [s] 0.09 0.79 3.51 3.19
Length [m] 68.248 71.75 73.963 73.327
NoT 12 8 16 11
Coverage [%]  84.269 92.56 99.082 99.609

Lengthol| A 714 431 A58 H o, Coverage Ratio?} &
2ok ottt A Axel uR7EA = Non DP-EZP CPP2}
DP-EZP CPP2] Coverage Ratio 7}o] 7} =0} o] 52 H|w3}
%t} 3149k Non DP-EZP CPPS] NoT Zto] o} ZAnjxom
DP-EZP CPP7} 7} 22315 2] A= 9lL shelslyict.

Table 4= Orange Boundary®]] tf3gt vl A3}E UEeERH 79|
t}. o4 T Boundary Zyke} EU3}A  Original CPP2)
Path Length7} 7P} 9438t AL Hgon)
Coverage Ratio2] 2|7} Yo} 219 A2 &-g35}7] o8 AL
2 glstqlr.

Fig. 232 Orange Boundaryo] t3t v ZRE 3 &3} Table
5 &8sl Oz xHSE Zlolt). Score 217} Original
CPP+= 0.32, DP CPP+= 0.665, Non DP-EZP CPP+= 0.606, DP-
EZP CPPx= 0.7442 yEPytt}. Original CPP&= Runtime, Path
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Fig. 22 Graph of path creation for green boundary evaluation results

Table 4 The path creation evaluation results of orange boundary

Orange Original Dp NonDP-EZP DP-EZP
CPP CPP CPP CPP
Runtime [s] 0.07 0.36 2.68 2.66
Length [m] 19.57 22.07 25.824 25.584
NoT 6 4 14 8
Coverage [%]  82.25 91.78 98.028 99.158
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Fig. 23 Graph of path creation for orange boundary evaluation
results

Fig. 24 Experimental method using the final coverage path creation
results
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Excavators are crucial heavy equipment on construction sites, performing diverse earthwork tasks. The construction
worksite is experiencing a labor shortage due to an aging workforce. Training new operators requires significant time and
resources. Furthermore, the construction environment is hazardous, with a higher rate of excavator-related accidents.
Autonomous excavators offer an effective solution by reducing the need for operators in risky environments and substituting
skilled workers. Trajectory planning algorithms are vital for autonomous excavators, with skilled operators’ paths serving as
important references. However, many studies do not adequately consider skilled operators’ methods or the actual
excavation environment. This paper introduced a rule-based algorithm for excavation trajectory planning using terrain data.
Based on analysis results of skilled operators’ paths, the proposed algorithm categorizes the excavation process into three
stages, depending on the usage rate of the excavator's joints. Terrain data were derived by projecting point clouds from a
stereo depth camera onto a side plane. The path was modified if the excavation volume exceeded a set limit to avoid
excessive load. The algorithm was tested with a 30-fon excavator, demonstrating validation of operability and efficiency

similar to that of skilled operators.
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Study on Repair of SKD 61 Using Directed Energy Deposition with H13

and P21 Powders
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In this study, we investigated characteristics and mechanical properties of SKD61 repaired using the direct energy
deposition (DED) process. Mechanical properties of the repaired product can vary depending on the base material and
powder used in the DED process. To prepare for DED repairing for a damaged part, we conducted experiments using two
different powders (H13 and P21). Experimental results showed that both powders were deposited without defects in the
surface or interface between the deposited zone and the substrate. Hardness measurements indicated that the repaired
region of the Repaired-H13 sample exhibited higher hardness than the base material, while the Repaired-P21 sample
showed a sharp increase in hardness in the heat-affected zone (HAZ). Additionally, tensile test results revealed that the
Repaired-H13 sample had lower tensile strength and elongation than the base material, whereas the Repaired-P21 sample
demonstrated higher tensile strength and yield strength with a higher elongation than the Repaired-H13 sample. In case of
Repaired-H13, it was confirmed that interfacial crack occurred due to a high hardness difference between the repaired part
and the substrate.
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1. M2 gt At ARF F7KskAL Sl Aol AME 3219
AR A2 Aol obd &A1 Layer-by-layer 402 2
oI 714 F-EFL2 AME Foll H=St 5k, vhE, 12 5 Sote] Axshs 3otk F45S o8 ta#d AM 7]s<l
of oaf &Ado] WA 4= gloH, o] H- AR BES 2] o] 2] 4 5+(Directed Energy Deposition, DED) 5742 H-3&
2 AR Al ulg W AR AR 5 wEst] HeE 5 BRo| olFAAE ASse YAH SAS JIAY)E st
ol A= A7t st 71Eole Egold Ad et ©]/J (Hardfacing), %‘—%9] U5 FE WHAHS: fRddy
SHEC] AguEo] gton, ot Wil 9Tt A (Remodeling), ZL2|3l &4 F20] KA
FAEo] 7I1AIA AL A5kt 7St L8 28Ea Qlh1-4].
olggt 7|E FAEA, Ad®)Y HAHE S5sH] fl6f, 53], 7129 3L o83t B Alofl= bW AT (Heat
| Zoll= WEE AATE 7hestar, AL WA Kot AR A olw Affected Zone, HAZ)o| 2J5t 7| A2 44 Aslel d&5HE o
5 @4 8ol 757 AM (Additive Manufacturing) 7145 A S 22 EAI O] Adsiet. SRR, oA E dYe R k=
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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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E
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2 3 A= ] =9 sht
PBF (Powder Bed Fusion) 342 & AZ
dolol] wpe} xmssigo

2O 2 (% oqr oo o

2

3tH, DEDE 283t B4 3o A WAsh= —E%O]l% ‘ihj/]
(Delamination) 52| 232 A5 T2 & Yz
L o] guldo|t}. 885 QEI} 24 —8—151% J’]';qoﬂ/\‘1 Ely

A= J-8-F(Thermal Stress)of] oJal #+ Aslto] HHAisHY
[8.9], olH%t HHS AABH] {8l theket WilEol Al=E 3
t}. Liu 510} HE8- 34 H(Response Surface Method)S
ol TS HASEIAL, AE 37 (Preheating) S 285
of #4 WS AR} sl

21 M=

& Aol Me G2 59 S SKD6lE g e
A= AFEEGOH, Baeg F4 B A7 3491 HI3Y
A 237491 P21 ARR3ITh HI3
79] Eolt 35k 2L 7}1]51 RoTZ, SKD614
A BE AE AH 1], Haoll ARSE 2k 7P*°}EUM
A(Gas Atomizing)© 2 A& g Sdold, HI13e &4 %
AL 50-150 umo]il, P21 Bt 120 umo]chFig. 1). A3 o]
A F4 ek wAel o shet 2A4Hs Table 1] 1
Efyt vie} 2ot FH|E A= IR Eglom, Hk HRC359]

Fig. 1 SEM images of the powders for H13 (left) and P21 (right)

Table 1 Chemical composition of materials [wt%]

Element  Substrate (SKD61) Powder (H13) Powder (P21)
C 0.32-0.42 0.32-0.45 0.20
Si 0.80-1.20 0.80-1.25 0.30

Mn 0.50 0.20-0.60 0.30
P 0.030 0.030 0.030
S 0.030 0.030 0.030

Ni - 0.75 4.10

Cr 4.50-5.50 4.75-5.50 0.30

Mo 1.00-1.50 1.10-1.75 -
\% 0.80-1.20 0.80-1.20 0.20

Cu - - -

Al - - 1.15

AL E 7MY 2= VR, A2, 181
18] 10 mm ¢ A-SHA| o}

wol7} zH2} 150, 70,

2.2 J5!""0"|--‘|7(I7“"‘(D|rected Energy Deposition)
4 A= Az 9k = 3] Laser-DED:= 2.7
SEOHL FolAE 2AFSte] mAQL FS FA
of FolA AS3he WAlolth(Fig. 2). #lolA Well ofsiA &+
H adle WE=A §arstel A3 vjeE A5k, o5 54
BEE Tt ol FAA st A5 WS wELL, ol2jt e
WSl 2t glo]olE o] e s 2541714 €. DED ¥
oAz dlolA &4, dlolA ®(Beam) 27, & 34 &=
(Powder Feed Rate), 18|11 g|o]# o] —i,‘—E(Scannmg Speed)
= tfofst 34 W HEAe A, W e, A=, 17
Tl 2 5T 0 B4 AR HIXW A},

H qtofAl= DED #ZF A3dS 93] DMT (Direct Metal
Tooling) MX3 (Insstek Co., Korea)7} AFEE|QITE MX3= MX-
CAM 2=z EJo|® 2H58h= 5 5 NC Z=|o]H, 4 kW CO, g
ol Aww ek 3 A9 B 2ol A, )

FL

i, B3 9 ol EA 7t
% S|

17} *Ei] ool 3t Aol 4
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Metal powder &
Powder gas
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e deposited layer
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=

Work table S8 iﬁ@ -

Control panel

(b)

Fig. 2 (a) Schematic diagram of the laser-DED and (b) DMT MX3
machine used for experiments

Table 2 Parameters for DED Processing

Laser powers 830 W
Power feed rates 3.5 g/min
Scanning speed 850 mm/min
Coaxial gas flows 8 L/min
Powder gas flows rate 2.5 L/min

2.3 Al HIEH 2 Hxi2l
Fig 3 Sh&8 259 M5 g8 Hojzeh, HEo

)
H1

gk 515, uhi, W2 Gol| 2] <A4f(Damage)o] HAIT H-(1),
&ArE 9o RS 93 IR FAor JA RS 3(2),
DEDZ o|-g3to] B 255 HASIALQ3), vAeo2 At &
qow W 7S él*l?‘&ﬁk AollA 7HE AF a7
H(RI14)9] =0]= 1 mmo|H, &2 14.42 mmo]|t}.

g, el el T1AH BAS Bl Sl A
1A Al WAEE Fig 40 L vlel 2t} DED
Yo By BAE solo] Wusle] APNHRL 55
A s, ofn) Q1 ABBE| Fofoll B4t AokES o
of BoRo K] AT EAS o 5 GEF shgick. 1A

[*]

FE BHAYAIE 7] (Instron 4469)2 AMEBLL o0, A S5
1 mmminoz AT Q4 A9 SOl S

7(SEM, TESCAN, MIRA 3)& o|&3te] A|o| shag
st

BBl n N 2a 5S #Aelr] 98] #600-420009] SiC A
SEx2} 3, 1 um AR AMEslo] Ae] e Antaigc. of
2 HI3 Bz B35 A|lE8 H,0 10, HCI 30, H,O, 1.5mLE

Defect
; ec\.:; 14.42mm
1) 2) y ! 1mm

R14

<Damaged part>

3) - 4)

<Pre-machining>

- : DED repairing

: Substrate

<DED repair> <Finishing>

Fig. 3 Repairing procedures for damaged parts and dimensions of
pre-machined groove
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SKD61
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45 32 45

130
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Fig. 4 Preparation of tensile specimens from repaired substrate
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23 710] AW ZAdH(Interfacial Defect)> THAE]Z] oFojrh. 3=
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Repaired-H13

Repaired-P21

DED deposits

(b)

Fig. 5 (a) Fabricated sample and (b) OM and SEM images of
deposited beads

Z)gat e Aske UehiA ghe Ao SRl HIdw
P2l B ghaghgero] vol HEAo] St

B orelA
Aol SKD619ke] Aol 2 BAI7E §he

3.2 OJM| Z==!(Microstructure)

DED X4=of w2 m]A|x2](Microstructure)2] HH3}S ¥t
7] 18l Hapiel AW 3,000 viE&= ¥R SEM ARIES
Fig. 60 UERHITE. 941, Repaired-H139] 7-¢- Ha=Rof 4] tf
Fo]  AJHIEFO| E(Cementite), THehE, 12]al mlEHIAlO|E
(Martensite)”} ¥H2HE|Qlch. 355 AE1S] Hi3oll= Al A+
25 7Hl o-Ferl =8 Aoz xZFE o] glom, AdlEle|E
(Fe3C)2} (Cr, Fe)7C3 Ao E3tE o] lokar dafA] leh[13].
o= HI3ESHOX O] £& ArE 7| 4= ek 22ut A
Hol A& LAH Lo E(Austenite)’} 2 TEEIL glo] W
AE7t Tt olegt LAEHUO|E ZaL A9 =2 W7t
S Qlaf WS 2T d Soll ol 7IAA o2 29y @
AHUo|EZE Qbg3tElo] APE Aog deA Qloi[14
Repaired-P219] 739, HFof| A W|o|L}o] E (Bainite)?} wf=&l
Aol EZF 2 IRE| QI Al A= A2 o] AlfskE| S

—_

ol HHERIL. o]Hd 2= §8F2 S50 ueh A4
Ao, WA ot g2 (Fusion)si= AMA Fo]7] wiZol e o
Zol 7P ETH15]. ol=et e nEEIAe|EE dRbE o R
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ol Arg dAl7le F8 Yol "k

(®)

Fig. 6 SEM images showing microstructures on deposited layer and
interface of (a) Repaired-H13 and (b) Repaired-P21 (C, y, B
and M indicate Cementite, Austenite, Bainite and Martensite,
respectively)
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oz Qs mARE 29 "lEgto] E(Dendrite)2} = EIALO]E
(Martensite) 20| gJEct. £, 1243t g &80 Y22
A7 ™ (Grain)2] =7]%= wA|SAIICH 18], wheba], mf=HlALo]
E 223} nlAgt 27 Fol oJsliAl HI39] Bk Hw=r) way
ol vlsl =4 Uehd Zlo® EAE

RHH, T Al R 2SR BAY R o]ojR]|= FitoA
= A3} Yehdth. Repaired-HI37%%-, A9 52 ZF=e



November 2024 / 853

HAZ Dilution
700 1
.~ o AV[TF —=— Substrate
_ AAAS —+— DED(H13)
> : 4 —— DED(P21)
L 600 |
9 |
A .
g ek
T 500+ M L
© | A‘. .w'
K= TATAC Y K Y TYW
S ):-‘ YakNa MW
o AN ! ’
= 400 A A Al «
S A
Repalred reglonl Substrate
300 — ; . .
0 500 1000 1500 2000

Vertical depth (um)

Fig. 7 Vickers hardness distribution in the vertical direction for each
material
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Table 3 Comparison of tensile properties

Substrate  Repaired-H13  Repaired-P21
Tensile strength [MPa] 1,470 1,403 1,534
Yield strength [MPa] 1,271 1,232 1,318
Elongation [%] 12.48 4.08 7.76
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(b)

Fig. 9 Fracture and area reduction after tensile test: (a) Repaired-
H13 and (b) Repaired-P21
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Fig. 11 Interfacial defect on the interface between repaired part and
substrate of Repaired-H13 (left: OM image, right: 3D
surface roughness)
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A study of Tuned Mass Damper (TMD) Application for Mass Imbalance
and Vibration Reduction in Gimbal Systems for High-speed Maneuverable
Vehicles
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This study proposed a method for simultaneously reducing mass imbalance and vibration in gimbal systems utilizing a
tuned mass damper (TMD) as a balancing weight. Finite element analysis (FEA) and experiments were used for testing the
method. Mass imbalance in gimbal systems generally causes external disturbance torque. To reduce this, a balancing
weight can be used. However, weight increase due to balancing weight causes resonance in the gimbal system, which
generates bias error in the gyroscope sensor. This study demonstrated that both mass imbalance reduction and vibration
reduction effects could be achieved by utilizing a TMD as a balancing weight. FEA results showed that the mass
imbalance reduction effect of the gimbal was not affected by TMD. The magnitude of vibration response at the resonance
point was reduced by about 98% with TMD. When a TMD was applied, the magnitude of the vibration response at the
resonance point was reduced by 98% to the same level as that of the gimbal. Bias error of the gyroscope sensor was
reduced by about 95% or more. These results show that a TMD is useful for effectively reducing mass imbalance and
vibration in gimbal systems while improving gyroscope sensor performance.
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Fig. 3 Simplified model of gimbal for dynamic response analysis
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Prediction of Machining Conditions from EDMed Surface Using CNN
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CNN is one of the deep learning technologies useful for image-based pattern recognition and classification. For machining
processes, this technique can be used to predict machining parameters and surface roughness. In electrical discharge
machining (EDM), the machined surface is covered with many craters, the shape of which depends on the workpiece
material and pulse parameters. In this study, CNN was applied to predict EDM parameters including capacitor, workpiece
material, and surface roughness. After machining three metals (brass, stainless steel, and cemented carbide) with different
discharge energies, images of machined surfaces were collected using a scanning electron microscope (SEM) and a digital
microscope. Surface roughness of each surface was then measured. The CNN model was used to predict machining

parameters and surface roughness.
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Fig. 1 (a) Micro EDM system and (b) EDM circuit
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Fig. 4 Single crater width according to capacitance (workpiece:
brass, voltage: 100 V)

Fig. 5 Overlapping discharge crater SEM images (a) brass, (b)
stainless steel, and (c) WC-Co
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Table 1 Properties of workpiece materials

Material Brass  Stainless steel WC-Co
Thermal conductivity [W/m-K] 99 16.8 110
Specific heat [J/kg x K] 920 490 280
Melting temperature [K] 1,228 1,700 3,140
Latent heat of melting [kJ/kg] 168 285 330
Density [kg/m?] 8,700 8,000 15,800
Thermal diffusivity [mm?/s] 124 428 24.9
Table 2 Surface roughness of EDMed surface
Material Capacitance [nF] Ra [um]
20 1.5
Brass 200 2.7
2,000 43
. 20 1.1
St"sligi‘l’ss 200 2.1
2,000 32
20 1.7
WC-Co 200 2.3
2,000 33

Diffusivity)o] =842 SgaZo] © T Wo| FA=TH
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S} SRR 713 2900 et WA=y 5o 29
J

3.3 ST} IH=20f| WE EHART|

SAEF Azof v HA O] HAAVIE 32 7
0] A& ARgSto] Z45}gIch Table 2= 71gE AES} 248
of W2 F 72 7] (Average Roughness, Ra) -2 LJERATE



868 / November 2024

20 nF 200 nF 2000 nF

Brass

SUS

WC-Co

Brass

SUS

T LS LGS
B A% aca
PN, .54 o)

P Rallun

WC-Co

(d)
Fig. 6 Dataset images (a) SEM image and (b) digital image
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Fig. 9 Grad cam and prediction class of (a) correct predictions and
(b) inaccurate predictions
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(a) Original image
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(c) Final
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Fig. 11 Model structure to enhance prediction accuracy
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Fig. 12 Prediction results for images that were not used for model
training
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In the 4™ Industrial Revolution, advancements in semiconductor technology demand high performance, efficiency, and
precision, highlighting the importance of high-speed and ultra-precise motion stages. To improve positioning performance of
a motion stage, robust torque generation by current controllers alongside position control is crucial. This paper explored a
custom current control for linear motor motion stages. We built a linear motor motion stage with a 560 mm stroke, 5 m/s
speed, and 280 N continuous thrust supported by air bearings and equipped with a passive reaction force compensation.
Custom user code for position and current controls of PowerPMAC motion controller was developed for the motion stage.
The position control code included frequency domain system identification, disturbance observer, and repetitive learning
control while the current control code featured vector or d/q-axis current controllers and disturbance observer. We
developed a current control tuning GUI to adjust the current control gain by injecting an excitation signal into the motion
controller and measuring the frequency response of the open-loop transfer function. Experimental results confirmed the
effectiveness of the custom current controller for evaluating static and dynamic performance.

Manuscript received: July 16, 2024 / Revised: August 21, 2024 / Accepted: September 2, 2024
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q-axis current controller
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Fig. 3 FRF of current controllers
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Table 2 Accuracy of the current control tuning GUI

Performance Theory Experiment Accuracy
Bandwidth 62.26 Hz 62.18 Hz 99.87%

Phase margin 29.74° 30.59° 97.22%
Gain margin 6.03 dB 6.09 dB 98.92%
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To accurately assess mechanical properties of micro- and nano-sized specimens, a reliable material testing system is
indispensable. However, due to small sizes of these test specimens, in-situ measurement of their mechanical behavior
necessitates installing the tester within high-magnification microscopes such as SEM. Traditionally, researchers have used
wired methods by placing the tester inside the SEM chamber and connecting it to an external controller via electrical
feedthrough. Unfortunately, this approach is cumbersome. In addition, it limits its compatibility with other SEMs. In this
study, we developed a compact controller capable of driving 3-axis piezoelectric actuators with nanometer-level
displacement control resolution via Bluetooth communication. This innovative setup enables wireless control and data
acquisition from outside the closed confines of an SEM chamber. To validate the versatility of our tester, we conducted both
a nanoindentation test on a fused silica specimen using a Berkovich indenter in a wired configuration and a copper
micropillar compression test wirelessly using a flat punch indenter within an SEM. By installing this tester in various
measurement systems, researchers could observe deformation patterns in real time, making it a valuable tool for
investigating deformation mechanisms of diverse micro- and nano-sized specimens.

Manuscript received: July 22, 2024 / Revised: August 12, 2024 / Accepted: August 14, 2024
This paper was presented at KSPE Autumn Conference in 2022

(Grain Size, d)2] HlE4 (0,~1/d) & LHSF o|F @

NOMENCLATURE AFA50] o PAS A% 2 WANA FUH12] ol AT

d = Grain Size Ao AAYEAZIZE 100nm wgel WA

6 = Displacement (Nanocrystalline) % <}ol|4l+= Hall-Petch ¥HA|2} Qi == &3k}

F = Axial Force WAt AlS A o 7 AH=3190H1,3]. olet e A|H Z7] o9&

o, = Yield Strength 2ol A7 A T3 ATt A AFE 5= Y AL

MEMS (Micro-Electro Mechanical System) A|&7][4]e} -2 43

A&71E FAPHAE R 7 (Scanning Electron Microscope, SEM)x}

1. M2 e kg Bl o] AE 7 AAHinsi)o % AlHe)
MBS WA ARATS ST 4 AU7] Yol

1950t = Hall} Petch7} 57 =(g)0l thet 28 H 7] npolag Bl vle =7] AR AAIZE A& =4 A=

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.



882 / November 2024

Metal tlange
\

\‘

Internal
(vacuum)
side

Controller

M pao
External
(air)

side

(a) Electrical feedthrough for SEM (b) External connector

Fig. 1 An example of electrical feedthrough designed for ultra-high
vacuum environments

7V 7120l e AR I AI-F[SKE: ISl BIEH
AlR[6], tholA2 715 (Micropillars) 4= AR [7.8] B theqf
o AIR[9,10] 5ol ek @A 7P HHEA 1 AR WS AlE
o WY YA AAKEOR T U 2R 4 9l SEM R
Woll 2% Ald71E dAlskar Huof stA dA% Fig. 1 [11]3
e A3 7] s=2AF(Electrical Feedthrough) XEE E3

5 Ao} et frAom Ads AFE sk Zlo|tHS-9]
o WPHE QPgAOR APS ST 4 gl Aol ol vk
off AIF AART} Z8tE= A7) g EARTE R E o] gl A
ol ARt AREE 4= QAL ARE- A AYEE AZ 9 wofs
= MARS 2ol Fasith 53], Ald7] A=o] SEM AH |
Fol A7) seARo] AZYE AJejollA] SEM AH|o]|X|(Stageys
sl £12 A9 8717 weE $igo) 27) ujEel, ok
3 AFS e sze] SeE $dxr) Basi,

2 AtoAE 7120 AT FARA ABmAIR 7S] 2=
TARES FEACR sfAsh] fEl H7] HEAFE glo] &
A A0 R chaRe AR 2T 4 e fA ARAE
= JidstaL, o9 f-84E = 7 o] Alde F8l A5t
3} sl

dl

2. 74 MEAIRET| M=Z

2.1 MEARY| 24 & L AHO|X]

mho] A2 gl ute 7] Attt rAYS dESHA
Wok7] SAAL S nm o] M) Aolvh i aot Bt 5
Alo] A mm 22 FU o]%F A8 (Maximum Travel)7} 7}
S5oloF St Fig. 20 Lpeh vlol go] Mg zEge] AL
Al 1 nmAE=2] 9] Zol5(Resolution)e 2H= 3 719 438 ¢
A A Yle AHO]X](SLC-1720/30/40, SmarAct)E 2|-8514

wod % A AEE, yz W LHCIAE(12, 21 mm °]F 7
2 2eAlY] RIS 24U Ad, 23] AdEoR
AABIAT. 71E9] vheftt AAE QA7 2 AtellA
ARERE 35 2H|0[A 52 3D BEEE o83t 7] ARAIY
7|& Fig. 29} o] A3t

z: SLC-1730-S-HV (21 mm)

y: SLC-1720-S-HV (12 mm)
Cable protection cover

x: SLC-1740-S-HV
(26 mm)

Extension
block

End cap

Fig. 2 Components of main body and 3 linear nano stages to align a
load cell (), z) and to apply load (x)

Rear sensing beam 0.318 Max )

0.282

0.247

0212

0177

0141

0.106
0.0706
0.0353
-8.66e-6 Min

Loading

Front supporting beam Strain gages

(a) Displacement of two beams (b) Sensing beam

Fig. 3 Design of load cell and attachment of 4 semiconductor strain
gages on Be-Cu sensing beam

22 204 dAl, MIE R 2

AlHo| 7}8)R]= =5} (Axial Force)S =43517] Yl Fig.
3@t 22 3 Ao AAE FEHEE fFtaasids Tl A
ARt F &dlls S48e I8l Fig. 3(b)9F &2 489 ¥
A~E Q1A 0] X (KSPB-2-1K-E4, Gage Factor ~ 182, Gage
Resistance = 976.3 Q Kyowa)Z 141} ¢F= WAy oo 7+
7+ 2R Hzksto] & H 2] X](Full Bridge) 2 =Al(Load Cell)y&
AT 3 (Beamsys AT WFAOl $45 0.1 mm
A9 WEE-s(Beryllium Cu) RS AREsE A2tskGic
3 o) BE B 715 A8 7I9ok sk W wi o] W
AU FANI7] e A et Sasie, 22
Aol A= i S Hof B2lstgick. 2o A7 sk 1 Noj
™, o] 555 7FS o Fig. 3(a)oflA1et o] oF 318 ume| H ¢
7} ubgsto] Zo] Wk -4 (Axial Stiffness)e F 3.1 mN/um 9l
Aoz AL A SEE 2EAS KOLAS 335 7]
oA AT Ayt AEE oF 0.1 mNOZ ZHE o] A &
%l 1 No] 0.01%= BEwseh. ARAlRel dold EAe
F2g AAQl TA R % Hrp FUtt -8 e wAg

ool



November 2024 / 883

U

("\\-
\:; i\é =

(a) Horizontal jig

(b) 20° tilted jig

Fig. 4 Auxiliary jigs for fixing the tester to an SEM stage

Indenter SEM
holder mount

Load
cell &

Indenter

Loading block
(a) Indenter holding jig (b) Loading jig

Fig. 5 Auxiliary jigs for connection to SEM stage

2.3 SEM WHOIMS| HAIZE IHZAIRE EZE K|
A=AIR7IE SEM HH Ago|x]o] a7gstr] ¢fsf Fig. 49}

e = E89 A28 AAskert. Uhesfo]o](Nanowires)2}
e 149 Aol dig &A@ ol SEM veld 2%
917 A4 5o 271421 2glo] QAL SEM ojulx] HHE
3 A WRRS HE5| S T Aol Fig )
oF 2 5% A7 A5 A8k HhEol, Yreghelol utol
a2 71 9% AF 53 2ol SEM Uelx] S43 AR o

AL, A8 815 X171 Afole] HEe wok s, 51
HolAo] Wiy opte waslun} shs Aol Fig 40b)2} 2
o %= o] Tial 20° 71291 AAF A1E AgB} mEA
Zoli= Fig. S@e} 22 QHEN} 25 A8e 218 Hsh,
26 mm e 2Hjo] Aol Fig. S(b)oh 2L HFo| SEM vk
B} choket AEE A8 AR g,

24 M HEEZ A OO0l &4 HX| MIZ
2.4.1 LI AHOIX| 715 2|

Ul AH|O|R|&= A A AR (Piezoelectric Element, PE)2}
AA| o5l AH oA R A EH, 7|2 HE Yl Fig. 69
LFER QLT Qb axztoll H<to] ZFsliAA] eFaks wi(F A) PE
o] 27] Aol& Syl 7HgsH, Fig. 6(a)2t 2ol A & A
oAl A B7A| AAS] F7HAZ7 1= B9 PEZE ool Al S7HAl &
ofubA = olef HEshaL = AFH oA E npEE o <l
H2k(Stick)el AJEl & Figs. 6(c) X 6(d)2} 2ol (S - Sovta T
7| A% (Forward)ghet. REHol| 5 BoflA] ] C 7}A]:= PE°| &
A AsE v Z-2 AE Woll S43] HAAA Hele o
A=A, PEE {H2oz Zdol7t Fof 27| Aol(Sn= HU=
gk 2" o] A= A4 /Y ool Fig. 6(e)et 2ol A=t
o|(Slip) HEA Hrt. ol2igt o] {2 2 AofA ARGRE Ui

2

= B E

S

i A c D F

= % 0 t, Time, 1

(a) Forward movement (b) Backward movement

7R
7

5, g

() V=0(A) (d) V=" (B) (e) V=0(C)

Fig. 6 Nano stage driving principle (AB/EF: stick, BC/DE: slip)

(a) Direct probing

(b) Probing at junction box

Fig. 7 Dedicated controller input/output signal probing

2~H|0] A& “Stick and Slip (SS)’ 7}A7]|(Actuators)z}il HE
ok, 204 o)A} vl Fig. 6(b)e} 2ol DelA] Frx|) ot
Ho HUYS ekl Aejo] 5 T2 Backward)AZ 5 3]
o}, ole} 2 & the efo] o] W) hs}E > nme)
SAES NS 54 mme] o]o] ZHsaAITk e 2
HlolAle] 4me 2nAF BAIA AHE Al 1 km o] Azl
ol glol 714 71%e 27191 18] 26 mm ol 71 0= of
38.0005] AHE 7R olE R, 2 AR A9 58 whed7Hol

e 2 5 9lr

2.4.2 LIz AH[OIX| HESR 715 M A

AE Ui AHOIR] AE f4 HEZ2(MCS2, SmarAct)9]
o= AY ASE Fig 70 o] AEEY &8 TR 1t
A4 ¥A(Junction Box)olA F=E38| tiRE QAZAFS
(WaveSurfer 104MXs, LeCroy)= 2 A U 7]E3}9] Fig.
8ol LFERH QAT Figs. 8(a)2} 8(b)ellA & 4= Qo] A} &
Z1 Al 1h&go] Fig. 60l e w7 22 FeiddS & 4= ek
SS mEof A ubg 7] (f)= Fig. 8(c)ollA & 4= 1520l 1 mso]
o, 7H A (Voyell whet gk Afe] S olgwo]l AR E . AA|
o]5o] HAl= B8 Z¢(Threshold Voltage)y> <F 35 Vo|g]
T} Fig. 8(0)2] Z7] A7 FRMS et Fig. 8ol
o 4 9lo] Fig. 69 ) BCE oF 1 ps eloll 2 Al

5] 9 ojsl= Wolich. F4e) A= Wze] A9} Hat
AFs) oj3) e malet,

o Ao



884 / November 2024

(a) Forward direction

} \ [

r

|

\

L

|

‘ .
\

\

100

S 80

N

$ o | |0:082-0.088) ms

& @M

G

7, 40

=

=

a 20+
. ok
00 02 04 06 08 1.0 12 8 8 8 8 87 88

Time, ¢ [ms] Time, 7 [us]

(c) 1 cycle of forward signal (d) Zoom in on region M of (c)

Fig. 8 Forward and backward control signals observed and recorded
with a digital oscilloscope
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Table 1 Description of main MCU lines
Line Description Line Description
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23 Discharging (slow) 38 LED (blue)
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Fig. 11 Piezoelectric actuator driving circuit
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(a) Wired test setup in air

Load-cell Fused silica

SEM mount
(b) Detail around the Berkovich indenter and fused silica

Berkovich indenter

Fig. 14 Wired test setup for the nanoindentation test in air
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Fig. 15 Load-displacement graph obtained with wired test setup
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in an SEM chamber
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(c) Tester in SEM chamber (d) Tester on tilted stage

Fig. 19 Wireless material testing system installed in an SEM
chamber
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Fig. 20 Movement of a flat punch indenter
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Fig. 21 Micropillar compression tests in an SEM chamber
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Recent advancements in science and technology have enabled even microsatellites to perform various high-level tasks. As
the range of missions that satellites undertake expands, even microsatellites now require thrust systems for orbit adjustment
and collision avoidance. In such satellite applications, sizes and weights of all electrical components and propulsion
systems are restricted, emphasizing the importance of miniaturization and weight reduction. Research is ongoing in various
methods to address these needs. To solve these challenges, this study proposed a design model for miniaturizing and
lightening both Anode Power Module (APM) and gas supply system. The APM utilizing an LLC resonant converter
achieved an efficiency of up to 86%. An evaluation of flow control characteristics of the proposed gas supply device
showed that the flow control error was less than 2.3%, indicating effective results. A thermal mass flow sensor was
developed to measure the flow of gas. Temperature characteristics derived from experiments were analyzed to assess their
applicability to electric thruster systems for satellites.
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L A AAR SR AF9ol tiEh WA oA & 2l7]o] Hsj 4] tiH] F=2o] 50 nN/KW o]/4olH, 1,500 s
Bt} o] 247 918S Al s Aol &9 ¢ o] & BlFEle Bl gt o]ef o] g FHUES
3 7HAS FAISHHEA Bdshs FEIQl I3 BIFY f1dol o 2= Ao 87 Skl Qo). shA, 719 A7) 9
3t 2297} Zvlsla Qlok. Eal, QlBYAL V)R oz 7] 4y, 7le 2717} 231 FA7E Wol Wike A= Qs 22394
E2 ko]l atEANE, HTols F]E W A& of 2-83l7] offrh. whehA] 24y S AT A7l 9719
PHoz x4y AoRE IR YFggo] 7hsst &F A} 7o) a=TH7-9]
710l Q1591739 WAL vl doole 2 JFE ETH1-4] Z 3719 #4484+ A7 Gas Tank, Thruster (Anode,
7] F2 A AR 3t} 2220 Al Ao vig)] AR Heks A Cathode), Al=71 3+ ] (Xenon Feed System), 2 2] 2]
EdozH AE §4, A ofF, T& 9 T 9 2FAIA g ] (Power Processing Unit)= Fo] It} Al=7tAE AMgshe
oheFet 7152 Awah, 20100 EolAls A7|5E Al & F7] A&"olA FAl 7P 2 9% mAle RS
AF NN 7F Eol ARSI Q= Aoz HAHUTHS,6]. Gas Tanko] A9k, & F28]7] A|2go)A] Thruster®} Gas Tank®]
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Table 1 Parameter definitions of an LLC resonant converter

Table 2 Design specifications of an LLC resonant converter

Parameter Define Parameter Value
Characteristic impedance [Z] AN (L/C)) Input voltage [V] 28
Quality factor [Q] Q=7Z/R Output voltage [V] 250
Resonant frequency [w,] o,=1/ J (L,C) Output max current [A] 1
Series inductance [L,] L,=Lnt+Ly Output power [W] 250
. L, = Ly, + L, //n?Ly, Switching frequency [kHz] 300-450
Resonant inductance [L,] = L+ Luf/Ly, Resonant frequency [kHz] 450
Inductance ratio [k] k= L,/L,
Equivalent resistance [Reg] R = (8n2V§)/ (nzPo) = Ve ™
2(V,+2V,)

Gain Curves of LLC Resonant Converter for Different Q Values
f;ll

Gain

0 0.5
Normalized Frequency fmlfr

Fig. 3 Voltage gain curve of an LLC resonant converter
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Table 3 Design parameters of an LLC resonant converter

Parameter Value
Equivalent resistance [Q2] 0.63
Resonant capacitance [nF] 754
Resonant inductance [nH] 135

Magnetizing inductance [nH] 403

Quality factor [Q] 0.67
Inductance ratio [k] 3

Transformer ratio [n] 1:18

72mm

100mm
Fig. 4 Prototype of LLC resonant converter
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Fig. 9 Configuration of the gas supply system and flow sensor
experimental setup
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Prediction of Elastic Modulus in Porous Structures Considering
Materials and Design Variables Using Artificial Neural Network
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Predicting elastic modulus of a porous structure is essential for applications in aerospace, biomedical, and structural
engineering. Traditional methods often struggle to capture complex relationships between material properties, design
variables, and mechanical behavior. This study employed artificial neural networks (ANNSs) to predict the elastic modulus of
a porous structure based on various material and design parameters. An ANN model was trained on a dataset generated
via finite element analysis (FEA) simulations, covering diverse combinations of material properties and design variables
(e.g., porosity, structure types). The model demonstrated high accuracy in predicting the elastic modulus on a separate test
dataset. Key findings included identification of significant design variables influencing the elastic modulus and the ANN
model's ability to generalize predictions to new data. This approach showcases that ANN is a powerful tool for designing
and optimizing porous structures, providing reliable mechanical property predictions without extensive experimental testing
or complex simulations. The proposed method can enhance design efficiency and pave the way for developing advanced
materials with tailored mechanical properties. Future research will extend the model to predict other mechanical properties
and incorporate experimental validation to verify ANN predictions.
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Fig. 1 Schematic of porous structures for (a) octet, (b) double
pyramid, (c) cubic with enter supports, (d) diamond, (e)
TPMS Gyroid, and (f) TPMS SchwarzP

Table 1 Materials and their elastic modulus

Materials Elastic modulus
316 Stainless steels 195
AlSilOMg 70
Co-Cr 200
Inconel 625 1,262
Inconel 718 165
Ti-6A1-4V 107

Volume fraction

Elastic modulus (Materials)
One-hot encoding
(Structure types)

E
=
5
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a
- - _E_:..
j=%
[=%
[
5
<
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X
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5
<
@
Elastic modulus of
porous structure
(a)
One-hot encoding
Octet =[1,0,0,0,0,0]
Double pyramid =[0,1,0,0,0,0]
Cubic with center supports = [0,0,1,0,0,0 ]
Diamond =[0,0,0,1,0,0]
TPMS Gyroid =1[0,0,0,0,1,0]
TPMS SchwarzP =[0,0,0,0,0,1]

(b)
Fig. 2 Schematic depicting (a) architecture of the ANN and (b) one-
hot encoding for porous structures
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Table 2 Results of ANN prediction with respect to the number of layers and nodes

Cases No. layers ~ No. nodes AE [GPa] AARE [%)] Cases No. layers ~ No. nodes AE [GPa] AARE [%)]

1 4 435 21.50 19 4 2.01 12.16
2 8 2.63 10.28 20 8 4.53 23.18
3 16 3.10 14.00 21 16 2.84 11.18
4 3 32 3.29 21.88 22 6 32 2.83 15.83
5 64 2.96 16.11 23 64 3.97 22.23
6 128 7.75 44.96 24 128 5.39 28.15
7 4 3.31 14.40 25 4 5.68 26.25
8 8 2.26 12.27 26 8 1.66 8.64
9 16 2.64 11.25 27 16 2.07 12.23
10 ! 32 3.26 17.90 28 7 32 2.82 15.17
11 64 3.12 17.47 29 64 2.70 18.40
12 128 6.07 34.09 30 128 7.96 43.96
13 4 1.39 6.69 31 4 3.72 21.48
14 8 3.77 17.16 32 8 3.44 15.54
15 s 16 2.57 13.65 33 g 16 1.93 7.61
16 32 3.74 22.89 34 32 2.84 17.90
17 64 3.15 13.31 35 64 3.53 18.58
18 128 6.14 34.02 36 128 5.82 32.51
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Recently, X-ray images through chest radiography (CXR) can distinguish gas, fat, soft tissue, bone, and metal based on
their densities. It is the most basic chest imaging technique. With advancement of technology, CXR is becoming safer by
lowering the radiation dose. It has become the first examination performed on patients with thoracic abnormality syndrome
for early diagnosis of various chest diseases worldwide, accounting for up to 26% of all diagnostic radiology examinations.
Despite its various advantages, CXR can distinguish only a few densities. Various thoracic anatomical structures can
overlap in a single 2D image and various pathologies can show the same density, making accurate interpretation at various
densities difficult. Errors in CXR interpretation have been present since the mid-20th century, with 10-20% of tuberculosis
cases being interpreted differently by various radiologists and 19% of lung cancer cases being misinterpreted. To address
these issues in interpreting chest CXR and to increase its usability in emergency situations and various environments, the
quality of CXR images needs to be improved. In order to improve the quality of these images, this study aimed to establish
a portable multi-energy X-ray field technique using MCNP with dual energies of 40 and 70 keV.
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1. ME
NOMENCLATURE

Fm = Main Cutting Force T T A 2YE 38 XA GHCXRYE 7S, A
Fr = Radial/Thrust Cutting Force W, Az, W, 355 STHRE 7EAer i ThEet “15
Fa = Feed Cutting Force 2 AYEY 7P 712A 5 9 29 7ot 71s
N = Shape Function e CXRE t)x|€s} wo] PACS (Picture Archiving and
a = Parameter Communications System)oj|A] HZ=35hH A5l WAATES
BKG = Background Z=o] AR kA x| QIH[1-3].

ROI = Region of Interest O]EL{UI- Qolo= 93] CXRE A AAAOZ thofFst FH 2
MPV = Mean Pixel Value LS 27] Aekshr] 98 T oAl 2B FlAjol|A] AAEH=
Opaq = Soft Tissue Weighting 12} AAFE 2] Zopom A Aok HAbA AAFe] Ao 26%
@5, = Hard Tissue Weighting = 2} 81}H4,5].

Iy = Images Obtained Using High Energy Electron Beams CXRO] Thoksh AFdo® 23157 CXRE A2:0] wlrn) 7
I = Ima.ges Obtained Using Low-energy Electron Beams W3k 2= 911 thel aDo|u|x|o| A Tlokst E sjEebe 1z}
VAR = Venance N S A
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FHO 7|EA 9] AA+= Toshiba D-045 X-ray Tubes Zril
3}o], 40, 70 keVE] Dual Energy & Dual Target X-ray TubeS
2]t Focusing Cup, 74=, o= 52 t]x}QIsSIT

70 keVo] RS AR 0] S A= 2717 gle] A
Zdste] el = Eloll 2ARE™, 40 keVe] ZAMS: ZdA1A
o AL 7 Aol Y A1 FFLE HF o] ot
Eof Aoz Jakste] 70 keVeF A= thE ERle] 2ARET
7037} 40 keVe] A5 714 7159] A A A= HA e 2l 7S
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Table 1 Comparison of triple target and dual target

Table 2 Dual target design goals

Modle Triple Target Dual Target

Number of targets 3 2

Target’s location Upper, middle, lower Upper, middle

Strength of

magnetic field > 200 Gauss

<200 Gauss

Conventional Model ~ Newly optimized model
Large tube radius dueto  Small tube radius Weak
number of targets High magnetic field strength
Special feature intensity magnetic field Reduced electromagnet
required Increased  volume Small and uniform
electromagnet volume Focal Spot Value even with
Large Focal Spot Value different energies

o5 a1efsto] of 2 mmo| EHATE 7K, AR A7)
Apo) A7)z Qg AR AHe] B0 0w SAal 27 1A
AI71E 200 Gauss oJ3l7} EJ w2 AASIc} Eak D-045] A9
XA9] SjAES AASH= Focal Spot ValueZ} £ = 0.42] ZHS 714
T olg sk Hxsl HIE 40, T0keV 217Fe] A9o] f =
0.45 THE3HES Focusing Cup, 7145, ol =5 AA5H T

UApel 8 A} 9L 3D AR A, ol o W
gh = A3 Aol de] F 3dAR UrolA 9o, 3D
WAV ARdo] QoI XA 2] A HoF 9 1} 4]
N Fopoll A de] AREE= £ZEY]l CST (Computer
Simulation Technology)E ARE3}o] AAME 3D AHA7 A
MATLAB ZE to]e] xZBio R ®glsto] 7h&7] ZofofA A
A H Fst Altel ol FSHA AMEEE ASTRA (A
Space Charge Tracking Algorithm)& ©]-8-3}o] A} & A&
gold Fystglon, An ExE EAst, o |
Focusing Cup, 7|45, o= E5 thA] HARISEAL, 259 TA|
2 Boph WS wEH 2R S 4SS NS 04
o1& =E5H3Uh =& HARQle Table 29} 2t

QA B E JH=E3l= Dual Energy X-ray Tube®] 7|3} 13
+ Figs. 49} 5] YRl gict.

AApe] AE Flof T Al ool vzl Bao] AAE o
ARAZ17] SfeliA = ARt A71de] 8EEAL, oS el AR
o] Zasirh. sHANE AA A7 o] 2] A7 -2 A o] 1A
2 H=AIZ 4= a1, o]Z 213} Focal Spot ValueZ} A2 4= A
31 Focal Spot ValuegE 97 $=2(f = 0.4)2 F-A|stHA AR
o) Az 323 2A FHolAA 517] o AL ofit Aol
o) Aejol 714e] Aol v HHeE shic. M Hs) At
YEE F4-oes F4 Aole] 7127} 15 mm, F41% 217]
#o] 4717} 188 Gauss. AHE A}, Figs. 6& M4 wel 9
A7 54 AHE dE glem, 72 APl ofgt
40 keV 21 9] 31AS mARSEAL Q).

Design goals
Number of targets 2

Target separation distance 2 mm
40 keV, Anode top
70 keV, Anode center
<200 Gauss
40, 70 keV, £=0.4

Energy and Position

Magnetic field strength
Focal Spot Value

Evaluation
Electronic energy
Charge density distribution

3D geometric

design Focusing : ol

Anode

Cup Cathode, + Focal spot length
: : ASTRA
properties, potential, simulation

and electromagnet ' o N —— '
current '
' e A |

i
Extracting and converting ||
e |
electromagnetic field ;
information !

i

) Setting the
E CST > ASTRA

Electromagnetic
field calculations

_________________________

Fig. 3 design process

Fig. 4 Optimized geometry - cathode

Fig. 5 Optimized geometry
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Fig. 8 Electron distribution in z-y direction at target plane
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Fig. 9 Electron distribution in x-y direction at target plane
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Fig. 10 x-direction charge density distribution
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Fig. 11 y-direction charge density distribution
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Fig. 12 MCNP computerized simulation procedure
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Fig. 13 X-ray spectrum generated from selected target material
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Fig. 14 Linear attenuation coefficients of filter candidates
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Fig. 15 X-ray spectrum using an aluminum 1.0 mm filte

7.00E-009
W+60 keV (Cu 0.1 mm)
W+40 keV (Cu 0.1 mm)
6.00E-009 | ——Mo+40 keV (Cu 0.1 mm)
——Rh+40 keV (Cu 0.1 mm)
5.00E-009
.fé‘
= 4.00E-009
Qo
k3
>
% 3.00E-009
c
2
£
2.00E-009
1.00E-009
0.00E+000 T T T T T T T T T T T
0.00 0.01 0.02 0.03 0.04 0.05 0.06

Energy (MeV)

Fig. 16 X-ray spectrum using a Cu 0.1 mm filter
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Fig. 17 X-ray spectrum using a Mo 0.1 mm filter
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Fig. 18 X-ray spectrum using an Rh 0.1 mm filter
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Fig. 19 X-ray spectrum using an Sn 0.1 mm filter
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Study on Hysteretic Characteristics of Piezoelectric Fast Steering Mirror

in Frequency Response
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Nonlinear hysteresis effects in piezoelectric fast steering mirrors (FSMs) are major culprits of deteriorating the servo
performance and reducing the robustness of a control system. In order to compensate for such nonlinearities, this paper
presents an identification and compensation method of piezoelectric hysteresis using frequency response measurements.
The relationship between hysteresis curves and frequency response was analyzed using various amplitudes of input
voltage and measured output displacements. Results proved that hysteresis curves could be reconstructed based on
frequency response measurements. By utilizing an inverse function from reconstructed hysteresis curves, parameters for
the compensation model were identified. Experimental results showed that the maximum range of output displacement at
the nominal position due to hysteresis was significantly decreased by 76% when the hysteresis model identified by the
proposed frequency-domain method was used. In addition, the compensated frequency response showed consistent
results regardless of input amplitudes, implying that linear dynamics of the piezoelectric FSM could be separately

measured.
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Zero displacement
(offset =75 V)

xTZ , z
M »

(b) Schematic working principle of piezoelectric fast steering mirror
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(c) Control principle with 3 driving channels for 2-DOF tip/tilt
motion in the piezoelectric fast steering mirror

Fig. 1 Experimental setup and working principle of piezoelectric
fast steering mirror
Table 1 Specification of Piezo-FSM and voltage amplifier

Piezoelectric FSM (Coremorrow, S37.T4SF)
6.2 mrad (£3.1)

Max. tip/tilt angle

Resolution 0.04 urad
Unloaded resonance frequency 6 kHz
Platform length 46 mm
Mover diameter 21 mm

High-voltage amplifier (E01.D3)

Output voltage 0-150 V
Peak current 1A
Bandwidth >20 kHz
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Fig. 2 Measured hysteresis curve by using input sine waveform
with various amplitudes where V,,, indicates the peak-to-peak
voltage amplitude
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(b) Hysteresis and fundamental harmonic curve in input-output plane

Fig. 3 Measured steady-state response from input sine wave and
fundamental harmonic of corresponding output waveform
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Fig. 4 Measured frequency responses with varying input levels
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Fig. 5 Schematic block diagram of FSM plant and inverse
hysteresis compensation by using PI model
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Fig. 6 Reconstructed curves by using measured frequency
responses
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Fig. 7 Schematic of parameter identification process for inverse
hysteresis PI model

Table 2 Identified parameters of PI model

Index Threshold (S) Weight (w)
1 ov 1.5412
2 15V -0.0272
3 3V -0.0172
4 45V -0.0343
5 75V -0.0553
6 12V -0.0674
7 225V -0.1074
8 45V -0.0837
9 75V -0.0516
10 105V -0.0364
11 135V -0.0082
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Fig. 8 Measured frequency responses using hysteresis compensation
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Fig. 9 Measured hysteresis curve using hysteresis compensation
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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.



I Code of Ethics for Academic Activities

Chapter 4
Verification
Process and
Standard

C.

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

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

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

citation, the EBM should be notified in detail.

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

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

Article 9 Ethics Committee

A

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

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

. Organization and Duties of Committee

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

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

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

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

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

A
B
C
D

. 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.



I Code of Ethics for Academic Activities

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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TOPICAL ISSUE

IJPEM-ST

INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING-SMART TECHNOLOGY

2023 New Joumal 20234

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

2022: MEAMYE ZHMe 1SS 28 JIE

TOPIC
2023: ADIE/C|X[E EAAN 7|&

International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY

DECEMBER 2022

247}
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INTRODUCTION 1. Full Open Access

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

Position papers, Industry case studies -

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

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

+ Prognostics and Health Management (PHM) Collaboration

+ Industrial Internet of Things (lIOT) + Autonomous Things

+ Industrial Artificial Intelligence

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

Metaverse

WEBSITE www.ijpem-st.org



IJPEM

INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING

2021 impactFactor: 2:041 YR Yoe TN e = k|

20004 2+ZF HZH 123, D2 1Y kel
ISSN 2234~-7593 (Print) / 2005-4602(Online)

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

IJ PEM'GT INTERNATIONAL

JOURNAL OF

INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING-GREEN TECHNOLOGY ENGINEE%%'SAE’;

MANUFACTURING

2021 Impact Factor: 4.660 Y R Ye TN o2

20144 32 AZt6s|, 2 1Y Ll
ISSN 2288-6206 (Print) / 2198-0810(Online)

INTRODUCTION 1. Regular paper, Short communication, Review paper
2. IM stEdE| YE =2 5 2+ == M 2 A
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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




pISSN: 2288-6206 / elSSN: 2198-0810

INTERNATIONAL JOURNAL OF
PRECISION ENGINEERING AND MANUFACTURING

GREEN TECHNOLOGY

L N
About IJPEM-GT
|[JPEM-GT is co-published by the Korean Society for INTERNATIONAL
- o : JOURNAL OF
Precision Engineering and Springer Nature. PRECISION
The journal is published bimonthly, and JCR 2023 ENGINEERING AND

MANUFACTURING

impact factor is 5.3, which ranks it top 9.5% (17/180)

journal in the category of Engineering-Mechanical

and top 23.5% (16/68) journal in the category of \
Engineering-Manufacturing. \ Q

Impact Factor

»,3 by JCRin 2023

Topics of the Special Issue cover novel research

contributions of “Green” precision engineering | Guest Editors
and manufacturing - theories and applications in - Professor Martin B.-G. Jun
the f|e|d Of Purdue University, USA
- Professor Young Tae Cho
AlltOllomOlIS Mamlfactlll‘illg With Changwon National University, Korea
Green Technologv - Professor Sanha Kim
KAIST, Korea

- Professor Seok Kim
Changwon National University, Korea

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

+ Al-driven Process | Submission Procedures

+ Digital Twin Deadline for Submission Date:
c c c November 30, 2024
+ Automations in Green Manufacturing Publication Date: May 1, 2025

+ Environment-conscious Intelligent Manufacturing Volume, Number: Vol. 12, No. 3

@ Springer KE:E Korean Society for

el Precision Engineerin:
the language of science - 9 9



OPEN ACCESS

International Journal of
Precision Engineering and
Manufacturing

International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY
sy 2023 L

VOLUME T, NUMBER 2

SMART TECHNOLOGY

ISSN 20514614 _Prnt KEFIE

1SN 2951-6382 _onine

IJPEM-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 UJPEM-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:

v Big Data Analytics and Informatics

v Sensors, Instrumentation and Process Monitoring

v Prognostics and Health Management (PHM)

V Industrial Internet of Things (110T)

v Industrial Artificial Intelligence

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

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

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

* Publication Date (Scheduled)

Vol. 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

KE: E= Korean Society for
e

o . www.ijpem-st.org
Precision Engineering

Editorial Board

Editor-in-Chief

Sang Won Lee / Sungkyunkwan University, Korea

Co-Editors-in-Chief

Jay Lee / University of Maryland, USA

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

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 Industrilal Technology, Korea
Seungchul Lee / POSTECH, Korea

Sangkee Min / University of Wisconsin-Madisor, 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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ISSN 1225-9071(Print) / 2287-8769(Online)

Editorial Board

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

« Editors
Jihwan An (POSTECH)
Baeksuk Chu (Kumoh National Institute of Technology)
Won-Shik Chu (Gyeongsang National University)
Doo-Man Chun (University of Ulsan)
Koo Hyun Chung (University of Ulsan)
Duhwan Mun (Korea University)
Jihong Hwang (Seoul National University of Science & Technology)
Jonghan Jin (Korea Research Institute of Standards & Science)
Maolin Jin (Korea Institute of Robotics & Technology Convergence)
Dong Sung Kim (POSTECH)
Yang Jin Kim (Pusan National University)
Seung Hwan Ko (Seoul National University)

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

i%EHEI Full Paper
Al AZ7}F

Moonkyu Kwak (Kyungpook National University)

Sung-Mook Kang (Daegu Catholic University)

Changwoo Lee (Konkuk University)

Chang-Whan Lee (Seoul National University of Science & Technology)
Hyunseop Lee (Dong-A University)

Jongkil Lee (Andong National University)

Hyung Wook Park (UNIST)

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

Chul Ki Song (Gyeongsang National University)

Duck Hyun Wang (Kyungnam University)

Sung Ho Yoon (Kumoh National Institute of Technology)

AWARDS INDEXED IN Submission to JKSPE
_ - Search for JKSPE
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@E’gﬂ'%i*imml s E—E— = 71 . Korea Citation Index (KCl) - http://article.kspe.or.kr
« http://jkspe.kspe.or.kr

+82-518-2928(T)
+82-518-2937(F)

- Korea Science

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

paper@kspe.or.kr
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