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Wind-powered Triboelectric Nanogenerator Using Contact-separation of
Two Cylindrical Structures
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In this paper, we develop a cylindrical triboelectric nanogenerator (TENG) for omnidirectional wind energy harvesting, by
designing a slanted slit structure along the outer surface of the cylinder. The TENG consists of an inner cylinder based
on Al film and a 3D printed outer structure. Wind blowing through the slits of the outer structure causes the inner
cylinder to rotate in the slanted direction, and the contact-separation between the Al cylinder and polytetrafluoroethylene
attached to the inner surface of the outer structure generates an output voltage. The performance of the harvester with
different inner cylinder diameters under various wind speeds is experimentally studied. The results indicate that the
TENG with a smaller Al cylinder is suitable for a self-powered wind speed sensor while that with a larger cylinder is
optimal for efficient energy harvesting. In addition, the TENG is capable of harvesting wind energy in all directions. Its
potential utility to be used as a supplementary power source for small electronic devices is verified through various
experiments. Based on its compact size, simple design, and ease of manufacturing, the proposed TENG can be used
as a low-cost, portable harvester.

Manuscript received: March 6, 2023 / Revised: June 13, 2023 / Accepted: July 14, 2023
This paper was presented at KSPE Autumn Conference in 2022
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Fig. 2 (a) Principle that the inner cylinder rotates by the input wind.
(b) Schematic illustration presenting triboelectric effect
between Al and PTFE when they are contacted and separated
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Fig. 4 Effect of wind speed on RMS voltage of the TENG with
various inner cylinder diameters
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Fig. 8 (a) Photograph of the electronic watch operated for 15 s. (b)
Voltage of the capacitor (33 uF) at a wind speed of 6 m/s. (c)
Voltage drop of the capacitor when the watch operates
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Fig. 9 (a) Photograph of the device placed outdoor environment.
(b)-(d) Output voltage of the harvester at wind speed up to 2,
4, and 7 m/s
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Gender Comparison of Mechanical Work in the Lower Limb Joints
Required for Body Weight Elevevation during Stair Ascent

Mg o|EH, Aoy, HEET
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KEYWORDS: Stair climbing (ATt @27]), Gait strategy (2 SHXI=F), Lower limb (GtX[), Gender difference (24X}), Mechanical work (SISt 1)

Climbing stairs places a greater load on lower limb joints compared to walking on level ground. Variations in anatomical
structures and muscle characteristics between genders suggest potential differences in the distribution of required
mechanical work among the three lower limb joints. This study aimed to identify gender disparities in the allocation of
mechanical work to lower limb joints during stair climbing. A total of thirty-six adults (equally divided between men and
women) participated in the study. Participants ascended stairs equipped with force plates at their comfortable speeds, while
motion was captured using nine cameras. Inverse dynamics analysis was employed to calculate the mechanical work
performed by each joint during four phases of stance: weight acceptance, pull-up, forward continuation, and push-up. Male
participants exhibited significantly higher mechanical work than females at the hip and ankle joints (p < 0.05) from the 1st-
3rd phases and the 2nd phase, respectively. Conversely, female subjects displayed greater knee joint work during the 2nd-
3rd phases (p < 0.05). Notably, a pronounced gender difference was observed during the 2nd pull-up phase, where body
mass is lifted by a single leg. These findings suggest that men and women employ distinct strategies in distributing
mechanical work across lower limb joints.
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NOMENCLATURE A ES} BA 7= Q| (Range Of Motion, ROM)7} Z Q512
WA = Weight Acceptance =2, stx|Edo]| 7tei A= Fehrt o 2] 74] e 27]0f| A9
PIU = Pull Up oflya] axnli= HA 23Ol 10-1580]m[3,4], F=ol 7l A=
FC = Forward Continuance Q] (External) 2RI E= FA|H3YO| 3ulj7} %E}[ﬂ
PsU = Push Up Hal Fof =2 AREe 257 ol weba] Hayol aiE

ol FEpAA H=dl[6], H o] dAlTFEA S 259 &
ol =u R Hayrdere] xfol7h T e 4= JIui[7]. HA| Y
1. ME AME ool FAET AFHA ERte] AWoR ¢ 7|&
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SEY Ax: YAHET ZTH9]. o]2lgt HaAeF 9 24 o] A
A= ot & AdRgeA B FuEE S glon £
o o verd 7He A ol

HaRgre 3lx]34 9] -L]-WEUHEQ} 92’52}51 2 (Mechanical
Work)z} 2o 1& 7 Wrom GRS ulHch of7)A], o
oha] o2 FAIEY] ARk oA €] %OHLW(HXMMZM

25 A 9] fm ol
7F IPR oA YA /ELEke
A Eo s ol

B ISV = AE) 255e]
AORA, th} Lol BaAu9el

P=Mo [W]

W= (*Pdt [J]
4
P : Joint mechanical power
M : Joint moment
@ : Velocity of the joint angle

W : Joint mechanical work

(0]

¢

£0], YZ17|(Stance Phase) AJZloj|Ae] HHEx ke
Sl pEeEe) B0, 7 SHEAIl Gee
oJota) (oLl 2 S vjAcH12), g e BUEY
9] FH AR d¥A EE2 WHARHE[Knee Adduction
Moment) (1312 Zo17] $lal, Sledos B58 A% telz
HEsHA 7)o AU A A& ¥ro] = 71 (Foot Progression
= H{%]X*Eko] ARE| L QITH14,15].
ofatx] Qo] Aol
E"‘iﬂ% %E?af T ek AdE o5 o A719] Fo|utEo] 9]
AU F7HE wE =
(Positive)e] o} 213 soF gt oleist ootz
A)9] 7t Pdol] ) BufElojof sp=t], o)
Aolol 8B 0] Aol Qls ojelg Hupka Bo Heko|
AA7E & 7Fs/dol k. whebA], Bk =S
A stHe] ATl tistel elsta] U sebshs Aol
Basict.

o] 44 2jo] g ML F2
Aoz S1Q[89,16,17), A waolA st u
el wapzre] A8 Hlmo] TR AT WS RSt &
Ao M = Hdighe] WA &&3hA[18,19],

rr

o,
_—>‘4_4“
T
=~

[19], BEEHE[18]S] H]myto] 4=3Y=Qlar, shA]e] HAHH
& oz ofsty A4S HEe AL YA 912 5o, Law
S[I81e A A Baziwel MRyl X
e Il BAzkEol AR} Jlont BARUELE A
271 9SS EAsFt}. Ferrag [19]19} Cartwright [20]1% F2
HU o] AL =r]o)x siA9f Fejidzieel ko] At
7F s

& HAFch Baldon (2112 &2 Hy ] A7)
oA TAHT £HH 2ol Y2 2ARSYT) $1H, Hong

Fo wazEel AuE, Pasky), §9 A[2), FEIS)

Table 1 Subject Characteristics
Male (n=18) Female (n =18) Significance

Characteristic

Age 24.7+3.4 24.6+1.2 N.S.
Height [cm] 173.9+4.5 163.44+3.9 ok
Body mass [kg] 69.3£1.1 59.4+8.6 ok
Leg length [cm] 90.6+3.6 87.4+4.2 N.S.
Thigh length [cm] 41.1+1.9 40.6+2.2 N.S.
Shank length [cm] 38.3+2.3 36.1+1.6 *k

*p<0.05,**: p<0.01, ***: p<0.001

Leg: from iliac spine to lateral malleolus, Thigh: from hip joint center
to knee joint center; Shank: from knee joint center to ankle joint cen-
ter; N.S.: non-significant

g SATF23]0] AAP7E e Ao, ATl HA
29| Hgk 5o 3 A8l tistoiit £45 Fyste] AT
ARl chet A=Fe] Aol & gl A= 3t

webA 2 AFoMe, Ade2r] SAelA s gt
2 o] 7} wrdof FHlE= HAE Fuitel Blasto, Hiq e
HPHEo Aol & graufalzt gt

2. 44
2.1 TSR}

HAddA=E A7 200 Al w4 189, o 1882 of
FO= SH3lal(Table 1), L&A Aol 41734 HAeks Hib
S 9l 2, A oluoll kAl 542} olZo] e A A
ofstelck. TR Ao ATES et ¥ A £
£ oo, o] Q- Ash Zl AT e AR 5
(HR-409)= RFQITh. Table 194 o@ALe] QIAIEA 2] HAE
Mann-Whitney B4 02 ZA35}4 )

ﬂl

O

22 AT A Y

Agt 2.27] F70) AZE fete] RATAH7IHMX T4O,
VICON TInc., UK) 9t)9} Plug-in-gait tFA S ALEatAT). 7
o2 Fig. 13} ZFo] =0] 17 cm, 7}2YH] 70 ¢cm, & 30 cm 7
AHE 30 dege] & 5749 Ao = LA, AuuE o] A=S
ojsto] Acke] 2ulist 3wl AElo] FTO60AA, Kistler,
Swissye AFUsHTh HAA7Ptel fle] &Y Fabs
£ 247} 100 Hz, 1 kHz= A3 skeith. 2 ole e} 9late] 11
Fob 8-S 10 Hz AETHEES Fo) AASIAch Aol
sl Evlio R PSRN, u]11E WAIE Sl Wt
PVC A4 AEISic). ohAer ARIEHE)E 1 9A)
WA A QS 5 RS AREE 70 em ST}, 2l £
S ffsto] Aol F At kel ESFol HvteE A
Atoiet. AP ES ARdol LA AlA| Ale]=E ST
T AEEE 285k A5 14 mme] WhAbA S F2135T)
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Pspglom, o AP oA A HPLer AEsE Q619
CHolg 23S T A Alde] e s e2WE 27
&S w(Initial Contact) €] T2 W7](Toe Offy7}A]2] A
Z}7|(Stance Phase)ollA] <=3J5}3iTt. 7HSIE 33]9] AE-S %18
FlaL, 28 A Atololl= 129 FAAIRES 7ol 3709 A
& Tloly F =o]=7F AL, ubA dlo]E o] fAo] T A2
tlolg I7hE AEsto] 245 A3skelct.

ol

o

23 24 2 I

At e27] 4 F 2% o2 dA7IE des 24
= skl 2AdelEet FubolEE dYger 5o
NEXUS 2.0 2ZEJo](VICON Inc., UK)E A8-5to] Dynamic
Plug-in Gait Model 7|¥+9] 55t 245 Faff, 2k 9] A
oA o] BEQlE Akt ZF WE o) A S ALES
7] 913t =4 (Local) #3502 A IO QIFRE A 49
50| ARGE QI o] MM ARE= 2 2Eo] A=
HHESE 22 Q14157812 (Anthropometric) H|o]E 9] AF
ofl= AHAElOH & v o R gF =44 o] ARE-E|FiTh24].
At =719 47HA] BH3PF251e 7 sto] Fig. 29F go] &

ol

-

N{N'crfiﬁi

YA FESHE 5717 o[ WES A oJshaL 4744 3 #AH Phase)
oz it Zh ojdlEo|Ae] TAHAEel HEAXNEHAE
(Heel Lift Angleyg A&3lch FlE2 EHZ s UE(Toe)
uprleh WEA|(Heel) nlAE QAsHs AT Qo] o)
3 e & A oJsteict.

AbzE I TS 7F B R A Esle] ek g st
At At dsollxe] IR F7h= FHAEe] Agge] =]
g, oshx U FPAe] Ao R Rolx] Hifst
(Normalization)g 3§t %o J¥Hu|nE S}t T3t k23

Initial Contralateral Toes at equal Contralateral
contact toe off height foot contact Toe off
(1) (cTO) (TEH) (CFQ) (T0)

stance phase —

N ads !

Phase 1 Phase 2 Phase 3 Phase 4
IC-CTO CTO-TEH TEH-CFC CFC-TO
QC\(?;TJItgahntCE PU”‘Up can(iirr\::JZr:ce PUSh*Up
WAl (p1U) F0) (Psu)
0-22% 22-36% 36-78% 78-100%

Fig. 2 Four phases and 5 events of stance period

o] X AT 2ol ek A 2] 1L AL,

_ 17

R,
L2
R; : The ratio of work done by each joint to the total leg work

W; : Mechanical work at joint j

R, AGREYY] HeF F AR TS AFske Al
2] o 2uro] %7]7 % (Initial Contact, IC)5-E] 2ldko] 27
A7HA 8] AlZEe.2 Lol AR

W= SAA ] SPSS26 (IBM, NY)E ARESH3l oW, AR
o] W7h At/ (NormalityyS RHESHA] Sstol A, A& 1
ofl= B Q1 Mann Whitney U-testE ARE3}ITE

X

w

2

Table 2+= 7t HaJ/4ol| 49| shA|#d A o] et A of of
s 2k B A9 Yo ARk HlE= UERdT PsUS A<
gk BE B3N, o g dAdol Bis) FEEEAe] U9
Hl5o] o ZlaL, o]} vt 2 JAlY] ¢ b x]e] U
H| o] of/dof mlsf Zlth(p < 0.05). PIU Ha4fof A= E/d2
ST o] U2 vFo] oo Hlgl =3UThHp < 0.05).

Table 3= 7} ¥4 9] AgH U-& FHARE o] A4t
3t g2 UrEbdT). Table 29} 5 UsHA|, WA= S3HEat At
HoA, o2tz FEIENA Y Qe o] o & AS & &
UH(p < 0.05).

Agrso] xl Wiz} 2k 0.47+0.10, 0.48+0.06 [m/s]
B4 Fogk 2po] 7} gladtkp > 0.05).

Fig. 3& 4Z719] 5714] ol Ed Ao THZ=E LepdT)
TOE AlQfgt B oHflE A, oS FadoA 9] wiS=3
(Dorsiflexion)t} 5349 =2 (Flexion)?] ZI=7} EAlof H]
s AL, @4 HIPS7I(CTO-TEH)IA FEA] 62 =7t
o/dell vlsl Zith(p < 0.01).
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Table 2 Ratio of each joint work to leg total work [%]

Joint WA PIU FC PsU

Men -11.3+£10.1  7.1£5.5  11.9+10.6 84.0+12.1

Ankle Women -9.40+10.9 3.93+5.72 3.75+27.4 86.3+5.60
Significance ~ N.S. M > F* N.S. N.S.

Men 43.8421.0 56.4+24.6 37.0+33.7 9.70+10.6

Knee Women  63.3+19.4 79.3£20.6 56.2+26.6 7.10+£6.83
Significance M <F** M <F** M<F* N.S.

Men 44.5+19.9 33.9+27.1 32.8+37.4 2.72+10.6

Hip  Women  253+18.5 11.4420.1 -0.644+29.5 -1.89+6.12

Significance M >F**  M>F* M > F** N.S.

Mann Whitney U-test, *p < 0.05, **p < 0.01, N.S.: Non-significant;

WA: Weight acceptance, PIU: Pull-up, FC: Forward continuance, PsU:
Push-up

Table 3 Joint mechanical work normalized by body mass [mJ/kg]

Joint WA PIU FC PsU
Men 21.2£17.8 28.9421.0 41.7+44.6 308.1£104.8
Ankle Women -16.1£23.7 15.04£18.8 27.6£95.0 375.5+115.2
Significance ~ N.S. M > F* N.S. N.S.
Men 93.2+54.0 260.1£182.0 130.1£147.8  36+37.8
Knee Women 131.0+£89.6 370.7£157.0 231.2+140.4 30.2+£32.8
Significance  N.S. M <F* M <F* N.S.
Men 98.5+64.2 132.4+123.0 105.9+135.2 2.8+18.8
54.4+54.0 40.7£80.0 -26.1£96.0 -6.47+27.9
M>F* M > F** N.S.

Hip  Women

Significance M > F*

Mann Whitney U-test, *p < 0.05, **p < 0.01, N.S.: Non-significant;
WA: Weight acceptance, PIU: Pull-up, FC: Forward continuance,
PsU: Push-up

4. E

2 dgtollMs dA7IoM Ade S Sl 2adt o
= ZF ol Zulishz Aol olA, Rt ARt A=
SR =, W2 oo visl nbEy) S| o w2
& St o2 AR FEWE o g dE wiEst
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€ ACEA, EES IWES e FEEES U Bl A
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wekEth
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T = 52 do], FETEY IR s 4o do]
LAY H(Table 3). F2f Lol AU F7H5 fFdste A3
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=
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Fig. 3 Kinematics at 5 events of stance period. Mann Whitney U-
test, *p < 0.05, **p < 0.01, ***p < 0.001
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The Electrochemical Hydrogen Compressor is an optimal device for compressing low-pressure hydrogen to high-pressure
hydrogen. It has a similar structure to the Proton Exchange Membrane Fuel Cell but operates at extremely high pressures,
requiring multiple cells sealed with End Plates. The End Plate design must provide initial cell activation support, withstand
maximum operating pressure within the stack, and prevent internal gas leakage. This study applies a multi-objective
optimization method and grey relation analysis to determine the optimal design parameters for the End Plate based on the
activation area of Dummy Cells. Finite Element Method (FEM) analysis is conducted to verify the effectiveness of the
optimized End Plate design, considering the uniform pressure distribution with stacked Dummy Cells (1, 3, 6, 12). The
analysis reveals that the parameters affecting the uniform pressure distribution include the End Plate design, stack sealing
pressure, individual Cell design parameters, and the number of Cell stack layers.
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Fig. 2 Definition of design parameters for end plate

Table 1 End plate design parameter table

Level of parameters

Control factors Unit
1 2 3
Number of tie rods (A) EA 8 14 20
CP distance (B) mm 10 20 30
OD distance (C) mm 10 15 20
Thickness (D) mm 75 100 125
Clamping force (E) MPa 30 35 40
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Table 2 Mechanical properties of stainless steel 3161

Tensile strength, yield [MPa] 205
Tensile strength, ultimate [MPa] 515
Density 8,000

Young’s modulus [GPa] 193
Poisson ratio 0.27
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Table 3 End plate simulation results for deformation, stress, weight

Parameter Response
Case B C D E Deformation Stress Weight S/N rati_o S/N ratio S/N .ratio
[mm)] [MPa] [Kg] deformation stress weight
1 8 10 10 75 30 0.00565 120.13 17.92 44.96 -41.59 -25.07
2 8 20 15 100 35 0.00624 102.78 31.81 44.10 -40.24 -30.05
3 8 30 20 125 40 0.00701 90.96 55.16 43.09 -39.18 -34.83
4 14 10 10 100 35 0.00634 103.64 21.97 43.95 -40.31 -26.84
5 14 20 15 125 40 0.00733 88.59 36.98 42.69 -38.95 -31.36
6 14 30 20 75 30 0.00742 105.41 31.13 42.59 -40.46 -29.86
7 20 10 15 75 40 0.00798 117.30 17.37 41.96 -41.39 -24.80
8 20 20 20 100 30 0.00593 94.42 33.82 44.54 -39.50 -30.58
9 20 30 10 125 35 0.00789 88.36 38.71 42.05 -38.93 -31.76
10 8 10 20 125 35 0.00546 93.07 39.76 45.25 -39.38 -31.99
11 8 20 10 75 40 0.00889 116.13 21.78 41.02 -41.30 -26.76
12 8 30 15 100 30 0.00591 106.14 37.72 44.56 -40.52 -31.53
13 14 10 15 125 30 0.00524 99.12 30.48 45.61 -39.92 -29.68
14 14 20 20 75 35 0.00729 107.93 26.47 42.74 -40.66 -28.45
15 14 30 10 100 40 0.00859 97.44 32.38 41.32 -39.77 -30.20
16 20 10 20 100 40 0.00759 87.80 28.24 42.40 -38.87 -29.02
17 20 20 15 125 30 0.00651 95.90 32.05 43.73 -39.64 -30.12
18 20 30 10 75 35 0.00976 111.36 25.36 40.21 -40.93 -28.08
Table 4 ANOVA Table of minimum deformation Table 6 ANOVA Table of minimum weight
Control factors DOF ss;i;lrzz SI\C:[S::; F value Control factors DOF 2:3;22 :gz:?e F value
Number of tie rods (A) 2 5.448 2.724 2.001 Number of tie rods (A) 2 2.967 1.484 28.598
CP distance (B) 2 8.841 4421 3.247 CP distance (B) 2 29.738 14.869  286.626
OD distance (C) 2 1.0771  0.538 OD distance (C) 2 16.879 8439  162.682
Thickness (D) 2 7.589 3.795 2.787 Thickness (D) 2 59.814 29.907 576.510
Clamping pressure (E) 2 15.290 7.645 5.616 Clamping pressure (E) 2 0.0091 0.005
Error )] (1.646)  0.823 Error @) (0.094) 0.047
Total 17 39.891  19.945 Total 17 109.502  54.751
Table 5 ANOVA Table of minimum equivalent stress
Control factors DOF sscillglr(e)i Sﬁ?;; F value WA, QEZe ol Ee] FA7t _":“—ZTH T dF=7 ]%}% o '_/’\‘
ek S A SOl S 2 9 FA gof e A
Number of tie rods (A) 2 0.771 0.386 0.804 aJstdn}. o] AL o s AASE walulgo} 2 2 ot
CP distance (B) 2 0.246+ 0.123 2 A 24 .ﬂra}u ol oist AJEaold AT} Table 10
OD distance (C) 2 1.534 0.767 1.599 of] AAEIQT. T1djo] ARk A 0 2 dojx Avk= 37}A] A
Thickness (D) 2 9.344 4.672 9.741 274 ATto] Z717HS 71-S oF 2= o)},
Clamping pressure (E) 2 0.395 0.198 0.412
Error @) (0.714)  0.178
Total 17 13.003  6.323 3. Dummy Cell = FEM A|E8|0|M
NS s ¥, O ATHE Table 9o stk 24 Ba 3.1 H| BB $40057| Af oY
3ol 242 0339 4EAS F3 BAHS ), CP Distancer} H2skel A=Seolse] ebaA W A% B S
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- Plate®} Bipolar Plate Alo], 7}A8FA=(GDL)¥} Bipolar Plate
385 Ato], 18] Gasket¥} Bipolar Plate §&2 A4S ‘Bonded’® -
A5t Eo d=EEYo|EQ BAZE X, Y, Z, X0, Y0, Z0
/ / o) AFEE 008 Jhgstel §A9E F3HArt. Clamping
B oy AS— E—— — P o= ole Q)= X EdL] oEZgolE
7 PR 4 - ressurei= QIESE0]E0] Q= obM 9] FPE =S OE
ER0) 285k Aom maYsstt.
-415 T T T T 3.1.3 & Hza~
|AL A2 A31BL B2 B3|C1 C2 C3/D1 D2 D3|El E2 E3 JdomE MES
'ANumberof ! B.CP ! coD ! D ! E.Clamping ! H oAJlof A= GDLY o 283 =&317] Y3 Dummy

! Tie Rods(EA) !Distance(mm)!Distance(mm) Thickness(mm) Force(MPa) !

Bipolar Plate?} Dummy GDLQ] &2 1.0 MPazZ %3}
ATH14]. EZE, 28] Wi b = WAIS $18f GDLe] 24
26 0 HETE S Pt o) Slal AG) AHgste] 28 Wy
ol A E¥ER= 300 Bar (30 MPa)2] 42 dl=Zgo|E9| 9]

(b) S/N ratio by parameter for minimum force

\ gAY guros L}L(ﬂ 3wy Adgen A4 Add
- \\ """"" — =g ARl A4 AAYL 65.5 MPa2 =231k o]2
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'ANumberof | B.CP | coOD | D. ! E.Clamping i Piriornel = %”Pi”g—m 3)
| Tie Rods(EA) | Distance(mm) | Distance(mm) |Thickness(mm)] Force(MPa) | Washer Area
(¢) S/N ratio for each parameter for minimum weight
Fig. 3 Parameter mean response graph by objective function 3.2 FEM A|E30|M 1} 2 EE
28] o] M= Ht HEUES H715H] 918 Dummy
Table 7 Optimization conditions and simulation results for each GDLe| 92 = 247112] Sampling DataE: F53}L o] & 7|HEe.
objective function 2 g3 A=orge Akt Fig 4= 3-33 wbygalat 24
o | o B ARG L olgsto] Qe Astolch. Y WAloR AE
Onimin O maion YU VN o}t 2, 5o G4 9 980 A ol
o] e A= Zdo| 2] FpI9)asE B HEYLe] S A
Total deformation AIBIC3D3EI 0004622 9661  39.76 wEl. W, 478 AderE e s Algeo]avt At Bat 5
Equivalent stress A3B3C3D3E3  0.008199 8296  49.88 =10l 3t et KA 1.0 MPacll ZHs}giar, A=Se|0l=

7RSSR B HE=olg o] 2715t
Weight A3BICIDIEl 0.006236  119.76 1561 N7 gt ==l STk

3.2.1 HZUH nizib|g 2
Ea AdEl= Al HEUAEREeL 49 oY oRE o] Aof|Al+= Dummy GDL—J AUy Hsle) w2 P+ 75
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Table 8 Gray correlation coefficient and gray correlation rating for analysis results

Normalized S/N ratio

Grey relational coefficient Grey relational

Case Total deformation Equivalent stress Weight Total deformation Equivalent stress Weight grade
1 0.910 0.000 0.986 0.847 0.333 0.972 0.646
2 0.779 0.537 0.618 0.694 0.519 0.567 0.534
3 0.609 0.902 0.000 0.561 0.836 0.333 0.519
4 0.756 0.510 0.878 0.672 0.505 0.804 0.594
5 0.537 0.975 0.481 0.519 0.953 0.491 0.589
6 0.517 0.455 0.636 0.509 0.479 0.579 0.470
7 0.394 0.088 1.000 0.452 0.354 1.000 0.542
8 0.848 0.795 0.565 0.767 0.709 0.535 0.603
9 0.413 0.983 0.435 0.460 0.966 0.470 0.569
10 0.951 0.837 0.407 0.911 0.754 0.458 0.637
11 0.192 0.124 0.883 0.382 0.363 0.811 0.467
12 0.852 0.433 0.462 0.771 0.468 0.482 0.516
13 1.000 0.650 0.653 1.000 0.588 0.590 0.654
14 0.546 0.377 0.759 0.524 0.445 0.675 0.493
15 0.257 0.702 0.603 0.402 0.626 0.557 0.476
16 0.480 1.000 0.712 0.490 1.000 0.635 0.638
17 0.719 0.750 0.612 0.640 0.666 0.563 0.561
18 0.000 0.271 0.788 0.333 0.407 0.703 0.433
Table 9 Analysis of variance table of gray relational ranks Table 11 Dimensions and mechanical properties of cell components
Control factors DOF SS(;lli;lr(e)i sl\(;[j:rne F value Component Material rz((;l(lil:l%uss De“Sigy POis.son Dlzf::;er, Thickness
: [GPa] [kg/m’] ratio [om?] [mm]
Number of tie rods (A) 2 0.00041 0.0002
CP distance (B) > 00451 00226 02713 End plate SUS316L 193 8,000 0.25  Optimal Design
PCD distance (C) 2 0.0007f 0.0004 B;Il’:t?r Graphite 10 1,800 03 11309 50T
Thickness (D) 2 0.0196 0.0098  0.1177 Carbon
Clamping force (E) 2 00047  0.0024 GDL cloth 10400 025 2827 03T
Error (6) (04816) 0.0803 MEA  NAfon® ok 2000 025 11309 0.05T
Total 17 05522 0.1041 117
Silicone s 5300 03 6676 0.5
Table 10 Optimization conditions and simulation results for each Gasket rubber
objective function PTFE 0.5 2200 046 113.09 1.0T
Optimization ~ Optimal fgr?:l?ﬁon Eq:tirzl:m Weight C;‘Zfem Copper 120 8960 034 113.09  7.0T
criteria combination [Ke]
[mm]  [MPa] Tierods SUS304 190 8000 027

Total deformation A1BIC3D3E1 0.004622 96.61 39.76

Equivalent stress A3B3C3D3E3 0.008199 82.96 49.88

Weight A3BICIDIEI 0.006236  119.76 15.61

GRA A3BIC3D3El 0.005862  92.322 35.30

B0l Aol 65-70 MPa 77k Bt HEY
2 ?F 1 MPac]l 7RIS thA] S7Fskadnt. Sakghel] 2433t

A -1tol| sl Al ddeS 1 MPa @2 F7HAI71A] Al

Edolde AT 23 Fis. SOl Hzo] Alddeo] 68

MPaZ 7| o2 & oA F3Ez 3t Ht 59U, 1 MPao|

SRS+ AEY 5 E2ik= Z24soF Middle Position

GDLY} End Position GDL2] HH# A &e 27} ol Aeijto|
[e]

% o #AT YEYol

it
fto
ne
Sy
X2
2
fu)



December 2023 / 961

o 1.

a

2

208 . .

3 —74A— Calculation Clamping Pressure(65.5 Mpa)

o

go.s —8— Force Equilibrum Clamping Pressure(67.5 Mpa)

E == = Target Contact Pressure

<04

c

o

O

Q0.2

i -

=88
0.0 E

-H N MO N O N0 O A NMT N O™ 0O O N M <
N o o o H e H - NN NN N
g 5
g ) ) e
3 Sampling Positions
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Table 12 Single cell design parameters and levels

Parameter definition Parameter range
Inner o Gasket side to bipolar plate  0.25-5.25 mm
£ap inner side & GDL side gap  (Each 2.5 mm)
Outer ca Gasket side to bipolar plate 0-7.5 mm
£ap outer side (Each 2.5 mm)
Bipolar plate . 5-12.5 mm
thickness Thickness (Each 2.5 mm)
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Table 13 Dimensions and mechanical properties of single cell

components
Contact point Contact condition
Tie rod to end plate hole N/A
Tie rod to nut hole Bonded
Tie rod to washer hole N/A
Nut to washer Frictional (0.3)
Washer to end plate Frictional (0.3)
End plate to current plate Frictional (0.3)
Current plate to bipolar plate Frictional (0.3)
Bipolar plate to bipolar plate Frictional (0.3)
Bipolar plate to GDL Frictional (0.4)
Bipolar plate to gasket Frictional (0.8)
GDL to MEA (Cell) Bonded
Gasket to MEA (Cell) Bonded
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1.0 ‘== - - - -_—— - === -
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Fig. 10 GDL average contact pressure distribution by location
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Laser-induced Deposition Method for Mask-less Copper Patterning on
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Laser induced plasma backward deposmon (Elo|x 7|dt E2tADL R Hulsk =)

This study investigated the Laser-Induced Plasma Backward Deposition (LIPBD) process for transparent glass-copper
composite film production. LIPBD was compared with Laser-Induced Backward Transfer (LIBT). Controlling laser parameters
and the z-axis position of Depth of focus (DOF) resulted in various post-deposition outcomes. The optimal deposition depth
was 10 um to 90 um, ensuring good glass-copper adhesion. Scanning electron microscopy (SEM) and energy dispersive
spectroscopy (EDS) mapping confirmed copper and copper oxide (CuQ) particles. X-ray diffraction confirmed Cu and CuO
peaks. The adhesive test showed a strong binding between glass and deposition, but the parts of the cracks caused by
heat accumulation were delaminated during the test. LIPBD offers controlled deposition potential for glass-copper
composites. Optimizing laser parameters leads to high-quality films. This study provides valuable insights into
nanotechnology and the semiconductor industry, with potential applications across diverse fields.
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Fig. 2 Comparison of laser induced processes for transparent
substrate patterning
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Fig. 3 Deposition performance analysis according to spacing depth
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(a) Deposition surface images of LIPBD photographed
with an OM
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(b) Back of the deposition surface image of LIPBD
photographed with an OM (left and right inversion)

Fig. 4 Test sample optical microscope (OM) image generated by
laser-induced plasma backward deposition (LIPBD) process
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Fig. 5 Comparative analysis of deposited properties according to
various laser conditions using scanning electron microscope
(SEM). 3,000 times, 10,000 times, 40,000 times enlarged
images from in order from the left and the identified surface
cracks are marked with white arrows
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Fig. 6 Analysis of the composition of deposited materials by energy
dispersive spectrometer (EDS) mapping
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Fig. 7 Analysis of crystal structure and composition of deposition
materials by X-ray diffraction (XRD)
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(a) Resistance measurement results (€/sq) after the
tape peeling test and the rear (left and right inversion)
of the LIPBD surface image taken with an OM

(b) SEM image of the damaged surface layer
(bright side) and the inner layer (dark side) revealed
after the tape peeling test

Fig. 8 Laser-induced plasma backward deposition (LIPBD) sample
after tape peeling test, characteristics and surface analysis
using optical microscope (OM) and scanning electron
microscope (SEM)
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Exteriors of structures (apartments, buildings, bridges, dams, power plants, efc.) are subject to deterioration and damage
(cracks, rust, etc.), mainly due to thermal expansion/contraction and environmental humidity. The damages shorten the
lifespan of structures and cause unnecessary reconstruction, increasing social costs. The existing damage maintenance
methods, which are directly constructed by the workers, have problems such as reduced work efficiency, increased work
cost, lack of timely maintenance, and high work risks. In this paper, a spraying device aftached to a drone for active and
flexible maintenance of structures is developed. To simplify maintenance, the device consists of a solenoid motor,
detachable parts for maintenance agent, and a lightweight-designed frame, manufactured with a 3D printer. In particular, the
lever mechanism that amplifies the pushing force of the solenoid motor is designed to spray the maintenance agent when
a switch comes into contact with the exterior of the structure. The prototype of a spraying device is attached to a
commercial drone (Mavic3, DJI) and tested for effectiveness in structure maintenance. It demonstrates successful, cost-
effective maintenance of structural damages in less than 10 minutes.

Manuscript received: August 22, 2023 / Revised: September 25, 2023 / Accepted: September 25, 2023

NOMENCLATURE
L = Lever Ratio
x; = Input Displacement [mm]
X, = Output Displacement [mm]
F; = Input Force [N]

F, = Output Force [N]

== (Dynamic Remotely Operated Navigation Equipment,

Copyright © The Korean Society for Precision Engineering

DRONE)E A4 qleiel 32 1gio] nje} ujajshis 01537
(Unmanned Aerial Vehicle, UAV)} AJSHE 37+ H|gish= 4
@ =25 FHshe v 2Ro|HH1.2]. B2 A e 9%
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This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Fig. 4 A testbed to determine the lever ratio for a spraying agent
using a solenoid motor
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Fig. 6 Active maintenance processes using an drone with a spraying device for damages at high-/low-rise
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Automation of Shoe Upper Adhesive Spraying Process Using Robot

Hels, WA, HA, BUIEY, Yny

Won Bo Jang', Sang Hyun Park’, Seong Youb Chung? Myun Joong Hwang®#, and Murim Kim'#

1 SI2Z2E2ESIAT R CIZESAZE2AHTLEE (Human-Centered Robotics R&D Division, Korea Institute of Robotics & Technology Convergence)
2 2w ECshn 7|4IZSIE (Department of Mechanical Engineering, Korea National University of Transportation)

3 ME2ARE S 7 |A-EEZstat (Department of Mechanical and Information Engineering, University of Seoul)

# Corresponding Authors E-mail: mjhwang@uos.ac.kr, TEL: +82-2-6490-2389 ORCID:0000-0003-1272-9985

E-mail: mulimkim@kiro.re.kr, TEL: +82-54-240-2531 ORCID:0000-0001-5420-9705

KEYWORDS: Shoe manufacturing process, Shoe upper adhesive dispensing automation

It is challenging to automate the shoe upper adhesive spraying process using a robot due to the three-dimensional curved
shape of the shoe upper. This paper proposes a method to automate the shoe upper adhesive spraying process with a 3-
D measuring device and an industrial robot. The adhesive spraying automation process consists of the following steps,
First, a transformation matrix calibration is performed to make the points measured by the 3-D measuring device and the
robot end-effector points the same. Second, the shoe gauge line that connects the shoe adhesive spaying line measured
by the 3D measurement device is smoothed. Lastly, the target points of the robot end-effector to quantitatively spray the
adhesive are selected and the robot end-effector position/orientation to operate the robot is generated. The proposed
method was validated on the test bed of a shoe upper spray system. With the method proposed in this paper, even non-
robot experts can measure shoe gauge line data with a 3-D measuring device and the shoe upper adhesive spraying
process can be automated without manually operating a robot.
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Fig. 2 Photos of the manual process of drawing a gauge line with a
pen (left) and gluing (right) [7] (Adapted from Ref. 7 on the
basis of website)

Fig. 3 Example of the proposed automation process of drawing a
gauge line with the 3-D device (left) and gluing (right)
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Fig. 4 Flow chart of automation of shoe upper adhesive spraying
processing using robot
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Table 1 Result of coordinate transformation matrix parameter

calibration
Parameter X . a Y;
[mm, rad] Y y

Nominal ~ 310.0  1050.0 -250.0 0 0 0

Calibration 315.50 10655 -257.2 -0.0408 0.001 0

* : Before Calibration , * : After Calibration
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Fig. 6 Graph of comparison before/after calibration (a): error
position of measured points (b): RMS error of measured
points
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Fig. 8 Measurement point of the shoe gauge line
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Fig. 14 Result of set robot task point (a): sampling data in 3-D
gauge line (b) selected robot task data in sampling data (c)
defined robot task points (position, orientation)
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(® (h)

Fig. 17 Process of automation method of shoe upper adhesive
spraying using a robot (a)-(b): the process of calibration of
transform matrix, (c)-(d): a measure of shoe gauge line, (e)-
(h), shoe upper adhesive spraying using a robot

(c) (d)

Fig. 18 Result of the experiment (a): right side view, (b): front view,
(c) left side view, (d) rear view
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Development of Design Optimization Module for Hydrostatic Bearings
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H|0{2!), Design optimization (A7 Z|Xst), Stiffness (ZAd), Load capacity (S5H22F),
Particle swarm optimization algorithm (QIX} =&} %[&st &

2|Z&), Genetic algorithm (%Xt L12|E)

This paper presents the development of a design optimization module for achieving the best performance of hydrostatic
bearings. The design optimization module consists of two components: a bearing performance analysis module and an
optimization module that utilizes optimization algorithms. Widely recognized global search methods, genetic algorithm
(GA), and particle swarm optimization (PSO) algorithm, were employed as the optimization algorithms. The design
optimization problem was defined for hydrostatic bearings. Optimization design processes were carried out to improve
load capacity, stiffness, and flow rate. Subsequent experimental validation was conducted through the fabrication of a
practical experimental setup. The design optimization model demonstrated superior performance compared to the initial
model while satisfying design conditions and constraints. This confirms the practical applicability of the design

optimization module developed in this study.
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Table 1 Comparison between initial design and optimal design

Load capacity [kgf]
Unloaded Loaded
Before optimization 54.1 71.8
After optimization 64.1 95.9

Stiffness [kgf/um] Inlet flow
Unloaded Loaded [Vmin]
3.74 420 0.042
5.15 5.62 0.024

120

95.9 B Before optimization
S. B Atter optimization
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(b) Design parameters

Fig. 8 Comparison of results before and after optimization
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—— Simulation
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Fig. 11 Experiment and simulation results of load capacity and
stiffness before and after optimization
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In this study, we aim to develop a self-humidifying polymer electrolyte membrane fuel cell (PEMFC) by depositing platinum
(Pt) on a membrane using sputtering. After we coated it with a Nafion® ionomer solution. This is considered a solution that
can prevent membrane degradation in low humidity conditions. By introducing this self-humidifying concept, we can expect
improved performance compared to conventional PEMFCs. By managing the water content of Nafion®, we aim to improve
both the stability and performance of the PEMFCs. This research contributes to the development of more efficient and
reliable PEMFC systems, showing promise for advances in this field.
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NEZ AfAet o5 2] (Polymer Electrolyte Membrane
Fuel Cell, PEMFC) 7|2 38t o|qxE agzog A7 9
A2 Hebr7]= 289l 7Ie2A[12], ols4] dYe=
o] B 7s/dol AA S7Fskal UTH3.4]. PEMFCE| 34
4 el AsjEure A Fesnt el 2AAl
FFE UA= T aaolth

ARAA] 2F A FES 7F 392 A HEHe T
e QrAA AL" 8-S HFe SAIE oIl o
gk ol =, A A T 7 AAE wiAR ke s
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$elE olowulE olgsiel A7} rho] FhsE HaetS
AL ATHO-12], EFE, ATE 714L ol galo] Hajduta
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2.1 W3 ATHE{(Sputtering) &
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Fig. 1 The process of Pt deposition using DC magnetron sputtering
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(b) Cathodic cross-sectional schematics and top-view
photographs of self humidifying MEA

Fig. 2 Components of the MEA (Membrane Electrode Assembly)
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Fig. 3 FE-Sem image of Pt-deposited polymer electrolyte
membrane (x50,000)
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Predicting fall risk is necessary for rescue and accident prevention in the elderly. In this study, deep learning regression
models were used to predict the acceleration sum vector magnitude (SVM) peak value, which represents the risk of a fall.
Twenty healthy adults (aged 22.0+1.9 years, height 164.9+5.9 cm, weight 61.4+17.1 kg) provided data for 14 common daily
life activities (ADL) and 11 falls using IMU (Inertial Measurement Unit) sensors (Movella Dot, Netherlands) at the S2. The
input data includes information from 0.7 to 0.2 seconds before the acceleration SVM peak, encompassing 6-axis IMU data,
as well as acceleration SVM and angular velocity SVM, resulting in a total of 8 feature vectors used to model training. Data
augmentations were applied to solve data imbalances. The data was split into a 4 : 1 ratio for training and testing. The
models were trained using Mean Squared Error (MSE) and Mean Absolute Error (MAE). The deep learning model utilized
1D-CNN and LSTM. The model with data augmentation exhibited lower error values in both MAE (1.19 g) and MSE (2.93
g?). Low-height falls showed lower predicted acceleration peak values, while ADLs like jumping and sitting showed higher

predicted values, indicating higher risks.
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Table 1 Experimental movements

DO1. Stand

DO2. Sit and stand up from floor

DO03. Squat

DO04. Waist bending

DO05. Walking

D06. Jogging

DO07. Stumble while walking

DO08. Jogging in place

D09. Jumping

D10. Walk upstairs and downstairs

D11.Sit and stand up from stool

D12. Collapse in a stool when trying to stand up
D13. Lying on the mattress

D14. Slowly sit and stand up from a low-height mattress

ADL

FO01. Backward fall while walking caused by a slip
F02. Forward fall while walking caused by a trip
F03. Forward fall while jogging caused by a trip
F04. Backward fall when trying to sit down
F05. Forward fall while sitting

Fall FO06. Lateral fall while sitting
F07. Backward fall while sitting
F08. Forward fall when trying to get up
F09. Forward fall
F10. Lateral fall
F11. Backward fall

— ASVM

c
3z onset impact
<

[ AL A ——

'J

g
gl
gl
-

450
frames

Fig. 2 Windowing example: fall movement
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[18]. Window Slicing 7|H-2 &%t Window?] dH|o|g %=
o0vRt Th FEsH] T F 7% Hlolelet FelskAl Up
Samplingdl+= 7|®Ho|t}[19]. upA|2F O & Scaling Z747|H-&
oleloll 0.804] 12 Atole] e ARSHA H3t ¥ Bah
Aoleh20]. Ll EHS fisiA A HlolE et $471
#g3tel ADLtH WA 54 7ho] dlole] ulge st
Fig. 3= A7) 345 4 550 2470) 277188 A8
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Fig. 3 Data augmentation examples
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Fig. 4 Deep learning model structure
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2.7 22 "I}
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Study on Automated Heat Treatment for Car-body Mold
Using an Articulated Robot System
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The quality and quantity of heat treatment in mold processing can vary depending on the skill level of the equipment
operator. Therefore, study on ways to overcome these disadvantages are essential. This study aimed to increase the anti-
wear properties of molds through high-frequency induction heat treatment and laser heat treatment processes. The heat
treatment was applied to the surfaces of molds used in car body production using an articulated robot, to achieve long-term
use and quality maintenance. Additionally, an articulated robot system based on redundant degrees of freedom suitable for
mold heat treatment processes was designed, and its operational efficiency was verified through virtual environment
simulations. Furthermore, heat treatment was validated through on-site testing of the robot system. Its effects were
analyzed according to mold materials and shape conditions, ultimately deriving the optimal robot heat treatment conditions.
Finally, off-line programming (OLP) in virtual processes was proposed to minimize robot setup time and maximize
production efficiency. The conditions for articulated robot automated heat treatment obtained in this study can be pre-
applied in simulation environments when generating heat treatment robot programs based on OLP. They can be utilized for
optimizing the quality of mold heat treatment in car body production.
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Fig. 1 Design concept of redundancy to the end of 6-axis articulated
robot
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(joint 1~6)
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Fig. 2 Design concept of articulated robot with 1-axis redundancy
and 1-axis gantry

Table 1 Working area of robots without or with redundancy

Robot type  6-axis robot 7-axis robot 8-axis robot
Work area 7
[%e] i
100 120 125
AR Bk Zom Aolst #7178t 2gue] grt.

ESE 25-9] TCP (Tool Center Point) Z|tf<&XE= 1,500 mm/secE
M gai3ict.

Table 19]|== Delmia Igrip (Delmia, Dassault Systemes,
France)& 28310 HAE 6% thbd 2%, 7% thibd 2%,
8% thibd 239 2] 7R Qojo] mlmslo] ekt glek. &
o oo BAo] aPEL olgAfEe] BUS ofgAtEst
e O 2% & Bklxe] TCP 91312 Aol of
71Ol B 15 B 25 oG A= BUbE 75 ok =
5 Ee 85 o 2E2 65 thbd =R A9l vig
20-25% 4T 29 Jejo] WA Liehdiet.

2275 EM"* 20| 714 21 AlEE0IM
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Kawasaki robot
- BX200L

AN

Device 5
' Redundancy(1-axis)
- High frequency - range : £90° )
induction hardening

Fig. 3 High-frequency induction heat treatment robot with 1-axis
redundancy

Joint1 [160  152335deg  160(3%) Joint1 [.160 165617 deg 160 (10%)

Joint2 [.60.0001 78.6553deg>  76(103%) 59,8397 deg 76 (76%)
ont3 |.75.0002 74.2433deg  90.0002 (80%) Joint3 |.750002 585503deg 90.0002 (61%)
Joint 4 [ 210 -220345deg  210(-1%) Joint 4 I 210 7.29728deg  210(3%)
Joint5 |25 .922595deg  125(73%) Joint5 [125 69.0293deg  125(55%)
Joint6 [210 71919 deg  210(34%) Joint6 [210  691126deg  210(32%)
Joint7 [G0.0002 30.0000deg 90.0002(33%)  Joint7 [-300002 30.0000deg 900002(33%)
(a) (b)

Fig. 4 Simulation results of high-frequency induction heat treatment
on the robot: (a) with 6-axis robot (b) with 7-axis robot
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/

Device
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Fig. 5 Laser heat treatment robot with 2-axis redundancy
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: For heat b For heat
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Joint 1 -160 13.8230 deg 160 (8%)
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Joint 4 210 16.2987 deg 210(7%)

Fig. 6 Simulation results of laser heat treatment on the robot (a)
with 6-axis robot and (b) with 7-axis robot
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curved area
For heat
treatment

For heat
treatment

Jont1 [360 155215deg  160(9%) Joint1 [160  193783deg  160(12%)
Joni2 600001 472804deg  76657%) | ['om2 | 600001 6413%0des 760829 |
Joint3  [.750002 30.8213deg 90.0002(28%) Jomt3 |.75.0002 681292deg 90.0002(73%)
Jointd  [210° 241984 deg  210(11%) Jointd  [210  245534deg  210(11%)
Jont§ [125  17.9435deg  125(14%) Joint5  [125  921143deg  125(73%)
Jont6 [210 -115843deg  210(55%)  Jont6 [210  21.3515deg  210(10%)
Joint7 [-90.0002 20.0000deg 90.0002(22%) Joint7  [:30.0002 -70.0000 deg 90.0002 (-77%)
Joint8 [30.0002 -30.0000deg 90.0002(-33%) Joint8 [.30.0002 -79.9998 deg 90.0002 (88%)

(a) (b)

Fig. 7 Simulation results of laser heat treatment on the robot with 2-
axis redundancy: (a) for the other side curved part of mold
and (b) inner curved part of mold

\\, ~Z
(a) & (b) & (0)

(@) — Heat treatment area of 6-axis robot
Heat treatment area of 7-axis robot

(C) wemmmm wm == Heat treatment area of 8-axis robot

Fig. 8 Comparison of working area for laser heat treatment by
applying 6-axis to 8-axis articulated robots
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Fig. 9 Specimen configuration and measured points for high-
frequency induction heat treatment

Table 2 Test conditions for high-frequency induction heat treatment

No. Transfer speed  Electric power Distance
[mm/sec] (w] (mm]

0 Untested specimens

1 4 2,000 2
2 4 2,500 3
3 4 3,000 4
4 5 2,000 3
5 5 2,500 4
6 5 3,000 2
7 6 2,000 4
8 6 2,500 2
9 6 3,000 3
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& &5, 25, Y F7|2 AAEn. Ald 242 A5 =
A2l AlgolAel mR7IA R tatR @A R 2718k
E=ESHATE & AFelME W 3719 A9 Ao FAda v
2 183}l 5 x 40 mmz AP OH Z

ol ojsh FE AE =
8 AN S &

(B
e l o
il
A
)
ic)
st



December 2023 /1015

& ° F=FHY AR

* o -0-o-

(Top view) 8

80 mm

L (Front view) (Left view)
| 15mm | 200 mm
(b)
Fig. 10 Specimen configuration and measured points for laser heat
treatment
Table 3 Test conditions for laser heat treatment
No. Transfer speed ~ Temperature Beam size
[mm/sec] [°C] [mm]
0 Untested specimens
1 3 1,000 5 x40
2 3 1,100 5 x40
3 3 1,200 5 x40
4 4 1,000 5 x40
5 4 1,100 5 x40
6 4 1,200 5 x40
7 5 1,000 5 x40
8 5 1,100 5 x40
9 5 1,200 5 x40

80

High frequency induction heat treatment

70

60 |

50 -

Hardness(HRC)

40t

30 —1— HCI350
—— FCD550

20

Heat treatment condition

Fig. 11 Hardness results of high-frequency induction heat treatment

3.2 10t fx GRE| Al At

Fig. llol= 250t = A2 AlHoA S B=7F o
Efu} gt HD7009] 79~ d3j2] 4 48.6 HRC7} FA 2] $-of
= AERA 1,2, 3,5, 8, 9§10 4] 60.0 HRC o]42] A =7} 1t
ESEal HCI3509] ¢ dA2] & 49.9 HRC7} GA 2] Fo=
AEZA 1, 2, 3,4, 5,6, 8, 9R1oA] 60.0 HRC o]/fe] =7}

Table 4 Test conditions of design parameters for high-frequency
induction heat treatment

Material Transfer speed  Electric power Distance
[mm/sec] [w] [mm]
HD700 6 2,500 2
HCI350 4 2,500 3
FCD550 4 2,500 3

80

Laser heat treatment
70 t
~ 60
[¢)
©
L
7]
@ 50
C
2
©
T 40t
—@— HD700
30 f —{ HCI350
—/\— FCD550
20 .
0 1 2 3 4 5 6 7 8 9

Heat treatment condition

Fig. 12 Hardness results of laser heat treatment
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5 et 300°S

(b) FCD550

Fig. 13 Traces of melting at temperatures above 1,250°C for laser
heat treatment

Table 5 Test conditions for design parameters for laser heat

treatment
. Transfer speed  Temperature Beam size
Material [mmysec] [°C] [mm]
HD700 4 1,000 5 X 40
HCI350 4 1,000 5X 40
FCD550 3 1,200 5 X 40
A9t
Table 5oli= oA EAx|e] Ao M & H=E €& &+
ol A@zzo] Helo] grk. HDT009] A9 ol$HEL 4
mm/sec, === 1,000°C, HCI3502] 7 o]$<& == 4 mm/sec,

2xE 1,000°C, FCD5502] 4% o]¢& = 3 mm/sec, ==
1,200°C7} v}zl dxja] 27402 Yehg ot

4. CHWE 20| 9fX| H Ut 2% 2F Eot

M @Ol B 2e] @Ae mRaUe g
3= OLP (Off-line Programming) 374-> &% 2590 wA| 2+
PATHE 2 5 9 Wt F ShbRA b B A
78 AtoloflAl Wl s =R0] 913 B ko] tigh @&} HA o]
A oth8-10]. 53] 252 AUt 913 HAL flsiAe
250 7|5k A e AT AAidE Akeld] 914 2
A} BAgo] FAof o]Fojxof gttt & ¢Ato A= Flo]A Ef
7t T2 AW 24 HAE o]8sto] 2RO &E A} T4
] A =S S78% $ SAE dHolHef oaF B oar
&5 0|85t i%«l W 9 912 E A5k

Fig. 149]|= do]*] EHA(FARO Laser Tracker, MetrologyWorks,
UsAz SA4E =22 ez AAE &2ZEY]
(Delmia, Dassault Systems, France)ol| -850 AA| 2743} 7}
e Atel9] §13] Y W eAE BAshs 3 ARIZE W
B Qo glojA EYAR 259 ekt 9IXE S5t

Fig. 14 Calibration of OLP using a laser tracker: (a) real
environment and (b) virtual environment

Table 6 Error analysis between OLP coordinates and actually
measured coordinate values of high-frequency heat
treatment robot

Command value Measured value
(OLP) (Laser tracker)

X! Y! Z! X2 Y? 72
[mm] [mm] [mm] [mm] [mm] [mm]

Error

1 49773 402.8 148.6 49779 4023 1498 14
2 5959.6 -316.8 -381.3 5960.1 -317.7 -3819 1.2
3 49359 -2154 -937.1 49363 -2164 -937.0 1.0
4 42079 -87.0 3775 42075 -87.6 3771 08
5 40189 1723 -450.6 4018.8 171.7 -450.9 0.7
6  4972.0 1469.6 -462.9 4972.0 14703 -463.0 0.7
7 54304 4973 -3982 5430.7 4969 -398.7 0.7
8 52409 9969 169 52405 997.1 17.0 0.4
9 51760 -109 79.7 51762 -11.3 799 0.6
10 54394 1451.0 -141.0 54392 14515 -141.7 1.0
11 54583 1779.2 -787.2 54583 17789 -787.1 0.3
12 3865.6 1329.0 102.6 3865.7 1329.0 1029 0.3
13 46744 23349 -206.7 4674.5 23343 -2072 0.7
14 42127 421.0 -406.8 4212.8 421.7 -4072 0.7
15 4209.2 23653 -183.2 42089 2365.8 -183.5 0.7
16 53585 2506.1 -405.8 5359.1 2506.7 -406.0 0.9
17 47125 14100 -744 47132 14103 -73.6 1.1
18 5541.7 -483.8 -227.77 55413 -4843 -2274 0.7
19 52654 1086.5 -2293 5265.1 1086.4 -229.1 04
20 52157 1584.0 -230.5 5215.5 15845 -230.5 0.6
21  5166.0 2081.5 -231.7 5165.7 20822 -231.7 0.8

22 51164 2579.0 -2329 51164 2580.0 -232.7 1.0

1,2

Error = A/(xz—x1)2+(yz—yl)2+(zz—z )
259 7188 A ox} 8 ZRa AR Aole] 93
2 nystact.

Tables 67+ 7ojli= 150t = AA|E] W glo]A Iz 25t
o tist 7HA; BT AA| 3HE Alole] 91 W HEF 92} HA

0] 917 @3} B4 Aup} et gk ofn) 2R AL 3



December 2023 /1017

Table 7 Error analysis between OLP coordinates and actually

measured coordinate values of laser heat treatment robot

Table 8 Effect of heat treatment time to create robot work path
according to the application of OLP

Command value Measured value
(OLP) (Laser tracker)

X! Y'! 7! X2 Y? 7?
[mm] [mm] [mm] [mm] [mm] [mm]

Error

1 38622 -2537.1 -422.6 3861.6 -2536.0 -424.0 19
2 2921.8 -2121.7 -501.3 2920.8 -2122.2 -500.5 14
3 2579.6 -2095.5 -158.7 2580.5 -2096.3 -157.1 2.0
4 2623.6 -1592.7 -686.5 2622.5 -1592.3 -687.5 1.5
5 4293.3 -1459.1 -677.1 42924 -14579 -6755 22
6 42914 -1459.2 -674.7 42924 -14579 -675.5 1.7
7 43519 -5993 309 43529 -599.8 30.0 1.5
8 37147 -462.9 -629.3 3713.8 -4642 -6284 1.8
9 2913.0 -4024 -6352 2911.7 -4035 -6342 19
10 29704 3923 -5853 2971.7 3934 -5864 2.0
11 38109 1942 -391.9 3809.5 1932 -390.7 22
12 44189 2083 -681.0 4417.8 2068 -6819 2.1
13 4490.1 12052 -684.4 4490.8 1204.2 -683.0 1.8
14 3743.1 12619 -689.5 37422 1260.8 -688.5 1.7
15 3264.6 1037.6 -780.8 32659 10384 -782.0 2.0
16 3263.8 1037.5 -288.1 32623 1038.8 -290.0 2.8
17 32493 166.7 -290.8 32482 1657 -2894 2.1
18 31752 -779.4 -2882 3176.7 -778.5 -289.1 2.0
19  3805.8 -1064.6 -669.2 3805.0 -1065.8 -670.6 2.0
20 26835 -938.6 -679.6 26824 -939.8 -6782 2.1
21 3684.7 -1288.2 -380.0 3683.8 -1287.2 -3814 2.0

22 3644.8 -1853.8 -381.5 3643.3 -1855.2 -3804 2.3

Error = A/(xz—xl)2+ (y2 —yl)2 + (22_21)2

FHO AA dA e 998 zael= 227) Ao AAEY
L= s A L S R QXP—E AA w7 Ex12] FYGollA 3 mm o]
W=zA 54 Gl AEE vehdA] ot 53] 2o @4}
OF Hat A= A f= FA Y 229 Ff- 1.4 mme} 0.8
mm, oA A =3O 79 2.8 mme} 2.0 mm= LERRT
olZ wRo] Myl At thybd 29| X HUEI} +0.05
mm, 4 FF] 25AYEst 0.01 mm ool HE 1
o, 23] FRel 29 FAo| WAEE AAe) 21 9
2 oAb fARE ATE el Ao R o] wie]
shE Aol B7He BE AR A8 JT Ao ek
.

Table 8o]= OLP Z=Z13o] X|YE]A] k& IX e J
ek AR delA S8 25 WA T e 7
OLP Z=2io] A85 dA 2| F7gol gt AA| 3ol
AR 22 wAAREe] BlaE o] itk OLP Z=Io] %
H 2R AR FlolA EfAE S35t 71 ST A

Heat Robot  Robotteaching
Heat treatment treatment L. . .

teaching time time with OLP

(Mold) length [hr] [hr]

[m]
High frequen<_:y heat 6.5 5 3.0
treatment (Tail gate)
Laser heat treatment (Side 145 3 35

outer)

g Atol9] 912 @A} HAAE
2Ao] 9nE OLP Ze IS
(0]

o E—sroq 5 S et
T dxe] 2l e AgstArt. OLP z;:am A w21 5

>~

JARES a1t FA 2] 21 9] 7 40%, o)A EA 2] Al

85 56% SEA 5= 52 % P% S 3l selatgiet.

5. 42

w Aol A4 399X 30l Aes] A on
A BE ALY HYERAS BAS gt 39 24
g AHe) AF B Fof ke 2 AEL At

L 7% EL 8% T 252 6% thbd 23l ula) A
QAL 2025% §Y & Qo0 75 B 2R wFa 9N
2 34, 8% o 23S dold AHel o) AR A
¢}

aat f= G Aol 58 Ao whet o Aol
‘211]‘:'& o]$&TE 4-6 mm/sec, AL 2,500 W, A|HT} 72
7re] 1AL 2-3 mm7E vFEEA g 3 Bl o 4= oLtk
3. glojAl A Aol 25t f= FA 29 v 2
=3 Al wheh o 2ol AINE o] &= 3-4 mm/sec,
L5 1,000-1,200°C7} vFAlEE 34 H49lS E} 2= 919l

4. 7WF BATE AA| 3 Aol 9% 93} ®Ao| 24w
OLP 7jube] elaje] 23 WAXZLE 7|Ze] 23 WAAZHE
th 40-56% A1 4= QlolTt

5. 74 B3 AR 87 Aololl A WAIEE o) 7]sh
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A 22 WS AHof ZY3l= OLP (Off-line Programming)
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I Year of Launching

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

I Aims and Scope

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

I Fee

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

Publication Fee:

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

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

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

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

I Contact Us

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

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



I Rules for Submitting and Publishing Papers

Article 1 Purpose

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

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

Article 3 Responsibilities and Compliance with Code of Ethics

A.The Authors are responsible for the submitted paper.

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

Article 4 Scope of Research

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

Article 5 Categorization of Submissions

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

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

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

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

Article 6 Submission

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

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

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

D.The submitted paper shall not be returned.

Article 7 Review and Decision to Publish Paper

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

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

Article 8 Copyright

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

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

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

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

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

Article 10 Manual of Style

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

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

Article 11 Publication Fees

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



I Guidelines for Manuscript Writing

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

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

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

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

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

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

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

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

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

I Author’s Check List

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

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

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

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

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

8. Is the English abstract within 200 words?

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



I Rules for Reviewing Papers

Article 1 Purpose

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

Article 2 Submission and Reception

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

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

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

Article 3 Selection of Reviewers

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

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

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

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

Article 4 Review Procedure

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

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

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

Article 6 Deadline for Author’s Revision

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

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



I Rules for Reviewing Papers

Article 7 Decision over Publication

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

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

Article 8 Review of Special Papers

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

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

Article 9 Confidentiality

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

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

Article 10 Objection

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

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

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



I Code of Ethics for Academic Activities

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

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

Chapter 1
Overall
Rules

Chapter 2
Author

Article 1 Purpose

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

Article 2 Application Area of Code of Ethics

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

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

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

Article 3 Scope of Misconduct

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

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

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

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

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

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

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

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

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

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

Article 4 Honesty of Author

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

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

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

Article 5 Authorship

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

following 4 criteria:

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

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

Final approval of the version to be published; AND

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

0



I Code of Ethics for Academic Activities

Chapter 3
Roles and
Responsibilities
of Members
of Society

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

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

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

perverting the research result.

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

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

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

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

plagiarism and is not allowed.

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

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

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

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

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

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

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

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

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

C.

results for the submitted paper.

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

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

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

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

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

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

paper can be examined by another EBM.

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

of the society or the Editor.

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

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

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

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

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

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

C.

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

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

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

citation, the EBM should be notified in detail.

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

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

Article 9 Ethics Committee

A

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

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

. Organization and Duties of Committee

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

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

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

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

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

A
B
C
D

. Establish and promote research ethics.

. Prevent and discourage research misconduct.

. Deliberate and vote on research misconduct.

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

E. Improve and enhance other research ethics.

Article 11 Convocation and Voting of Ethics Committee

A

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

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

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

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

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

Article 12 Reporting Research Misconduct

A

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

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

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

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

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

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

A.

B.

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

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

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

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

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

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

(5 Cancel membership to the Society

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

according to the decision of the Committee.

Article 14 Protection of Rights of Examinee

A.

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

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

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

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

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

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

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

Article 15 Disclosure of Record and Information of Investigation

A.

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

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

concerned personnel, it may not be disclosed.

Article 16 Report of Investigation Result

A.

B.

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

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

(@ Content of information

(@ Misconduct subject to investigation

(® List of investigators of Investigation Committee

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

(® Related evidence and witnesses

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

C. Until the final judgment on the research misconduct, it must not be disclosed to the public.
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and Manufacturing-Smart Technology (IJPEM-ST) is a fully open access, international journal that aims
to rapidly disseminate relevant fundamental and applied research works of high quality to international
academic and industrial communities. The journal's specific focus areas in the precision engineering
and manufacturing fields include, but are not limited to:

+ Big Data Analytics and Informatics

V Sensors, Instrumentation and Process Monitoring

v Prognostics and Health Management (PHM)

 Industrial Internet of Things (IIOT)

v Industrial Artificial Intelligence

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

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

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

* Publication Date (Scheduled)

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

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

www.ijpem-st.org
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Scope

« Precision Manufacturing Processes
+ Precision Measurements

« Robotics, Control and Automation
« Smart Manufacturing System

« Design and Materials

« Machine Tools

« Nano/Micro Technology

« Bio Health

« Additive Manufacturing

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

- Design and Materials

SPECIAL ISSUE TOPIC | 2023: Robots for Manufacturing Processes and Systems
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INTRODUCTION 1. Regular paper, Short communication, Review paper
2. IM stEdE| YE =2 5 2+ == M 2 A
3. 91, CI2RC 4 £2 =2 AN U B

AIMS AND SCOPE + Energy Saving and Waste Reduction in - Design and Manufacturing of Green Products
Manufacturing Processes - Materials for Green Manufacturing
- Manufacturing of New and Renewable Energy - Management and Policy for Sustainable
Devices Manufacturing
SPECIAL ISSUE TOPIC | 2016: Hybrid Manufacturing

2017: 4D Printing

2018: Sustainable Manufacturing in 4th Industrial Revolution

2019: Energy Harvesting

2020: Green Smart Manufacturing

2021: Soft and Green Manufacturing and Applications

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

2024: Advanced Manufacturing for ESG
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