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Study on the Effect of MQL Spraying Condition on the Machinability

in Titanium Cryogenic Machining
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Titanium alloys are used in various industries due to their superior mechanical strength and corrosion resistance. However,
titanium is classified as a difficult-to-machine material due to its low thermal conductivity that consequently causes poor tool
life. In this study, cryogenic+MQL milling was performed to improve the machinability of Ti-6Al-4V; a cryogenic coolant and
a minimum quantity fluid were sprayed simultaneously. The machinability was analyzed according to the cooling and
lubrication conditions, focusing on the cutting force and tool wear. When the minimum quantity fluid was injected using two
nozzles during cryogenic machining, the cutting force remained low despite the increase in machining distance due to the
effective lubrication. The average cutting force at the long machining distances (82-86 passes) was 14.8% lower than that
under the wet condition. The tool wear progressed without chipping, and the flank wear length was 55.5% lower than that
of the wet machining because the cryogenic cooling and minimum quantity lubrication reduced the tool temperature, friction,

and thermal shock.
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indirect methods in cryogenic machining
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Fig. 2 Cryogenic machining tool including indirect spraying system
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(Ti-6Al- 4V)

Indirect cryogenic
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Fig. 3 Experimental setup for the cryogenictMQL machining
process
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Table 1 Experimrental condition

Parameter Value
Ti-6Al-4V

Work material

Machining type Down milling

Wet,
CryogenictMQL (1 nozzle),
CryogenictMQL (2 nozzle)

Cooling condition

Tool diameter [mm] 16
Flute 6
90 (1,790 rpm)
0.08 (859 mm/min)

Cutting speed [m/min]
Feed [mm/tooth]

Axial depth [mm] 5
Radial depth [mm] 1
Number of pass 86
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Fig. 4 Measured cutting forces according to machining distance
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Fig. 5 Measured cutting forces at short (1-5 passes) and long (82-86
passes) machining distances
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The hydrophilicity of the cell culture substrate was controlled by depositing it on the alumina surface through the laser-
induced backward transfer (LIBT) method. Alumina particles were sized using laser energy density and deposited on the
soda lime glass surface. The particle size and hydrophilicity of the alumina deposition surface were evaluated by measuring
the surface roughness, contact angle, and light diffusivity. As the particle size increased, the effect of alumina became
stronger, and the deposited surface had relatively higher roughness, stronger hydrophilicity, and higher light diffusivity. The
stronger the alumina effect, the lower the growth of Staphylococcus aureus on the deposited surface. In this study, it was
confirmed that selective bacterial growth and culture could be controlled by adjusting the strength of the alumina coating
using the LIBT process.
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1. N2
NOMENCLATURE

Ey = Laser Power Density Alehals 283k v viA] Ame et W 3k, vk, =
P.r = Laser Output Power 2 7k 9 AA HeAE ZHA AL QAo =S Ak Al®e] 32
vy = Pattern Scanning Speed NS A2 wlieel] sl Alaze] -5, 2t Bl A8 Alotshedl
h = Hatch Distance 8% AoR AAXIL JIH1-5]. IS S0 Hlzk HiAlelA
d = Total Thickness C-Zr02 =31 714 Apolal FlojA Zatel] ofs) e e A
6 = Contact Angle AlA el 2 M2 ST 7] 2L S = Roy et aloj o))
r = Roughness Factor ALAT} B EQITh4). ekulL} B3E 7] o] vl Thai
F = View Factor F2E Wefisto] Al vjre Ye ARe HQITRAL Feng et alof
A = Surface Area ofal| HArE|QIEHS). Alehd] AEme Yrbd o 2245 53f vheo
f = Contact Area Ratio At Alehe) wjA] @3 Aol vt Jio] AR #lolA]
6 = Normal Angle of Incident Light = EFA] 3 oUAIE ] 28T ¢ eSS 2L VI
® = Normal Angle of Reflected Light of| Aletd] B4 Azl 282 4= k. Alehd] FEHol|A ] Alszul

FE| 75 Y o] E/o] ujefael] 9= & 5= ek 53

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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FHON A Y AL vl ATt F82 = qlrk HlolA 7=

oE e e R S 34 1T 4 ok EolA i
Zef=utef gt T Akt S2K(Laser Induced Backward Transfer,
LIBT) 783t A 7 Fofflof oA Rl& Alste] A R
o R SAE Adste] A FHol epleds SAshe 1
ofct. ol2fet ®PHE o83k 23 #4 7o) obd mlo]a=At
I ARE] EolA Sk ol vhol L BEI} A2 Al wjoke] =
dol Fadt 33 vpolaR e W FdE TAR R FA4T
T ACH11] FERFE tiezo] o]2% FlojA] B2 A8 A
= WollMe] Hlg B0 Qlef w2 va S vidd S+ 5
3 o183k Ao) 7R 12,13]. wehA AgEstolA F2 Ab
B3k Aot o] Tresial FAdo] w2 A AR 7 9 S
2o thel} 2 Al=AHt w5 Avfag 71 = Aok E3,
Azl Blol. AFof digt FlolA e S A 2h= sl
7heE Al ek AR 2 A2] FAdo] ThssiEE ael
Alsz vl A EZ] 7Fssiet

& AdFolMe BAQL an 2k SRkl dRuuE o]

A= ARgslo] AFEuL QS LIBT W o s 23} 45

ks oA W wheh £ w4 XU Y45
O Zyzko] ZgQ-of| A wliFuiR| o] Ml vk &8 S &
Astgict. A ol wHsolxl mHlo] Frhgwow A
24, {27t 2%, AHEEHE 53 F A 23S Y
stoltt. olgfst AaE Faf HolA EFuv; 3 Akt FEo)
At SA4of mA= GRS ElskSict.

2. g HiH

LIBT 578 9] 7N=f=7} Fig. 10 Yeht} Qltt. AL o)A 1
2 dFuLt A ofEFold FAFE of7|AIZILE o] wf W
of| A Ayg Sefxmtol os) UFuv= EHOARE ek
FHO R Adr]o] nN YA} FejE F2F k. 2 iy
U= ARSE oA e T} FUgt EHAES e BAo]
FA= 1 mmoln, §i4=2 AAE o] 9] ke F5s] FAIT
T = FAloIth Aol ARGE Hlo]A wi7iRlg= Table 1¢]]
e 9t ARSE Rl AR GFU(ALOs, 97.50%)0]tt
Faketal) sk Ele] Hlo|A AY £ 28-S Bl AR
go|A oA U= HEE Al on 11 4=X]= 20-120 mm/s
ojck. AREE 27y FEl& 10 x 10 mm*2] AF sfjelo]n, e
b @HR HIE-2 0, 50%9] 27HA] -5 ARSRITE HFo) ARE-
H glo]A] oA Wi thaat -2 Ao] A-§=|qirH14].

P
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Fig. 1 Schematic of LIBT process

Table 1 Laser parameter and material setup

Wavelength [nm] 1,064
Energy density [J/mm®] 16.7-100
Pulse duration [ns] 4
Beam spot size [um] 50
Substrate Soda lime glass
Target Alumina (Al,O3)

Fig. 2 OM image of AL,O; particle deposition using LIBT

A7|H, Eq= 32 Hlo]A AUALE, Py= Y, v
NI&E, hie AL, d= 5 FAolth o] A& o]&35}
HollA ARHGE E9Ett oA glolA oUAUEE Sk
™ 16.7-100 J/mm’o|t}.

APAN= FHAnE(BXSIM, Olympus/Japan)ys Faf EH
PAFS olslgal, x4 Fu]Z@LSM 800 BIO, Carl Zeiss/
Germany)®] W 4 41 JEHZ S4(CAM-200, KSV/
Finland)®] 235 53l A AA7| 59 v &4 2Rlskoict.
alA| 23 3EH Qlof AL EAFTES v & A 7R E A
= Sl EHEAEO] At S0 v|Al= FRE FRlskoiTt

o x>

3. 4

oot

A

3.1 0|M| EM gAF BEM
Fig. 2= LIBTZ Zzhg &3}t gjele] Fz gAatolc.
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(a) (b)

(d)

(e)

(8

Fig. 3 (a) Soda lime glass surface. Alumina deposited surface using laser influence of (b) 16.7, (c) 20, (d) 33.3, () 35, (f) 50, (g) 100 J/mm’
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Fig. 4 Ra number of alumina surface samples
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Tilt: 0.0 deg

Tilt: 0.0 deg

Tilt: 0.0 deg Tilt: 0.0 deg

Fig. 5 (a) Hydrophobic coated soda lime surface. Alumina deposited surface using laser power (b) 16.7, (c) 20, (d) 33.3, (e) 35, (f) 50, (g) 100
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Fig. 10 Bacterial culture results of (a) soda lime surface, (b) 16.7, (c) 20 (d) 33.3 (e) 35 (f) 50 (g) 100 J/mm?® alumina surface
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As the size of semiconductor devices gradually decreases, it is important to measure and analyze semiconductor devices,
to improve the image quality of semiconductors. We use VDSR, one of the Super-Resolution methods to improve the
quality of semiconductor devices’ SEM images. VDSR is also a convolutional neural network that can be optimized with
various parameters. In this study, a VDSR model for semiconductor devices’ SEM images was optimized using parameters
such as depth of layers and amount of training data. Meanwhile, the quantitative evaluation and the qualitative evaluation
did not match at the low scale factor. To solve this problem, we proposed an MTF measurement method using the slanted
edge for better quantitative evaluation. This method was verified by comparing the results with the PSNR and SSIM index
results, which are known as quality indicators. Based on the results, it was confirmed that using the MTF value could be a
better approach for the evaluation of SEM images of the semiconductor device than using PSNR and SSIM.
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NOMENCLATURE
Iy = Intensity of Image
o, = Standard Deviation of Pixels of Image
4, = Mean of Pixels of Image
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o

£39) wskuct FHRE dolo] ot Ful GAke] Ji4 st
7} Wb 27k F2 SEM GAol4 VDSR mele] Aol 2
Oﬁ-&hg_ u}il 2~ o]&.g_ ﬁo]ﬂ;}

Fig. 2(b)oll A<} 24 Up-Samplings 2|85t 7-¢- VDSRO||A
AYE AV BF Bicubic WIS 283 Avpurt Ho
2 %4 23 e & 5 Yo

T R wlal )9k @] Fig 3olM FAe] AYkE
stfste] §0ko R wlma K PSNR¥ SSIMe|Ale] 574

Avel iz Q4o Edo] Fobdl AL I 4 it
olejet A R ol A5 AHEE G4 A el
PSNRi} SSIMo] byl The: 4115 Hg3to] 2z} el A

#7He neste] dek

238y gds R=

of2] SISR 7[HelA = A3t &9 949 $4] vus
9l PSNRZ} SSIMo] AR&-E|QIT). 2 7 VDSRE] RHER]
A 2 GAlA L] dat GAS Hlashs Il PSNRat

(a) Low resolution image

(b) Bicubic interpolation image

(c) VDSR image

Fig. 3 Low-resolution and image processed images (Scale factor = 2)

SSIME o531t

PSNR-2 /44 2] W“ shee] digh &4 JEE 7]
Qlaff 2ro]ar x4 o]
a 03/(]-‘/] ZAR-R
A 4= e Fd gl fﬁd o] ghol, gro] 248 £ &
Aoy FAolaL, A Zol 25 +& 4= vk MAX, = B
Aol el Zoigtez 2559 kS 7FAt). Mean Square Error
(MSE)= Bt Al A5 wshar G742l ZokollA CNNEJ
& SR Wol AREY A2 Zrk M, N2 94 3j4)
Eole} YulE ofugitt.

PSNR = 10-1 (MAX@
-8\ MSE M
s = Zunlhi(op) - 1 )T o

M*N

SSIME 20l FAKE G4 SR ) Aol At



278 / April 2023

3=, tiy], 29 3712 Q4F o]gely o3 A3 At
SSIMQ] AZEe 0-1 AFo]Q] gro] vrem 19 7H7he4s G4
So] AR ofulgich.

SSIM(x,y) = 1(x,y) - ¢(x,) - 5(x,¥) 3)

2up,+C
I(x,y) = =4— )
/“lx + Iuy + Cl

20.0,+C
Zx 7y 72 )

o, t0,+C,

o, +C
R r— ©)

) = o

A (4)5E A6 SSIME o] R
el Holet. I(5,) & SEHAECE 4] TULE o8
gk Cr 49 S flal F71%t AR B 650258 ©]
B3, cx,p)E AEIHIRERE Yehir dule REEdE
[gato] =l 7k ghe] Aol ket 4= Qlk. G %] 9] ek
AL Sl 71 Ao 2 5852259 gk 71Tk s(x,y)S
Oﬂ/% q.g\_oﬂ st “_E .:J/\JI%}\—_J q_z;ﬂo] ;q_o];GQ. b}ﬂ'lﬂﬂ
o Fatt BEHAS ol8ste] Ateke A FazolA
AT BA] ARt G G629 ghe 7RI

PSNRE 4] Tz 7]uko.z Aol ZgE|7lo] Iz
o] /\]zyﬁ,gi 7] 2 2po]= 7 &3 WhHo] ofucth. o]}
2] SSIME 522 ZQl 2jo]7} ohd QIzke] A7t BHY Afol 2
B7ketr] glal merEl WolAnt 2 A ] £ Ak
et g HebZlol = 8] AT HoAH ghol Ak
4= Qlth. PSNR¥} SSIME o8] 8425 AREste] g2 YERA|
7 CNNE 0|83t SISROJAE QIzte] o @ sh= Hrjel o

ABIA] ¢h= wo] AHH(12]. o S+53talAt Slanted EdgeE &
g3lo] MTFE Th5o] o) 844 718 Aysisict.

(]

[e3

1
ol

o Ir
N E{H

3. UM BN EY T

3.1 Modulation Transfer Function
Modulation Transfer Function:= 2](7)1} o] A 2=|31 o]

Azo] Zo| Al719}F 2 AI71E o183t 4l oin g

sHA| =l
Modulati [maxilmin (7)
odulation = —————
]max+]min
E3E MTFE Z2 o4 d20] 458 Brlsiet] ALg

e AR B RS olgste] JAe] S wol
Fol W g SHUTHI). MTF 2222 x5 vl 9
o] o] Ql=xE EHsk Hosel Bat glola, y

A

A
58 il ool
A

Fig. 4 A slanted edge image applied to the upper right corner of the
NAND flash channel hole image

300 60 1

»
a
3

50 09

Intensity
o "y n
2 @ S
8 g 8
Normalized Intensity
N @ N
S & S
Contrast
o o o
> S »

o
S
>
o
o

0 0 0.
0 10 20 30 40 50 0 10 20 30 40 50 0 1 2 3 4 5
Pixel Pixel Frequency(cycle/Pixel)

(a) ESF (b) LSF (c) MTF curve

Fig. 5 MTF measurement process

3.2 Slanted Edge 7|

# Aol MTFS VDSR# 2:& 414we) S2ie
SRt ol gt WHEA] 24 P& SEM 94pel MTFS
7 19l Fig. 42} 20| @4t 3-Eo] A4 MATLABO.=
Slanted Edge ImageS 4115} 14]. MTF ZA4LS %
se ol F20] e 4442 Slanted Edges 53liA
=

Fig. 52 MTF A& f53hs e x4 o= verd
Zo|t}. Fig. 5(ay= Edge Spread Function (ESF)o]™, Slanted
BdgeS 45 Tololq 54 $1310] tet 2 A5o] Bake ot
Bl Zholoh. Edge7t 71801 Zt=vkg Al719] ®sk7 it
NREe s o] 942 dehye, AREe Al gl
A|71E 3t} Fig. 5(b)y= Line Spread Function (LSF)o]H,
ESFo] gh& ulaate] Uehyl glolch, 7heSe 54l ol ot
BR L, AlZ32 A Al7IE Atafsto] vrehd glrelct. af
Z]4t Fig. 5(c) MTF Curve?] 7}22-2 thg] ZAalote] Solgl=
Aeie] v g ojujel g7HETE Wit B4 el
¢l LSFE Ftul gojo= weleh Aufo|w, Figs. S(b)et
5(c) Ateloll ol ®igto] AR A& & 4= UTH15]. LSFell
ZI2Ysto] Fig. 5(c)eb 22 &gt

4z 2 oox o__
A
AN e

1 ol
E=)

4] Fast Fourier Transform&
MTF 242 AT},

MTF S48 gZhFaeol] dig diule} Balsg tepfs
A|3zo| ANt e szo]7]of] PSNR X SSIMto] "5‘% H|x 7}
£ Sls) MTF 242) y% dhul7} 0590 o) se) groz
Uehd $22] 2l MTF 50%Z 0|83t}




April 2023 /279

!
4
I
!
I
1
4

(a) 30° (b) 45°

Fig. 6 Slanted edge images at 30° and 45°

3.3 Slanted Edge 2= &3

Slanted EdgeE &-8317]0 %Al Edge7} o] F+= ZHee whet
Atgro] dEtx|7] ol A3 A-tollA] thekgt Slanted Edge
Zre 2 oot QA Bkt 2, 4wt 5990 49 MTF 5=
gl A =3t WIS RS 4= QUSITH16,17]. & Aol
15°% 0} =2 Zhof| A WA B3, ESF, LSF 9@ MTF 3419] 3
£ dlwsr Far) Usich 3009 45°9] 712715 7}R Slanted
EdgeE g0l v]us}glrt.

Fig. 604 SA 3} wiA HAj0] 7]57]7} HAETh AXHA|
Edge 7oA Al 2igke] whel 2tert 245 A2 gAds A
HaP7F A ET A el S3ikt JEiE HH SISRS 73
o A A EE Gool 2R g JAF FY B AdE
O] F A A| o=t}

Fig. 7(a)= Zt=7F FAF AXHA A|719] W3} F17to] Folut
ESF B ¢ 9o] Holut7] wjiZof Fig. 7(b)ollA] vl %185t
H AEtE AI717F =2 g oeo] soldtt. Zro] ARE
=2 Al g2 solu 45%0A= IS 72 ZA dch
MTF 242l Fig. 7(c)olAl MTF 10%E H| @S o], 30°= &
Zrsrubap7) 291 HbE 459 1 ofstof| A ke 2ha F7tseuka
FYo] A3} Hopxlrt. o5 Fall ASH Z=Ql 5°5 FAIsH
B7Hg Asgstaict.

it

4.4

o

al A
=

ol

Fig. 894 Up-SamplingS 4uj=2 ZId j
Bicubic ®71H, Lanczos BE7H o) w2 JAF A& AFE &9l
o = vk FAAQl datzE VDSRO| thE HIE
Channel Hole 2] %77k shels] At A o 4 9k,
Table 10]4] VDSR2] PSNR £%]7} Bicubic E7FH¥} Lanczos

300
—
250 45°

200

Intensity
o o
o a
o o

a
o

o

0 10 20 30 40 50
Pixel
(a) ESF
10
——30°
——45°
> 8
‘@
[ =
[}
€6
el
[0}
N
T 4
£
S
Z 2
0
0 10 20 30 40 50
Pixel
(b) LSF
1
——30°
——45°
0.8
® 0.6
il
c
o
O 04
0.2

0 1 2 3 4 5
Frequency(cycle/Pixel)

(¢) MTF

Fig. 7 Edge spread function, Line spread function and Modulation
transfer function at 30° and 45°

(a) Bicubic (b) Lanczos (c) VDSR

Fig. 8 Super-Resolution images using bicubic, Lanczos interpolation
and VDSR (Scale factor = and 4)

(a) Bicubic (b) Lanczos (c) VDSR

Fig. 9 Super-Resolution images using bicubic, Lanczos interpolation
and VDSR (Scale factor = 1.5)



280/ April 2023

Table 1 A comparison of results measured image quality in Bicubic,
Lanczos interpolation and VDSR

Scale factor VDSR Bicubic Lanczos
PSNR [dB]  31.4212 30.5594 30.7945
4 SSIM 0.9586 0.9557 0.9562
MTF 50% 1.0456 0.7154 0.6086
PSNR [dB]  33.2131 33.9317 34.0116
1.5 SSIM 0.9679 0.9774 0.9778
MTF 50% 1.9773 1.9139 1.8042
0.7
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Fig. 10 MTF curve at bicubic interpolation and VDSR (Scale factor
=4 and 1.5)
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Development of Passive Upper Limb Exoskeleton Device (H-Frame) for
Augment the Load Carrying Capability of the Human
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Compression force sensor (224 MIA{), Load cell (ZE=AL)

Carrying heavy objects in agricultural and industrial sites is the most basic labor, which requires a lot of energy. Many
equipment such as crane, chain block, elevator, and forklift truck has been developed to reduce human power.
Nevertheless, many tasks require human labor. In addition, rapid aging is increasing musculoskeletal diseases in industrial
workers. Consequently, various muscle auxiliary wear robots and devices are being developed. In this study; a passive
upper limbs exoskeleton (H-Frame) was developed to help carry over 20 kg of weight in industrial and agricultural sites. For
the functional test of the developed H-Frame, tests were carried out for 20, 30, and 40 kg of each box. To measure the
objective and numerical data of the H-Frame, various sensor values such as EMG (Electromyography), harness
compression force sensor, and load cell value of side support and rope were measured. EMG and metabolic experiments
were also performed on 8 subjects before and after wearing the device. The average value of the upper extremity muscle
showed a 44% reduction effect after wearing. The device helped the wearer when carrying heavy objects. It could help
prevent musculoskeletal diseases in industrial and agricultural fields.
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Fig. 5 Functional experiment of the H-Frame
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Fig. 8 Results of compression force measurement experiments
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A=A), Superhydrophilic (Z=ZI4~), Laser micromachining (2{[0|X 7}&),

Picosecond laser (|22 24|0| &), Femtosecond laser (HIEZE 2{|0|X])

In a pilot natural super-hydrophobic surfaces study, a super-hydrophobic surface was made by coating, etching, laser
ablation, chemical vapor deposition and lithography. In this study, cone-shaped periodic micro and nano-structures were
constructed on a silica surface with femtosecond and picosecond laser, and the period of micro-structures between cone
shape patterns was increased with 10 um intervals. The contact angle and image of the super-hydrophobic surface were
analysed and the cone (Aspect-ratio 1.27) shape model with micro-protrusion structure similar to the surface of the lotus
leaf was made to measure the contact angle. To analyse the differences in the contact angles between the cone shapes
and heights of the micro-protrusion, different samples with cone (Aspect-ratio 1.27), sphere (Aspect-ratio 1.00) shapes were
made through laser micro-machining technology. To mimick the natural lotus leaves, the optimum condition was a cone
shape. Samples of PDMS with different shapes and mixed micro/nano-structures were fabricated with a PDMS mold insert.
The largest contact angle was measured at 170.42° which is similar to the contact angle of the lotus leaf. This mold insert
could be used repeatedly. The molding process is advantageous for large areas and mass production.
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Fig. 1 Digital camera images natural lotus leaves and (b) Water on
the lotus leaf. FE-SEM (c)-(d) Image of lotus leaf
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Fig. 3 Schematic diagram of laser micro-structuring for lotus effect
of experiment method
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Fig. 4 The FE-SEM image of micro hole of silica glass micro-
structured by picosecond laser. Nano structures are visible on
the micro hole surface

/\ / § Ay |

oohm

Fig. 5 The FE-SEM image of micro-protrusion of PDMS after mold
process. Nano-structures are visible on the micro-protrusion
surface
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Fig. 6 Schematic diagram of laser micro-structuring of micro-
protrusion with different periods
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Fig. 7 The FE-SEM image of micro-protrusion of PDMS with
different periods of micro-protrusion. The periods of micro-
protrusion are (a) 140 pm, (b) 160 pum, (c) 170 pum, (d) 300
pum, (e) 400 pum, (f) 600 um
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(a) 0= 144.64°
at A =140 pm at A\ =

(b) 6=150.6°
160 um

(c) 6=170.42° (d) 6=147.91°
at A =170 pm at A =300 pm

(f) 6=110.22°
at /A =600 um

(e) 0=141.67°
at A =400 um

Fig. 8 The contact angles of periodic micro-protrusion of PDMS
with different periods of (a) 140 pum, (b) 160 pm, (c) 170 pm,
(d) 300 um, (e) 400 pwm, (f) 600 um. The contact angle are
(a) 144.64°, (b) 150.6°, (c) 170.42° (d) 147.91°, (e) 141.67°,
(f) 110.22°
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Fig. 10 The FE-SEM image of micro-protrusion of PDMS with
mold used repeatedly. The micro-protrusion of silica mold
repeatedly used are (a) Repeat 4th reuse, (b) Repeat 6th
reuse, (c) Repeat 8th reuse, (d) Repeat 10th reuse

(b)

r10

© (d

Fig. 11 The FE-SEM image of micro-protrusion of PDMS with
mold used repeatedly. The contact angle of micro-protrusion
of silica mold repeatedly used are (a) 162.39°, (b) 161.77°,
(c) 159.79° (d) 156.12°
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Fig. 12 The graph of contact angle with micro-protrusion of silica
mold repeatedly used

Period A = 170um
150pm

Period A = 170um

Period A = 170um

Period A = 170pm

Fig. 13 Schematic diagram of laser micro-structuring of micro-
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Fig. 14 The FE-SEM image of micro-protrusion of PDMS with
different aspect-ratio of micro-protrusion. The aspect-ratio
of micro-protrusion are (a) 2, (b) 1.54, (¢) 1.27, (d) 1.00
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Fig. 15 The FE-SEM image of micro-protrusion of PDMS with
different aspect-ratio of micro-protrusion. The contact angle
of micro-protrusion are (a) 146.16°, (b) 152.22°, (c) 170.42°,
(d) 156.79°
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Fig. 16 The graph of contact angle with different aspect-ratio of
PDMS sample
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A Recurrent Neural Network for 3D Joint Angle Estimation based on
Six-axis IMUs but without a Magnetometer
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2t =), Inertial measurement unit (ZHAESZZEEX|), Magnetometer (X|XE7 [MIAT),

x>
(&2t ML), Joint constraint (A L&)

Inertial measurement unit (IMU)-based 3D joint angle estimation have a wide range of important applications, among them,
in gait analysis and exoskeleton robot control. Conventionally, the joint angle was determined via the estimation of 3D
orientation of each body segment using 9-axis IMUs including 3-axis magnetometers. However, a magnetometer is limited
by magnetic disturbance in the vicinity of the sensor, which highly affects the accuracy of the joint angle. Accordingly, this
study aims to estimate the joint angle using the 6-axis IMU signals composed of a 3-axis accelerometer and a 3-axis
gyroscope without a magnetometer. This paper proposes a recurrent neural network (RNN) model, which indirectly utilizes
the joint kinematic constraint and thus estimates joint angles based on 6-axis IMUs without using a magnetometer signal.
The performance of the proposed model was validated for a mechanical joint and human elbow joint, under magnetically
disturbed environments. Experimental results showed that the proposed RNN approach outperformed the conventional
approach based on a Kalman filter (KF), i.e., RNN 3.48° vs. KF 10.01° for the mechanical joint and RNN 7.39° vs. KF

21.27° for the elbow joint.
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Fig. 2 Experimental setup for (a) mechanical and (b) elbow joint
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Table 1 Averaged RMSE of joint angle estimation for mechanical
joint data (unit: deg)

Test (Trial) Method 1 Method 2 Proposed
Normal (1) 10.31 9.30 2.97
Normal (2) 4.46 7.55 3.50
Normal (3) 11.75 7.51 3.24
Normal (4) 4.60 9.55 4.80
Fast (1) 15.02 9.66 3.47
Fast (2) 14.02 10.06 3.45
Fast (3) 7.57 9.69 3.37
Fast (4) 12.38 11.30 3.05
Average 10.01 9.32 3.48

Table 2 Averaged RMSE of joint angle estimation for elbow joint
data (unit: deg)

Test Method 1 Method 2 Proposed
Test 1-1 10.98 20.61 8.93
Test 1-2 32.38 24.94 11.08
Test 2-1 46.25 8.42 3.72
Test 2-2 41.49 15.13 3.98
Test 3-1 3.04 15.97 8.17
Test 3-2 3.82 21.46 6.61
Test 4-1 2.61 3.77 6.05
Test 4-2 2.38 34.46 6.72
Test 5-1 6.34 10.34 8.87
Test 5-2 22.12 37.21 9.29
Test 6-1 44.43 9.22 4.87
Test 6-2 39.40 16.84 10.41
Average 21.27 18.20 7.39

Table 3 Comparison of averaged RMSE and standard deviation
according to the model

Model 1
(Proposed) Model 2 Model 3
Mechanical 3.48 (0.57) 8.86 (6.60) 9.13 (7.24)
Elbow 7.39 (2.45) 9.26 (7.41) 7.93 (5.88)
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Control Characteristics of a Mechanically Driven Gas Pressure
Controller for a Closed Pneumatic Circuit
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In this work, precise gas pressure control based on a closed pneumatic circuit was achieved with a mechanically driven
gas pressure controller (MDGPC), consisting of a variable-volume bellows chamber and linear actuator. The linear actuator
was employed to change an axial dimension of the bellows chamber with the proportional (P) and proportional-integral (Pl)
controls for fast, stable, and precise pressure control of the gas inside the bellows chamber. The pressure control stability
and resolution of the MDGPC were approximately 1.5 Pa and 10 Pa for the P control and 1 Pa and 5 Pa for the Pl
control, respectively. Despite the more stable and precise control characteristics of the Pl control method, overshoots and
undershoots observed during the set-point pressure changes and recoveries from pressure disturbances rendered it
unsuitable for the MDGPC control method. In contrast, the MDGPC operated under the P control did not show any
significant overshoots or undershoots when the set-point pressure abruptly changed or when the MDGPC was exposed to
pressure disturbances. Therefore, it was concluded that a fast, precise, and stable gas pressure control in a closed manner
was attainable with the MDGPC under the P control.
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NOMENCLATURE At,,
Apeont = Magnitude of the Pressure Change

External Temperature Change

Ti
fme Apgic = Magnitude of the Pressure Disturbance

Manipulated Variable

Coefticient for the Proportional Term (P gain)
Coefficient for the Integral Term (I gain)
Coefticient for the Derivative Term (D gain)
Steady-State Error

1. M2

Initial Axial Dimension of the Bellows Chamber
Stability of the Controlled Gas Pressure
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Table 1 Control characteristics of the MDGPC to +1 kPa step
changes in set-point values at various proportional gains

(Kp)

K Control Peak-to-peak Overshoot Undershoot

P | stability [Pa] amplitude [Pa] [Pa] [Pa]
1.0 2.00 9.25 1.81 0
1.1 1.48 7.14 3.98 0.32
1.2 1.94 7.68 1.00 0
1.3 1.47 6.42 1.36 1.06
1.4 1.15 5.68 1.37 2.69
1.5 0.54 3.57 1.07 1.58
1.6 0.72 3.20 1.65 1.93
1.7 0.81 4.87 1.46 2.54
1.8 1.26 476 1.13 2.48
1.9 0.89 491 3.15 1.43
2.0 0.71 4.10 260.92 4.92

ARt = Alofol55 2|4 Alojol5o g HAAskarat a3l
Table 1> o]e} -2 H]gA|ojo]=5 WZle| w2 SHEA Al
¥ s Hojpn, Z} mlgA|ojo|5elA AU FA ?7}
o) 3087 43 ST wsle) mERAR Hoje Alo] o
A & (Control Stability), AA¢te] |2 7+ W gkt J,]/\71-
o] A2 Aojy HFEXA] 7+ FE(Peak-to-peak Amplitude), 274
QIE Wi} A ek HEAeL HAME SR A2 4o
3t @ FrE(Overshoot) W A W3} A] 2hASE 2 A %]k
AAAE 24d= ] A2 A2t oAt 4+E(Undershoot)?] 7k
ol

¢

2 1T 5 vk B2 Fo) AT 5 Qo] HldAllolS
L5oIA 71 Qb3 Eel eiAlelst o] ol he Bl 4 9le
o, AEA 7 AE o] HasES S o & itk £
oH HE W lE HES A9 ArjHom vhe £29l o
1Pa2) k2 7HS SISk olo] wet & ApoAt: PA
o2 913 H2) welAlolo| 5o b PP AQl YRl S
3} ool ArjHoR A o £E U o £E B4 B
21 152 28 vleAolo 502 stk

3.3 PIHIo{ =X Hlojo|S &AF

<3t vie o] PAlO1E B3 Alol= SUEe] Ay
of 2AFHz A9 Aol sl mdsA RaAY A
oFHollA A& W Y AEsk= AAIE o312 714 4= Q)
B Lo A= MDGPCE o] 43t 714 gFeiA|o] A] uast —’F
1= HARATE] 2212 glol7] 3l PIAlo] A ALt} B}
om, PIAlo] G52 913F 2|4 Alojo]55 AAsaL oS o]
Rl 7?* Ao =FEIE PAlO] 28 Axel v]uskaiat
1Tk E ATto A ARRSE PIA|o] 7]HE A S A)(5)9} 7+
o] ¥3 E]n:] o 14_4 PA|o]o} Ea5HA orElHs

iol‘

[¢)

ol

Z}ZF 1 mm, -1 mmz A5k}

m=1+K, xAp(gp)+K1I A (C”)dt )

2 AtellA= PIAOIE fI3F 2A Bl A|ojo|5 (Kp) T 2]
EAlolol5 (K) =7 24S el 1.058 2.0714]9] m]#A]| o]
o] 5 Hlof thall ZEA|o1o] 52 0.0055-E] 0.057HA] HAAIA
7k +1 kPa®] Aty Aot Riste] tigk MDGPCY| 395
AlRABEGT). 2 AFollA= PIAlolE f13t 24 Aolol5
te] A Al PAIOIE fI3t 22 wH|gAlolol 5o A &
2t 715S A85to] 24 Alojols 23 AT

Figs. 2(a)2} 2(by= H]g] W HEAoJo]E H +1 kPa2] Atk
3 AR Wl sl 2k AU fA 1 W Alold ™
P ot HEA] 1E H3E HojErth IgolA] Hol= Hfe}
2ol vlgA|ofo]5o] F7ietel wet Alojdhe M =Tt
slom, AefelSe] K, =203 K, = 001 9 3% 74 o
TV QPR iAol Aol JRsslsict. Eh, Fig. 20
X 2 4 )0l AR WEL] A4S HpAolo|S Hslo] mE

Jorouy, KP=20LL K =001 9] 23S

744w of §Paz ATjEOR e S 744 9 Alofol S
o2 A APt e 9
Figs. 2(c)et 2(dy= 27} vl & HEAojo|5 ¥ Ak
T e
of &tk IdollA & 4= %ol Kp = 2.0 1} K; = 0.01 ¢
VA o) AR We o] o8 = W AR o
FETL et olg) 2o AEo] el ¥ ATolNE
Ky =203 K; = 0.01 £ PIjlojo] 2] Alojo]5 zgtos 41

e N ox
01‘ 1101' mlo

[*]

I“N

ol U:?‘.:
[o
S~
o
%
2,

o
S
%

= =
Jzi
ro,

l‘)‘l [UlO oft —
I HI[UZ: 2

o
mlo

in)

ox
ot
pacd
_\1

HE r&

1z

ol 4 A28 MDGPCE o|e} Zo] Al 24 )|
x]omcg A gstel 7k AP Aol 413
Fatgow, el HAe B8 HEz ZAW
v} gk, 93t 2ol MDGPCo] Agereo] el =
SRS Aap) B dp/dik 3 Aololel 2
7h AgEe] Y 5712 Qe 25w o
o5k 7PAAAY W] FF LolwskAIAMEh: )
MBS fmstel, wskE 4 S wgoR A%
ofah0.24 MDGPCS] 73|23 HH| Wi 7hagh
erelom Ju Alofsia sheict.

ox (m 2 ue
ﬁ i iy re
B L &

N

= 1@ lo
r&
M

of

s

o

& oE HJroow o
é

tlo |
mi .

3.4 MDGPC U=HNIGISN AlE 4hH
A oAl flot Zol AAH 27 PAlo] W PIFo]o]
£3}o] MDGPCE 1E319on, ¢taEAo] ok e o
, A *W%@l H3ks 59t =7k Aol s, o
558 59 ZHoA MDGPCe| ¢ Ao
;’8}‘?&}. % Aol A AzE MDGPCE= 71 )4
glo] eJFe] EEo] glomg o7 2w
w}a} LH"?‘ Fgwstt 4 4= 9ltk. MDGPCE o]&-
Ao dAS YAl olof T2 ALz

Jzi VFL

filo

ol =
-
=)
=
[¢]

o R ot Jl;ﬂ 1 o
% e E}Tg o
e = & re
ﬁ\llé
ey
ne rOl'
5 jof_
dz »=

o



April 2023 /313

Control stability/Pa

(a) Control stability changes with proportional gain (K,)
at various integration gains (K))
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(d) Undershoot changes with proportional gain (K,)
at various integration gains (K)

Fig. 2 Control responses of the MDGPC to +1 kPa step changes in the set-point value at various proportional gains (Kp) and integral gains

(Kp). Insets show the magnified view of the responses
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Fig. 3 Block diagram of the gas pressure control process of the
MDGPC
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Fig. 4 Stability changes in the gas pressure inside the variable-
volume chamber when the MDGPC was in operation with
the P or PI control method. The insets show the variation in
the room temperature

gt AU 582 9A BriEoloF & T8 54 T 8t
Lpoleh. ofofl 2 At A= 80 kPad] AU OR Ao F4l
MDGPCOﬂ QFLof| A +5kPa2] o2 9]ehe AAAIZE Bk 2l
& m MDGPCe] AU o5& AR 8l oj& & Aol
=S FRAER sto] MDGPCO Qjsto] tigt olu52s
Brretazl il s Aol 2 b efgh2 drmol 4
¥+

8 7k eAlo}71E olgstel 75 kPa W 85 kPa2] ¢fel
AR 5 oF 5 S«l ARk E<F MDGPCe| 7P A| 4| WS 3
T Aol kEATIE AR eiglen, A =
Sl ol

T H

AZES: 2SI Q7k F e el 99.99%0 shs
om0 A £08 AR Hosteint

4.1 2={H0] oK =y}
Figs. 4@)2} 4(b)= oF 42°C9] 2]7] Lwwls) 87304 22t
P % PIAlO}E &3 MDGPCE] JeiAlo] A% 7«

Pressure/kPa
Pressure/kPa

L N I BRI RN RN S
79'960 30 60 90 120 150 1889'98

Time/min

(a) Under the P control

Pressure/kPa
Pressure/kPa

o b b L
79'960 30 60 90 120 150 1889'98
Time/min

(b) Under the PI control

Fig. 5 Response of the MDGPC to increasing pressure steps
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Fig. 6 Response of the control gas pressure to stepwise set-point value changes with enlarged figures at specific pressure
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Fig. 7 Transient responses of the controlled pressure under different
control methods

1

ghelstict.

4.3 2ol CHEt 31553 Fot

MDGPC?] ¢t& 9H°ﬂ izt AU 3552 80
Aok o2 Alo] 29l MDGPCo]| +5 kPa ¢t 9|22
2 7bele W dofdl AREdH e I AvS
7Vl At Figs. 7(@)2F 7(by= 212t PAo 9l PIAlOIES
Aol F £5kPad] Y Qte] =EH F Hojxl
E._TL]—X—LO_ Hoqz\:]. :/_ELO_ E—C‘;H §:]-01st s }Jl\?‘:\_o],
A U5 Qe obEl QR o3| RA] gk wigke
of & PIAlo] A] Z4z} oF 5% W oF 20% olujofl At
slEstlon, 318 3 oY M= PAojeL PIAHO] A] 7
1.5Pa?} 1Paz F7}E|QIc ofof wha}, 2 AtollA AR
MDGPC= g jgho]| tisf| Ao} b= oujo] HAJeke
7HAAL Qe ERlsie). ot :11“/101]/\1 s}olat
A7eE I A o8 E B
SR 35S W]l ¥, PIA|o] A 11101 ol A
! E7F sk}, oY Qsto] &7kl
2 o] PIA|oj Rl PA[O]9] A-§-o]
At o FriE itk Egh, oA Hol= HRet

ofi

& o

Léiﬂﬂﬁ%
'mioﬂmjmg

o o

f
E-{)ﬂrﬁ’,h_lil-méoﬁ:

A,
ke
T

J1E
o

o
-
>
2
lo
ol ¥
—{o

S fo I 30 o
o 2 T (W M o
3> 82
m o
N
e
o,

N

3

<

»)

Q

o

o

r

X,

o)

uz
)

T
(.
i
rlo
BN
1o
132

W)

)

o

<,

H"

et e
o2l I il
o o

>

= 8y
€ 3% 145 2

2
T
Z
g
S
!
° 1o
N
+ !
oy
oflt
i)
T
1o
o o
o
::I

rh
K

2 AelMe WY TARR W &Y TR qF A of
S Addsp] {8l 7PaAAE el Y FE71R o)Fold
g 71A -4 7Hs A7/ (MDGPOYE Al#Hstoit.
MDGPC2| gl 2eet Alojgals S4sh7] s 2 St
A= PAlo] B PIAIOIE 285 MDGPCO] 7t ¢fgjA|o] 54
& Atz kgl ol& I8l 2 dAellA= WA MDGPC
o] gl A3et PAlo] B PIA|o|9] 2|4 AlojolSg BA s}
o, o9} o] AAH 24 PAlo] 9l PIAo] A2 -85t
MDGPC2] iAo} 5442 ARt

MDGPC] ¢F=A|o] P /\I A 23}, PAl12} PIA|o1E &
831 A] BE MDGPC 152 Z3) 7Pz 28 Au] U o
=T A FEe 2“{ stglem, PAlo] 9l PIAo} A] Zf
ZF oF 1.5 Pac} 1 Pad] Ao HES 7HE 2elskaict.
olo] =3 £5 kPa®] =3t Ao s} gl obe ofgho] gt
MDGPCS] %*EWM 2 A= A, MDGPC= A9
g RIS wEe AYE gEHet 7d 9 o eftel disl
Aot Y= OMH AEYE 35 vYe 4

J

N
4
kl
z0
(¢
O
o
-0,

I
grlr
2
lo 1% o
E o0
g
9

Shlt. ohel, PIA|O1E &9k ARt WHet
o AAdE 3 Al PAlojol A= ERERX

B

a.
rlo

W ole] FEZH WAScts Yol M sl
ofol] glo] PIAlo| Tk PAlol7} 1% HETE Bl
2 %3, 2 PAloZ A8 MDGPCE AT 45 U]y
ez 7y TQPg TR iAol S 4 9

&< Selst

o
N
4>
=
i
rlr
Y

= 1
-0,

ol

S

32

™
o

by

c

o
2

o},

d
il

ACKNOWLEDGEMENT

=E]20218)e]] <fste]

REFERENCES

1. Yun, S, Han, S., Kim, M., (2009), The world-wide market and
technique trends of process & hydraulic-pneumatic valve, Journal
of Drive and Control, 6(3), 2-9.

2. Korea Association of Standards & Testing Organizations, (2017),
Altermeters, (Report No. KASTO 17-20401-427).



ro

ZHLUSSSX| M40H M4E

April 2023 /317

98]

10.

11.

12.

13.

14.

15.

16.

Korea Association of Standards & Testing Organizations, (2019),
Absolute pressure gauges, (Report No. KASTO 19-20406-391).

Kim, B.-S., Lee, J.-J.,, Nam, K.-W., Jeong, G-S., Ahn, C.-B.,
Sun, K., (2007), Pressure regulation system for optimal operation
of the pneumatic vad with bellows-type closed pneumatic circuit,
Journal of Biomedical Engineering Research, 28(4), 569-576.

Jang, J., (2001), A study on the pressure control of a pneumatic
pressure vessel considering dynamic characteristics of pneumatic
transmission line, Journal of Power System Engineering, 5(4),
90-96.

Jang, J. S., Lee, K. K., (2001), A study on the pressure control
of a pneumatic pressure vessel, Proceedings of the Korean
Society for Power System Engineering 2001 Autumn Conference,
296-301. https://www.dbpia.co.kr/journal/articleDetail ?nodeld=
NODEO01039826

Jang, J. S., Koh, D. K., Kim, Y. B., (2006), Pressure control in a
pneumatic pressure chamber, Proceedings of the Korean Society
for Power System Engineering 2006 Spring Conference, 333-338.
https://www.dbpia.co.kr/Journal/articleDetail ?7nodeld=NODE01028097

Yun, S., Kim, C., Seo, S., Park, J., Ham, Y., (2006), Pressure
regulator for piezoelectric valve, Transactions of the Korea Fluid
Power Systems Society, 3(2), 1-6.

Yun, S., Kim, C., Ham, Y., Park, J., Youn, D., (2007), Digital
control for PZT type electro-pneumatic regulator, Proceedings of
the Korean Society of Precision Engineering Conference, 93-94.

Yun, S., Lee, K., (2008), Digital control of electro-pneumatic
regulator with two piezoelectric microvalves, Journal of Drive
and Control, 5(2), 17-23.

Kim, B.-W., (2011), A study on the characteristics of high
pressure regulator for vehicle CNG Journal of the Korea
Academia-Industrial Cooperation Society, 12(12), 5997-6003.

Jung, J.-H., Nam, C.-W., Kim, M.-K., (2021), A study on the
pressure control process of gas regulators through numerical
analysis, Journal of the Korean Institute of Gas, 25(5), 37-51.

Yoo, C. Y, Kang, S. M., Choi, S. W., (2020), Method for
determination of pump ejection quantity through in vitro
experiment of ECMO wusing pneumatic pulsatile pump,
Proceedings of the Korean Society Mechanical Engineers 2020

conference, 1996-1998.

Cavaglia, M., Olivieri, C., Morbiducci, U., Raparelli, T., Jacazio,
G, Ivanov, A., Chiesa, A., Savino, D., Chiarenza, S. M., Romiti,
A, (2021), the
COVID?19 era: Proposal for a continuous positive airway

Noninvasive mechanical ventilation in
pressure closed?loop circuit minimizing air contamination,
oxygen consumption, and noise, Artificial Organs, 45(7), 754-

761.

Joung, W., Gam, K. S., Kim, Y.-G, Yang, 1., (2015), Hydraulic
operating temperature control of a loop heat pipe, International
Journal of Heat and Mass Transfer, 86, 796-808.

Joung, W. C., (2015), Loop heat pipe-based hydraulic

17.

18.

19.

20.

21.

temperature control technique and its application to the precision
thermometry, Proceedings of the Korean Society Mechanical
Engineers 2015 conference, 1517-1519. https://www.dbpia.co.kr/
journal/articleDetail7nodeld=NODE06575881

Kim, J.-W., Choi, K.-H., Kim, D.-S., (2008), A study for micro-
patterning using an electrostatic inkjet, Proceedings of the
Korean Society Mechanical Engineers Conference, 1103-1106.

Yang, Y.-J., Ko, J.-B., Dang, H.-W., Kim, H.-C., Choi, K.-H.,
Cho, K.-H., (2012), Development of pneumatic ink supply
system for electrostatic head on meniscus control, Journal of the
Korean Society for Precision Engineering, 29(4), 455-460.

Desborough, L., Miller, R., (2002), Increasing customer value of
industrial control performance monitoring-Honeywell's experience,
Proceedings of the AIChE Symposium Series, 169-189. https://www.
researchgate.net/profile/Lane-Desborough/publication/228814712
Increasing_Customer Value of Industrial Control Performance
Monitoring_-Honeywell's_Experience/links/573cb75b08aea45ee8
419a26/Increasing-Customer-Value-of-Industrial-Control-Performance-
Monitoring-Honeywells-Experience.pdf

Lei, G, (2020), Feedback and uncertainty: Some basic problems
and results, Annual Reviews in Control, 49, 27-36.

Smith, C. A., (2003), Automated continuous process control,
John Wiley & Sons.

Cheongyong Park

M.Sc. candidate in the Department of Intel-
ligent Robot Engineering, Pukyong National
University. His research interest is on preci-
sion thermal control.

E-mail: cypark9015@gmail.com

Wukchul Joung

Assistant Professor in the School of
Mechanical Engineering, Pukyong National
University. His main research interest is on
precision thermal control and thermometry.
E-mail: wukchuljoung@pknu.ac.kr






ol

e HUSSHS|X| X 40 H X 4= pp. 319-327 April 2023 /319
J. Korean Soc. Precis. Eng., Vol. 40, No. 4, pp. 319-327 http://doi.org/10.7736/JKSPE.022.130
ISSN 1225-9071 (Print) / 2287-8769 (Online)

r

Realization and Scheduling of Free Spot Assembly Method
for Machine Tools Using Cooperative Industrial Robots

Kosuke Inoue"?* and Hideki Aoyama®

1 School of Integrated Design Engineering, Keio University

2 Makino Milling Machine Co., Ltd.

3 Department of Science and Technology, Keio University

# Corresponding Author / E-mail: inoueko@makino.co.jp, TEL: +81-46-401-2373
ORCID: 0000-0003-1757-2841

KEYWORDS: Assembly scheduling, Collaboration assembly, Cooperation assembly, Mobile robot, AGV

The manufacturing industry is increasingly demanding flexible manufacturing and existing manufacturing methods with
fixed equipment do not meet this requirement. The free spot assembly system is an ultra-flexible method that responds
to this demand, enabling spatiotemporal free assembly by conveying all necessary resources with automated guided
vehicles (AGVs). Although some studies have proposed free spot assembly, free spot assembly feasibility for assembling
heavy objects, such as machine tools, by aligning them at high precision has not been verified. Work hour shifts,
differences in worker skill levels, and cooperative work with robots have also not been considered in free spot assembly
scheduling. This paper presents elemental technologies for realizing a free spot assembly system, with a scheduling
method where a genetic algorithm is supported by dispatching rules with six genes. The computational results reveal the
effectiveness of the proposed algorithm.
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1. Introduction
Selecting a spot forassembly

In the manufacturing industry, the demand for mass I

customization is increasing [1,2]. Reconfigurable manufacturing o
Positioning assembly targets, parts,

systems (RMS) have been studied for flexible production to meet and robots on the spotby AGV
this demand [3,4]. However, the flexibility of conventional fixed 1

facilities is limited. As a new production system to solve this P R T
problem, free spot assembly systems, in which automated guided parts position by robots
vehicles (AGVs) are used to set up assembly parts and equipment |

at an arbitrary location and then used as the base for assembly, Assembling parts to assemblytargets

by robots

have been considered. The entire process of the free spot assembly

is sh in Fig. 1. Although ies h: fi

15 STown I F18 though some studies %w.e‘p roposed free SP ot Fig. 1 The entire process of free spot assembly

assembly [5,6,7], free spot assembly feasibility for assembling

heavy objects, such as machine tools, by aligning them at high

precision has not been verified. arbitrarily, the scheduling becomes complicated, necessitating a

In free spot assembly, although the locations can be set scheduling system. There are examples of free spot assembly

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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scheduling [8-10], but they do not consider worker work hour
shifts, differences in worker skill levels, and cooperative work with
robots. As assembly processes can be executed at different times of
the day due to differences in worker shifts and skill levels, the
work to set up and place the spots must be optimized dynamically.
In addition, the optimal placement of robots with AGVs enables
cooperative work among robots and between robots and workers,
further increasing the flexibility of free spot assembly.

In this paper, we show elemental technologies for realizing a
free spot assembly method in which cooperative industrial robots
are introduced for assembling machine tools by verifying an actual
machine. In addition, for optimal scheduling of free spot assembly,
we propose a genetic algorithm with gene expression suitable for
solving the features of this problem and confirm its usefulness by

numerical experiments.

2. Examination of Elemental Technologies required for
Free Spot Assembly of Machine Tools

In this section, elemental technologies required for free spot
assembly of machine tools is shown. The first stage of fig. 1 is
decided by the scheduling mentioned below in Chapter 3, and the
spot setting is shown in Section 2.1. The required technologies in
the second stage of fig. 1 is shown in section 2.2, the third in
section 2.3, and the fourth in section 2.4, section 2.5.

2.1 Spot Setting

Figure 2 shows an overview of the free spot assembly of the
machine tools under study. As shown in the figure, spots A-1 to A-
10 and spot B-1 were set as spots. Spots A-1 to A-10 were spaces
where a mobile robot and a worker could work cooperatively. Spot
B-1 was the space where the fixed robot was installed, and mobile
robots and workers could not work.

The main assembly targets of the machine tools were the bed
and column, which were placed on AGVs and delivered to the
desired spots. At the same time, the parts to be assembled on the
bed and column were simultaneously delivered by AGVs to the
required spots. Although, ideally, the space (position, size) of a
spot could be freely and arbitrarily set, the position and size of a

spot were treated as fixed in this study.

2.2 Position Recognition during Movement Control of AGVs

Figure 3 shows an AGV with a bed mounted. The tires of the
AGVs were mecanum wheels, which enabled flexible movement
in all directions. When moving an AGYV, the position of the AGV
must be recognized. In this study, two light detection and ranging

SpotB-1 |SpotA-1 | SpotA-3 |SpotA-5 |SpotA-7 | SpotA-9
Uni Worker
nit
Mobile Unit Unit
Robot | Worker Worker

Fixed Moving passage
Robot [

Unit . :

. |SpotA-2 [SpotA-4 |SpotA-6 |SpotA-8 | SpotA-10
| Unit \ Unit
Mobile ‘ Mobile
Robot Robot

Fig. 2 Free spot assembly overview

Fig. 3 An AGV with a bed

Fig. 4 Laser irradiation for detecting position and inclination angle

(Lidar) devices were mounted on a single AGV, and the position of
the AGV was recognized by the simultaneous localization and
mapping (SLAM) method. In this case, the position recognition
accuracy of the AGVs was £10 mm, sufficient for moving and
controlling the AGVs without interfering with other objects.

2.3 Position Recognition during Assembly

The position recognition accuracy of the AGVs was £10 mm,
which was not accurate enough to realize the assembly of parts.
Therefore, a relative distance measurement camera was installed in
the end-effector section of the robot mounted on the AGV.
Furthermore, as shown in Fig. 4, a cross-shaped slit light was
projected onto the position to be assembled after AGV movement
to measure the position and inclination of the plane. The position

recognition accuracy was £0.1 mm, which was not sufficient for
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(a) Tapered screw (b) Tapered hole

Fig. 5 Tapered screw and hole

(a) Robot hand

(b) Ball screw

Fig. 6 Robot hand for ball screw

assembly. However, assembly with a position recognition accuracy
of £0.1 mm was made possible by the innovations described in
Section 2.4.

2.4 Assembly Part Shape and Gripping Tool Shape

The position recognition accuracy by the camera was +0.1 mm,
while the error associated with the arm when the robot grasped the
heavy object and the actual position recognition accuracy of the
end-effector part of the robot was about +0.5 mm. To realize
assembly even with this accuracy, we devised a method to perform
positioning according to the shape of the part to be assembled. As
an example, Fig. 5 shows a screw of an assembled part. As shown
in the figure, tapers are provided at the tip and center of the screw
so that the axes of the bolt screw and nut screw are aligned. In
addition, as shown in Fig. 6(a), when gripping a ball screw, the
shape of the gripper attached to the end-effector was made
hexagonal when gripped so that even if the position recognition
accuracy of the end-effector part was +0.5 mm, the ball screw
could be gripped stably as shown in Fig. 6(b) of the same figure.
After the ball screw was installed by the robot, the final position

adjustment was performed by the worker.

2.5 Cooperative Work at the Same Spot

By moving the robot installed on the AVG and the worker to the
same spot, the robot and worker, or multiple robots, simultaneously
worked on the same part at the same spot. This is called
cooperative work. Using an actual machine, we verified that
cooperative work was possible in the assembly of machine tools.

Figure 7 shows two robots performing cooperative work

Fig. 7 Cooperation assembly of two robots

assembling a bed. As the size of the bed varied depending on the
model, the placement of the two robots on the bed also differed.
However, we confirmed that the robots were placed at the optimal
position by the AGVs and that cooperative work was conducted

without interference.

3. Scheduling Method

To effectively operate the free spot assembly method, it was
necessary to efficiently schedule the assembly. In the following

sub-section, we describe our proposed scheduling method.

3.1 Scheduling Model
The detailed conditions of the scheduling model in this study
were set as follows:
® There were 10 spots that could be worked by a worker and a
mobile robot
® The worker’s day shift was 4 hours of continuous work
starting at 8:00 a.m., followed by a break, then 4 hours of
continuous work starting at 12:45 p.m.
® The night shift was 4 hours of continuous work starting at
4:45 p.m., followed by a break and 3.5 hours of continuous
work starting at 9:30 p.m.
® There were three workers on the day shift and three on the
night shift
® The number of AGVs capable of carrying bed columns was 16
® There was one mobile cooperative industrial robot
® There were two mobile non-cooperative industrial robots
(Robots that cannot cooperate with operators)
® Bed and column assembly was performed by two fixed robots
at a spot (the two fixed robots performed the operation

synchronously, so they were treated as one fixed robot for
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scheduling purposes).

The following scheduling model was applied to the detailed
scheduling conditions above:

The bed and column were assembled separately and then joined
together. A job was defined as the assembly of one machine tool,
and a job consisted of several operations, where each operation
was performed by one worker or one robot.

An operation was performed at any one spot. The worker and
the mobile robot performed the operation at any spot A in Fig. 2.
The operation of joining the bed and the column was performed by
the stationary robot at spot B.

Assembly operations for different beds and different columns
could be performed simultaneously. In addition, in any given spot,
in the assembly operation for one bed or one column, some
operations could be performed by two workers, one worker and
one mobile cooperative industrial robot, and two robots in
cooperation. Non-cooperative industrial robots were not allowed to
cooperate with workers due to functional limitations.

The practicable skill levels of the workers were defined, and the
execution time of an operation varied depending on the skill.
Furthermore, workers were assigned shifts and not allowed to
execute operations outside their shifts. The robots could work 24
hours a day. Each robot had a payload function that determined
which operations it could and could not perform.

When a robot moved to another spot after executing an
operation, a travel time was calculated. For example, when a robot
moved from SpotA-6 to SpotA-4 as shown by the red line in Fig.
2, the travel time was calculated as if the robot had moved at the
specified movement speed from the center of SpotA-6 to the center
of SpotA-4 via the center of the aisle. A travel time was likewise
calculated for the operator. The bed or column was transported
between the spots with the bed or column mounted on an AGYV,
while assembly operations were executed with the bed or column
mounted on an AGV. The travel time was also calculated if a bed
or column operation was completed at one spot and another
operation was executed at another spot. Collisions along the way
during AGV travel were not considered.

The AGVs carrying the column when the bed and column were
joined, or the AGVs when assembly was completed and the
assembled goods placed in storage, were released from the
assembly operations. The number of AGVs transporting beds and
columns was limited. If a bed or column being assembled needed
to wait for an operation, it was placed in a spot where no work was
taking place (standby). In standby, multiple AGVs were allowed to
be placed in one spot. There were 16 AGVs, 3 mobile robots (1
mobile cooperative industrial robot and 2 mobile non-cooperative

industrial robots), 3 workers each for the day and night shifts, and

10 spots, and we considered that the number of spots was sufficient
for the elements to be placed in the spots. The scheduling of
placement spots for the beds and columns awaiting processing did

not need to be considered.

3.2 Scheduling Policy

When the bed and the column were joined, the shorter the time
difference between the completion of each assembly operation, the
shorter the time was that the bed waited for the column or that the
column waited for the bed, and thus the more efficient the spot
utilization and AGV utilization became. In this study, where the
work of the workers and the robots were intermingled, it was
important to use the AGVs efficiently to keep the robots running
during the night when the operators were not available. In addition,
considering the assembly efficiency at all spots, the mobile robots
moved to other spots as necessary during the assembly operation at

each spot and performed the assembly operations.

3.3 Scheduling Genes

In this study, we developed a scheduling system using a genetic
algorithm with multiple classes of genes to efficiently search for
the optimal schedule for the scheduling model described above. A
description of the multiple classes of genes that realize the
aforementioned scheduling policy is given below.

Jobs were represented by genes that were assigned to six
classes. The six classes were composed of “(1) processing
sequence for each job,” “(2) processing sequence for each

EEINT3

operation,” “(3) cooperative process for each operation,” *“(4)

EEINT3

assigned worker number for each operation,” “(5) assigned robot
number for each operation,” and “(6) assigned spot number for
each operation”, which were real numbers or integers depending

on the class [11,12]. Genes of each class were assigned as follows:

(D Processing sequence for each job

Following the scheduling policy described above, we wanted to
shorten the difference between the times when the bed and column
assembly processes were completed. However, if the processing
times of the bed and the column were identical, the free spot
assembly flexibility might have been lost unless it was possible to
switch the processing sequence with an operation belonging to
another job when the processing sequences of the bed and column
processes were too close. Therefore, to maintain the flexibility of
the processing sequence of the processes and to suppress the
increase in scheduling time, we limited the range in which the
processing sequence of the processes belonging to different jobs
could be swapped. The details are described in “(2) Processing

sequence for each operation”.
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(@ Processing sequence for each operation

When scheduling, the processing sequence of an operation
could be represented by a processing sequence gene assigned to the
process. However, in this study, to limit the range of
interchangeability of the processing sequences of processes
belonging to different jobs, we assigned processing sequence genes
to the jobs and combined these with processing sequence genes
assigned to the operations, which were thereby expressed as the
processing sequences of the operations. Table 1 shows examples of
the processing sequences of operations and the six classes of genes
in three job examples. It can be seen that the processing sequence
of an operation was the sum of the values of the “(1) Processing
sequence for each job” gene and the “(2) Processing sequence for
each operation” gene, thus becoming more prone to triggering
swapping of process orders for processes belonging to different
jobs; thus, the larger the range of possible values of the processing
sequence gene assigned to an operation, the larger the likelihood of
switching the processing sequence of operations belonging to
different jobs. By setting the range of values of the processing
sequence gene assigned to an operation and the gene assigned to a
job in advance, it was possible to determine the likelihood of
switching the processing sequence of operations belonging to
different jobs. Here, using the processing sequence adjustment
values a, b, and g, the processing sequence genes assigned to the
operation were in a range from -a to a, and the processing
sequence genes assigned to the job were from b to g -b. The
processing sequences thereby had a range of b-a tog-b +a. In
this study, assuming g =1 and b = g, the processing sequence of
the operation was set to be in the range 0 to 1, and a was assumed
to have a range of 0 to 0.5.

If a was close to zero, the processing sequences belonging to
different jobs were not swapped, and only the processing
sequences belonging to the same job were swapped. In contrast, if
a was 0.5, the processing sequence genes assigned to jobs did not
function, with only the processing sequence genes assigned to
operations used. By setting a a suitable value that falls between 0
and 0.5, it was thought that a solution could be efficiently found.

The genes for “(2) Processing sequence for each operation”
were arranged in the order of the bed operation, the column
operation, and the operation after the bed and column were
integrated. (The same applied to the genes of each class described

below.)

(3 Cooperative process for each operation
Operations where cooperative work by operators and robots was
possible were flagged. A gene of 1 for an operation indicated that

the operation was cooperative, and a gene of 0 indicated that the

Table 1  Genetic representation and processing sequence

Job number
Class ! 2 3
Gene of processing sequence for each job 0.3 0.4 0.7
Gene of processing sequence for each _OOiZ, -0.1,0.1 _002’1’
operation 01 0 02
Gene of cooperative process for each L,o,..., 1,1,...,0,1, ...,
operation 1 1 0
Gene of assigned worker number foreach 1,2, ..., 2,1,..., I, 1, ...,
operation 3 3 1

Gene of assigned robot number foreach 1,1, ..., 3,3, ..., 2,1, ...,
operation 3 1 3

Gene of assigned spot number foreach 6,1, ..., 7,2, ..., 3,2, ...,
operation 8 4 5

05,02 0.3,0.5 08,05
..,04 ..,04 ..,05

Processing sequence for scheduling

operation was not cooperative. The operations were scheduled as
cooperative only when both the genes of two cooperative processes

were 1.

@ Assigned worker number for each operation

This is a gene that was assigned to an operation to be performed
by a worker. When assigning an operation, it indicated the number
of the worker to be assigned. The number of the worker is
determined by the rank of skill value among the workers available

for work in the time period.

(® Assigned robot number for each operation
This is a gene that was assigned to an operation to be performed

by a robot. It indicated the number of the robot to be assigned.

® Assigned spot number for each operation
This gene was assigned to an operation with multiple candidate
spots to assign the process. It shows which number spot was

assigned.

3.4 Gene Manipulation Process

The steps followed to manipulate the genes of the GA in this
study are given below.

® Step 1: Create Np chromosomes at random, where Np is the
number of individuals in each generation; this step is treated as the
initial generation.

® Step 2: Transfer the best individuals to the next generation.
The chromosomes for transfer to the next generation are then
selected until the number of individuals in the next generation

reaches Np/2. The tournament method is used to select the best
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chromosome among two randomly selected chromosomes. The
next generation is then designated as the current generation.

® Step 3: Select two chromosomes from the current generation
and mate them as parent chromosomes to generate two offspring
chromosomes. This procedure is repeated until Np x 0.4
individuals are generated in Step 3. Uniform mating is applied as
the mating method. For each gene of each of the six classes of
chromosomes, the gene value is inherited from each of the two
parental chromosomes with a probability of 50%.

® Step 4: Randomly select one of the chromosomes from the
current generation and mutate it. This procedure is repeated until
Np x 0.1 individuals are generated in Step 4. For each of the six
classes of chromosomes, the mutation method randomly changes
the value of the gene to the range of possible values for the
chromosome with a probability of 5%.

® Step 5: If the number of generations reaches a preset value, the
program terminates; otherwise, it returns to Step 2.

The time from scheduling to the end of all jobs, i.e., the

“makespan” was used to evaluate the adaptability of each gene.

3.5 Dispatching Policy
The processes were dispatched based on the following rules 1 to 5.
® Rule 1: For each process, the processing sequence is
determined and allocated based on the sum of the values of the
genes “(1) Processing sequence for each job” and “(2) Processing
sequence for each operation”. The worker, robot, and site to be
allocated were determined by the values of the gene classes of “(3)

EEINT3

Cooperative process for each operation,” “(4) Assigned worker

29 ¢¢

number for each operation,” “(5) Assigned robot number for each
operation,” and “(6) Assigned spot number for each operation”.

® Rule 2: If two operations can be processed at the same site
without a time interval, the operations are processed at the same
site regardless of the gene value of “(6) Assigned spot number for
each operation”.

® Rule 3: Each operation is allocated to the earliest possible
time.

® Rule 4: The first time a bed/column operation in a job is
assigned, decide which AGV to assign to the bed/column
operation. One AGYV is released when the bed/column is integrated
and the job is finished, with no processes from either the bed or
column or from other jobs assigned to that AGV until the AGV is
released.

® Rule 5: When assigning an operation to a job to which no
operation has been assigned, assign the operation only when two or
more AGVs are available. Simultaneously, reserve an AGV for
either the bed or the column and do not assign another job to that
AGYV until then.

In the scheduling target of this study, two beds/columns before
integration were assembled by sharing the same type of AGVs.
Furthermore, the AGVs were not released until the steps were
completed in one process. Due to its nature, if only one of the beds/
columns of each job is allocated to an AGV and all the AGVs are
occupied, the AGV cannot be released owing to the integration of
the bed/column, resulting in a non-executable solution. Rule 5

prevents the creation of infeasible solutions.

4. Evaluation Experiments

Numerical experiments were conducted to confirm the

effectiveness of the proposed scheduling method.

4.1 Experimental Conditions

In the experiment, we performed scheduling using the assembly
of five machine tools as a case study. Figure 8 shows the assembly
process of machine tools A, B, and C used as the case studies; the
operations performed by the robot and the operator in the assembly
of the bed and column are separately represented. A box indicated
with a black frame in the figure represents one operation. The
operations were processed in order from left to right. The arrows
indicate a change in the work site. The orange boxes indicate
worker operations. The yellow boxes indicate operations for non-
cooperative industrial robots. The green boxes indicate operations
that can be performed by either cooperative or non-cooperative
industrial robots. The blue boxes indicate the processes for fixed
robots. The two process groups surrounded by dotted lines
arranged vertically indicate that the operations in the upper process
group can cooperate with the operations in the lower process
group. However, cooperative work was not possible with processes
assigned to non-cooperative industrial robots and operations for
workers. Machine tool D and machine tool E had the same
assembly process as machine tool A, but the overall process times
were 0.8 times and 1.4 times longer, respectively.

The worker’s working time was defined as the standard working
time of the operation divided by the worker’s skill value. The skill
values of the workers were 1.3, 1.0, and 0.6 for the three day-shift
workers and 1.2, 0.9, and 0.7 for the night-shift workers,
respectively.

The genetic algorithm proposed in this study was used for
scheduling with three different values for the processing sequence
adjustment value a : 0.0001, 0.0333, and 0.5. For the case where a
= 0.0001 and therefore close to 0, swapping of processing
sequences between different jobs was almost eliminated. In

contrast, when a was 0.5, the class of “(1) Processing sequence for
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Fig. 8 The assembly processes of machine tools are shown. The
orange boxes indicate worker operations, yellow indicate non-
cooperative industrial robots’ operations, green indicate
robot’s operations, and blue indicate the fixed robots’
operations. The two process groups surrounded by dotted
lines indicate cooperative work.

each job” did not function at all. The above two patterns can be
expressed practically without bringing up a; a = 0.0333 was set as
the reciprocal of the number of jobs, assuming the number of jobs
was 30, as it was an appropriate intermediate value.

The scheduling result is evaluated by makespan, and the time
unit is one second. For comparison, we also performed scheduling
using the shortest processing time (SPT) rule, in which dispatching
was performed in the order of shortest process times without using
the genetic algorithm.

4.2 Scheduling Results

Figure 9 shows the transition of the evaluation values for each
number of generations of the genetic algorithm with a solid line
when the number of jobs was 30, and the number of machine tools
A to E assembled was 7, 6, 6, 6, and 5, respectively. For
comparison, the evaluation values of SPT are also shown with
dotted lines. Five test runs were conducted, and the average values
are shown. The number of individuals in each generation of the
genetic algorithm was Np = 3000, and the number of generations
of the genetic algorithm was 600, according to the preliminary
experiments. The computation time of the genetic algorithm was
50 hours per trial on a PC with an Intel Xeon E-2640 CPU
v3@2.60 GHz and 32 GB memory.

The pattern achieved with @ = 0.0001 had the worst evaluation
value, confirming that a should not be too small. The patterns
achieved with a = 0.0333 and a = 0.5 yielded better results than

valuation Value

Fig. 9 Changes in evaluation value

SPT for the initial generation. The pattern for @ = 0.0333 was
equivalent to that for the @ = 0.5 up to 20 generations but was
significantly better than that achieved with a = 0.5 at 100
generations. Furthermore, it yielded better results than those
achieved with a = 0.5 at 600 generations when the search was
advanced.

The left four bars in fig. 10 shows the means and standard
deviations of the patterns for a = 0.0333 and @ = 0.5 at 100 and 600
generations, respectively. @ = 0.0333 was still better on average at
600 generations, but @ = 0.0333 was much better at 100
generations, including its standard deviation.

As examples of the different combinations of jobs, we created
five job combinations in which the number of jobs was 30 and the
assignment of machine tools A to E to each job was randomly
determined; we performed scheduling for these job combinations.
The right four bars in fig. 10 show the mean values and standard
deviations of the patterns achieved with a = 0.0333 and a = 0.5 for
100 and 600 generations, respectively. The standard deviations
were naturally larger because the job combinations were different,
but we could confirm that @ = 0.0333 was better on average,
especially at 100 generations.

From these results, there is room for research on the optimal a
value, but we confirmed that using a is better because @ = 0.0333 is
better than a = 0.5, which can be expressed without a by just
disusing the class of “(1) Processing sequence for each job”. The
reciprocal of the number of jobs will be better try of a value. It is
assumed that using a is effective because it shortens the time
difference between the completion of bed and column operation,
and contribute to using a limited number of AGVs efficiently to
keep the robots running during the night when the operators were
not available.

Figure 11 shows a Gantt chart of some of the scheduling results

obtained. The horizontal axis represents time, while the bars in the
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Fig. 10 Evaluation values under different a value, generations, and job samples
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Fig. 11 Schedule Gantt chart

Gantt chart represent the state in which a bed or a column is placed
at each spot and the state in which a robot or a worker is working.

The color of the bar indicates the differences between the jobs.

5. Conclusions

In this paper, we proposed free spot assembly in which multiple

workers and robots work cooperatively and collaboratively. The

elemental technologies for realizing free spot assembly in machine

tools were verified on actual machines, and the feasibility of the
free spot assembly was demonstrated.

Furthermore, we proposed a scheduling method for efficient free
spot assembly and confirmed its effectiveness through numerical
calculations. In the proposed method, the machine tool assembly
process was represented by the following genes: “(1) Processing
sequence for each job,” “(2) processing sequence for each

EEINT3

operation,” “(3) cooperative process for each operation,” *“(4)

EEINTS

assigned worker number for each operation,” “(5) assigned robot

number for each operation,” and “(6) assigned spot number for
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each operation. The process processing sequence adjustment value

a was used as a parameter. We realized a schedule based on the

adaptability evaluation value of the schedule.

We constructed a scheduling system based on the proposed

method and conducted evaluation experiments. By setting the

processing sequence adjustment value a to an appropriate value,

we obtained a better evaluation, especially when the search time

was relatively short.
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Magnetic levitation system (MLS) is a typical nonlinear system that controls the position of a steel ball with the magnetic
force of the electromagnetic actuator. Since disturbances, due to various external forces and modeling errors, may cause
excessive vibration or poor command following, disturbance suppression is necessary to improve the control performance
of the MLS. This paper presents a control performance improvement approach of an MLS with a disturbance observer
(DOB). First, a mathematical model of the MLS was introduced and validated with the measured frequency response. The
MLS steel ball was levitated with a proportional-integral-derivative (PID) controller and a DOB was designed based on the
physical model of the MLS. Both disturbance rejection and command tracking performances of the MLS with the DOB were
investigated with several design parameters such as PID gains and Q filter. The disturbance rejection and command
tracking performances were improved by 76.1% and 64.7%, respectively by using DOB. Finally, the disturbance rejection
and command-following performances of the MLS with the DOB were verified experimentally. The effectiveness and
limitations of DOB were explained with measured closed-loop frequency responses.
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= Input Matrix

= Coefficients of Electromagnetic Force

NOMENCLATURE fi = Time Constant of the Electromagnet
= State Matrix g = Gravity Acceleration
.= The Element of Matrix A ki = Voltage-Current Static Gain
kk = Voltage-Force gain of the Electromagnet

= The Element of Matrix B (= xxa,3xk;)

= Output Matrix m = Mass of the Steel Ball

= Leakage Current of the Electromagnet MLS = Magnetic Levitation System

= Disturbance r = Reference Command

= Electromagnetic Force s = Laplace Complex Variable

= Coil Inductance T = Time Constant of Q Filter
u = Control Effort (Voltage)
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X5, X2 X3 = State Space (The Position of the Iron Ball,
Velocity of the Iron Ball, and Current)

X10, X20, X30 Equilibrium State (The Position of the Iron Ball,
Velocity of the Iron Ball, and Current)
y = Output
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Fig. 1 MLS [9] (Adapted from Ref. 9 on the basis of webpage)

Table 1 Parameters of MLS

Symbol Description Value
Ci Leakage current 0.0243 [A]
f; Time constant of coil 0.0321 [s]
F,, pi Coil inductance 1.7521x107 [H]
F,, » Coefficients of electromagnetic force ~ 5.8231x107 [m]
k; Voltage-current static gain 2.6903 [A/V]
m Nominal mass of the steel ball 0.032 [kg]
X10 Equilibrium position of the steel ball 0.01 [m]
X30 Equilibrium current 0.6322 [A]
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ol fie AR 3o AAoltt.
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Table 2 Disturbance rejection of the MLS with DOB of different ©

T W/O DOB W/T DOB Rejection ratio
[sec] (mm] (mm] [%]
0.5 341 1.73 49.3
0.1 3.19 0.74 76.8
0.05 343 0.48 86.0
2

8 10 --7=0.5sec
£

&

]

=

Phase (degree)

Frequency (Hz)
Fig. 7 Sensitivity function of the MLS with DOB of different t
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Fig. 8 Command following of MLS with DOB of different t
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Fig. 9 Disturbance rejection of the MLS with DOB against different
disturbance frequencies

Table 3 Disturbance rejection of the MLS against different

frequencies

Freq. W/O DOB W/T DOB Rejection ratio
[Hz] [mm] [mm] (%]

0.5 1.89 0.31 83.6

1.0 4.07 0.63 84.5

1.5 291 1.01 65.3

2.0 2.35 1.54 345
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Fig. 10 Close-loop frequency responses of the MLS W/O and W/T
DOB
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Fig. 11 Disturbance rejection of the MLS of different masses W/T
DOB

Table 4 Disturbance rejection of the MLS of different masses W/T

DOB
Mass W/O DOB W/T DOB Rejection ratio
(gl [mm] [mm] [%]
19 3.08 0.62 79.9
32 4.12 0.62 85.0
39 5.75 0.56 90.3
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Fig. 12 Command following of the MLS with DOB for different
command frequencies (mass = 32 g)

Table 5 Command following of the MLS with DOB for different
command frequencies (mass = 32 g)

Freq. [Hz] Amp. ratio W/O DOB Amp. ratio W/T DOB
0.5 1.740 0.905
1.0 4.075 1.243
L.5 5.405 1.920
i~ Mass = 19g
E20 e [ Deind
% —W/T DOB
o 0 I . I
(=W
0 2 4 6 8 10
_ Mass =32g
g 20 ' i . ' |- - Desired
=3 S i < - . - W/O DOB
% : . - : R —W/T DOB
o 0 L L L
(=W
0 2 4 6 8 10
—_ Mass = 39g
g 20 e Ly |-~ Desired
=10 =1~ W/O DOB
4 —W/T DOB
£ 0 : ‘
0 2 B 6 8 10

Time (s)

Fig. 13 Command following of the MLS of different masses W/T
DOB (@1 Hz)

Table 6 Command following of the MLS of different masses W/T

DOB (@1 Hz)
Mass [g] Amp. ratio W/O DOB Amp. ratio W/T DOB
19 3.250 1.285
32 4.075 1.243
39 5.025 1.210

sl i WZE SER(PCI(1+PC))S| 4 AXFE Fig. 140 U
Ehllth. Fuk=7h 2.2 Hz o|stofl4 PIDRE AR8-S wjjiic PID
% DOB o] ARg-eh uf i 3% /5ol ).
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Resistant Characteristics of AAO-Based Thin Film Solid Oxide Fuel
Cells Using Ni-GDC Anode by GLAD Method
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Low-temperature solid oxide fuel cell (K{2Zts x|AtSIE H=ZMX]), Thickness effect (574 22t Nanoporous substrate (Lt'=Ct=24 7|

In this study, we fabricated thin film solid oxide fuel cells on nanoporous anodic aluminum oxide (AAO) substrate for low-
temperature operation using the all-through sputtering method. To deposit up to a three-micrometer thick anode with both
porosity and electrical conductivity, we used the glancing angle deposition and co-sputtering methods. For the anode
materials, we used nickel gadolinium-doped-ceria (Ni-GDC) mixed ionic and electronic conductor (MIEC), which improved
hydrogen oxidation reaction reactivity at the anode side. TF-SOFCs were successfully operated at 500°C, and 223.6 mW/
cm? was their highest measured maximum power density. We conducted structural and electrochemical analyses to figure
out cells’ unique resistant characteristics, ohmic resistance through the anode thin film and polarization resistance of
reaction area near the narrowed anode pores. We found how the anode thin film thickness affects the current collecting
performance and the anode reactivity, and their effects were qualitatively and quantitatively compared.
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1. M2 A2 G99 500-600°C FF=olA 2HgA7]= vhet SOFCe 7id
o] FEuY rH6-9]. SOFCE] A5 AFolr e 243}
A FeHE A F A (Solid Oxide Fuel Cell, SOFC)= ©|Ez] =4 (Activation Loss)9] 571 2 A A 2] o] AL 7h4o
o} QP 3} A= ol(Yttria Stabilized Zirconia, YSZ) 52| A w2 A3 (Ohmic Loss)e] £712 oF7]3kt}. o|w] wluf A3
AEES AR AMSshe A8AAR, A2 Ze wE AL A& SOFCY A-g3tA Hal|dedx 9] o] M= AR fhiol m
7hedt AR o, HE] AME rFeAeRE Qe =2 s g} o] & Ax A3o] Aoz AL FF Al A &4
BE, O 2 T ts AHo= 13 AL dHYe A7 AL AAME FHE A e ATE 5
AEHI UTHL,2). AR, A AbslE AFde] o] M= TH6-9].
AYZ A 2k 700-1,000°C2] 2L FAoA ZEHo] gow E3] gt At ollz} SOFC #4845 25 dho
2 QIg A5HRA] ¢ i Avle] €& U5/ (Thermal Durability) 2 AFshs ATEA HAEA T 71980 F Ak &
olfp7F FE3E] Al7]Ho] Frh[1,3-5]. o]dl it s Aetew A F(Anodic Aluminum Oxide, AAO)S AF&-3 A7} Ea3] 213
SRS 4 nfo]aHE o]ate] vbte] Fe) 2 A|Fstar, H]w A =o] SITH10-14]. o= AAOS] LelA 9] st 718 7] =

ol gold, At 7hsAdel 71t A el mEw
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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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. Ale "HH (Experimental Methods)

2.1 & Hi=t

ukek SOFCE] A12He $18k 71#e 2 Ha AE 250 nme] 7]F
< 7= A8 AAO 7131 em x 1 em x 100 pm) (Inredox, USA)S
A3 T AAO 713 Aol Ni 9 GDCE YAHL 45°Z GLAD
A 29858t Ni-GDC Q832 St AHEHYPe 2
717% 6.67 e* Pa (5 & mTorr) 2 Ar 7}2= 8.00 Pa (60 mTorr)<]
3730l Ni &< EF(RND Korea, South Korea)?t GDC Al|2}2]
EF(20 : 80 mol %) (RND Korea, South Korea)oll 2tz DC 200
W, RF 50 W] 3}9]5 Al-g-3te] 183151t

AE 7+ SEEe A85 T S Q8o 7 AE9 o8
= 2=9HY NS 28592, 47 800, 3,000 nme] FAE F
skt ﬂﬁ% FAZ 800, 3,000 nmE A3 o] & v
2tk 7129 22 71337180 nm)yE 7HAE AAO 7]FelA 9
Aol WHAAE #FE 71E AT B¢
FAE AHEEIALeH, HAAH TS 800

g
S

Az T w}%
300-1,000 nme] AE

nmol| Al #ZETH14]. &
7% 271250 nm)Z A= AA

%L—t— 71 A o] of 3w o 2
e Ao H FAE

Ar 60 mT

Fig. 1 Schematic of GLAD co-sputter of Ni and GDC on AAO
substrate

sF4 9 A4 A B A4 BAE 7IdEAr] dE
ol 71& A& T welel oF 3ufel] sEsk= 800, 3,000 nme]
AS5S FAE AR T =HER 4] e ol
Fig. 13} 2t}

AA Aol i dajd B 375 s =24 9 AR F
Zsieh. WA, Asde AF 220 Y/Zr = EFL(16 mol %
Y) (RND Korea, South Korea)S ©]&3l Z7]7F 6.67 ¢* Pa
(5 e mTorr), Ar/O, E&7122(80 : 20 vol %) 0.667 Pa (5 mTorr)
o] 3704 RF 200 WE 25813310 800 nm F712 23319
ok oM, F7IFe A& 291x Pt EFI(RND Korea, South
Korea)2 ©]-&3le] 27|17 6.67 ¢* Pa (5 ¢ mTorr), Ar 7}
12.0 Pa (90 mTorr)2] 74l DC 100 W2 Z=HE|F3}e] 150 nm
AR 38T

HEH o2 AAO - Ni-GDC (800 nm) — YSZ — Pto] 2=
7+ A3, AAO — Ni-GDC (3,000 nm) — YSZ — Pto] #+-2&
7R As Ao, 242Hs ‘Ni-GDC 8, ‘Ni-GDC 30°%
=2 gt

2 77 ER1E ¢
3 Ale] T 7 (Focused Ion Beam
Scanning Electron Microscope, FIB-SEM) (Quanta 3D FEG FEI
Company, USA) AFZ1S &+

Qs Aee JF 2
AAO 713 ol F2E 4
A zde] AAYEY FAPIAE R (Field Emission Scanning
Electron Microscope, FE-SEM) (SUPRA 55VP, Carl Zeiss,
Germany) A& 2431

A% ooy FAARE

< |

s al 71545
AoAE FFHE ARSI SR = 38 A7]88) £4717]
(Reference 600, Gamry Instruments, USA)S A3t Th A3
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AR B ZA/MOCY) - 0.3 V Atole] At welol tis)
0.01 V €%, 0.025 V/s2] £ 2 Jafsigiomn, M71358 ovd
Ea £ 0.6 VoA ZZ 30 mV ARRITZ 2-1 MHzS] F34~
Helelx St

o] z 9= d2 717} Ni-GDC 8, Ni-GDC 309] &
& F

il

th. WA, Figs. 2(a), 2(b)2] A T SEM ARleA 7} Ae] mg
Zol Btg] 5o 5dg Agglol YA FAEHUSS AT
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A8, A5 FA FAYEAFE 7159 Aje] AX=
Aoz AAEUTE AAORRE] oA & 732 Ad5EF9 74
7t FALEASE 2Ebe A e #9lo] 7HEsttH17-19]. ol
F&de] JE2 Figs. 2(c), 2(d)e] 5T EH SEM ARl =
HHog gelgd &= Ed, Fig. 2(c)2) Ni-GDC 82 A8
o] A% obd AxFe] FAVE HwH gkl F4A AA=] A

191 A2 shak A ol9olle AA Y AlojAlo] 2 m|
@352 B3t vA 7]F (=T SHE Al o] T Kol Wk,
Fig. 2(d)2] Ni-GDC 309] 7§ w2l A Ex)sht, 0|29 v
Al 71Ege bgiRE 25 de BE5S FT 5 Aok

a2 o] 9 Figs. 2(a), 2(b)2] SEM T ARleA] AE=9]
AR 71F0] olofA7]E s, T Ftell wet 71ge] 2 7Y
o] o]FoRE Ao Helth AT, Figs. 2(e), 2(H2 As)2
EH gl A3 2(e)9) Ni-GDC 89 A% =& sMtE=E FASH
A3 o] A3)A Frdel vl 281X Zgt v wjAlg 75l
AT EAsks AL IR0 4 Aok ¥, Fig. 2(H4] Ni-GDC 30

7S a8E 71go] ElER] gt ole daejde] 53 A
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TZ0] JaFo] Asd EWA] olojx7] WS FHH
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3.2 M7|5EH B
3.2.1 MEFAELIEY

& Aol AWARQl AF A g HnE 98] AFFAIE S
ARg-Ele] AL Hlo|HE HlEO 2 Fig 39 i-V-P FAL R
Atk FEL $18] Ni-GDC 89] 739~ 534, Ni-GDC 30°] 75
ARMo 7 FH3IAUTE Ni-GDC 8, Ni-GDC 302 z+z} 1.081,
1.049 Vo] OCVE 7|23}e] Ni-GDC 8°] PAlEHA O =& oCV
£ 7153kt o3 s OCvVel AFeol& Figs. 2(e), 2(He sz
EH SEM ARE B3l 9L F53] ¥ 4 3t Ni-GDC 309

IR R T T\ R
Dy a8 A £

Fig. 2 SEM picture of (a) cross section of Ni-GDC 8, (b) cross
section of Ni-GDC 30, (¢) anode plane of Ni-GDC 8§, (d)
anode plane of Ni-GDC 30, (e) electrolyte plane of Ni-GDC
8, and (f) electrolyte plane of Ni-GDC 30
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Fig. 3 i-V-P curves of two cells measured at 500°C
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Fig. 4 (a) EIS results of two TF-SOFCs plotted with line graphs
fitted by ECM. (b) Impedance values are divided into ohmic
resistance and faradaic resistance, respectively
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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.
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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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INTERNATIONAL
JOURNAL OF PRECISION
ENGINEERING AND

MANUFACTURING

Special Issue on Robots for
Manufacturing Processes and
Systems

IJPEM is published by the Korean Society for Precision
Engineering with Springer. The journal has a history of 23 years
and aims to disseminate relevant fundamental and applied
research works of high quality to the international precision
and manufacturing engineering community. The journal is
indexed in SCIE (Impact factor 2.041) and downloaded more
than 148,000 times a year around the world.

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

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

* CAD/CAM for manufacturing robots

* Robotic machining

* Robot and machine tool integration

* Mobile robots for factory floor

* Next generation collaborative robots for advanced
manufacturing

* Robotic material handling and assembly automation

Guest Editors

* Prof. Michael Zah
Technische Universitat Miinchen,
Germany

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

- Prof. Jihyun Lee
University of Calgary, Canada

Publication Schedule

- Deadline for Submission Date

- Publication Date

-Volume, Number

- Impact Factor

K= : E= Korean Society for

----- Precision Engineering

@ Springer

the language of science
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International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY

International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY
JANUARY 2023 II"” | | ‘

VoLuME 1, NUMBER 1

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

academic journal which will be published by the Korean Society for

Precision Engineering (IKSPE).

Aims and Scope

ISSN29514614 Pt KEFE

1SSN 29516382 onine

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

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

and manufacturing fields include, but are not limited to:

+ Big Data Analytics and Informatics

v Sensors, Instrumentation and Process Monitoring

v Prognostics and Health Management (PHM)

 Industrial Internet of Things (IIOT)

v Industrial Artificial Intelligence

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

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

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

* Publication Date (Scheduled)

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

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

www.ijpem-st.org

KE: E= Korean Society for
I

Precision Engineering

Editorial Board

Editor-in-Chief

Sang Won Lee / Sungkyunkwan University, Korea

Co-Editors-in-Chief

Jay Lee / University of Maryland, USA

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

Editors

Hyeong-Joon Ahn / Soongsil University, Korea

Hae-Jin Choi / Chung-Ang University, Korea

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

Dong Yoon Lee / Korea Institute of Industrial Technology, Korea
Seungchul Lee / POSTECH, Korea

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

Simon Park / University of Calgary, Canada

Editorial Board

Seung-Kyum Choi / Georgia Institute of Technology, USA
Haseung Chung / Michigan State University, USA

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

Jay-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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JKSPE Topical Issue

Scopus, KCI
SHx|

AOIE/CIX| & EAHO 7|=

ADOLE "AH|0{(Smart Healthcare) £2 C|X|E A 0{(Digital Healthcare)
71E2 7lelel 7Znt o= st HE, 7(7], A|AH|, ESES COIFEE MY
202X [oT2H HIOE 2A47|& X S2t20| B8E Y 2= A{H[A9 &
Zo|ct. FCH@(Portable), Y0128 (Wearable), MiA{2| ZHMX|(Ambient-
Installed) ¥4 SO= Za|4|, WE, MSES, XISit SoM 2I7te] YEs
# A, o|2EE, SUAEE S8 MAIZEF, 2L E>ISH YH|olE]
71&, eIB3XIs 7|& 7HdEid 71s 82| 7|s S2 Sl MER XA HEE
HEslU= 7128 TENo= YH=C 00 2 EXSM= ZUSslat Y|
ClOIE & 7|4l 2 st= AOIE EAA|O, C|X|YH A 7|&0f &6t =2
= BEISIOX}F sH)

i

Smart/Digital Healthcare Technology

Smart healthcare or digital healthcare technology deals with precision
medical services that combine personal health and medical information,
devices, systems, platforms, loT, data analysis technology, and cloud. A
term that collectively refers to technologies that create new knowledge
and information by collecting and monitoring human lifestyle, biometric
information, medical information, and genome information in real time
through technologies such as big data technology, artificial intelligence
technology, and virtual reality technology. In this special issue, we
would like to recruit papers on smart healthcare and digital healthcare
technology based on precision engineering and big data.

article.kspe.or.kr jkspe.ks'pe.or.kr

JKSPE
Homepage

HIE 7|8t

20231 42 30
=t uiut

20234 74 1
HSL

Vol. 40, No.7
HolmiEiol

3| eyt

KSESOE =233y yyl

Korean Society for Precision Engineering
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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

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

LIC.

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

Editorial Board

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

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

Yang Jin Kim (Pusan National University)

AWARDS INDEXED IN Submission to JKSPE
Search for JKSPE

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

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

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

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

Spring Conference

2023 =A<
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o UIS Precision Manufacturing Processes
o HUZEH Precision Measurements
o ZEH|0JX}S8} Robotics, Control and Automation

o ANIEMAAAEN Smart Manufacturing System
o MHUKHE Design and Materials

e BEII|H| Machine Tools

oL} 00| 27|& Nano/Micro Technology # :

«HIO| QYA Bio Health
o MW ZA|AE Additive Manufacturing
o SMMMIIE Green Manufacta’nng Te

K-Precision,

Smart & Green

Ul-q.x-ll:ll.._tl-ﬂ

b=[H 2]

2023.5. 10 wed-5. 12+

Tel. (02) 518-0722 E-mail. conf@kspe.or.kr
Homepage. http://www.kspe.or.kr/event/

KSOE S 2s8 27498

Korean Society for Precision Engineering
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International Conference on
PRecision Engineering and Sustainable Manufacturing

PRESM
2023

Important Dates Participating Journals

Jl.lly 16 sun — 27 Fri, 2023
Bankoku Shinryokan,

Okinawa, Japan

Deadline for Abstract Submission International Journal of Precision

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

Date for Acceptance Notification: International Journal of Precision

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

*SCIE, SCOPUS / IF 4.660 (2021)

Deadline for Early Registration/

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

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

Awards & Honors

Best Paper Awards
Young Researcher Awards

Outstanding Presentation Awards

Organizer
Korean Society for
<
E:E Precision Engineering (KSPE, Korea)
Co-Organizers

LJSPER  The Japan Society for
U Precision Engineering (JSPE, Japan)

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

Homepage www.presm.org | Email presm@kspe.or.kr
Tel +82-2-393-0725 | Fax +82-2-518-2937
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Conference
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International Conference on
PRecision Engineering and Sustainable Manufacturing

PRESM 2023

2023.7.162-21

Bankoku Shinryokan

Okinawa, Japan
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Smarter MOTION | POSITIONING P I

L.-836
Linear Stage

Stackable - Compact
Cost Effective

Lase Units = Z60mm, H2 TR0
Active axes X u Ol% I:|':|-I'(|)’| 25~200 mm
Travel range 25~ 200 mm "
: : = 7i8ksts E|CH 150 N
Design resolution 5 um
Min. incremental motion 0.24 ~0.75 um ® Folded drivetrain &M
Bidirectional repeatabilit +04-~3 m
e i = 2|Ljo| A3 M
Straightness / flatness +2~3 um
A o = C
Max. velocity 40 ~ 80 e m HXIOREIR =Cl Hy|o|3 2E!
Load capacity 150 N
Overal mass 07~12 kg 20|~ 7|._g_’ E.”ﬁg&?:-llkh HX} I‘||_7F_,
C-663, G-901,
Recommended controllers ACS 2t O'HQ!EEL EE':!&) HEFHE S
PI Pl (Physik Instrumente] | M2S5%A| 25T 42t2 156 105 05354 BEEE
Korea Ltd. I Phone 024750060 Fax 024753663 E-mail info-kr@pi.ws www.pikorea.co.kr & %

WWW.PIKOREA.CO.KR
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