A foi 100 Ok U2 021 H 1

ONIFIIINIONT NOISIOFdd HO4 ALIIO0S NVIHOM FHL 40 T¥YNANOr

€207 19qWSAON 9€6-€G8 dd ‘LI "ON ‘OF "10A

3 —
Head2sete|X|
NOlUANAL OF THE KOREAN SOCIETY FOR
PREGELONSNEINSININE

VOLUME 40, NUMBER 11
NOVEMBER 2023

ISSN 1225-9071 (Print)
ISSN 2287-8769 (Onlne)

INDEXED IN
..... SCOPUS, Korea Citation Index (KCI) and
i Korea Science



Editor-in-Chief

Bo Hyun Kim
Soongsil University
bhkim@ssu.ac.kr
Editors
Jihwan An Baeksuk Chu Won-Shik Chu Doo-Man Chun
POSTECH Kumoh National Institute of Technology Gyeongsang National University University of Ulsan
Koo Hyun Chung Duhwan Mun Jihong Hwang Young Hun Jeong
University of Ulsan Korea University Seoul National University of Science & Technology ~ Kyungpook National University
Jonghan Jin Dong Sung Kim Ho-Chan Kim Yang Jin Kim
Korea Research Institute of Standards & Science POSTECH Andong National University Pusan National University
Seung Hwan Ko Moonkyu Kwak Sung-Mook Kang Changwoo Lee
Seoul National University Kyungpook National University Daegu Catholic University Konkuk University
Chang-Whan Lee Hyunseop Lee In Hwan Lee Hyung Wook Park
Seoul National University of Science & Technology ~ Dong-A University Chungbuk National University UNIST
Min Soo Park Sang-Hu Park Jung Woo Sohn
Seoul National University of Science & Technology ~ Pusan National University Kumoh National Institute of Technology
Members of Editorial Board
Jangho Bae Younghak Cho Dongwhi Choi Jin-Seung Choi
Kyungsung University Seoul National University of Science & Technology ~ Kyung Hee University Konkuk University
Jungwook Choi Young-Man Choi Young-Kug Hwang Jinah Jang
Chung-Ang University Ajou University Chosun College of Science & Technology POSTECH
Yongho Jeon Jayil Jeong Maolin Jin Beomjoon Kim
Ajou University Kookmin University Korea Institute of Robot & Convergence The University of Tokyo
Chang-~Ju Kim Gap-Yong Kim Jae-Yeol Kim Kee Joo Kim
Korea Institute of Machinery & Materials lowa State University Chosun University Tongmyong University
Woo Kyun Kim Patrick Kwon Bong-Kee Lee Jongkil Lee
University of Cincinnati Michigan State University Chonnam National University Andong National University
Kwang-l Lee Sangkee Min June Park Jungjae Park
Kyungil University University of Wisconsin-Madison Korea Photonics Technology Institute Korea Research Institute of Standards & Science
Jung Whan Park Simon Park Yong Son Chul Ki Song
Yeungnam University University of Calgary Korea Institute of Industrial Technology Gyeongsang National University
Ki-Sik Tae Duck Hyun Wang Hae-Sung Yoon Sung Ho Yoon
Konyang University Kyungnam University Korea Aerospace University Kumoh National Institute of Technology

JOURNAL OF THE KOREAN SOCIETY FOR PRECISION ENGINEERING

VOLUME 40, NUMBER 11 /November 2023

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

Aims and Scope The Journal of the Korean Society for Precision Engineering is devoted to publishing original research articles on all aspects of precision engineering and manufacturing. Specifically,
the journal focuses on various fields including: 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.
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.

Abbreviation of Title J. Korean Soc. Precis. Eng.

Full Text Available at http://jkspe.kspe.or.kr/

Indexed in SCOPUS, Korea Citation Index (KCI) and Korea Science
Subscription Fee Free to KSPE Members (Membership Fee: 50,000 KRW per Year)

Published on November 1, 2023 (Monthly)

Published by The Korean Society for Precision Engineering

Publisher Seok-Woo Lee (President, KSPE)
Managing Editor Bo Hyun Kim
Manuscript Editor Su-Hyun Kang

Journal Office 12F, SKY 1004 Bldg., 50-1 Jungnim-ro, Jung-gu, Seoul, 04508, Republic of Korea / TEL +82-2-518-2928 / FAX +82-2-518-2937 / paper@kspe.or.kr / http://www.kspe.or.kr

Printed by Hanrimwon Co., Ltd.

Copyright © The Korean Society for Precision Engineering
This work was supported by the Korean Federation of Science and Technology Societies (KOFST) Grant funded by the Korean Government.



1o
ol
H0
oll
K0

o

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

= /20234 11

M40 H[11

Hr

fo|EE|= ol 2R9| o] &2

[S)

855

| PEMFC &7|&

el

%0
0
wl
<lo
nE

-

siAd

g

===
o=

al
=

HZHZE & 29| 31 EFEX| 47

2 R0IEY

881

8l

Fo.._
BNl

20
wr
L

I £21 LM7t0|=2] Ot

=1

=
=

907

I Mi2|ot

=4

921

929

L|C}.

71& Lol 7|ofEt

St
of

EIE|0f ASIA| 71%| AlBia 27} of

JlezsIgoR &

St
of

7 lEgeSLRe| uf

9l st

THER| =27 |15

3|
=]

A2 7|
This work was supported by the Korean Federation of Science and Technology Societies (KOFST) Grant funded by the Korean

Government.

==
=



JOURNAL OF THE KOREAN SOCIETY FOR
PRECISION ENGINEERING

VOLUME 40, NUMBER 11 / November 2023 1SN 228-8768 (Onine)
CONTENTS
REGULAR

855  Analysis of Inverse Kinematics for Legged Walking and Skated Driving with Hybrid Mobile Robot

867

873

881

891

899

907

915

921

929

Chang-Soon Hwang, Ho Lee, and Bo-Yeong Kang

A Study of Effects of the Repetition of Assembly and the Addition of Activation on Electrochemical
Characteristics of PEMFCs

Ji Woong Jeon, Gye Eun Jang, Young Jo Lee, Dong Kun Song, Ho Jun Yoo, Seung Hyeok Hong,

Jung Soo Kim, Ye Rim Kwon, Da Hye Geum, and Gu Young Cho

Structural Behavior Analysis of the Proximal Femur after Artificial Hip Joint Implantation at Micro Level
Seung Hun Ryu and Jung Jin Kim

Design and Dynamic Characteristics Analysis of Rotating Welding Torch with Ball Joint Type Mechanical
Seal structure
Dong Jun Lee, Jung Min Kim, Chul Soo Jeong, and Sangrok Jin

Study on of Friction and Degradation Characteristics of TPV Glass Run Channel
Su-Bin Cha, Junho Bae, and Koo-Hyun Chung

Reflective Optical Systems for Aerospace Applications
Kisoo Kim, Ji-Hun Bae, and Jongbok Park

Study on Comparison of Friction Force between Ball- and Roller-LM Guides
Hyeon Jeong Ra, Dong Wook Kim, Jun Man Lee, Han Seon Ryu, Jae Han Joung, and Young Hun Jeong

Fabrication of Platinum-Samarium Doped Ceria Composite Cathode Using Sputtering Technique
Yongchan Park, Davin Jeong, Hyeontaek Kim, Hyeongmin Kim, and Soonwook Hong

Anomaly Detection in a Combined Driving System based on Unsupervised Learning
Kichang Park and Yongkwan Lee

Research on Dry Cooling and Processing Precision in Ultra-precision Machining
Gyung-ll Lee

2 A2 7|2 ERe SV 1F H 2 s HESARO| HElV [ETIE7 IS 22 FEIE(0] ASIN 7HX| Aeint =27t nfsly & gl 7 |oftLct.
This work was supported by the Korean Federation of Science and Technology Societies (KOFST) Grant funded by the Korean

Government.



StREUTSS|X| M 402 A 115 pp. 855-866

November 2023/ 855

J. Korean Soc. Precis. Eng., Vol. 40, No. 11, pp. 855-866

slojE2|E 0|F 2R
3

o| Ci2| Ellu} AH|0|E

http://doi.org/10.7736/JKSPE.023.067
ISSN 1225-9071 (Print) / 2287-8769 (Online)

Fag 9I5t A7IRsto)

Analysis of Inverse Kinematics for Legged Walking and Skated Driving

with Hybrid Mobile Robot
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Chang-Soon Hwang'#, Ho Lee?, and Bo-Yeong Kang?
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KEYWORDS: Hybrid mobile robot (Gt0|E2|= 0|5 2&), Legged walking (Ct2| E3H), Skated driving (A0 |E FT&Y),
Inverse kinematics (&7|71S}), Switching end-effectors (ZIEH 1 |[)

Hybrid mobile robot is the system that will practically combine legged walking and skated driving in the same system.
Therefore, this robot has own problems of inverse kinematics that are not considered in typical walking robots. In this
paper, | fully categorized the inverse kinematics problems for hybrid mobile robot with general motion by walking and
driving on an inclined plane, including switching end-effectors between foots and blades. | also solved the inverse
kinematics for each case of problems. | here actively adopted the coordinate transformation derived from the inclined plane
to cope with the random motion of foots and blades on the plane. | then presented several examples of the inverse
kinematics problems with specific situations, and verified the validity of the analysis method from the results.
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(a) Isometric

(b) Front
Fig. 1 Inline skating robot (SkaBot)

/o |

Fig. 2 Switching end-effectors between foot and blade
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(b) Front

(a) Isometric

Fig. 3 Hybrid mobile robot (HymBot)

Fig. 4 Robot and inclined plane

Fig. 13} o] AA0|E F3uto] 7h53t 2% 104422 27
o|E 2R[15] g thy] Ry} AAolE o] FUFL A
2dlofA 7Hssl7] Wizl XAget ojm]o] sto]lHe|E o]F =
Folgfal & 4= Qlth. o7|A= o7|4tet AIE HRER 3%
of 7stelAQl FREREE AFsiAlct

5 A Hrsom FEE,
A FAl= 0-XYZ ZAo|a, 4
W2 4 3oz AA3 HAF A
& B A HEAE 0-xyz ARl 3
—4 0-XYZ Jhbﬁﬂi} A= 2t o714 =5F, E}EH
SAbR EASHL, FARE, e, 2
XYZQ} 2ol tEAt= FEARTE Fig. 49t
75*}“1 QollA the] B B AA0E F3)0 &
?ﬂW Zﬁ‘%l e ABIZ o]FEth 25 25 oA o8 o
27F Al eel, & w27k A2 vEloloh.

Hajyp F=840] of7|tsto] Aagt 2k Wek YHS Table
1o Aejgl=dl, A5 &4 «&8 g ¥ & 0-XYZ 1L
A HEA A HRI XYXYZ X Euler Angles?l Ay, Ay, 7y,
Yoo By B BHOR 0]-X,7Z) o% HTA} He AS

fn

N
iz
N
rr
mO
rE
2
o
ut

ofl,
e
1o
N
AN
el
Kl !

I

o&i £
fﬁé
1o
N



SEEE3SEX] M40E M11=E

November 2023/ 857

Table 1 Homogeneous transformation matrix of inverse kinematics
for legged walking and skated driving

Matrix Euler angles Frame
Right plane A, XYXY (yy = 00) 0, - X1V 7,
Left plane Ay XYXY (3, = 180°) 0, -XoYoZ,
Foot/blade 4; XYXYZ 0;—X;Y.Z
Right foot ¥ XYXYZXT 0] -X1Y{Z;
Left foot 7, XYXYZX~ 0,-X,Y,7Z;
Right blade ¥ XYXYZY~ 0] -X1Y{Z;
Left blade 7, XYXYZY* 0,-X,Y,7Z;
C

Fig. 5 Contact of blade and plane
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Table 2 Solution of inverse kinematics for common walking and
skating with known location of end-effector

Case 0, 6, 6, 6, 0, 6

(a) 1 pair of solution

Ry Ry Ryz by,

T=71%-= (iﬁ' Jo ko bg] _ | Ry Ry Ry by
0 001 Ry Ry Ry by
0 0 0 1

04717\1 by = (bO»bo,bo)‘_ 411474] Feks! /‘}OH A 7o)

AL, —(R“,R21,R31) (RlzaRzzaRn) kg’ = (R,
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P4C.9[+P5S9,)

0, = arctan(7T,) = —arctan(
2 ( 92) P6

(10)
o714 BAQL P,Cy +PsS, 9k £E1 Py 7t g o] ofo]of
Qith. 53] 232804 $1gdh= At o] End-effector®] 912 Ak
2 %33l P, Ps, Py WIEA] AgS|of gtk 183 6,2 et
7] 1AL, A2 (1, 1) At (1, 3) A= Fefshd vt Aok

(P1Cy,+ PySy)Co+ PySy = Cy (11a)

(P1oCo T P11S9)Co + P1Sy = Sy, (11b)

oM Py =R Cy+ Ry Sy, Py =Ry Cy + R 1Sy, Py =Ry,

Py = R;3Cy +Ry3Sy, Py = —Ry3Cy + R3Sy, Piy = Rys®Ith.
A4 G2 Th5ak o] 78 4= it

G = arctan2(S96, Cgé) (12)

ez A)9), A(10), 212014 6, 6;, 052 1’8°] si7F EARITH

Ul 2 6s, 0,, 055 T-517] f18iAl A @)ellA tha= Alkteith

(AGALALAZ)IT(AS) ! = ALALAS (13)

6+ 6,+ 6; 5 F317] $l3lA,
== Aeshd ohEat Ak

PyCp =P8y

A(13)9] (2, 2) & 3, 2) A

= Cyrg+q, (14a)

—P3Cy + (P Cy +PySp)Sp, = Sp10,+0, (14b)
A14)0lA 65+ 0, + 05 = thaat o] -8 = 9l

O+ 0, + 05 = arctan2(Sy . g+ g, Co 4 g,+ 0.) (15)

0,5 5171 f1siAl, 4(13)9] (2, 4)
A Cyp = Aefshd vt gt

242 52 2
_ 05t 0514

A 3, 4) AEe A

1
Ca, 20,0, (16)
o714 Q3 = —PsCp +(PsCp +PsSy)Sg—1=15Cy 1 4,4 0.» s

= =PsCy +PySg —15Sp 1 g+ 0,013, =51 201, 7F GO oFY
ofof SfaL, —1<Cy <1 o]ojof Fhrh. AZRha=o A o)A
So, =+ [T-Cpolng, 6,1+ thaa} o] 78 4 9ok,
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0, = arctan2(Sy, Cy) = arctan2(<, /1 ngf, Cyp) (A7)

6, & F317] 18lAl, A1(13)9] (2, 4) AEI} (3, 4) RS Cp,
So, ol Tt A9 Aoz Fejshd o) Lk

01Co, T 085 = 05 (18a)
04Cp + 0555 = O (18b)
o714 9, = I3+I4C94> 0, = *I4S94> 04 =0, 05 = 0,°Ith.
4181 6,2 theat 2ol T3 4 9k
C. = 0,0;-0,0 _ 0196t 9,05
6 2, 52 0 2, 2
0,+0, 0/+0,
o, = arctan2(S,93, C93) (19)
o714 Eml 0% 077 o] oholok sk, ~1<Cp<1,

18, <1 olofof Btk 6, &= theat o] 73k 4 ek,
0; = (6;+6,+ 0;)— 6, 6, (20)

TREE A)(9), A1(10), A1(12), A(17), A1(19), A0elA 6,
0, O Oy 0y, Os= AAACR 29| a7} ZASlER A4
siA Alefslo} wht). B3] Al 2ol 6,<0°ol2ka s,
Table 29} o] AAHOZ 19| d7} A Mo EAsHA =
o, Zeli Zpg kARl 799l £180°9] WejolAl Akkaln
A 24, AMelA 24, AT 2o AAHeR
gare] a7t EAfeit], AR a4 B ekl Sk,
obgel 9 thele] 49w olsh] shaje 4 k.

2.37|K| LTHRIX|, OIX] 2 XIMI2| 222804 et H7|51eto] 5HA
o] ZAls Folxl LAIPIES] A|oA Fo G5 W3]
QURE SARIES] ZAIQL By ot vIAe] o), 0, 65, 6, 655 5t
£ Zo] H11, ulAlg 6ljolck. 58] 22 A} o] 0.2 Aol
E9] APl Table 19] 4;, ¥ 2 Uehjjed), n14el 5,8 T3t
71§14 wtz Zelsfof jitk. webA 4,5 4,9 G, ) d2olet
3 3, AN o] T ¥ o] AP e theat 2 Hek.
Rip Ry Rys LS TR ST ST
Ry Ry Rpz| = | ¥y —
Ry R3; Rss Y~V — ¥y

A11Cp + A58, =A1y = Ai3Cp +4,Sp,
= |4y Cp T A53Sp Ay —A;3Cp + 43S,
A3 Cp + 45385 =43y —
1 2 2
R\ Cp,+ RS, Ry Ri3Cp + R13Sp,
I 2 2
= | Ry Cp T R Sp, Ry Ry3Cp + R3Sp, 2n

1 2 2
Ry Cp 4R35, Sp, Ry Ry3Cp + R3S,

Table 3 Solutions of inverse kinematics for comfortable skating
with known position and unknown orientation of end-

effector
Case Conditions 0, 6,, 6, 0,, 05, By
(@ 6=0 1 pair of solution

(b) 6s#0,P;=0
(©) Gs#0, P;#0

2 pairs of solution

Maximum 4 pairs of solution

o] A= Table 39} Zro] 34 342 Us 4 J=d|, 22+
5ol disiA 7]7eke saslr| 2 gl
2.3.1 7|R| LSt IX|, OIX] LT RIKI2| FHOIM 6, = 02 BS

O = 0°1 5ol WA 6, 6,, p 5 T317] sl A(5)S
At 6, 6,2 T3] S, AGPIA BE E36HA|
o (1, 2) AR (1, 4) AES xgas}ca 212} 2)(6)T} 41(22)
o} 2tk

(P4Cy, + P5S5)Co + PSy = P; (22)

0317]/\1 P4_(bo _bo)ca+(b0 bo)Sa bG’ PS*_(bo
bo)ce+(bo—bo)se+bcapsfbo_bo bc+11aP7 IGSH(

= 00°]t}. 4(6), 422 42 Ty & F=7F vl Ty, = Ty,
£ Aelshd ot Ak
(P\Pg—=P3P)Cy +(PyPs—P3P5)Sy = 0 (23)

7Hs W7 6, = £90°0| B2, A(23)04 6, & Theat o)
T = Sl

( 6*P3P4)
—arctan

6, = arctan(T,) = W

(24)
oJ7|A] BAQl P Pg— P3P, 9} £1Ql P,Pi—PiPs 7}t 801 o
YoloF gtk 715 W97l 6, = +90° o|ug, 2(22)0]4 6, =
o o] 72 4= Tk

P4C91 +P5S5])

6, = arctan(T,) = —arctan( (25)
2 P6

A7 A PyCy + P8, 2 £l P} 5 0] opfolof &
o}, B3] 23280 AFshe A3 Lol W] 9% AR
38t Py, Ps, Pg WHEA] ARGfoF @e). 2|3 B, & 517
1A A(5)9] (1, 1) AET} (1, 3) BEE C,, 8, of Hhe o
Y WAl gejshe oheal 2t

i Cﬂy+ VZSﬁY =Py (26a)
ViCp +VySp, = Py (26b)
Vi = (PgCy +PySy)Cp+ P1Sy,

Vy = (P1Co+P13Sp)Co + P35Sy,
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V3= (P5Cy +PsSg)Co + P78,

Vi=(P3Cy +P1oSg)Co + PyySo,

o7|14 Py = R11C9+R21S9= Py = R21C9+R|159’ PlO

R;l’ Py = Rllce +R21S9, Py = *R21C9 +R11S9, Py =R},
= Cf) L, Pis = R13Ca +R23Sf)= P = R23CHZ+R13S@=

P = Ry, Pig = R13C9 +Rz3S(9’ Py = R23C01+RT336; Py

23t o] 73

3 Py = 8g = 0otk A1(26)°14 fy+=

P, V=PV, P, Vi—=P, V.
Cp = 2172147y = 20701075 (g7
! ViVi=V,Vs V=YL

By = arctanZ(Sﬁy, Cﬂy) (27b)

o7|1A REQL Vi V=V, V3 7k o] ofyolof gt e
0 = 0° Q1 Z3--oll 21(24), 21(25), 427N 6, 0, fy= 1%
o a7} ZAt.

SO 6, 0, 6% Tk skt Uriq BEe 22
Ao Y& 7EHor Fdstnz 229 Hauskd wigt
th. 53] A16)A Q5 = =Py Cp +(PyCo +Py3S5)Sp —1s
*15C93+94+953 Qs = *P23C9,+P2259f15593+94+95= Py = Py—
l6(P\sCp,+ P1gSp), Po3 = Ps—1g(P\sCp + P19Sp ), Pry = Ps—
l(P17Cp + PySp) 5% Aol FoIapAf. 2B ARt o]
0,<0°0]2}iL S}, Table 33} o] g = 0°21 B9l 6, 6,
By, Oy 6, Os= JAH SR 19 a7} sfj4 2oz ZA5H
ok 2E]a3 7P ARkl 92l £180°9] H el A Al4kst
A (23)001 4 2%, A(22)0l14 24, A(17)ell A 2oz HA1H
o2 | a7t EAsk=t, AL B4 HES A=
St o e ¢ v FeE EolsHl s 4= Sl

2.3.27|X 2= 2IX], O]X]|
a2

0, #0°% A%l 6, 0, ByE T317] S04 A(5)E Akt
gttt 0, 6,5 F517] AEiA, AlG)elA By E EISHA] Y=
(1, 2) &3} (1, 4) ZES Hohd 22 2)(6)= 41(28)x 2t

(P4Cp +PsSy)Co +PeSy, = Py (28)

LTHRMIC] =H0M 66 + 0, P3 = 02

oA7|A Py~Pe2 2(22)¢ A2 Za1, Py=1] Sa #00|c}. 4=
i ZHoA 6, = 0,=0.= 0°¢1 BEog Eulg AH 21(2)
A Ry =1, Ry =Ry =-1, R, = R13 =Ry = Ry = Ry
=Ry, = 00|22 2)(6), 4|(28)°|A Py =P;=P,=Ps=0,
Py#0, Pg#0 0| Ty, o]AL X3 HHSH ASlo| g o
71734 o] WIEA] FHsaok Stk SHANE Py = P4
P = 00]H 4](6), 4](28)°] (P,C9]+P2S91)C@2 =0, PGSQ2 =
of EolAl Cy. Sp0l B3t Ay WAL AurHel ’SHH*OE
6, = arctan2(S,, Cy, V& 18 4 Qi wekA &5 AR
R R P e

Table 33} Zo] 6,#0°¢] ALES =
9} Gy#0°, Py%0%] A= LEa= Ho| elgsital 7
o}, 7bets] st Py = 091 7ol 2(6), A28y A3
A 6 T 5 “X]UP #0% Aol 6= & 4 U
Gs#0°, Py=0¢l 01] HA 6, 6,5 F3st7] AsiA A
5y AlikRl é1(5)«1 (1, 2) &2 2l6)°] dd3st7] fIsiA
Cy#0, P\Cy+P,S, =0& WE3oF 3HER, 7Hg W7t
+90° Q1 6,2 oh3} o] &k = 9l

A Gg#0°, Py =029

F_Yl oﬁ
Lyt

0, = arctan(Tgl) = —arctan(l;—,;) (29)

o174 £A<) PSk #7221 Py} 3 o] opfolof @tk 6,5 T
sk7] ffeiAl, A(5)2 (1, 4) &= *Elé}fﬂ o 2k

U Cy,t U8y = Us (30)

4714 Uy = P,Cy +PsS, , Uy = Pg, Uy = P; 0
2 A28 A= Lk A (300l 6, = T Zol 4+& o= ik

U1U3—’\j UZZ(UI +U2 U3)

Cgﬁ
Ui Uy
g = U22U3$ Uy Uzz( U|2+ Uzz—Usz)
" Un(U U3
0, = arctan2(S,, Cp) (31

°17]A1 U, 20, Ul UZ U2 0 ololof sit}. T2jmz g, 20,

= 031 Z%0) 21(29), A1B1ONA 6, 6,= 22<] a7} ZA3lct.

o8 Py, 65, 0, 05 FofoF Sh=tl, WA A
23,131 Wgat 7EHo s FUstug 23183 arstd vt
) J2jus ARt o] 6,<0° 0|2kl 31, Table 33} 7o)
0s#0°, Py =02 0l 6, 6y, By, 6, 65, 0= AHHO=
2o st SRR EASPA ek 1o 4 Qe 7
$-21 £180°2] W 9jellA] AXISHH 41291 P, Cy +P,S, = 0]
A 2%, AGDOA 2%, Al(17)elA 2o g AR o 4o
a7k Efshes], TAH S B ksl St oke
g ¢ thale] ALw LoldlA e <= Ut

2.3.3 7|X| Zct 9X|, O|K| Tk XIM2] UM 6, # 0,
P; + 0% AL
0s#0°, Py=0%1 9ol WA 6, 0,5 ;Lom S5 A] 2]

(5)2 AL A(5)9] (1, 2) AET} (1, 4) AR A=A
Cy, So& T3P T3}
P,P.—P.,P.)S, —P,P
(PyPg—P3P5)Sp —P,Py (328)

C =
% (P1Ps—=PyP,)Cy,

5, - _(P1P67P3P4)S927P1P7 (32b)
! (P\Ps—=P,P,)Cy,
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71 Py~Py 2 2)(6), A(28)¥ A= AL, #RQl (PPs—
PyPy)Cy, 7} oJo] ojojoF s}, -1<Cy <1, 18, <1 o]
olof Ftck. 6,5 Fa] faiAl, (329 Cp. S, CptS,
= Lol tidaiA MEA Sooll HisiA elshd o5 2ol
S0l BRF 22} A Alo] Fr}

UsSg+ UgSy, + Uy = 0 33)

A7 U, = (PIPS_P2P4)Za U, = _P32(P42+P52)_P6(P1(P1P6
—2P;P,)+ Py (PyPg—2P5Ps)), Uy = 2P,(P,(P,Ps— P3P,) + P,
(PyPs—P3P5)), Uy = *P72(P12+P22), Us=U-U, Us =-Us,
Uy = -U - Ugolth. 7Hs W9I7F 6, = £90° o] B2, 2](33)°]
A 60,k thgat ol g 4 ik

0, = arcsin(ng) (34)

o714 ~1<S, <10lojo} It} 2323l Adar AT ol
P, = Ps = 00] A5 YRR, 6,8 F317] YA 2(5)]
(1, 2) &2 Aok ok 2tk

UgCy +UsSy = Uy (35)

A7IM Ug = P\Cy,, Ug = P,Cp , Upy = —P3S, €It} 4(35)
ol & 71EAHoZ 4(30), AGNHT T Fez 13 4
Qtl, oI71A Uy#0, UgtUs—Uyy>0olojof glct, B3
Py = Ps=00]H, A1(32)0fA] Hmr} o] wolA 6,8 73t
S gloma g.& whEa] 235yl Eafok sk, Altkr} 2.3.2
ol gt AT} o] 2(6), 41(28)9] A WAz 4,2
A2 F8lA] ok "ok 2822 g=0°, P3=03] 735
21(34), A1(35)1A1 6, 6, 2T 4] 37k ERhgct.
HSOR By, 6, 6, 6,2 Fajof s, Lheix] S 2311
o] W3t 7R oz Bostng 231908 Aush uleitt. 1
Bug ARt 2ol 6,<0°0leki 31, Table 37} o] 6,#0°,
Py#021 790l 6,, 6,, By, 6,, 6;, 6= A H o= ) 4]
7t sidHon ZAEHA "ok deln sF Qykdel Hool
+180° 9] QoA AXksh A(3AwlA o 44, 235114 24,
A7)0l 2oz AHHo R He 1689 szt Exjshed),
A B4 TS AeFer| = gk okgd 9 thele] H9w &
ola1A) B3t 4= olek. 23] tiat Alayzke2 AFsIAPE, A1(7)
o TN A WAL HeR Eux) YA e 2
oz B2 73k 4 QUL M) Wik 6, 6, B2 T
Holl =] sA1HIQ) W o & Z ) PRt S a5 elglck

2.4 0IK| 2HRIX|, O] ZHTHRM2] Z401| Chet 7| 7rsie ot

Fig. 29} o] 7149 By = fy oA A9 HEE Avhd &
2o uz|e] By = By 2 71A9] Gpoll A s W2 wsol
ElE7tE a4she A, o] BAlL Foi 6,8 WEe}] ¢
ok SAPIES] 9fA], AAPIEL] AAIRL By, IR 6, 6,
b, 0, 055 F5h= o] HaL, wAe= oot 53] °F

Mo n

N

27| E9] 912 Table 19] 4, ¥ 2 dehfe], w24l
By, S o] flsiA w2 Zejsof dith. Table 1 9 4,914
X721 W] 9] AEE 247 uy, uy ugoleh b,
Fig. 59} Zo] B, = 0°¢l 7]X|9] C, = Ey3} Pure Rolling 7]
FL2 By, C, E7} 71X By, C, EONA A By, C,,
E = WA ==dl, C,, G, E,, Ey= th32 2t

C, = CO_rwﬂYauxi (36a)

u

C, = Cﬂ_rwﬁYqu]' (36b)

E, = EO*’”W((ﬂY”*Sﬁya)”X; -(1- Cﬂya)uzi) (36c¢)
Ey = g r((By,=Sp, gy ~(1=Cpy Juz)  (36d)
8C = 1, (By,~ By Juy, (36¢)

OE = —rw((ﬂyh - SﬁYb)uX{ + Cﬁybuzi
(361)
~(By, —Sp, )qu' —Cp, Uy

o}7]4 r, = Fig. 59} Zo| 2Al0|E #e| uAFo|1, 6C =
C,~C,, OE = E,~E, = C, E2] FHolt}. 53] 2A0|=9]
AL 1A Eo NN wlAel E, = E,+SEE vHd],
OF = (8vy, vy 02;) 2 1590 By, 2 Urehfiwl ohga) 2k

oxp = En(ﬁy,fspyb) +E12Cﬂyb +E; (37a)
g = E21(ﬁyb*5ﬁyb) +E22Cﬂ,,b +Ey (37b)
&y = Ex(By,~Sp, )+ ECp, + By (37¢)

7NN Ey = Ay, By =ondn Ep =By =Sp)
4 *Cﬁyaﬁm), Ey = 1Ay, Eyy = 1Ay, Epy = ”w((ﬁyaa_
Sp, )4y + Cy, Ay3), By = =1 Ay, Eyy = =1, Ayy, By = ”w((ﬁ}'”
~ S5, )43+ Cp Ayp)oleh. BT 23 A3} Fo] 0.2 2Ao]E
o] A= Table 19] 4,, ¥ Uehfi], nx42l g, S
st7] QA whz EelshoR gt whbA ARA] FES A (21)e]
A AR By E By, = BRE 3 M2 Dt o] A= Table
40} o] A 2492 s 4= Sl=dl, 4o 9ol tisliA
7|58k sfAsr| = St

2.4.1 OIX] L £Ix, OIX| LEF KIO] TR P, = 091 2
0. 6. BB T3] A A(G)E AT A(G)IA
2 EUHA SR (1 2) AR Aelsh Ae 2
23293 2339004 AWk 213t o] A(6)] that A %
ME T Py - 09l A9k 209l A9E TR Aol
ebgsicha wegct.
Py =021 9. A 6, 0, f, & F517] SIS A(5)S
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Table 4 Solutions of inverse kinematics for comfortable skating
with unknown location of end-effector

Case Conditions 0,, 6,, 65, 9,, 0s, ﬂyb
(a) P;=0 1 pair of solution
(b) P;#0 1 pair of solution

Akt 2459 (1, 2) AR 6] A A
Cy,#0, P,Cy +P,S, = 02 QIE3|oF LR, 6,2 4](29)0} 2
ol 7+ = Sl ﬂY = J517] HSH A 2159 (1, 1) &3} (1, 3)
JEE Cy L Sp ol tiFE A™ WA o= At theat

ViCp, +V2Sp, = Piy (38a)

ViCp, +ViSp, = P (38b)

AZIA Vi ~Vy, Py~Py
@7 22>

Qe Az ek AE)IA A
FHZ Cp, S, & ToHA ohe T} 2o

_ 7P21V2—P14V4 _ Py Vi —Puls (39)
Py, ViVa=VoVy Py ViV, -V,

o714 BEL 1V~ ¥, 7k o] ohofol itk ulery
B By, = 0% o] 6,0 Folth. 6,5 73] SIaIA,

AGRIA By S ZRBHE (1, 4) BES By, Cp . S, o T3
A Aelshe cheat 2k o

VSﬂY+V6Cﬂ +V7Sﬁ +Vg =Py, (40)
Vs = (PyCy +Py385)Cp + PouSy,
Ve = (PysCy + PysSp)Cp + PyrSy,
Vy = (stcal +P29S91)C92+P30S92

Vs = (P3Cy +P3,85)Co, + P35S,

7I1M Py = ECo T Ey Sy, Py =—EyCoy tE Sy, Py
= Ej), Pys = EpCy +EpSy, Py =—EpnCo+EpRSy, Py =
By Py = —£,1Cp,=EySp, Py = £y Cy, Ense s Py =

—E31, Py = (xg, +E13 boG)Ce + (g, +Ezs bo )Sq,~ ng, Py
= *()’E + Eyy—byg )Co, T (xg, +E;3—bg S0, +bG s Py=zp+

bo bG 1y, Py = 1S 0tk 2(40)0 4395 st
‘:'4 J,] FTHOR 0,9 Tt HER, A@0)A 6= A
Aoz 3 4= glek 3 WL g, = £90°0| B, 2|(39)°]
A By T 2ol 7 4 3l

Py Vi—Py Vs
'BYh = arctan(T ﬂyb) = —arctan(———————————) 41)

P21V27P14V4

A7 ZARRY Py V=P, V3o 2l Py V- P V7t go]
ofyojof gtrt auE Py =031 Z-9-of 2](29), 41(40), 2]

@nelA 6,, 0,, By = 1789 7k ARt

ChEOR 6;, 6, 055 Foliof Shatll, WA IS 2.2789 o
| 7|2H o FYsteg 224 st wigit) £3] 4
(16214 Q3 = = P3;,Cy +(P35Cy, + P36Sg)S0,~ 1= 15sCo 1 g+ 05
Qg = —P3sCy t P3sSp =158+ g,+ 0, P3s = Pfy, +stCﬁ +
stsﬂyb+P31 *le(PlscﬂberPlsSﬁYb), Psyg = Py fy, +P26Cﬂ +
PyoSp, +P32—16(P16Cﬁ +P 9513 ) Py = Pypfy, +P27Cﬁ +
PSOSﬂ +P33 (P17C/3 +P20Sﬁ ) SolaL, A(37)0lA bo
Xg, *xE +oxg, bo y = VE, +5J’Ea bo =z, = zp +0zp%)
Zle| TI’"] SiA} JHUE *PE}J—} ol 6,<0% ]E}J— S,
Table 49} 20| Py = 091 A%l 6, 6y, By, 6, Oy, 6= A
AF o= 1789 a7t Al A o= EASHA et el 7}
A Adubz el 792l +180°9] HLjolA] AkslE 4](29)004 2
A, A(DeA 8o m AAA oz 480 szt EAfst=tl,
AZ Rl sfjA] g2 Agerelr| &= it ofe e ¢ theld] A9
golstA siAe 4= it

2.4.2 O|X| LT 2R, OIX| LTE XM =OIM P # 021 E
P;#0%] Z%-of, AA 6, 6, ﬁYE:TLO}ﬂT]Hi/%()E
Atk 6,2 3171 A, AGRIA B, S ZHTHE (1,

2) HE-e AN T, 2 Tohe cheat 2k

+
7, = P1C91P3P2S9] 42)

Wb 0,5 6, = f(6) 2o| 6,9 Witk f, & ]

A AG (1 1) AR (1 3) AR L Sy ol DT

oqa tll—Z—lAlOﬁ Z—]g]o]_l:l:] /\1(38)_‘_]. 71—1:]_ A](}g)oﬂ/\—] C,B ,
5, & TR 2GS 2ok wet f & By = A6 2

°l Bye) Tk 0,2 T2 SIIAL AP 5 E

SR (1 4) BRE By, €y Sy, ol el Hlska 20

2tk 440 A(39)E st HEHOR 6,9 A7t

B2, A@0elA 6 SRR T3 4 ek, 5

S 6, = £90°0] 82, A(@2)l4 O,k cheat Zol JE 4

et
P,Cy +P,S,
6, = arctan(T,) = farctan(f) (43)
3
o714 RESQl Py7h o] obolof et S Wt By, =
£90°0] R, £, A@h® Zo| T3 4 Qrf. I

Py#031 750 £](40), 4(43),
) afj7F EAgtet.

SOR 6, 0, 055 F3oF sh=dl, U] gL 2.4.1
o] Ygyt 7|EHog Fdsng 24182 Fushy viet
oh e Al go] 6,<0°0]akal 3h, Table 49} 7ol
Py#0%1 Aol 6, 6, By, O, 6, 6= AAHoR 149
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Table 5 Location of inclined planes for inverse kinematics examples

Case Matrix  Position Euler angles for orientation
(a) 4 ’ Ay = 0° Ay = 15°, Yx T 0°
(0,0,0)
by 4, Ay =15% 2y = 15% p, = 0°
Co, T P3Sy, = AAH ez 44

004 2%, A(1T)eNA] 20
o] a7k EAfskzs, A A T
el 9 tele) AP golsb I 4
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Ao E DAY S 5 cgonE s 79 4 gleln
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o[t} Z12]al Table 59F 2ol of|A|9] HAF AW 0,-X,Y,Z, &}
#A19] f1x1ef AM 2 Uetl o=t Fig. 81} o] 250 4%
ol A Table 5(ay= SAF LR E)S] X|Ho]1L, Table 5(b)y=
QAR LR E)QF ALEA (W) xHeld, Fig. 71t
Fig. 82 Uk Al oA 2 Zlo]t}.

Fig. 72 o7]9ekZ sjAgt o|A|Qld], Fig. 83t Zro] End-
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Table 3(b)2] A4t A|A|]aL, Fig. 7(d)= Table 5(b)9] ZAH
A Table 3(c)e] AL AAIQIH], 6, = 20°0]c}. 1] Fig.
7(e)(fy= Table 5(a)9] ZZAFHONA Table 4(a)9] A4t of|Ao]az,
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Fig. 7 Examples of inverse kinematics problems
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(LN

Fig. 7(b)

35

Fig. 7(d)

Fig. 7(e) Fig. 7(H)
Fig. 7(g) Fig. 7(h)

Fig. 8 Partial details of end-effectors and inclined planes

Table 6 Results of inverse kinematics examples

Fig. 7 Joint angles of ¢4[°], ¢2[°]

() q; = (0,4.34,5.63-11.60,5.97—-19.34)
q, = (0,-4.90,33.56,-69.45, 35.89, 19.90)

q, = (0,4.28,2.43-5.00,2.57,-19.28)

®), @ 4, = (0,-4.84,33.16,-68.61, 35.45, 19.84)
© q, = (0,-4.43,6.07,-12.50, 6.43,20)

q, = (0,-4.87,33.12,-68.54, 35.42, 20)

@ q, = (-1.21,-4.51,-2.83,-12.53,30.41, 20)
q, = (—1.34,-4.98,22.85,-69.40,61.61, 20)
o g, = (0,0.01,11.58,-23.87,12.29,0)

q, = (0,-0.01,35.16,~72.81, 37.65,0)
® q, = (1.19,4.42,-6.36,-5.00,26.41,—19.58)
£ q, = (~1.35,-5.03,22.82,-69.32, 61.56,20.21)
® q, = (0.00,0.01, 1.80,-22.98,36.18,0)

g4, = (~0.00,—-0.01,23.89,-73.13, 64.24, 0)
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A Study of Effects of the Repetition of Assembly and the Addition of
Activation on Electrochemical Characteristics of PEMFCs
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In this study, the effects of repetition of assembly and disassembly of polymer electrolyte membrane fuel cells on
electrochemical performance were systematically investigated. Additionally, the effects of additional activation on polymer
electrolyte membrane fuel cells were evaluated. All fuel cells were measured every three days. For the disassembled
polymer electrolyte membrane fuel cells, membrane electrode assemblies were stored in a vacuum desiccator. For the
maintained assembly, fuel cells were stored at room temperature. The performance and electrochemical characteristics of the
fuel cell were analyzed by electrochemical impedance spectroscopy. As a result, the addition of activation to maintained
assembly fuel cells showed the best performance among fuel cells with other assembly and activation conditions. Repetition
of assembly and disassembly, as well as insufficient activation, caused degradation of the performance of fuel cells.
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FEYer dARdAyl FEEL Stk 535 dARdA F A5 AstE o]ofXITh8]. ’Eiz%‘ A= MEAS] Ajghg- 25
PEMFC (Polymer Electrolyte Membrane Fuel Cell, 52} %13} Z Ao W2 PEMFC 450 uja= J3k2 Hrlskoict
W ARAA)e ol HEA MEA AN 0 AFgIH- AR I uER Q] PEMFCS] EApeie} S Fobo] nhE
AATHI-S]. PEMECE= 8|54 Zbebe 729} B SE100C 4% B7ks ofx) Maelx) sleh. 2 <19 BHe PEMFC
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Electrode Assembly, 2} A=+ XA = A2 4 A7|SsHet-&
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Table 1 Experimental variable settings Case 1
Case 1  Maintenance of cell assembly, no addition of activation 1.0b ‘o“mm; aA—A—a—a 1500 _
; > — | =o-Attempt 3 Ao S—e—e %
Case 2 Maintenance of cell assembly, addition of activation :g:ms:::; o 1400 &
Repetition of cell disassembly and assembly, < 038 =
Case 3 .. . . \>_, 1300 £
no addition of activation g =
Repetition of cell disassembly and assembly, Sos 1200 &
Case 4 . L. o (7}
addition of activation > 04 o°
S {100 @
0.4 /o\o\ g
O o} 1o o

BE 490) 3 ¥R 240 dslel FEACR BAS T
Z7¥skgich il PEMFCE 23f5k= 49 the A5S 245t

7] A7tA] B2lgt MEAE 79 dIA]A €] (Vacuum Desiccator, Current density(A/cm?)
i-Nexus, Korea)o| R#s}gich whdo], Hajalr] 9= AS= (a)

02 1 1 1 1 L
00 03 06 09 12 15 18

SN 29 S AT 290 kS Dok T, Too
S0 R &3 FAS S5 MYt | e %
PEMFC+= End-plate®} 2%, 7}A7, Bipolar Plate, GDL 08 b:_ﬂpﬁ 1400 §
(Gas Diffusion Layer, 7] d|8412), 723 8- HA0] 5 cm? 9] = 1300 £
A+ MEA (CNL MEA C Type)® A=t MEAQ] Pt g8 looo 2
Loading2 Anode®} Cathode X% 0.4 mg/cm’o]t}. PEMFC= = 04 O\%\'\g\)\ %
102 kefme] AAGto R 2Ysgon, wE UFe 10°CoIA] e 10 2
XY Hyot Air B 1.2 baroflA] 70°Ce] &= 2 33519 02 0o &
t}. H, 100 scem, Aire= 500 sccm?] 820 2 FH319 11, Aire 0.0 013 0‘.6 0i9 112 1i5 1.8
AISE 100%2] 71y 2A02 A3ty 18)31 PEMFCY] Current density(A/cm?2)
Anode®} Cathodeol| B-FE1= 7]A(H,, Airy= MFC7} WA= (b)
Fuel Cell Test Station (CNL Energy, Korea)© 2 55} t}. Case 3
PEMFC %2 945k #90} Cell B3 & Ajzedsh= 7 10} ,_EE:'E?:'% e {500
© A} Ul 9m= 47lx] Aog LASATE EI BE Oaﬁi"i:m;'; s it 1400 §
7490l tiste] 3¢ F712 25k ZF F9-0 A g A S ' e {300 €
oA OCVE SA3kaL M-S WstA7|HA EA3kE Z13¥st9l > £
t}. PEMFCO] A%2 3143} o]E =45l E3F = i) § . «200@
Z5E SA3E Frlehe Aol A v Ada sYst ‘ ~ {100 &
A Aeoisiek. w TASHE 2101 g el oV lo
4 A7 = 5 & e 54T 5 05 Vel 00 03 06 09 12 15 18
A EIS (Electrochemlcal Impedance Spectroscopy, 7|3}t ¢ Current density(Alcm?)
s Bg) S4Bl d7|sksh 54 EAEH9] ©
PEMFC9] A7|3}el2] &AL LHIA| 2 AHl(Potentiostat, HCP- Case 4
803, Biologic, France)© & 43§35} T}, 10} ;:3&%5% ’ A—éés*- 1500 &
- R Ao 1400 §>
_ > 1300 €
3. 41t 9 ng Z 06 5
= {200 g
3.1 Z} Caseff IE M5 =} ~ 04 Ry {100 5
Fig. 12 2 490 AFUE, A9, 1012 1 WS ek - 5
Uz JV-P 13141:} Fig. l(a)— nj ZAultt PEMFCS % 02 S o . *
2o o2 3% FASIE 27)151A] 9= Case 10|t} Case 1 00 03 06 09 12 15 18

Current densitv(A/cmz)

of| 4] 23]x}2] Maximum Power Density”7} 4% Z7}5ltl7] o] &

T Askct. SR =304 9] Maximum Power Density+=
432 mW/em*2 Htizrel 294 243 AJ5(508 mW/cm?)E o} Fig. 1 J-V-P graph (a) Case 1 (b) Case 2 (c) Case 3 (d) Case 4
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15.3% 7343}9it}. Case 12 PEMFCS ZHEA]7]A] &= A7t =
Sk dh7]oll k=% PYC Zuij7h G3tE o] Aol A5t A=
FEG 1]

Fig. 1(b)i= PEMFC 23] AelS 2510 u) 24viet 2hy
e bk Aotk 28R SAolA 526 mW/em’R, o]=
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PEMFC®] S48l7} %514 ke Ao] gelol).

43}t F7HE Sk 92 Case 30|t} Case 39| 7%, e 4
oA M & e ASHE Hlth Case 304 71 W& A
& 12l 43)210] A2 310 mW/iem? =, 3 HA 2371l 516
mW/ecm?2 T} 39.8% 745t PEMFCE E3)|sle] MEAS
giAjAolE o] Heg Hysk e 7ol s Ax7t ==,
ol= 4=3}%¥] MEAS] Nafiono] &4=5|o] Case 1(&43} =7} gl
=) WHl A5 A7 HAokar 2T 1,9

n S4uict PEMFCO] a4} 23S REEs}H, 4503] 2] 2Hy
3} 2712 Sl= Case 49] A%, 23)atollA] |t 538 mW/em? A
52 Bl T 43|AolA 7 Aol e 470 mW/em'R2
12.5%2] zto]& ® et Thek, 53|xfol| A 48]} tiH] 7.83%
7¥skedet. CeltE w5 LA E38l|dt= Case 3 thH]| 450l
=20, ol Celld] 23 AejEct 243t 5571 PEMFCY|

Aol B 2 9= mAE AS U = o

o 12 o

3.2 2} Caseli| [E EIS H=}

Ohmic Resistancer= PEMFC2] Z7|3}8} Hk-g-of| A o] 23} &
AR Q1% A3k I3t} Fig. 20 Uebd EIS L ZojlA] 113
g g Aol 4 2] x&Ho] Ohmic Resistanceo|t}h. T3t 18T
oA HFY A& Anode?} Cathode?] Activation Resistance=
YERATH1,10]. ©]/421Q1 -, Anodellt} Cathodeol|A] 2Hd3}
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Fig. 2 EIS results at 0.5V (a) Case 1 (b) Case 2 (c) Case 3 (d) Case 4
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Structural Behavior Analysis of the Proximal Femur after Artificial Hip
Joint Implantation at Micro Level
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Total hip replacement is a representative treatment for avascular necrosis of the femoral head. However, the stress
shielding caused by the replacement induces dissociation of the artificial hip joint and various complications. Many studies
have tried to explore the stress shielding but, most studies have been conducted at macro level and not at micro level.
Thus, this study aimed to quantitatively analyze the structural behavior of the proximal femur according to total hip
replacement at the micro level to explore the stress shielding. For this purpose, this study selected the artificial hip joint of
the single wedge type and implanted the joint into a proximal femur that has a high resolution of 50 um. Then the
structural behavior of the implanted femur was analyzed by comparing that of the intact femur under three daily activity
loads. As a result, the high possibility was confirmed that the stress shielding will occur in both cortical and cancellous
bones under the one-legged stance movements. Additionally, it was discovered that the cancellous bone had a
considerably lesser chance of adducting at an angle similar to the neck shaft angle of an artificial hip joint.

Manuscript received: May 1, 2023 / Revised: July 15, 2023 / Accepted: July 20, 2023

1. M2 A58zt AlYgEr dEdoz oy 1y HA|$<(Total Hip
Replacement, THR)o] tJEZ 0 & ALLFCH4].

qEEF T84 HAks diEERe ER7F Solmol ot ¢l - ARk AR EEFE AlAT L 5452
FHE FEom T YAE Yoyl Z4A Agolti1]. o] £ o]FolX Qg S ws] 719 dol aAste] Qs 4F
= 1HE AFEE Hiw 55 B7Fs5H & Bt oy YE== A BES Hilshs seolt(s] sid s S 1L
2t SRt 5= Rty 53] i dke] FEgk 21kl W 555 At HEess SuAA Y B5S
TEEA] ghgkom] 7] Hhy Al 583 A4z FAFo] glo] B 7hsotA gheh 53] =24 Agto] St =9l SxpEol|A vl
o7k 8= Aeto|t2]. o] Ao} &ML | YA A AEAQ petor dEfA QUo6]. olHdt ARol: E4tst
Lol wef dRbH o g vjesd ARt pEF ARE SR I o e TRt RARgo] EAgT dEdos Bat
o WA R YaE Aulgk B9 A AuE AARAY fo2 ¥ awEe] H(Dislocation), % (Infection), ¥
ofE A7E S T4 THAH3] ARt B4 A= = &4 (Fracture), A (Blood Clot), 13 o] sfz
ol Fgol THEA] AL, HALY] Hrrt Ajt A9 A (Loosening) ‘50| EAZITH7]. 53] ¢l ad e sfie] A4
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artificial hip joint (b)
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M 0.8x10¢

1

M o8x104

1

Intact proximal femur

M o8x104

1

Fig. 4 Comparison of strain energy among the implanted proximal femur and intact proximal femur under daily activities (The maximum of
the legend was set to 0.8 x 10™* pJ to visually compare results on the same criteria) [Unit: pJ]

M 0.8x104 M o0.8x10¢

IO L Io

(a) One legged stance (b) Abduction (c¢) Adduction

Implanted proximal femur

Table 1 Strain energy distribution of normal bone and proximal femur with artificial hip joint implanted at ROI 1 [Unit: pJ]

coﬁgiat(iion One-legged stance Abduction Adduction
State Intact Implanted Izi{;:ig\;e Intact Implanted szlﬁ:ig\: Intact Implanted Izlf;l:ﬁigvee
Avg. 4.746x10"  1.363x10™! -71.3% 5219x107  1.911x107! -60.8% 1.643x10"  1.021x10™! -63.4%
Std. 3.350x10"  9.548x10%  -71.5%  3.456x107"  1.463x107  -57.7% = 2.696x10"  1.137x10"  -57.8%
Max. 7.320x107°  6.178x10™ -15.6% 9.243x10™  3.655x10™ -60.5% 1.500x10""  4.139x10° -72.4%
Min. 3.867x107  2.834x10” -99.0% 2.695x10°  2.141x10” -99.9% 1.066x10°  4.707x107'? -99.6%
o|F $Jall & A= fetass|a dakel e AdS AdE HEFE A= Ee sk 240l disf daskitt ol= ¥
23 AT Aue} o4 ALY ANE wlw HAstel AFsHg  mwbEol PEe] W thulstel oF 5L o Hol ¥
1630311, Fig. 4= 3704 U4} 515 24 o A2 ol sHs AL ofujsit). ok, WA E ofuix|e] B davre] Ha
i

Z agbdol ALY 9] hElRe] MAE ofuX HES et 608%@A 5k 24) oo Ags| Arks dutel 123
HEL RA ) olcke] A1 Sid W S5 el ok k(b 1), ool Ae) BoiskPoroncum) ol &

35 2o MRS oA uolA MASION, 217 o Ujul(Endosteum) F50] WHE of X 2ero] | Bt ol
A oA Femoral Neck), E0HHMetphysie) 3, 8 = Bk 5Re] ANE AHE R HEAOZE 03
Zeo 4] WAL WhE W ZAE olcke] A7), o, WA makd slel WO o

F

1A 4= 8-S et

off thal] 22+ tfEAF R, AAHE, S QlSol|A a5 B AhZo|A stg 24 HPE olvAY Bt HAaHS A
st AUZE Adsilet. ol o) Aot sYs dutE, 2 FHom FAT AiK(Table 1), &rke] A7] k5 10|
Ao feta ol gt date] elgAde 53t T1.3%= 7P 2 d4E 2ok vh, odd e b7t

B ool oy sHIe 717 3 oo s ARk, 63.4%, 60.8%2] Hat o|UA] ZAhEFS E"‘E‘r E3 HEE o
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Table 2 Strain energy distribution of normal bone and proximal femur with artificial hip joint implanted at ROI 2 [Unit: pJ]

coigiat(iion One-legged stance Abduction Adduction
State Intact Implanted Relative Intact Implanted Relative Intact Implanted Relative
change change change
Avg. 9.888x10%  5.803x1072 -41.3% 1.134x10"  6.228x102 -45.1% 7.334x102  6.169x102 -15.9%
Std. 9.875x10%  8.073x1072 -18.2% 1.070x10"  1.339x10"! 0.25% 1.063x10"  1.050x10™! -1.1%
Max. 1.678x10"  1.574x10™ -6.2% 1.312x10"  5.886x10™ 348.6% 2.003x10™  3.655x10™ 82.5%
Min. 1.019x10°  1278x10%  -98.7%  2.665x10°  3.912x10%  -98.5% 1773107 4.747x10°  -97.3%
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This paper proposes a new rotary welding torch with a ball-jointed mechanical seal structure that simultaneously realizes
the enclosure of CO, gas, the energization of welding current, and the insulation for system protection. In order to
effectively compare the operation mechanism of the proposed device with the conventional rotary welding torch, a
schematic technique is introduced to clearly visualize the operation and connection structure of the model. The kinematic
state and constraint degrees of freedom of the tool are clearly shown, and it is easy to distinguish between the two
designs that use different component parts and connection structures but result in the same final motion. In addition, the
four dynamic characteristics of a rotary torch operating at 20 Hz (driving torque, vibration reaction force, natural frequency,
and inertial mismatch) were analyzed to demonstrate superior performance to conventional products. The welding test
showed that the tool normally operated even in a harsh welding environment, verifying its applicability in the field.
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NOMENCLATURE &(L) = Load Velocity
é(M) = Motor Velocity
B = Vi Dampi f th li
ML Viscous ampfng of the Coupling Wy = The Resonance Frequency
B,, = Viscous Damping between Ground and Rotor .
] ) W,x = The Anti-resonance Frequency
B, = Viscous Damping between Ground and Load . .
; ) o €x = The Coupling Resonance Compliance
D(s) = A Denominator Function for Simplicity . . .
€4z = The Coupling Anti-resonance Compliance
GMF = Gear Mesh Frequency
Jy = Rotor Inertia of the Motor
J, = The Load Inertia
K = Reciprocal of the Sum of Rotor and Load Inertia 1. N8
K, = Coupling Elasticity
T = Applied Torque A BHEAE B9 ol (Arc)7t BHEHEA, SXES
T = Stiffness Ratio A SRES 1E=A HELL deE Tl anE
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Fig. 1 The proposed rotating welding torch (left) and conventional
rotating welding torch (right)

Eccentrlcally arranged Self — aligning bearing(3 D.0.F

Ball joint with seal(3 D.0.F)

(a) The proposed rotating welding torch to express the mechanism

Self — aligning bearing(3 D.0.F) The circle path of the cone rotation

Eccentricity bearing housing
Center of the cone rotation— = = 4
-

=

The circle path =

Eccentrically arranged Self — aligning bearing(3 D.0.F
Spur gear(1D.0.F)

(b) Conventional rotating welding torch to express the mechanism

Fig. 2 Cross section view of two rotating welding torchs

Table 1 Specification of mechanical and dynamics properties

Item Unit Conventional Proposed
Rotation radius mm 1.53 1.47
Number of teeth - 42 45
Gear module - 1 1
Motor speed Hz 20 20
GMF Hz 840 900
Motor power W 100 50
Weight kg 2.87 1.85
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Pyt wy 340 7|ojolse
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Table 2 Mechanism motion definition

Table 3 Joint mechanism definition

Initials Type Description

Initials Type Description

R Rotary motion 360° rotation

P Pin joint 1 D.O.F rotation joint

Rotating and reciprocating motion

O  Oscillate motion . .
based on a certain central axis

L  Linear motion Straight reciprocating motion

C  Complex motion  Closed curve motion

CR  Cone rotary motion 360° cone rotation motion
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connected by a joint is 2
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.. between two curved surfaces. In this case,
C Contact joint .. .
both complete joints and incomplete
joints are possible
Transmission of force by contact between
T Touch joint  two links. The two links always have 3
D.OF.
A state where there are 3 D.O.F in posture
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1) Freedom of . .
FP.. position center of motion between two links, and
ik ; ... indicates the direction of the constrained
2) Fixed position

position through the subscript of 'ijk'

1) Freedom of It represents the constraints for the posture

orientation  of the center of motion between two links,

2) Fixed and the subscript 'ijk' indicates the constrained
orientation  posture direction

FOijk

Rotational motion means rotation with
eccentricity

CRi | 1B3Fpy | CR: 181FR1EC | CRi
jk
@ BALL JOINT BALL JOINT ’

R;

EC Eccentricity

MOTOR Ri
INPUT

(a) Schematic diagram of conventional rotating welding torch

(b) Cross section view of conventional rotating welding
torch to compare the mechanism

Fig. 3 Mechanism schematic diagram and cross section view of
conventional rotating welding torch
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(a) Schematic diagram of the proposed rotating welding torch

(b) Cross section view of the proposed rotating welding
torch to compare the mechanism

Fig. 4 Mechanism schematic diagram and cross section view of the
proposed rotating welding torch and the existing rotating
welding torch
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Fig. 5 Comparison of driving torque between the proposed rotating
torch and conventional rotating torch
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Ball Joint
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(a) Mechanism configuration of the proposed rotating

welding torch
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Joint
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ST

(b) Mechanism configuration of conventional rotating

welding torch

Fig. 6 Comparison of the mechanism configuration of conventional
rotating welding torch and the newly proposed rotating
welding torch

Vibration Reaction Force

iN\/W ANV

——The proposed rotating welding torch
——Conventional rotating welding torch

/ \ / .'/\ /\ ,\ f\ N /\ /\. ’/’\\ N /\ N /'\ ‘/\.. 1‘/\'& ,A /\.‘
\//\/,/VJVAV./‘ \/

x\/\/JU‘J\/J

¥

Force(N)
B

o 04 as o8 o7 o8 09

Time(s)

Fig. 7 Vibration reaction force magnitude for each rotating welding
torch at a fixed origin of a mounting bracket
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Table 4 Natural frequency for each mode

Item Unit Conventional Proposed
Operating Vel. Hz 20 20
GMF Hz 840 900
Mode 1 Hz 95.48 112.47
Mode 2 Hz 106.20 112.98
Mode 3 Hz 190.01 255.83
Mode 4 Hz 881.18 812.45
Mode 5 Hz 2,139.49 1,910.00
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Fig. 9 Relationship factors between mechanical motor actuation
system and load
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Table 5 Parameters for inertia mismatch analysis

Item Unit Conventional Proposed
Jy kgf-mm? 22.109 30.52
J; kgf-mm? 60.510 34.04
K, kgf/mm 16.26122 15.73776

By kef s/mm 0.016261 0.015737

Ji /Ty - 2.736 1.115

Bode plot
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=L

e

Rotating
torch
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— Conventional welding torch
a or — The proposed welding torch |
k=)
© S0-
©
=)
‘C 100}
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= -150 |
20 - . Fig. 12 The welding test bed for proposed rotating welding torch
-4 Table 6 Test results of Welding flat beads on plate
;,"\ 00 Item Unit Bead width
o
@ st 170 A mm 12-14
© 250 A mm 22-26
-180
290 A mm 24-29
e - o " 320 A mm 30-34
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Fig. 11 Bode plot of 6,,/T for the old and new rotating weldin; . o .
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Fig. 13 Welding results of the proposed rotating welding torch for
each welding currents
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Study on of Friction and Degradation Characteristics of TPV Glass Run

Channel
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Recently, the demand for electric vehicles is intensively increasing in accordance with environmental issues in automotive
industries. Given that noise level from the electric vehicles is significantly lower than that from conventional vehicles with
internal combustion engine, noise management has become more critical. Conventionally, glass run channel (GRC) is used
to block the noise and contaminants from outside of vehicle. In this work, the friction and degradation characteristics of
GRC with thermoplastic vulcanizate substrate were assessed. The tests were performed using the reciprocating tribo-tester
developed to replicate the contact sliding between GRC and window glass. Also, the test conditions were determined in
consideration of operating condition of GRC. As a result, the plastic deformation of the lips due to creep and wear of the
slip coating deposited on the lip surface were found to be major degradation mechanisms. Furthermore, it was shown that
the friction and degradation increased significantly due to the misalignment between GRC and window glass, associated
with the significant increase in the reaction force. The results of this work provide fundamental understanding of the
degradation characteristics of GRC, and therefore are expected to be useful for the design of GRC with improved

performance.
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Fig. 1 Photographs of (a) glass run channel and (b) window glass
specimens
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Fig. 2 Surface and three-dimensional height images of (a) OTRL, (b) INRL, and (c) pillar of GRC specimen obtained by laser scanning

confocal microscope
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Fig. 6 Surface and three-dimensional height images of (a), (b) OTRL and (c), (d) INRL, and (e) pillar before and after tests under normal and

offset conditions
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The utilization of aerospace technology is growing to meet various requirements of climate change sensing,
communications, and the military. Large aperture and precise reflective optical systems such as mirrors are needed to
acquire high-quality data, and the requirements of lightness, low cost, and low deformation should also be met to operate
in the space environment. In this review, we highlight the recent progress of reflective optical systems for aerospace
applications. In particular, optical systems for artificial satellites and homing optics are mainly introduced, and optical and
mechanical simulations are discussed according to operating environments. We also discuss various reflective optic
designs, materials, and operating principles for aerospace applications, such as a homing head and optical payload. We
hope that this review provides approaches for developing surveillance systems, exploring space, and addressing the climate

CIiSiS.

Manuscript received: July 26, 2023 / Revised: August 25, 2023 / Accepted: August 30, 2023
1. M2 HEARE gsHA| Aol Qo] A= e W, e 3 AlF
4 SHoA vl FR8hH 285falA} sh= o] st AH
% Yot 9l YTOF Tlee] FET AT PAY T @ a2 Aushs Flo] BasieHs). BEshIA Sh= Ae),
= 5 Aa"e tiRt 71s 857 S7HEol w9 3 Alofzt, sk gl gAA o] A7) whebA] FEHAATE EEbAlA
o et Fa40] A& o R Zulek ek WUAT e o] Hrh o] 9l e FAT RAS mashe 7T
7 AlL"E Soto] fAE AsdE ovXE E55H] 9 @ 1(Cassegrainy®] 25 s, oju]x] HPEE £l
HHE W So] & 2ePE 2= PV Bastel, 23 glste] FAT Rl vk WS A7 Fsh 12 Filol
g Hassln BAE F2A7] Sk A2 gAl Ag PEATHIS) ASS IR ek RESe) ¥Y, B4 o
(Mirronjih 2-& BhARY HobAZE 22 AGHTH12L 9188 & 5ol 2J5to] st (Wavefront), W) 27 So] 14 S4o] W7
Z Yorle] AS WS olgate] PoHAE 95 Fel o] HER A% U 24 $0 e Yo oAlE Bk Aol

SAAK For 2 7Y 7= A HIEE ST ¢~ S83HH9]
L BAP} glek ol BAIE @t ot S Y P SgHofoIAE e sk 57 (Homing) Al 28o
2o Agst WAV TeiET glom, 95 W Uk B w bk ek awo] F2 A 37 Pt 4% %
Ashs A 2 E 5 oF AR oIS Fste] mlE sto] WAbE = Aods AAFer HAARte R i) =4S
MY SO FH o] P2E AARITHE-S] FHE qTS St 5 FAL 914E FepAe)
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Fig. 1 Schematic illustrations of reflective optical system design
through simulations of operating conditions such as
vibration, thermal, and aerodynamic force for aerospace
applications

el 2 EH71 o= ARRE]7] wiitel F719sHe AlEY|
B7HE aLEsfof shn, #lEE(Reticle)yx
Fo 2 BASITH10,11]. &8 3ol wet
f‘& FaHA o WS 97| flste] & FH
ot E3 F2ol= EAE AEsHA
Ao} darejFo] Hash, 7|& 2
2= QJT}[12-14].

=z 09 o _?45} H}-}\]—&]

Fh(Fig. 1). AT E= 93
Fel st A 2wl diste] i o
Aol o] Tst A AE 2
BatAe] B4 REQ WAl
27 o] delel A FIS
n o A|AElo] FLEL HIALE
A ow st 2t AoAE 2T
roll thato] AlAjshe 7k Al2wle] 2] 9
2ol

oo
s
=
=
ol
o
oﬁ

>
>,
r\l

o
2
1
X
2o e

fT o

N

=)

o o

ol ﬂj oot

_O,L =2

— 1o
1

(i ETN
o

g R ook
o X
l-mjgoN
Z o
I

r
p

=
>
e 1
otk
3%1

01]

By v 10 > ofm

e
NI
ol ok

et
L
o
>
[>
i

el

~
QL
2
\->

ol ¥E ol e
ool
fou 3
[
o
2
5
0O
o ﬁ ol
H'T 'lN r

ok
1 of
)
)
2
Jﬂ

J

N
o
o)
5y
otk
ol

O

N
O

1—> oo qu o 2

ofd I
3
g

ol
)
i
[-01:

o

>

(

shs
=2 oo
)
_o|L
2
+H e

-,
re

5

ﬂ%NoE:é;{{E_Qﬂ.oz—u
(<

kLo

b

2

2

N

of
C = o

—

B &

)
oL
1223
2
£
ol
ol
)

st =
st &

N
rII

FAL

o0&

THH

2.1 HIAKAH kst 5= A

NEAE o] AR Ak, f2] L B4o] 2 ARG
(Table 1). 1 ZoAE ©za FalAz eksliA(Silicon
Carbide, SiC), A|250](Zerodur), 4§ A 2]7}(Fused Silica), &
FulE S (Aluminum Alloy), W2 & (Beryllium, Be) A&7}
7V ol ARSEH, A0 ArES HlE, &€ ¢H/d(Thermal
Stability) B! Z3/d ] WpEolA o] lrH6]. dFvle
T 5% 2Ale E Aol the A el W TEe] ol
Ak, Az W Az A3 o shulen] vgo] Adstche
o] Qlrh[15,16]. Egt tholop2E Al AAb 7hg(Single-
point Diamond Turning, SPDT)2} Z-2 AW 7} 7]&S o]%
shH Z& A9o] =o & u el xqﬂg;;_ 2E3t 2 9
tH17-19]. 0|8t L2u)E o] AL o] Lsle] B <)
A AL 914 (Wide-field Infrared Survey Explorer)./] FeHAl=

-1 o=

ol

w(Gold)o] ZHE AFulw A= e HUATH20]. 54 24
Z HEgE> 7 oiv A4 - 2 U707 S LA
=ol AlAA 9 547 (James Webb Space Telescope)2] 5
A& A== A= SITH21]. 85 Ae7ket 22 fe A
© 48 =R ol AREHY &2 FAR st Uiy 5
SHA| FEOR oH el o] ofyth. AT, 24y A4
BeA Y] B9 a7 Y] FEAVE AR gzl A =
d= 2z §-8 A7t AREE t3EA Sl oz 5
4 3Z(STSAT3)of| ARE-H= FotAl= Hits 58 A7)
Aestich22]. gehtadmge 2 E EAd 2 T
A Bz Qlste] 5= FoAlolA w9 o] &

i m> [ oo ofd r

7

Fu B 3 sholk whahiact e Mty 9 Ay
2 "Hl-g-Z3H(Reaction Bonded), 2}, 4~Z (Sintering) 2! 35+

7142 Chaemical Vapor Deposition, CVD)®] ¢lom, A2}
E‘QOﬂ st 2 A S4o) ekl £ itk Wit u}
9 ng|7E A A glo] A4gel ojelen,

[¢)
E4S Uor1X P A4 B Ak AYL SAsks 1Y 7}

R BN

ol e 27 QA W ok} 2
S L A5 AR
Manufacturlng)i ?——r s

oleh24]. 71414 7hae] A9 chep
o RS AE 5 oo £ FARUES TEY 4 ook
Aol glovt, vl el WA 2e HHl 7h A Fhgel B

Fe7h okl vH, A58 Alxe A= Ao theldol Al
OIB‘M.

2+ &34 (CVD SiC) 7
A 578 AAE st

Xﬂ% %%5}04 A &‘EH—J "Eiﬂg AL, AE x5k w3t
T BES AR S et B3R 43S THeet
o] I& P4 AFsta HHS 7Hgste] ARkt A4S 119
gtk sl gsat S gt IE ”501 %ﬁl%i% oF

EX] %0}71 “41—c°1|
2| 2 HREE FFAI717
flste] ZE(Cr), EF0E(AD, oJ4eFA(Si0,), 2ATSIL o] L
& (NbyOs) 7—4 Nzs AFsto] HFH o2 ALS ARt
He ol v A AlEs] flsliA=
agd 7}-5 7]3?0] aTH 22 SEl=AE AE A 31
(Heterocercal Stressed Lapping) &141/1nf, AFE-A|o] 33t
™ (Computer-controlled Optical Surfacing, CCOS) U Z}7|-5-%
-4 (Magnetorheological Finishing, MRF) du} 7|&g £3}9]
27 4.03 mo] i+ AL A= “Jﬁol 270 =] ek (Fig. 3(a))
[26]. slEl=AIE 2E A WY Ve B9 oY 225
HAkslo] ol #il(Edge Effect)zt 289 AAul &
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Table 1 Mechanical and thermal properties of reflective mirror substrates

Material Elastic modulus, Thermal expansion Thermal conductivity Thermal stability
E [GPa] a [/K] k [W/m-k] k/o. [W/m]
Aluminum alloy 68.9 23.6x107° 170 7
Fused silica 72.7 0.52x 107 13 25
Zerodur 90.3 0.02x107° 1.6 80
SiC 130 2.6 x107° 155 59.62
Sintered SiC 410 22x107° 175 79.55
CVD SiC 465 22x107° 200 90.9
Beryllium 303 5x10°° 180 16
W MRFg} 2 24 22 Atelo] oo Lejrhe
Gebasting s E v L 9ol 20 A= e 3R 9% $A0) w4
sic sury At o] AkE|dekFig. 3(0). ol HE WS B3to] 1%
Sic powders & L 4 oz Y o8] 152 nm Root Mean Square (RMS), X%
m - m » | 0.8 nm RMSE =Hdatglon, 5% olate] et (Cladding) =
VD Sic conting Grinding & Polishing  Reflector coating A B AEE 2= AeS AlFsAT
Fig. 2 Schematic illustrations of CVD SSiC mirror manufacturing. A5d A= Foto] A AAee Al %t ook
After synthesizing the SiC body, the CVD SiC mirror is gt HER 2EACH24,27] i) A Ae Sl
fabricated through mechanical processing, deposition, Ha Felol SAfst _ﬁ_ A 22 741 Qlon, o] AXLE
grinding, polishing, and reflective material coating Tzl QWA AZF, TalE T 97 ZaZ JE = o
cpei7l A 4+ olek 43 AL chorl Wil A2
E 725 78 7hsei o)F Bojel P24 RS WA A
2 4 oleH28.29] LRul T ALS AR Paie 2
& AeA glo]x 8-8(Selective Laser Melting, SLM) AH| &
AR, FlolAE Fote] EEe 85AA FAe TGk
LS AAT = XS St FAS LATITH30] 31%

oflh

Az A LAYEE B4 (Scaffoldy AIATH &, P4
817] $15te] tholobts AW A} 7hgo] FrbH o Bast
t}. 71 o] I3kA FEL Esfo] HAEE SR A|7IT

HE

—wave |[ms 0024 _wave ]

(@ (b)

©-¢-0-0 2.3 HIAR st BE =Y
() uf

sfmzmge «-@)-@ HRARY el g Alx HWOHH U7 A= 9 5
{™ - Sof sl B7ge] WE MRS A etol AL ol
&/ swe (- (@010 @|- ° o] ¥ Q@ XK(Surface Error)?} I}H @ X} Wavefront Error,
?:::S ' © Joose WFEYE &43tH(Fig. 4(a)) [31,32]. W ex}= &3 59
© A o] WAS PSS, T oA J1E T G4 o)
HhAbE me] WAE B 7 zhe B3
Fig. 3 Photographs and schematics of SiC aspheric mirror . t o —j—A :‘ 7]-/‘]—5 u:]r’]- j: j}ij‘;’o :E}\Eﬂ o
manufacturing. (a) Fabrication and measurement results of b7l faiAl= AR i A “j o] &2 FoA & H
the aspheric mirror. Images and illustrations of (b) =5 JLoflof st vl ALC] Fot FHS dubAoz A
heterocercal stressed lap polishing and (c) mode comparison = AHE Esto] =H3c). 2o o3t ke BAsl] ¢35
[26] (Adapted from Ref. 26 on the basis of OA) He ALa e Zeupgio g ukxo] AL By ¥zl

T=3IH33]. A ox= w3 Z=2 g n]E|(Profilometer) S

FARE 242 4 UekFig. 3b). AL0) FAolA e FIAE Z4o] Zhsteie). BEA SRuulee wA)
B WA A0k AN DA G, YA Bl Microcantieve Aol 1% F Aol Wel HAS
AL 24 B4 ool wret AR A7 A Y B

olgsto] ate] meslole Baich ulYA] Yob Hede
= (Serial Mode)S AFE3HL Gtk ShAYh, 49 MEE CCOS  mlEE g2y Eb gy WA 52 Sstel muie] W4
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Fig. 4 Measurement of reflective optics. (a) An image of surface
error measurement through the interferometer. (b) A
photograph of swing arm profilometry measurement
approach [26] (Adapted from Ref. 26 on the basis of OA)

4 255 B3 kA ‘Q‘E‘_le?_ SRgvEs B3 W
A7t ot dsHAI o A 2 eAE #Esh)of o
ol Ut} ot AE = I S22 vEE 33AATY
o A We d9S SHske 29 o SRZevEd
(Swing Arm Profilometry, SAP) HH%= A= Ach(Fig. 4(b))
[26.35].

AL&S AA5H= FZd(Isostatic Bipod) 23 % FAH3}
7] gl ozt shE A% 24| Base). 29 4
EFe B3, w3 =HE 4 9 299 dFe sl
g =FS HAA7|Z, o= ZAdFor HERAIT
(Modulation Trasfer Function, MTF)2} Z+-8- #3517 sjjAkeof
FF= T HH &S WSSt A=UA o
(Zernike Polynomials) Al<=7} AMEEH ZF A, Hof, vy 4=
2o} 1o gFEo] RMS ZHe EA3HCH4,28]. 29 A Al A
2YA Al AEE WSSt i exph HashEEs °

E 9 w9lg 2agt,

20 3 Apolzol wetA e, 39, 23, oo
32, Yl(or CubeSat), 7|3, HEAHOZ EREH, 49
a7lel ©2 B (Tagete] vl FalAle] BV} depiict
[B36]. Lesly ool F/lHE e WAy YeAE )
G, ZHIA A TEE Folel W 14HeR A4
CH37L B TA Sl ojArRe] 9%, 271 ohjet B a
Aol weba] BokAlel AAL gek A & olek. AT B 9
e 3 sl ufel 7, B4R, LR 5 Tl
A 205 THsslel thpe shge B53 4 ol Bet 47
7+ masieh olds aPEAe F3A7) 95l A%
(Visible) o] mpAta} AulAl %A (Long Wave Infrared,
LWIR)E EeJA]7]= 384 A7 270= ck(Fig. 5(a)) [38].
o BabAl B3 vkl AATE B Aofzlo] A2 ThE e
Bejslo] B4 o] AR The ko] AAEES At

Primary mirror

Tier 1 Tier 2 Tier 2 Tier 4

Tier3 Tier3 Tier 4

(b)

Fig. 5 Design schematics of reflective optics (a) The optical design
of a dual-band imaging system [40] (Adapted from Ref. 40
on the basis of OA) (b) Different geometric diagrams of
folding reflective imagers [40] (Adapted from Ref. 40 on the
basis of OA)
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Fig. 6 A photograph and simulation results of a space mirror. (a) A photograph of a mount assembled mirror. Simulation results of (b) the
deformation of mirror surface and (c) the stress of bipod mount [42] (Adapted from Ref. 42 on the basis of OA)
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Fig. 7 Principles and configurations of homing optical systems. (a)
Principles of tracking error signal extraction using a reticle
[49] (Adapted from Ref. 49 on the basis of OA) (b) A
schematic of a scanning homing system structure. (c)
Tracking diagram with an established coordinate [12]
(Adapted from Ref. 12 on the basis of OA)
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Study on Comparison of Friction Force between Ball- and Roller-LM

Guides
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The linear motion guideway (LM guide) is one of the key parts of precision motion and positioning, and it requires
high straightness, form accuracy, stiffness, and surface quality. LM guides are actively used in manufacturing facilities
for automobiles, aerospace, optics, semiconductors, robots, displays, and portable communication equipment. At
present, most of LM guides are based on rolling contact, using either balls or rollers. Roller LM guides have been in
high demand in recent years in various industrial fields that require high rigidity. In this study, the friction
characteristics of ball and roller LM guides with the same rail width were compared, and friction behavior was
analyzed. An experimental setup consisting of a driving unit, specimen, force sensor, and signal acquisition unit was
constructed, and signals were collected under various conditions. Three lubrication conditions were used: no
lubrication (dry surface), ISO-VG 32, and 68, and a wide feed-rate range from 1 to 100 mm/s was selected. The
experimental results showed that the ball LM guide and the roller LM guide had significantly different friction
characteristics, which were analyzed from the aspect of Stribeck curve components. In conclusion, friction behavior
differed according to lubrication conditions in the no-payload state of the ball and roller LM guides, and the effect of

lubrication conditions on friction behavior was shown.

290l Z9Ao] u|Q Fr}1]. AAol4etjH (Linear Motion
Guideway, I}, LM/JO]=)& A1 o]4-& 9l sangos
A wE AR, FEAAEE, A W EHEE] A 2]
Aol HE5A o2 nj11y FZ(Sliding Contact) [3]
= 7H= FEgey, #Tole &(Ball) E= EY(Rollery=

>
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Table 1 Specifications of LM guides

Model SRG45C SHS45C
Type of LM guide Roller Ball
Roller/ball diameter [mm] 4.000 6.355
Number of rollers/balls per train 60 36
Number of roller/ball trains 4 4

Table 2 Experimental conditions

Parameter Value

1, 2,5, 10, 20, 30, 40,

Feed rate [mm/s] 50, 60, 70, 80, 90, 100

Stroke [mm] 300
Lubrication Dry surface, oil (ISOVG 32, 68)
Payload [kN] 0
Sampling rate [Hz] 3,000
Repetition 5
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Fig. 2 Fast Fourier transform of friction force signal at a feed rate
of 60 mm/s (lubricated with ISOVG 32 oil)
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Fig. 3 Comparison of friction force signals between original and
low-pass filtered at 10 Hz (lubricated with ISOVG 32 oil)
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Fig. 4 Friction with respect to feedrate and lubrication conditions
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same manner for other lubrication conditions even though
there was no component related to hydrodynamic friction
because of absence of lubrication oil
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Fabrication of Platinum-Samarium Doped Ceria Composite Cathode

Using Sputtering Technique
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=), Samarium-doped ceria (AHOtS =X A|2|0}), Solid oxide fuel cell (x| tetE HA=ZTX]),
), Oxygen reduction reaction (A4 Hed HEZ)

In this study, we successfully demonstrated a fuel cell fabrication method using a platinum-samarium-doped ceria (Pt-SDC)
composite cathode, which could reduce the platinum content while maintaining the same thickness as the functional layer.
The Pt-SDC composite cathode was deposited by a sputtering process in which two materials were simultaneously
deposited by a co-sputtering system. Despite the decreased platinum content in the composite cathode, we achieved high
performance of the fuel cell since Pt-SCD was able to form triple-phase boundaries (TPBs) not only at the interface
between the cathode and the electrolyte but at the entire volumetric surface of the cathode. This composite cathode
revealed that Pt-SDC could enhance the oxygen reduction reaction rate by enlarging the TPB site in the cathode. The fuel
cell fabricated in this study with a composite cathode demonstrated improved performance at 1.66 times the peak power

density of a pristine fuel cell.
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(a) Top-view of Pt-SDC

(c) Cross-view of Pt-SDC

(d) Cross-view of SDC

Fig. 2 FE-SEM images of as-deposited Pt-SDC and SDC on Si
wafer
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Fig. 3 XRD pattern of Sputtered films on a silicon wafer deposited
with Pt-SDC composite and Pt reference
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Fig. 4 Electrochemical performance of Pt-SDC cathode comparison
for SOFC
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Fig. 5 Plotted relationship between current density and activation
overpotential (Tafel plot) for SOFC
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Anomaly Detection in a Combined Driving System based on Unsupervised

Learning
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Anomaly detection models using big data generated from facilities and equipment have been adopted for predictive
maintenance in the manufacturing industry. When facility faults or defects occur, different patterns of abnormal data
are shown owing to their component behaviors. By detecting these pattern changes, it is possible to determine
whether a facility abnormality occurs. This study evaluated the anomaly detection results from a combined driving
system consisting of three driving motors for about six months at a manufacturing site. The learning data with an
autoencoder model for about a month at the beginning of vibration data collection and continuous monitoring of
anomalies using reconstruction errors showed that a component defect occurred in one driving motor, and the
reconstruction error increased progressively about three months earlier than a facility manager found the failure. In
addition, the micro-electro-mechanical systems sensor showed high amplitude in the entire frequency domain when
high reconstruction errors occurred. However, the integrated electronics piezoelectric sensor showed different patterns
as high amplitude in a specific frequency domain. The results of this study will be helpful for detecting facility
abnormalities in combined driving systems using vibration sensors.

1. ME

AZAIRL ICT 7142 S48k Industry 40 B0IA A1
X SR, ulg A7 QHAE QJshH ) o] B (Predictive
Maintenance, PdAM)o] Z235}cH1-3]. @84, 7|AgS 5 <3
A% 7140] MEHSHELA AIA, PLCS B Shusl dige] A%
tlolHE thefdt eAls HER Sk5stal, 0|5 PdMe| 2§
Sk dt7F Edsith4]. 53], tiEE Al el HEE
7] fzoll, A8l & 5 WSk 2HO UF TolEH=
n] Ayell ZFA|(Condition-based Monitoring, CBM)2} PdMo]|
T2 ZEEIL UTHS-T].
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Table 1 Volume of the dataset

Number of values (Row/Column)

Target X v P

Frame 7,685/1,025  7,669/1,025  7,654/1,025
Motor #1 8,320/2,049  7,996/2,049  87284/2,049
Motor #2 3,814/1,025  3,794/1,025 3,773 /1,025
Motor #3 3,024/1,025  2972/1,025  2,930/1,025
A Hlol® 4= Table 13}

o, B(Row): tlole] i
S5, A(Column) 7 WE 2% A2 5 dolg 52
e A1E o gole) 48 Lhehict,
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Fig. 5 Autoencoder model for anomaly detection
Table 2 Structure of the 1D CAE model
Laver Filter Kernel size  Activation  Parameter
Y (IEPE / MEMS) function (IEPE/MEMS)
1D Conv. 64 16/8 RELU 1,088 /576
1D Conv. 32 16/8 RELU 32,800/16,416
1D Trans. Conv. 64 16/8 RELU 32,832/16,448
1D Trans. Conv. 1 16/8 - 1,025/513

Table 3 Number of train and test data
Number of data (Train / Test)

Target X v p

Frame 2,375/5310  2,374/5295  2,371/5,283
Motor #1 2,401/5919  2,338/5,658 1,400/ 6,884
Motor #2 1,766 /2,048  1,760/2,034  1,754/2,019
Motor #3 1,830/1,194  1,826/1,146  1,824/1,106

TR 7172 712 ghs5 HlolE et AY HolEz ER3
Soll=, glole 3 A% 270l wheh, A dofE Rkl
Zpo|7} WAL S F0f, Motor #1114 +HEH A s
glolg 24,6007 % 6,1397](25%)7} &5 dlo|E, 18,4617
(75%)7F A1 HlolE= AR-E HHH, Motor #39] 9= 35
tlolE 5,48070(61%), A1F TlolEl 3,44671(39%)= Zfo|7} vk
A} 7F WA Sk lolElel AlE HlolE AIE S Table
33} et

29 sk A, £4] Sk (Loss Function)= MAE, 82| =7|
(Batch Sizey= 16, Z|Z3HOptimizer)x= Adam A8 o,
sfolslaleiule] RS sREREpochyl] HE 27|ER
(Early Stopping)E =3 Jth. B4, ol Al2E sty 9t
YA X (Threshold)y= o<5 HlolE| 9] A4-d 22t F A=
g3t
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Table 4 Number of anomaly signals

Number of signals [%)]

Axis T1 T2 T3

Normal Anomaly Normal Anomaly Normal Anomaly

1266 63 1087 98 970 140
95%)  (5%)  (92%) (8%) (87%) (13%)

1,275 30 1,067 58 1,052 117
Y 98%) (2%) (95%) (5%)  (90%) (10%)

1245 47 1,047 77 1,038 130
(96%)  (4%)  (93%) (7%) (89%) (11%)

Table 5 Reconstruction error of anomaly signals

Reconstruction error

Axis T1 T2 T3

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max.

x 004 0.05 006 004 0.05 008 004 0.07 0.18

y 0.05 0.05 006 0.05 0.06 008 0.05 008 0.15

z 010 0.11 0.14 0.10 0.13 0.19 0.10 0.18 0.58
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Q 217} Frame X, y, z 212 Ha 2F 40, 60, 64% 2 2=
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Recently, with the development of the space, mobility, semiconductor, and precision machinery industries, the processing of
precision mechanical parts has been recognized as an important and a high value-added technology. Research on ultra-
precision processing is actively underway to produce such products. In addition, eco-friendliness and 0% carbon are
emerging as key keywords in modern industrial society, and the need for this is also increasing in the ultra-precision
processing field. As the industry advances, environmental issues are becoming a major concern, and in the processing
technology field, environmental destruction caused by cutting oil is becoming an issue. To solve this problem, this study
measured the movement precision of the global feed system and instaled a Fine Servo that corrects the nm-level
movement of the feed system in real time, using a piezoelectric actuator, to finely drive the cutting tool to control the
movement necessary for machining. We intended to control variables for ultra-precision machining and measure cutting
heat generation in real time to establish a dry cooling method using thermoelectric elements without using cutting oil.
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1. M2
CONVENTIONS

Fm = Main Cutting Force HT AN, B, BIEA|, AUV A o HE R
Fr = Radial/thrust Cutting Force BL7AREE] 7 ARVPHA] 7s2A w9 FasHA <l
Fa = Feed Cutting Force AlElal glow, E3] o|2gh AlE-E BAkstr] flaliA 24 7t
N = Shape Function ol gt A+7F Zhis] J3Ear ek E=3F A 4k AR
a = Parameter = HgH, g 0%7F A4 71HER UEhal glom o)= %
B = Deformation Rate Matrix A 7hg BopollA o] x|l Qlot. AF¢lo] 1w=s}
E = Young’s Modulus Hel 2 A7 2 olgp7t HAL glom Tl ool
v = Poisson Ratio A= AARE QIS &7 Tj7) o9 E]ar §lri[1-3].

G;; = Stress Y A1AE AR AU Ted @ dA
g; = Deformation Rate Aol dhalf 8] AE7E o] Fol AL AT Aol sk
f° = Applied Force =93] mxIgk olt. Aate] B4 nyd=Er dash
K® = Element Rigidity Matrix SFrE, e FAs UA 59 a5 9 ok, AeE,

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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Table 1 Material properties of flexure hinge

Material Young’s modulus Stiffness Poisson’s Mass density Limit stress [N/mm?’]
[N/mm?’] [N/um] ratio [kg/mm’] Tension Compression
18(1)457 71,800 32.877 0.336 2.8610°¢ 482.5 403.5
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Fig. 4 Dual servo system diagram
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Fig. 5 Dry cooling system schematic

Table 2 FLIR T640 specifications

List Specification
IR resolution [pixel] 320 x 256
Temperature range [°C] -25~135, -40~550
Thermal sensitivity/NETD 50 mK @+30°C
Focus Fixed

Data communication interfaces Gigabit Ethernet, control and image
Size (L x W x H) [mm] 104 x 49.6 x 46.6

Analysis of captured Storing and
IR Camera shooting images and Video storage and dlsp[agymg
derivation of display
temperature data

temperature

(a) Gigabit ethernet test labview
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Fig. 12 2 pm step response of global servo
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Resolution experiment of Y-axis dual positioning control

Table 3 Spindle speed control machining condition

Spindle speed Feed speed Depth of cut Tool R
[RPM] [mm/min] [um] [mm]
600
800
75 20 0.5
1,000
1,200

Fig. 15 Diamond tools of fine servo

IR Image

Peltier System

-l

Fine Servo

520x256 1X Signed 16-bit imag ©.0)

Fig. 16 IR camera image
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Fig. 17 Non-application of cooling cutting heat and surface
roughness
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Fig. 18 Application of dry cooling system cutting heat and surface

roughness

Table 4 Cutting heat and surface roughness by spindle speed when

dry cooling system is not used

Spindle speed Cutting heat Surface roughness
[RPM] ["C] [um]
600 53.32 0.6691
800 48.68 0.3707
1,000 47.34 0.2052
1,200 46.88 0.1841

Table 5 Cutting heat and surface roughness by spindle speed when

dry cooling system

Spindle speed Cutting heat Surface roughness
[RPM] ["C] (um]
600 40.68 0.0912
800 39.08 0.0801
1,000 28.72 0.0671
1,200 16.24 0.0565

~

Global Servo System
Processing Test piece

Dry cooling system
Processing Test piece

Dual Servo System
Processing Test piece

Fig. 19 Acrylic processing test piece
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I Year of Launching

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

I Aims and Scope

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

I Fee

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

Publication Fee:

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

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

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

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

I Contact Us

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

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



I Rules for Submitting and Publishing Papers

Article 1 Purpose

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

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

Article 3 Responsibilities and Compliance with Code of Ethics

A.The Authors are responsible for the submitted paper.

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

Article 4 Scope of Research

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

Article 5 Categorization of Submissions

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

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

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

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

Article 6 Submission

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

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

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

D.The submitted paper shall not be returned.

Article 7 Review and Decision to Publish Paper

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

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

Article 8 Copyright

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

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

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

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

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

Article 10 Manual of Style

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

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

Article 11 Publication Fees

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



I Guidelines for Manuscript Writing

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

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

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

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

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

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

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

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

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

I Author’s Check List

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

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

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

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

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

8. Is the English abstract within 200 words?

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



I Rules for Reviewing Papers

Article 1 Purpose

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

Article 2 Submission and Reception

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

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

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

Article 3 Selection of Reviewers

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

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

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

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

Article 4 Review Procedure

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

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

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

Article 6 Deadline for Author’s Revision

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

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



I Rules for Reviewing Papers

Article 7 Decision over Publication

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

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

Article 8 Review of Special Papers

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

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

Article 9 Confidentiality

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

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

Article 10 Objection

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

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

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



I Code of Ethics for Academic Activities

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

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

Chapter 1
Overall
Rules

Chapter 2
Author

Article 1 Purpose

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

Article 2 Application Area of Code of Ethics

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

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

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

Article 3 Scope of Misconduct

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

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

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

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

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

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

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

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

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

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

Article 4 Honesty of Author

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

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

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

Article 5 Authorship

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

following 4 criteria:

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

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

Final approval of the version to be published; AND

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

0



I Code of Ethics for Academic Activities

Chapter 3
Roles and
Responsibilities
of Members
of Society

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

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

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

perverting the research result.

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

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

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

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

plagiarism and is not allowed.

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

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

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

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

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

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

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

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

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

C.

results for the submitted paper.

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

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

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

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

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

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

paper can be examined by another EBM.

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

of the society or the Editor.

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

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

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

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

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

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

C.

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

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

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

citation, the EBM should be notified in detail.

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

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

Article 9 Ethics Committee

A

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

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

. Organization and Duties of Committee

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

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

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

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

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

A
B
C
D

. Establish and promote research ethics.

. Prevent and discourage research misconduct.

. Deliberate and vote on research misconduct.

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

E. Improve and enhance other research ethics.

Article 11 Convocation and Voting of Ethics Committee

A

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

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

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

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

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

Article 12 Reporting Research Misconduct

A

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

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

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

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

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

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

A.

B.

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

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

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

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

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

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

(5 Cancel membership to the Society

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

according to the decision of the Committee.

Article 14 Protection of Rights of Examinee

A.

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

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

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

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

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

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

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

Article 15 Disclosure of Record and Information of Investigation

A.

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

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

concerned personnel, it may not be disclosed.

Article 16 Report of Investigation Result

A.

B.

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

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

(@ Content of information

(@ Misconduct subject to investigation

(® List of investigators of Investigation Committee

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

(® Related evidence and witnesses

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

C. Until the final judgment on the research misconduct, it must not be disclosed to the public.



I Research Ethics and Copyright Transfer Agreement

To the Korean Society for Precision Engineering (KSPE)

Title Korean

English

Authors

| hereby certify that | agreed to submit the manuscript entitled above to the Journal of the Korean Society for Precision Engineering with
the following statements.

1. The submitting/corresponding authors (hereafter referred to as “authors”) warrant that the copyright shall
be transferred to the KSPE when the manuscript is accepted, and the KSPE will own the exclusive rights.

2. Authors certify that they have not impinged upon the rights or copyrights of other researchers, and have
attained legal copyright to display items from the original copyright owners.

3. Authors certify that they have indeed contributed to the outcomes and writing of their manuscript and
are responsible for the contents therein.

4. Authors may use or reproduce part of the published work in an annual report, magazine or another
journal. In this case, they should inform the KSPE of the reproduction and cite the work with proper
citation information.

5. Authors have never published the same work in any other journal and are not planning to do so.

6. Authors certify that they will abide by the ethics regulations of the KSPE related to academic activities
given in http://jkspe.kspe.or.kr/files/KSPE_Code of Ethics for Academic Activities (English).pdf. Authors also
agree to CrossCheck verification of the manuscript for prevention of duplicate publication and plagerism.

7. The corresponding author is aware of the items 1-6 and agrees to them.

8. The KSPE will have the right to delay or cancel the publication if authors do not adhere to the above
statements.

9. Corresponding author has the full authority to sign the Statement of Copyright Transfer form on behalf of
all the co-authors.

Corresponding ¢ Corresponding author (name):
2,
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Signature
* Affiliation:
e Date: / /
Corresponding The author to whom all correspondence should be addressed from submission to publication process and

Author who is responsible for the published contents and communications with the co-authors.
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