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Abstract
In this paper, we have developed the gantry automation system via information technology (IT) to improve
the productivity of fuel filter manufacturing process. The monitoring system of manufacturing process plays
an important role in analyzing the defective products as well as improving the production yield rate. The
experimental results of 3 months with 10000 samples validate that the error rate is decreased from 0.65 % to
0.45 %. Also, the defect of raw material is decreased via monitoring of material tools which can notify the
time for replacement and accurate insertion of raw materials to the loader. The productivity is increased by
reducing the process time from 947 sec to 788 sec per raw material through comparing the whole
manufacturing courses : from inserting of raw material to outcome of product. The process time is decreased
by 20.2 % by automation of inserting and outcome course. Moreover, safety of worker as well as reduction of

transfer time are highly related with increase of productivity.

2 o
AT AR JEe A S Sfste] IT7|uke] ASe Asst ZAE st B AEe 24,
& ded IT 7]uke] BUHE A2d 758 530 37843t Al

=

FE N R ANY FFL A 4B} FA A

5 10,0007 AAkAle]l E=FE v AT A BHFEO] 0.656%0014 045%= TSIt e ¥ RUEPES
Fote] F w Al7)e] Gl 2re] ek A FYoR LA BiFo] A, Al gk el tishe]

SN WMEAA FH A MG A} 947z A BBEE Aaste] A4 FASAT FAgeR sd

aAS FA/MES AEBE FHoe] FHADN] 2020 FADT. EF AYR A ol AT FhE AN

W A A

Key words @ gantry automation, IT monitoring, productivity efficiency, error rate, user satety

‘Dept. of Electronic Engineering, SeMyung University, 1. M2

“ShinwooHitec Co., Ltd.

* Corresponding author, Dept. of FElectronic Engineering AEA AR A AE AUE W Az A

SeMyung University. yoondh@semyung.ac.kr, 043-649-1308 o
# Acknowledgment Z dFe] a3 obd 9 x5 3H(Intelligent) S
Manuscript received Feb. 1, 2015 ; revised Feb. 21, 5 LA E S ) 22 glE Sl
2015 ; accepted Mar. 2. 2015 @ BAET a7EL e 3 AFSS ol
(This paper was supported by the Semyung

University research grant of 2014) Aol 253} AAES FE3a 9t weka FXA
This is an Open—Access article distributed under the terms oo = el o = 2
of the Creative Commons Attribution Non-Commercial °f (CNC)_’ 4%}\1’ 3 - ° et #d ;Zﬂv‘i &
License(http://creativecommons.org/licenses/by—-nc/3.0) o F243% &dgoz AxAFLe F2A AFseds d
which permits unrestricted non-commercial use, distribution, el o g F43 wtsla 9)\ “H11.

and reproduction in any medium, provided the original work A5 AzEe] FRE 22407 (CNC), W3e)

is properly cited.



Automation of Fuel Filter Manufacturing Process Via IT Convergence 65

(Gantry) & °]&% As3td ¥4 &, A
==
[¢)

9 wesh et Ae Beel 2
=

IT §88 A5sxge 2
%

A5 sheko] A

B oW owd PEY 2AE 9 A
Fakel 4N HEF F A= AFs
oz Qs A, Zgely A L A 3
wrk FbsEteh o] BN BH R
& olgdtel THE AFH ehelel AN BUHY
o AN AF/ED Bt e L8A2Y %

ol tH3l.

a9 1A [T7we] £74 4 TAoE AE
FAw 2 A0 B A9 AEIZEA =Y
g9 2 ¥4 ¢ £749 =90 Sy Uk

IT monitoring system

I _
O ——— ]
s-_l—

Gantry Lasder

= » L A
' T - Al
y Auta - l ..‘!ﬂhol A i B
) e L-—L unA By

Material i | | Cleaning
Input e = [ 3 T‘ Test
=y Al L =

CNC machine 1
Fig. 1. Manufacturing automation
I3 1. M=E=XSS

CNC machine 2

F4e Agel Bq glol A%
& g ol
AR R ARy FAe A%

A IT 719 TUEE A2

& FAYLRZ AaGigdd AA) —

ARz AF(EFAY) — ANAFZI (1R ol F
FA4) — @i Gt — ANZEE7I2H) olE
T - WANZVIR ols(5d) > |

HA7FF (W Y) — FAA A7 (Leak tester)”| 2 ©]%F
(FA) AND > HA FER o|F(FA)st H A
gt o5 7t FEEZ AT dsdE &
2 A (58+0.3mm), WAB(¢78+0.1) E WA Zlo]
(63+£0.2mm), SGHAX 7}g FA(8£02mm) Fol
ol ok Ee §74F JpFelAE AR &
Z 29 A (95+£0.5mm), F24+9 2] (10.0 ~10.1) R
WA (p4£0.1)0] AEF Ao} 3oL, FAA G E 23
Mpa o]’deollr o] TA3IA] eFolof e} o] T
FAAA A F Axbduztx A Adu) W7t
SAIzbo]l wol WAs I, FNEFEEIF AstE o] F
9% AE 2 FHA L FAV BAEH, e
v 7hg dfde] FEoe] ddAu AE 29l Tl

g,

N

[ A

2. AEsk gl AA
a9 28 AEg el A4 92 wid(ayout) E=HOZ
F A9 ARt 7FEE BAFE(Gantry) BFY o2 A
29 (loading), =9 (unloading) ¥ 7 (chucking)°] 7}s

ot 253t TS dERdh

253} 2ol A AIRE 95 93 7 e AER
MEE 104 NEF 22
FTES ALT NE Y, EF 2, 7FEF wlE 7w
2 UE o AEY 2= JEEY AT 44 ZA

3} 7

ool MEY 13} 29] o]F&HEE 24m/solH,
8

Fig. 2. Automatic manufacturing process layout
a9 2. AEst AzFA wA



66 j.nst.Korean.electr.electron.eng.Vol.19,No.1,064 ~072,March 2015

7} W% Stocker?] Loading 2 Unloading 27l
7tE FolE 7t 24 wE sbEEe A %
A 7F WAl He, 7FEES fXA7IE 18

(gripper)= 7FEE2] AAel wel 2 2eky Fa 9
27} WA Huz gdo] M £ UEE A
o ¥ 3 FAe wE Y EHoeR E H~
E 9 AEF 1A 22 fXAE 9 HE 4l 4
ZAwolo] o]Fdts AdAGT e A FF
of 71EES 224, A2Y T F J=FH A

Fig. 3. Gripper design
B A I T = o2 I |

2% 99 Ak s AR A

a8 4x 229 % ABAdE AR B A
Aol whel AHEES) A4 % A Wske Ea
ARolnt. aels el A AA w1 s
= A,

': &
. " —1 A
P q_*.r = ‘i| ﬂ , ; . ; I fimi)
Bt ,nl | -+ :' i."t'-il =
B—= f' o E T
L4 f% I ["'IT_‘:E:‘
i 11 L
Fig. 4. Header design
Iy 4 7FEEy
t}. 2E 7 (Stocker)2] w3t (Bar Feeder) 7
29 5 AJIAEA ERJoR ZIujo]olE o] &

stol A BE A5 BTl FeHEG WA
spgvelth ES © A4 dEn aHd 27
49 g gug e 20709 s1e ol 1407)

[ =

A
olsHEe 2t HAF 6~7x0°lth BE A4 EH
% 3H Napm)el @t #Z&HE AAsta HWeEst
FE B Eag ES & EEHe £9S AAHT
o g &9 3dE N = 60 pm, FIIEA
(torque) T1, +AAIZF dd 2047t #EH] L =
1/60, ¥ &= T = T1 = Sf 25 kgf-mo|t}. 7]
Al StE 4157]/] 5 SANDE ERE FF G

=9 dAd=E 01%3}01 04 kW =

Fig. 5. Bar feeder design
a9 5 vy A7

Fig. 6. Autoloader design
Y6 LERY AAE

RN = @%7—]3} 8 mmeo ¥F AYE?
C Agoz Wy wol= AF
&2 A AEAE 10% olste]x

mlo oftt
tlo
>
5 o



Automation of Fuel Filter Manufacturing Process Via IT Convergence

4 B0HzE AFESTh T3 HIRRE AX
B33 R JAF HIIZE Za 2HAHY o
g ol Alzgle AHS FEIrh ARREE
2HRoHEH)d AlgE L 134T Ealee 262144
p/rev otk oju] wEFx 9 2 X-Y Holkd T
e vEAS e, 44 F¥€e 15 kWola
AA 3 AEE= 2000 rpmE AFE3)

whobEEe A% 24 0 A4 34 A
Y 72 A% 54 2 A4 3A AAEE ek
O AEE ANE A8 EEAAE 010 mel 3
& ADE M3, SRALE 1 m/seln, 2 Sl
W ASRUL 660mmel A4 LEDE AL§avh

oy ;11* . |
}lf’rr‘.’"'r !
[

Fig. 7. Automatic measurement and check system
EERARESE I ERE

L4
{
[N

=il

2 EYA
HEYA ANzdrde 7h
3 Adulsk a4

ShIT §% 2UEY
a9 89l

FHlE RS-232C FA4A1S Cie
- Signal Indicator ! U
| : L,
Office T : -
4 EtherNet

Communication line

g - N N
A

S & &

-
i

User operating | Autornation
Production Data gathering Datagathering  System/Test LED alarm
monitoring system device

Fig. 8. Networking system based IT
a9 8 IT7|H vESA FA

67
dolg 3 AAE FA4d8 7Ive vEeEYa 87
of &Y 7 AEF AT ARARE UL
2 FHses AARG. dAztes FH4 oy
= AR dlelgHol s Aol Aol we]H
al, A" dHolee EAMAS A An b E,
PP, BFE 52 RUHYHES ATH B
% A4nz B8ac
a9 9= IT 71w ZUE" ZAel Asd 75 H
olElE uEhith T4 EUEY Al2E2 39
G gawd, FARY, AHEEeE LFIY
‘ IT convergence monitering system ‘
[ 1
Quality Control
Working command schedule Errorrate of each device
Production monitoring display Error rate of each item
Process presentation of device Analysis of error trend
Output of ime Error trend of each time
Results monitoring display
\

‘ BasicInformation Control ‘ ‘ Systemworking Control | | Production field Control
Working field information | | Non-Working Working command data
Working men Information Modification & searching Working time report
Error code information Analysis of working rate Working finish report
User definition code data Analysis of non-working Production quality
Userand criteria Error schedule control

Fig. 9. System function data

a9 9. Al=" 7 dHolH

i 7l 7Ee A% 94 gaxe] VAR As @
AN AiAske] AEsol 2 A YAAY €9 7%,
BAAEE 523 ANALL TUHYs] BE o)
AAe pelsa wad ¢ AR Agse w7
S, sk @ e AAb gHlE T Asd e A
e peshe $48Y 1%, F5de Besa W),
371 Azt BE2 EF FolE TASES AWtk EY
Anprpsdedas Adnl des 2UEste] 7HEat v
7Fe ARME #Estel Aud bEES BAdn ke
A BT 5 YES A Q)

3 AzdEeE e st

g 10 24 Alo] s2xE vekdh i o
20 (Loader) 2719 TEZZA 2] 2EA AL 2 F
N A~6 kg/em?S TSI oA AZE HEZIEE
AA 2 AREth 2 dEeolE e A S/We g E
S/W o445 2 Interlocks HATEE HAstn 2y
Aol D waTeE So TZ oAl HAAEA

AR
SEE A, AAME 2EAAM Y FEAAN 58 X

QL

3]
T

R
=



68 j.nst.Korean.electr.electron.eng.Vol.19,No.1,064 ~072,March 2015

LTS
M “M “N
h VR0
= il i L —{u '
[ -
P i u \[ v ' e
- I r.n v - A b
{ i e ) WY T
" ! seng
-4 4 v !
o — 1] ' i
__POSITON CONTROUER. 4 ~— AVE |
A ilaind i
U ic sif——— @ | S,
= |
I
|
i
|

Fig. 10. Loader control circuit diagram
19 10, 2UAle] I EE

2% A4

2% 118 Al dE ZRES B AHA A
e depdnh dAaEQedl FAE AR 54
7] AT AN, A A A, NGE 573 AlA,

FE 24 #A AN L FE F AAE AR
ojwl 2Ae] TEH 29E WAy fste] A A
AA A B g =S $5I NG 28 34
stol ‘A wAolwl Al x% FRlom =dstn
NG =& FAste] AL Aol =F 9o
s MEH RS AT o Z¥ FEE AA
st BUHY & Jes Ao

Fig. 11. Check line interconnection circuit
a9 11 AAER dF IEE

a9 11914 G6F-PP2D3| ¢ 9] Aol 7S E35) <
At (encoder) H#E wel ol YAE AoIstH, X-
% AMEEEH ZYE #H§ o|FsAYU Z-Fo2 At
o F gttt HIAAA HES FEW, A Alzd d

of A m, ki AoES Atd B¢ mE FF
o] AAEH, dFH AR BUE e 2R}
7} 2 el sk

5} o)\l:i
E RS EE
o

F QES @k
BE A A Hae Ea=
3, 6% elolzs AANA 1-dwe
FERY & A A, 6
B A% Al AR,
9ol SEQE, A, 29ed B4

AR BFE] $x= 80 ~ 90% At

H

=

gl @ F 9

~
fo ¢
=
iy P
5
S
i

o [ o s
@
Ho
RS
>

o oft > i N
p#

2 °

)
2N

o
Nl
©
of
2
©

o
Ea x, y, 2z 7 Y NEER 92 B d33
KSING)

= .

U

M
i)
o T
R

il

X

oY ox

ox mr > ¥E
%oz
e O T (-2

1o ot
o

} Gutput
line
Supersonic |

waves
washing

Fig. 12. Automatic productivity line
9 12 A% S YATE el

s sk 2Bl &4 ]
Ns As AAE %611 OJ*%}
do] 2%g dEste LE 4
sto] AAA7E A YA ? AEE

FAIZE H2F e,

gl A FFol g d
73% AMME E3l A48k

A4ste] LED %Ho] #%
v 7bg AlZE #HAgtett) Gantryel o
H7be HZ A@EE HJAd A5E BUEH A

FRE AR A w2 4E F 3
LED %< ZAEA 24 Gantry ¥ 7Hs th$-A
BT BEUEA AlzdldAs A ¥
T ol AsE EYEH Alz2"o® HAFste LED

U
OoEi“l
o

ox
o

29% AFAYORA TT AW R WA 5o F%
2AE A& AT+ AXS A4 G



Automation of Fuel Filter Manufacturing Process Via IT Convergence 69

AlH A 3} 2FE(Unit per Hour) 45% 24317 HdiA= A 34 A%
§} (ek2)7F Agtsit), 422909 7Y 3Hoz Fof
o
ur

.,] é«]'o xg}\}_q.‘:v/] /HH era _’_ o]-;qo]_i 7511_4'
omA Qg o BaF YR F4e & 9l Wk

Ass gl FEHE et vE A 2 AAEA
S A B AT A ZGAIZE 380 Aol AL

14,640 < 104707 =Fom yeyth w3 Table 2. Comparison of simulation results
g FAIFEHS Sl 12 7 7HA Aoz A T 2 AEdeld Az nw
EdolAdsty] fg dEGRE Yeld) partly fully
ok 1& A2 24 (20, 30 34) 2 AAF (50 FA)el present autonatio | automat
WE AFBeTE Aotk s 1947 A /FEeR A process n ion
BellolA e u a5 Wt e 71 13270904 742570 Production(e | . 18814 21700
2, 24N7 71 HOTANE F7hske, Ha FA A SAE a)
= "3 e T TAGA BARE A7F A o= error(ea) 104 101 68
QoA +@s A 4 dH] a4 Agol e, working | ) 480 480
time(h)
Table 1. Input information about progress UPH(ea/h) 385 39.2 45.2
i 1. T4 digh YHAE time(s) 93.4 91.8 79.6
Process men time(sec) error
No| consumptio NEETRETEEY rate(%) 0.71 0.54 0.31
n men 7 4 3
0 material - - - -
10 | 4-7D hole 1 0 30 30
% 1t.h 0 0 %0 - a9 13 (a) 2R AEAE A ]%_%7]011 u}
cutting 2t SE2EAY] A3 B J3de FAgh ofuf
21 Shuttle & 0 0 10 10 ZHT“‘H’] A EE olFFY, Id EE IIHS
Turnover Fagh (b) 2EAZ 2AAA, EEQ A, =
o] CAE ol o | 0] w0 ol ohdl 2 F F& BAS] A Fugth of
Do HH 249 ol%S g 180 ° B AW 2 FA
30 . 0 0 90 79 , B ZE(Lifter) b 2 &5, A 9 3o 7t
TR TS o e e %e}&% AR © A% 54 % A A
60 stamp 1 1 20 20 FAYoR td AFEY Ugd 5H4S XEAAE
70 caving 2 2 10 10 o] &3t A3t FAR Ateitt. 2w SAH D HAF
sum 4 3 230 | 267 Fajel ALEE EEAABPSIM-TDDE flat¥ o=
AEAY 3m, P67 WFTXIECTHE), $95H%
- Ims o]stolt}t. wetA W2 99 A&7, weE &

dok 25 & (10 F3), A4 (20, 30 ¥3), WA (50
Aol Y AESfA THO, BT 1940 49 Aze
2 Aol Gt AR Oiji1e] 742570 ¢

7154
ﬂ

01-

GHE 2 7ok AFe] g AA W

_&l
A 86070, 24413k o gki1e] 940770l A 108570 =
S/RRIE Aah BN A ARG 2e F 3
A EEE ARE A QzElA FAEd AL ¥
el grles @ ol & 7HE ¥ g
2 OJFAIRE A o] Arte] o Atz mlth

Z 2
R

X 2% AEFeA Ay B4 9 diek vas Yepdch (a) 18] (b) ~EF (c) AA
AWl A g dA IARGE Fi AFEt FE

A3t Hibs A 34 A5 AAEE A4S Folg Fig. 13. Gripper, stocker and hole checker

& ek 53] AwA Hx gEe A Al AT A a9 13, 28y, 2EA D A



70 j.nst.Korean.electr.electron.eng.Vol.19,No.1,064 ~072,March 2015

a9 14 A7 Fe A ARALE F9a] 9
A4 AGAYe FHeE %

— ‘ Error rate of production quantity ‘

L
L

Production outcome

[IIITITIE

Fig. 14. Monitoring display for total process
a7 14 AA 34 ZUEE sH

Ason AAE= AYAA W=el F9, Ads
F, AL, FRAL 58 998t dEE Ae
AgEol dad AHE £33kl e F Sk

a9 159 ZYHY st g dz Aol
dulolExa 2o weh 23 ¢ e VeeE

of AFT + AEE Bk PUF

REEEE 1= s,
PWRHEE w2 AQAAS pelstn 54 Fol
AAE R, FEgs AgoEE A 4
4, GRS BAS] ATT 5 Ak

PR . Error rate of night time

e

PR B A

e - 1 g G0 74 "

Fig. 15. Analysis monitor of error quantity
a9 15 BEEeE 243

Y0 vH BYSYe FA4% 5 Atk A o
W FEY BRF £ pam T3 okto
= o] Az W BE wa ASE BAse A
Fa.

Table 3. Comparison of error phenomenon
X 3 ETFdE v
2013 2014

(before automation) (after automation)
July 0.60 Feb. 0.49
Aug. 0.67 Mar. 0.38
Sept. 0.67 Apr. 0.46
Average 0.65 0.45

Error
rate(%)

e
o
o
=
El
o
v
&
o
o
o
X
2
>

Lown case - L
H [i— Error display Feb./2014 d|

Fig. 16. Phenomenon of bad goods
a9 16, B 943

9
B A WEE A UTReIN 78822 Fasiol
B FHEE et SA9os dd sl
FUMES AERZ FEekel FHAI] 2029% @
ag obd Ae AN FaES ANE B4

o]t}



ol

1=

AN T A2as=

Automation of Fuel Filter Manufacturing Process Via IT Convergence 71

(NEggA- AE}

TAAZ)

<l

24E 8t &g A 7t

Table 4. Comparison of process time

3t 4. TR vl

2013

(before automation)

20149 =

(after automation)

process

July

9.1

Feb.

78.8

time (s)

Aug.

94.7

Mar.

79.1

Sept.

94.4

Apr.

8.7

Average

94.7

78.8

ol
{1

ty ot o® b
Lo jo o
1 g

[0 |o Mz ta

e ,

o

= R Ty
2 o

fu o
o M

flo 2
E)

—
(el
(=]

it ki o

ol
)
T
o
23
& oo

>,
fols
tfo
o
N
i
f
v
ofN

Table 5. Average productivity quantity
5 99T NS

x 100

oduction

Month

Quantity

Working day

Quantity/day

Feb.

17,107

855

Mar.

17,472

832

Apr.

18,655

847

Average

17,745

845

ds dH<

loading/unloading, 7}& &%
o &g

wa, tob o ok
o
B
il
)

nm &2

WY FEE Aol 2 ol A

A% 5

-
Ay
1

oft
ol

s

)

oL

o
»

glo] A&k st

4
g
AH

1T

off o rir I

[y 3o 2
i)

s 3714z A& 10,00070
stk Asd & AF
5%l A 0.45% = 723}

ag A7
o

& vlae A% 94726l A 78822 Faste] AL
st Ao da aAe FUMMES 2
otz PEetel TR 202% 2Bk
£ YA AR ol FAZ AaE ALY B
A4E7] g&o] Avt. ¥ EUEHe g vl

S

b
b

2,

o

)

=

rgs

>

N

oo oY o

L i

i

(UC| u
2
e
0%
>,
=
!
w)
ol
o,
e
o
o
it
ey
>
N
)
=)
i

References

[1] Yao Wang, and Qin-fan Zhu, "Error control and
concealment for video communication: A Review,”
Proceedings of the IEEE, 86(5), pp.974-997, 1998

[2] Huifang Sun, Xuemin Chen, Tihao Chiang, Digital

Video Transcoding for Transmission and
Storage, CRC Press, 2005

[3] J. S. Yoon, K. H. Park etc, "Smart monitoring
systems for automated machining process,”
Conference of KSPE, pp.1335~1338, 2013

[4] Yao Wang, Stephan Wegner, "Error resilience

video coding  techniques, Real-time video
communication over unreliable networks,” IEEE
Signal Processing Magazine, Vol.17, pp.61-82, 2000
[51 J. S. Yoon, K. H. Park, S. T. Kim,
“Implementation Methodology ~ for  Industrial
Applications  of ICT-Based Manufcturing
Systems”, Asia Pacific Industrial Engineering
and Manufacturing System, Vol.1, 2012.

BIOGRAPHY

Yun Suck-Chang (Member)
1975: BS degree in Electronic
Engineering, Hanyang University
s 1978 : MS degree in Electronic
Engineering SungkyunkwanUniv.
1989: PhD degree in Electronc
Engineering Sungkyunkwan
"‘ University

1991.37 Professor. Dept. of Electronic Engineering

Semyung University. Main: Communication and
Cryptography



72 j.nst.Korean.electr.electron.eng.Vol.19,No.1,064 ~072,March 2015

Han Woo-Hyun (Member)

1985 : BS degree in Industrial
Engineer, Inha-Ha University

2013 : Sinwoohitec Co. Ltd
President

Yoon Dal-Hwan (Member)

1984 : BS degree in Electronic
Engineering, Hanyang Univ.

1986 : MS degree in Electronic
Engineering, Hanyang Univ.

1994 :PhD degree in Electronic
Engineering, Hanyang Univ.

1987. 7 7 1994. 6 : Professor in

Electronic Engineering, Korea

Millitary Academy. 2005. 7 =~ 2009. 2 : President of
HIWIN Co. Ltd. 1995. 3 ~ Professor in Electronic
Engineering, SeMyung University

Main @ Communication and Signal Processing



