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Design of a Vehicle Assembly Line Using PLC Simulation

Chang Ho Lee*, Gi Nam Wang** and SangChul Park****

ABSTRACT

Auto-makers can only remain compelitive by producing high quality vehicles in an efficient way. In
designing a production line, one of the most important objectives of digital manufacturing is to verify
design errors as early as possible. In terms of the cost and ime saving, it is very essential to start the
construction of a production line with a proven design which is error-free. Likewise. this paper aims o
implement PLC verification using an example. The verification in automobile manufacturing means ver-
ifying PLC program. which control automatic devices. In this paper, we buill a virtual factory to imple-
ment PLC simulation and introduced verification proceclure using PLC Studio. Finally, we can prove

the availability for the PLC verification.
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Fig. 1. P1.C simulation structure.
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Planning for Virtual Factory modeling

» Process selection and planning for each step
- Decision of virtual process position and

]

Relevant plant analysis and design preparation

deli hodolosy
g £33

> process analysis

-relevant data investigation and arrangement( mechanical draft, O list, 3D Data)
- Task analysis and improvement of plant related

- Target for detail application, coverage. deciding quantitative target

J ]

3D CAD model construction

Plant model construction

- interpret the 3D featuwre modsling data
- define kinematic, layout the device
- Field configuration

- Analysis of mechanical relation of
device according to the line process

- 170 tist, mechanical drawing, Discrete
event modeling of PLC behavior based
on design

Relevant plant analysis and design preparation

- process analysis

-relevant data investigation and arrangement( mechanical draft, /O fist, 3D Data)
- Task analysis and improvement of plant related

- Target for detail application, coverage, deciding quantitative target

L

Virtual Factory implementation

+ kinematic linking and relevant information integration according to the kinematic
definition of discrete event of generic model

l

Process Verification by the simulation

- Simulation running with PLO{H/W, $/W) based on implemented Virtaal Factary

- Stable control logic programming by the logical error detection and verification of
PLC code

- Verification and calibration of kinematics with physical and logical components of

virtual pfant

Field Application

- usage of vinual factory according to the application target and area
+ fuifillment of verification tasks
- Effect synthesis and expand to the other tasks

Fig, 3. Procedurc of constructing virtual plant,
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Table 1. Fach device symbol
Device State Event PLC Input PLC Output
T Clamp Clamp_CL Clamp_UCLI(1 Clamp_UCL1I{®)
g Un-Clamp CLamp_UCL Clamp_CLI(1) Clamp_CLI{()
. Home Ok(1) Home Ok(0)
Home Partloading P Yy
Part Loader Part_load Ok Loader ADV I':ﬁ()jv(]);(]()l ) Lizi()i;,?é‘é?)
Advance Loader_Home ADV2(1) ADVI{0)
. Home_Ok(1) Home_Ok(0)
Home Part_I.oading Ready_Ok(1) Ready_OK(0)
Robot Ready Pick_up Pick1(1) Pick1(0)
i) Part_Out Ok Pick_down Tick2(1) Pick2(0)
Part_Put_Ok Homes Reset_ Ok(1) Reset_OK(0)
Daecha_Ok{1) Daecha_Ok(0)
Rail Aﬂ‘fme Ag"a““ Home_Ok(i) Home_Ok(0)
vance ome Advance_Ok(1) Advance_Ok(0)

BZCAD,/CAMTLE] =23 143 4535 20009 109




PLC Al&2o]4

: attert- Kty
HOME =
" e _Home_0k ()
BlLowder!_ HOMEL)
: Loader]_Partoadingl
/| soasert aping
e | Loader] JADV2(TY ' Lpadey! . Load_OK(1
ADVA/ £ ; PARTMOAF OK
M, * )
T Bkt vy —T
d 5 o
Loadert .ADV! (0) Loadler1 Loadl-Ok{0} -
! Loatert ADV20) : s

Fig. 6. Logical Modcl - Part Loader.

i Rt} okit).
i Ri_ Pick2(0)
Horte
<
| RiNHoms Ok()
: Pat_Loadingl) . '
E — : S RA- Ready- DK(1)
i . READY
: 9
e O
- s g +
PART pUTiOIE - =
\d =
’ _\“w\h‘, : N R1_Pick_up(f)
y T
BIRI Pk downl] | pay _R1 e

Fig. 7. Logical Model - Moving robot.

Fig. 6, 7 Table 1& B1¥22 Part Loaders} &
W ERE Logicalld ) 3t Zolt),

33PLCHE

7Md S FEEA, T Physical?} Logical
2ag HEe7) Hsﬁ* Fig. 33} & daprgg
6}14 PLC AFE 259 OLPp, 717 Av)9] Layout
Physlt,al -r-v-°] obd, 7Md 249 Logicd
,q%s}; ACE LD, FB 59 PLCEZ 30| A
40 AE5E o) A4 glo] Folrbe 4& #8913
= RALE, FA logic interlock, dead lock 5&

PLC Studioslir] AFR &M= PLCHAE whale zh ¢
Hlole 10 249 Stare A E F<st PLC A
5] Input, OutputghS el s 7101 t}, 7182
=eo] AZnbHo|A 3D JEHS" Lo
o]—‘-’ = j‘lxﬂ A_‘Bloﬂ Tﬂ]Z] UL
< @ gom, Ao 1..%%3@ Fed o &
7F 118 9 A7de] EX @ ARL AWy} w1
Logical 2.9 3D & glo] @3] 7Faslar o)
HoT ¥@stE2 QA A o|Fa)7] 2o)3k] =

S o)t AEa} 7 el 44 327

5 Al7be] Bol 28 ¥4 =t

A5L 23 AFdoldE Alzkeh Logicaltd-2
PLC InputéhS 32184 ©ot. PLC nput =70} &
Z5]0], QuiputZ YAEA =H, States Event® I
& State?] H3tvt Y PTH UPOE LD/t 247t #
Ak, FAA 5l Huto] 2] Stateo]A Event7t
““go}zl 2dot. State®] H3trt 471=] 47, 2ulv)
AR ALE U2 S B 0 o2 EEE S
Ak, PLCHES S o7} ol FA7E $Ad= 72
S A3k 2, ol & A QM M-S
22 M A F 3&33}] HJQ. glo }-0'1 7_}% 22 9};}__ T
& Logical 292 Stae M3} A& 53] A= Cut
o] 2ol FA)7E @Sk e Flo 7hgstEz
339 AR LDE ZFE o], 2AE w2

srobd & ek,
[ Simulation Start ]

4
->| Check : 3D Graphic Motion I

l Find a device that perfonms an invalid action |

Check Logical Model
ound devicein previous st

( Check : Signal value of PLC program

l PLC program modify l

—I Restart Simulation |
h "2

[ PLC program verification complete ]

Fig. 8. Formal PLC Verification process.

o) dutzlel ZF EAE vz Fig 49 7H3
A RIS B }‘Ht}, a2 Age T Aw
LD T2 a9 4% AA 3 AHE 293it],

Fig. 49 ¥¥1, 4 2334 23 23] TAH,

A Alaralc'l/ﬁ_ a3 A, AE 2R w2 |
Ato] BrAREIA. LogicalRd-& 3015 A Ay =
Bol Tzl A5 E ykowy Al57)F E7hA )\}0}31101 |
¥ AL FAZ A AHH 0T grEAR) S FllE)
Atk ol= LS A7) &2 €n)EiH, ol& &
A7) S8l 52 A E AT FiEe AF 339
2 A& o} FASPA He

AA 2 LDAA Blgh Az, $0k4dg vl
3 AY AHE s ZEA “RI_Pick27gk= A
35 Folof &=, Fig. 99 7+o] “RI_Pick2"7}

I CAD,/CAME S =24 Al 144 #5323 20004 109



328 olgE, A, Ba

"Daecha_ “Daecha_
“RZ_Reset _ Clampt_ CtampT_ "R2_Ready"
"R1_Home" "Ri_Pick2" k" cLt cLz IR
} It A | — -
"R2.
Sealing"—4R

Fig. 9. Incorrectly designed ple program(l.D) case.

— —= 7‘!""“541] °%‘.L, —A/— ,\]j-—" :ll‘#_ z]-Mg]
o}, R2_Ready £71¢] S50 A£FQ Statedi 312
A HRE Aot ol F Fa) Yy mie] w2
A A4S MESH L, PLCYZEY #8284 S 8
b

4@ £

PLC ZET8e] 752 A4 AFEak #4shs A
E719 % dol}, pLCEszaigte) B

FAN M=
A2 g3o) WA A, 7199) G e dps
T2 oloiA|m, 2 FehE T2@3] Luzp} 917)

GEolr). BE WE M) AFL 245 9
X

A PLC 2
Ash= Qo) 1%;‘# ARl E2-2 AL F Qo) A
o i3t @771 7= 3 9ok

S
H

o] d-relM /M,Wi AL fele
Logical 293 3D 13 H-& o435 PLC HE
£ AAE e, o} PL( Studios ©| &3} ¥
AEHOlRE TYe 2y HEe] K84 S %lﬂ
T} 9122 PLC 52 71200 A4} glololl] Al
o] FAYL R P 7S AlBH )AL o] R3]
g E} o 44 718A] 43 7P 7AEg 4= 9
plgit}, o A} FAHE dAl A AR
PLC HEE A Ekle] &8H7] A A HdA
2 TRFOEMN )& AT NG @EAZ

3 O.‘U:..
b ox 1f

.I

m]o

2 <y ex rd dp
oy -

Q)L My ol g} A|ZE M7 ] 7|7HL T
7) 2= 9lo], “1o) Th3F MBS Soj= FuE 7R
\_'I:Jf'.

A sk
Bs

FFCAD/CAMEIE] =13 4143 A 53 20009 109

B2 A5 gled, vebrt JF
PLC Z2IS (Eoe Y48, #4L s
- S F7h Arrt desin, wéh At ekl
o] okz} PLCE AHgdhs ZE Aklel A43te
PLCE2 T3] AEY F§4E Bleke Aol Ha
3t}

RREE R

AN2#

co| 7 9] 273, AbEab 7SR s ElE - TA
2 /P o83 2P AuA W dE
IE Inferfaces, Vol. 21, No. 1, pp. 131-140, 2008.

2. Lu, R. F. and Sumdaram, $., “*Manufacturing Process
Modeling of Boeing 747 Moving Line Concepts”,
Winter Simulation Conference, Vol. 1, pp. 1041-
1045, 2002.

3.8 9 24, “AlE 7o A2, CAEY v
T, A=A, pp. 114-137, 2004,

47084 9 2%, B B APAAAL ol8d o

A" N4 g Bl sazr‘* ), 3 CADY

CAMEHS] 1‘5%%}, Vol. 12, No. 5, pp. 382-394,

2007.

-

5. F2hE 9 6%, “AHgal &Y Ele| PLC Aol 2
= 722 9)a o)at AF7) me)ge , et ot

AT S =E3. 2008.

6. USR]~ “PLC 7]E", http:i/www.neoensys.com,
2009.

7.Park, S. C., "A PLC Programming Environment
based on a Virtual Plant™, 7nr. J. Adv. Manuf. Technol.,
Vo. 39, pp. 1262-1270, 2008.

8. Park, C. M., Seong, K. Y., Park, S. C., Wang, G
N. and Han, K. [l “Simulation based Control Pro-
gram Verification in an Automobile [ndustry”, M/C
2008 Proceedings, 2008.

9. Chang Mok Park, “Development of Virtual Simulator
for Visual Validation of PLC Program™, CIMCAN6
Proceedings, pp. 32-36, 2006.

10. 4914 2] 448, “FSA(Finite State Automata)=9-2
olgd PLC 27 13 A|Feleldel g A7,
et el 83 %), Vol. 12, No. 2, pp. 75-84,
2007,

1. A4S 2] 49, “OPC7Inke] 710 Al Edlo e o)
O PLCS) S5 ASRg) Bak 7, gk
a)skE] 2], Vol. 12, No. 3, pp. 45-53, 2007.


http://www.neoensys.com/

PLC AERIoPAS o188 A5 2 Bl 4

¥ X 9

198713 3% -1992%d 128 7 Tewas
A&M Tt 3efTels)

1983¢1 3% 1985 2% TG
2 ek

197913 3419833 24 ob=fistn
ATiiE il skt

19843 12801987 89 Helll 2T
gl #ADept. of  Production
[nformaion Control Sysiems)

199213 12219930 39 U] Texas
A&M University 97

19933 991 - 19971 8% &) o]F) 6}
A AT A S s

20009 92-2001% 8% University of
Texas at Austin Visiting, Professor

Aok AEgAlAe, A, PLC,
R R R I B S S R

g o 3

Ph.D. (2000) in Industrial Fnginccring,
Dept of LF., KAIST, Korea

B.S. (1994) im industrial Fngineering,
Dept of LE., KAIST, Korea

M.S. (1996) in Industrial Fngincering,
Dept of 1E., KAIST, Korea

200081 99200151 129 Frelelsy, 2l
A9t

20024 1420083 2% DaimlerChrysler
I'T™M Dept. Rescarch Engincer

200843 29-FA obFtfighy WP
A] AR AEEERL ELras

200551 1¥-d A Computer-Aided
Design and Applications

20063 9%1-A ENT (Entrue Joumal
of Information Technulogy)

200741 28200000 19 319 g
CADCAM 813 Hgrlel

el CADICAM, ~l&Fdo] 8,
PLC, o}3babal reedey

o & &

20093 olFpdith A Al g
FRE &}

2009% o FRtRSkE AE-9)st bt

A4ltok: Digital Manutacturing. [MS,
Factory Automation, Simulation

FELCADCAMEE =F 4 A 143 5% 20009 164



