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Job Resource relation- Net Modeling for the Simulation of FMS

Byoung Kyu Choi - Kwan Hee Han

is analyzed.

{Absltract)

As the level of maunfacturing system automation increases, the issues of modeling and simulation
of AMS(Automated Manufacturing System) are becoming more important,

Proposed in this paper is the JR-Net{job Resource relation-Net) modeling framework which
naturally mimics the process of designing an AMS by FA(Factory Automation) engineers. Its main
purpose is to provide a modeling tool which facilitate rﬁodcling work of AMS for FA engineers
unfamiliar with simulation modeling, The proposed modeling scheme is based on the extensive
observation that typical AMSs ate built from the set of 'standard’ components{or catalog items).

As an application of the proposed model, two real examples of FMS{ 'G7FMS model plant, RPI
FMS) are modeled by JR-Net, and in case of FMS model plant, 2 simulation program development

procedure using JR-Net modeling results is explained, Finally, simulation result of FM5 model plant
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ANS typal Standard R JR-Net Resourcs Symbol —,I
_ “ Machining Center * Tuming Center |
Machine O:I “ Washing Machine * Inspection Machine
TCMM
* Wodker * Robot(Manipulaton)
Rohot * {Un}Stacker * {De)Paltetizer
* APC{Rotary Shuttle)
wo | CILT |iAmgem
* Table ™ Stocker
Table D  Pallet Stand
"AGY "RGV *Stacker Crans
. * Bridge Crane  * Truck/Cart
* Power & Free Conveyor * LifterBlevator,
Conveyar ECE " Chain Comveyor * Belt Comvayor H
* Roller Commyor
Divarier g * Diverter * Pushar * Dropper
L . * Storage Rack
" s N I

{38 1) List of standardized AMS resources
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9 Zo] FA AALoje] B Azl ko] #H ofo}
2 29 functional E8, control £ 2] 3 GAZ
H5jo] WA, 2 YANAE top-down hicrarch
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{22! 3; JR-Net modeling procedure
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Resource Set Rescurce Class
Ground Conveyor |— Shain / Reller ¢
Ground ’ Diverter
Conveyor Net

Powar&Fres / Trolley /
Monomil

Line / Arc
Wire-Guided
Rail-GLided
Lina / Arc

Stacker Crane |

Handling Robot / Viorker /
Hoist

achining / Tuming Center /
Specal NC Machirm

{12! 4) Relationships between resource-set and
rescurce-class

AMEAe @ W A2EE FEse 2ol E
A3z, @ 2ol HFBT resource seto]1d
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{3d% 5) FMS model plant layout

{2| 6 rescurce layout modet of FMS mode! plant
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2. 2 Functional 2&
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group specification value temark
unit om, sec
number of aisle 1
numbet of bay 28
dimension number of ter 4
Lommon rack opening size {125, 125, 125) {WDH)
aisle widdh -
inter aisle width -
location {-100,0,80) (zy.2)
port name pt—rk
opesation capacity 112 —
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control mle zone assignment random
5 = -
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job flow unconditional conditional
! transfar transfer
Plan 8O. 10 :

{J% 8) job flow symbol(basic}
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{2l 11} contral flow symbol(basic}
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1) ——  rawpat
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{12! 10} functional JR-Net of FMS model plant
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UE7E MAY MEN A part 2FA] G pano] H
28 ZTFE] tool magazine & F ol&E]1 AREH A
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(1) —> :rawpart
3 —

: empty pallet with jigfixture

{Z1B1 13} control JA-Net of FMS model plant without tool flow

7142 29/I2FE AT Microbor2 TAHE 7HF
2do|AT, @ AR € 27 /1EFEL MR8 9
E Hle]5 3 Scorbot, YAE AF
22 249 =9 LHo4AH, @
e HHE A%A D @ part ol
S =gl Shute Gantry robot9} 47]9] Aue)of
2 o]2ol7 AE YT o] AH|MOoT T

RPI FMSO| X & ‘peg’ 2k ‘block’s} 7Hg0] 4 &
AReog olZolx, ZHL A= blocke] HA
%g 2golMe] Tadlo] pegrt Hulet L 3hof
of gt} JR-Netol M ole)§t AAE pull EZE ]
&3] 2P} 3 blocke] 7FEE A A=
So] 2 o raw peg pull EES A3 FAHE

E RS 3 EZ passingoﬂ 8§ A ELE paw
pegs V28 Sl3T e (peg—c-q A2 = raw block
pull EZS A4), 7teF Z2HE 98X & Y
& o) machined peg pull EE-& A3t 71EE peg
7t Auel & & YA b 27]elE raw part pull
EZ wlof] 3hte] raw block pull E2¢) marking® 1L,
machined part pull B2 ol 3l149] machined block
pull 0] marking®ch, 9714 transfert EE &5
o 2718 xae #7149 $HAEHE VT
g1, JR-Netl| 48] ‘ZRE'& (27 15>8] Microbot
1} Scorhor®} Zo] AH|2E AFSHE  transfert}
resource®) AZAHE=H], Scorbord] Y22 gantry robot
o] Aul & AN AF L diagram®] EFAL H 317
A8 R
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{TZ| 14 Control JR-Net Model of tool flow

3. AutoMod 28] T3 B A3 B4
3. 1 JR-Net 2H2| AutoModZ2| BH&

AutoMod®] 52 2E EFAIAYY FEFHe] 3
#Hahy, Al2g Ao Z Y8 if then else, while do, wait
for, do until?} 22 T3St HWHolZ AT true
3-D graphics 7]F& BHEL Acke & B2
tH19]. AutoMod® A A P& [12],[20]8 2
2847] v},

JR-Netg AutoModZ o] 9IoJM, [R-Net ¥
d W F AuwoMod FE7} YR AT %7)wEo)
7} FA8A ol 23Xl EXEAE Fort o
2} 22 Flej=gel & Ao 2 AutoMod EE2
AL B} 4 wEA 34 5 gl

— : raw blockipag or empty pallet transfer

{3J& 15} Control mode! of RPl FMS
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3. 1. 1 slojolx 2%
AutoModd| M= BEF Alages Ao AHEATL
GUIE o] &5+ Folol- F resource®t jobd] AFEE

Aeshed, o) W JR-Need] ‘2ol e (E BHNA

Aeg gk 22 g A Feth a2
resource AP B EJAJ8] JR-Net resource ’e‘.%_l—}
AutoMod 22499 #FAE (F Ho 2ol AT F
A=, AuoModol| Xl ZH Advje] ApF H 2= JR-
Neto) A9 resource AFFE Y} FAIRRZ 202 A1
7hgattt.

{E 3) station mapping

Resource Set of JR-Net !

AutoMod Movment System
Madel ’

ground conveyor net CONVEYOT SYStem

power & free conveyor,
overhead conveyor net i R
bridge crane, AGV systen

AGV net
Alsle AS/RS system

AGY system

{E 4) relationship between JR-Net and AutoMod element

JR-Ner HE Automed Element
Machine resource, queue
Robot resource
APC queus
Table queue
Yehicle AGY System
Convever Conveyor System
Diverter Conveyor System$] Transfers
Storage ASRS, gueue

3. 1. 2 functional 2%

AutoModol A& processing 3 job flow7}F o] FolA]
= #FAE QAHE 'process 5}'stem"%°ﬂ 23 jobo]
580] AolF &, JR-Net?| functional BEH-E o]
‘process £9] 0|87} ‘process'7teldE dAL Aol
Ao tfoHrt 2822 JR-Netol| X8 7} transfer
Zo) &} o] & 2172 AutoMod2] processE TH-5-Al
7|11 transfer AF 2] 2 portg AutoMod process-—]

r1r

ulled

ijo connection®] WgAHo2M XFAA MEF 0]
TEY

3. 1. 3 control =%

AutoMod®] processth o] ZEE AL AL3Ie
o gy AagEdz gebx|7] WEd functonal
295 Be A5 FHE A 2257 ol 1
AU it 8=2 EEE empla'S U
Sol % ol§w vo] B A2Ue] H82 4 )
=3 0]91- Z—;—- @lliv.: transfer & A2, oAkE EF
3 capacity EE e}, selction operator'sE & 4 8l
=) olgl e REE F3S AutoMod® ‘function’
o]u} ‘subrouting’ @ 2 template® AlRo] gtgo] I8
Al ST AR F A

ol 2 S selection operator® 'CYC{eyelic)' B2 73
S ke 22 subroutineS AR THEo] ¥&
sk,

SPROC Dest_1c3

begin

set JAdest to nextof(1,2,34,56) /* Job Atribute
(JAdest)= job’s destination *f

end

T2 2 capacity 7HEES] &A% wansfer £ F2E
olg] 8} Zo] functiond} & & S

begin CAchk_rk function

[* Ctk= # of ks occupied capacity token, A _no=
aisle NO, *

if { Crk{A_no) carrent value} { Crk(A_no) capacity
) then

remurn “GO”

else

return “NOGQ”

end
3. 2 Al23o|d B EA
5 g A B 0] 2R A 7EA 2 el

353 2E w;»;,l (4N)e BAE & Yuve
A3} 2 Anle] AE§L Aopt Hn A28 A%



- B T ALY Az AgHojAE AT JR-Ne 297 M

g FE Ale RAAE Fohhed AUk o
2R} ke (2118 71z sgen A2xd
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F2utr1719 7

L

Adg Fr71E FEdch (A"HE
M MCT 7Fs& #4) 283, €
&2 10%°2A EREN7IZIE A
< FA= geh

g7\ & FE] FEF R HHYE FE HA A
el e FIk Az 5 B4o] 8%

(¥ 5) simulation resuits

A=
%8 v e
A 398(92.6%) 417(97.0%)
22k 323 % 26.3%
5% MCT 88.1% 89.2%
HeE 4B HMCT 736% 76.1%
washing 24% 24%
A 5& MCT 220 220
Ao S PMCT 88 9
) e 2} TAR 74%
zgzgﬂ o 5% MCT 10658 10655
ZHYEMCT 23618 23758
stacker crane utilization 74% 7.6%
tansfer robot utilization 8.8% 8.8%
stacker crane cycle time N0z 533z
transfer tobot cycle time ! 28.3% O
(F Syl 2 AlEsjoldd 2% 35 AYF¥ "k
& 39872 ZEAIARES] 93%E ARETE ol B
T 7FEg A7 85%9H, 5% HAYAEHMCT) 4 3

E 88% Al oxe e glont, 83 MCT
= M%2 A dAEES ZrAD 7] wEelth
ofe] W Yol TAHWEA] 55 MCTY cycle time
o] £33 MCTel ®Ial 2 A A= o} 55 MCT|
237t wAsle £HY MCTO} Baws ¥4 F
A ®357] w&Ze|vh
71A% B 7RSS AEWE 5F MCTE 220
A, FHYMCTE 887024 I Hl&o] 25:1¢H o]
Aol 3:1¢] 71AsbA ok MCTZE cycle tmed-@ol 2§
A 2718 AL o
A7 E2A/Y8 DT 84 27 AL wiel
Hge Asuw, gatao] 199 Fvhsted oF 5%2

ol gl A, JR-Net 29} £54& o7shd,

1) dlolele- =9 functional 249, control 2]
Baso] gAHes AYPEL A, FA dAL9
‘Q'—tﬁ Aol whE 2d Eé]—O- 7heA et

) B39 5L AASS T/ AAZ A
-sm e P E
A5 Az AAMe BT B & Qu, E5A
Al gl AvZE o A S Friste AT 5 3
=3

3) AZRA 22 physical corﬁponentgl- JR-Net
object Alol¢g] AH 2] & FF VAV EAFLE B
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de) 2&g @Fo] £0]3 1, layout-like diagram©| 2
Z @AY YgALES &0l g,

4) TEZ FRrt 383 FEHRE A EH oA
ZzaWoz o] He| Folsirt,

olg} ZL EAL s}A JR-Net 2982 FA <
xjol7} Abg 5 A ZA 28-S 43 W24 prototying
3+ AT B2 AT

B mgoirE FMSolA 4] JR-Net 88 ¢F9l:
H, s Ay Fo AF2E AEF} £3 2o
Efo]o] AZ BRI Zo] BF &ulo] F7HE T flow
lined| &) JR-NetS 2 83le] mdgsi= A4
FA AAoi7} JR-Net& GA FFEFAA A3
o8 BAE £ e JR-Net Modeler 708 |77 91
o,
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