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- A Study on Heterarchical Control System and Simulator for Automated
Manufacturing Systems Using UML Object-oriented Technique -
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Abastract

Developing control functions that operate and cooperate each equipment in order to
achieve a goal is one of the most important problems in the installation of automated
manufacturing systems. This paper discusses the development of a control system for
heterarchical architecture and a simulator to verify operations of the control system. The
object-oriented paradigm that has excellent reusability, portability, and extensibility is
currently being used in many application fields as a software development methodology.
Especially, UML(Unified Modeling Language), the third generation object-oriented modeling
methodology, has advantages such as model generalization, clearness, and so on. In this
research, software objects to accomodate the real time environments of automated
manufacturing systems are modeled with the diagrams of UML. Based on these models,
control software is developed as a format of pseudo-codes. A simulator is implemented to
validate the developed control system.
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E3], o8 dFAE0 & MEE AAAY Y FAMNE ARG WHEY AL FHE
UML (Unified Modeling Language)& ©l 83t Aysle Erjde] & -8R0 AN2g Zd3
& A=, AN 2" L&A FRo FF VEY WEEZY AT A A7 9
A2 FA 8450 AddHe FY HFH F2Y AFH F329 840 #sd 13yg
o gt 2y, B dFHE Al2" A 24709 dAx g SYH JAE A o8
ANadol RgHo 2 AojsHE FAA &Aoo FRE AT A2dE FHI.

2. AN LR G E8A

21 L&A A

$E£A4 ol (Contro)E F 7IAZ2 AT F Utk ARAE 714G dul FE4 o]Eo] EF
gt 528 FEE ZAHIE Aotk EAE JAY Aurt o PRAAYH L o] £ L o,
AN Al 2 28 4% A9-E 7837 943 2R A4, VIAZTH v=w HY F4,
LA E Z9 71%E& B3 HGroover, 1980; Han and Ham, 1995).

22 E&A 7=

gl 0 2 & 8A o) F29 43 % Y3 % (Centralized) T2, A % & (Hierarchical) 7%, £4H4
(Heterarchical) 722 Y& 4 Uth <Y 1> 449 &4A40) F2E B F 1 Yo} A4y L
Ao71E etz 943 A4 AojHE d4ES Ve

& 58 FIE

(a) C ized Form (b) Hier hical Form (<) Heterarchical Form

<ag 1> E&A Tz §¥

231 %3 % (Centralized) $&Al0] &

o] FZE <2Y 1>9 (a)9} Zo] &t FFAFETL @A o] FolA e EE LS EFS
Agsin, 389 ARES A L FAE @It o] 72 FHL Alade] Yag ZE B
AREE 3l Ao7)oM Ay dEd AAMH] AHSE 7t A @k & EEA o
Ao nlaj Aojr] M 4E Y F A FE7E Foldih. A2l HRT AR R FHE 4
a4e F Ak

YA T S8A 2o GHLE AA, A 2E FEIL ARANE BE FEAFE A F317t Fol
Ay, Agtol Ao g2 dAdls T8l oA A . 4, T FFE o o)) AHAE A S,
AA Ao FAZ gAY AR, F FaoA Alad W ZE #E A8 E GF7] @&
E&A 2ZEO 9 §A, By R FFo| oH} (Dilts, 1991).

2.3.2 A% 3 (Hierarchical) &&#le} 7%

o] FZEKAHE 1>9 (b)s} Zol A2& FH AH 9} 3t AlF E2 T8, A FoA
FEE AojHE S B3, oM A2 JHARE Hule HAE Hete &Aoo Fxojth
o] AZ2H Tz FHLE AA, F27 AFEE FAHY 7] HEZd £2ZEE JfLst=d
o] BE53H7) b sl uhebA] B o] Solgt Holth M, 44 e AFHE o] £FH
A7t wEell Aol X WA o] wWa

vigo] g e A, Y SAE A9 QA ESFAHERE ojd FF ol o]4Fo] A7E 1 8t
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A A EE 5ol shHl Rk B, AW FRE 27] UA BANN B4, AR,
uleje) dZsx 2@ skl WAHH FH, 48] olFT} (Dilts, 1991).

2.3.3 ¥2t3 (Heterarchical) &&#l¢] #%

AZH E8Ae] dHE FHI7] Ao AXEHAH FALH EA4F AFE Eory 71
o] 2w ol Hx itk o] WAL <Y 1>9 (o) Zol A& Wl AFH :11—7127]'%1113}1]
e g dl, Al2"E FASHE FAYE Aol ¥ (cooperation)E & H3lE EHE @A T
AHJ ARE HAaFAI L dAile] A dolguo)AES &80, Ao}ty FAE ¢
¥ (negotiation) 3toll JARA A o] o] FolA = & Ao} WA ol

THH EEA T R 3AA, A G A7) FHHSR AP & TPt gie) Eeln
A Fdol(plug and play) MEE EUE 5 slo A=Y Fo] §oldtt EA, & A7
ot Alo]l MA AlAade] v e FEgS HAAL 5 Aok AR, A EF FHE 7R
At AA o) o] FojA B2 A &AL tsE T A Al 2 P A AE2 RES Ho2H
A7l AZES O Bl £EH, FA, Bt golditt. AR, AZE O sjdugo]
AEstth A, L F A8 Ao 4G &9 F2o] 7tedA & F& 5 fault tolerance &
Zt=t,

o] F&A] Fxo dHL AA, AFHA HAAsvt hsdtn AAH H Az Brbsdi
A4, Ao71& T3 713 A%l A& F Utk AR, TN Z2EZI YELJ #F
BEEs7t B8t AA BT @A FEH= o8] At (Duffie, 1988; Dilts, 1991).
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3. AAAZE 7Y

31 AR F] N
1990} ol F AFEH F=do] 7igo] WEZA WHIHI Yol Hla AZEHS] Ve
A FEoA ZA Mg o] FA R olald AZEgo e A HNNE FEsl7] 98
QA A Adel AAFHJT ‘AAMAF o)gte ofrle AANEY JFoez FAHH A2dE &
ZeYolo dAS Mol ol &3l RO ZAM(Smith, 1992), AAE HolE g 2 HoHE A
gte 24 daZg FA"G AA Ao 71E 4 glE HolHE £A4(Attribute)ol gt
o ARG Ade AL 22 I=E ALY AZEYO ] AAANE FAAT T
B} Bg&Hoz AZEJCY AL HFIste Hold. o8 & AAXIrIHe Hed}
(Encapsulation), “¢%;Ad (Inheritance), ©+3 4 (Polymorphism)3 Z-& A 7}2] ENS 1 9o
73%3}‘“ “dolgl s}t dHolH & &3t WA= Uz F& 'S 2R (AI2H 34
1995) A&A4LE FEHA BEAE MR 71 B A (ancestor, supertype)% AARE T 1 7
2114 e adE oot N2E A4 A (decendant, subtype)E WA= Aot try
q& *1§ o2 AAA T2 olFE JtA FFE AL ALEANA ZL 0)EL AFEY
g olFo U dBAAHEL AFsn AAEZ A AN EAO 2 HME dE HIE 3}
€ A5l AHgE 5 Aok

32 71&9 AAAGE =2d3g 7Y

Rumbaugh®] OMT(Object Modeling Technique)& ol &% A& /A4d vhie T8 &
o 7} (application-domain concept)& 422 7]1& =AU}

Booch?] # & Adag |8 £ZEY] /Mde 238 FAemz Axe FAHa AR
45 &) i FEF AGE At ok o] Wy HAAL Aladojy W4 TS: Ad A)
2498 25 713 upEA 3.

of
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Coad$} Yourdon® 39 54 AAZA o] obd digtdez sMws AP dried
Aok a3y of Wy AALY FA AL Aol A dFE Z2AEEGE A2 Neg
Ao Hgsicie o] ot

a2 9 tg AFAE] 47l g 2dy s AN ded, dlA Ted v 2
o] olEritt ¥7)39 Aozt ow, 7 the HEUAR WAE AU Yo (HAF2H HA
¥, 1995 HAE F, 199).

3.3 UML(Unified Modeling Language)

2o 9B AFA A8 YA gE o WEEe] AT J' EEAIAY F AHEHA
g pdr3Ee AASL AHEAES] EF 898 HAFANA AAAF AL HHES ZESE
A E85E €2 9 o] A%t} Booch, Jacobson, Rumbaugh 5o 28] 7i2€ A 3A ) AA A HHEQ
UMLE A A g Al 28L B B olyet 2aZEO /T FH o2 A2 #F4, 715, 7HAI 3
F2se dojoln, FAY BAHA N2 R AYSe | YEATHG EF FF AAAFA DS
Mealr] $le 55 228 o de] ALgE Ao d4ddr} (Booch, et al, 1997). UML2 53§
N2adel 2 7%, dolH #4 $& 2dYsr 48 Ut 2dy S5 S AT oh(Rational
Software Corporation, 1996).

34 AAAGE 7149 AaAA2de && A

Adigat FMS AlEdolAde 913 FMS AAAYE 2dg /j 23ttt Entity-relationship 2 &
o] A 7] & & % (message flow diagram) & o] &3t} A|l2 €& T &= AAE A3, AL B
d)o| Bl (data)®} A X}H(procedure)E EZ 3t} (Adiga, 1990).

Smith:s Qur# Q) &% &840y A2 = (shop floor control system)& 7A23}7] A& W&
oz 2E AARFHQ Ao AxENOE A3t A 2d& Aojste A7) FHLE =& T
# Message Based Part State Graph (MPSG)E ©] &3t} z+ Ao7]7F AANE 5 e ¥
T8 A Aol 7) EHAGMPSGE I FAFoZH e A 210l H §3te] FAA] 2§84
AZEHOE A5 WY F A=E Yot (Smith, 1992)

Ling 2] o 2 E0| o]5HE FMCE 4408t AAAF L ZEH € Rumbaugh?|
OMT (Object Modeling Technique)& o] &3t /23t ch A& FA8he AA 9} o] L&A =7
95t} o3 AAE &8k, Z AASo] /1A & e Fel(state) & A& F, ZH A A o] WA A <]
Ao o S eAHEAAL v RYstn, 12D L 7oz Ao AT EAE /NEF Aot (Lin,
1994)

4 2 gA N2 A
1 243 &84 729 HE

B Qo] A4 BAH LA )T 2o = A8 AFo) EARA R, A THREEES EA G
7] g8 TLE 5T AT ARG F, TIH FFA o FRE s e dAAY
2 HARe] tiE B HAAE Agste 75 #et 4 FHL4Y Avle AAT ok &
dg AR 915t e FHaL A ARE £ OE ArIEFH AP £E, UE
Ao/ 2RE ) HHAAR 8Hol UL A 18R FHEh g E<AE 2> ol A TH AL
= 598 A2 AAVIZF A A% Aoj7l Atole A wAlA Aed 93 ¥ (negotiation) T
F, FAH84 Aol £y AL AAs £ A

42 S8 Ao} Ax"le UML B¢
QA S g R o] A2 AT Ao FFY & glojok st ol @ &H jAYEE UMLE
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A2 8t717k §ol3tth UML 22 Alad o] £ D A dAo] 43 Rdy AZEYE FHste
SAe AP Edoz g 4 3lcH(Rational Software Corporation, 1996).

2 ATl Alage 24 2 dAo e 29 = Class Diagram, Sequence Diagram, State
Diagram& ©] 83t A 28uje] A& &80 $8A0 715¢ 2233 288 FMC 22 ¢&
<IY 3>3 2ol AHA/SAE 2E 1, 71374 20, FFEe £ 2 ¥E F7+<9)oad/unload
station® 2 TS o] th o]gt 22 F=go] oo LEAAE 98] W TA 224 Process
Plan dlolgj#jo]a NC T2 dojguojx Fo] gth

Milling
Machine

) Machining Cell Cooperation via negotiation -----

T 0l ) |

| | Controtler ¥ | Controlier | | Controtler [ | Controlter T ——— w?:;::‘:o

Load E ~3 U oot

E Robot Machine 1 Machine 2 : """"""" Robot

[ Station § 4 Load/unload

| - : Station

<aY 2> 43 E8Ae T2 <2y 3> A ASANAN LYY FAHE

421 &&Ao] Al2¥ 2] Class Diagram

UML] Class Diagrame 2§ J4A 29 & FAshe G20 SH2709 BAE 7129 WA
0 ZAst 9&3HA B £ 5 gtk &840 A2ddA 22€ £ e 4AE 24 A
ol g vl o] 2 2 U 4= 9l o}, & 8] 3 2 A &= load/unload station, robot, machine, partse) i, €] o] €] ) o] ~
+ process plan, NC program©]t}.

Zt A= &4 (attribute) WA E(method) 2 FAHY Aot <X 1> zF AAo g &XHE
dAG Aoz, <F 2>¢ & AR dg va=g dAF Rold.

Class Diagram2 X4 9] class, type, class?te) W& T, O & class$te] @49 & A 1z
BoEn A dge g ARE BAFA G 29 e dAo bt 429 FgA e,
A gAe 292 e, 78 dA9 Y2 FuZ FY28 ¥ FE Yok

wlo

<E 1> A gz £4 HY

A EWH 2 &4 .
AA 2 R <E 2> AH 2H29 WAE Ao
load/unload| station_id, station_name,
station completed_part 5
LD AH S L PSS
robot robot_id, robot_name, robot_state
. machine_id, machine_name, load/unload) send.r , receive_m
machine machine_state, NC_prog_id station cou;t_completed _.paf‘t
; : send_message, receive_r ge,
part part_id, part_name, process_id robot request_state, start_moving

process_id, prcess_plan_name, send. o receive_ ’
process plan operation_sequence, operation_name, report_state, start_machining,
operation_id, NC_prog_id . finish_machining,
retrieve_NC_program

machine

NC prog DB -{ NC_prog_id, NC_program

<2 4>+ 4 949 Class Diagramo| th.class & Al FE 2 Ud AlzHg o 2 g7)8t0, Al & o)
W A 5-E o}l 2 class name, attributes, operationsg 714 ¥t BAHA L& FYPAS57H] oo
A A& associationo| 2 stch zH EH2E dFs = A Yol 29 A © FAMTE association name S
uHep = o, association name €l A€ #-& 42ty o] 718 7] & W2 2 association name S ¢} ¢} 7)o
T LT BAE BAUY dZH AR E 22 @ = FY22RH AS5E AAH2A A
(instance object) A& ot} & Eo] <aY 4> & A9 partE & 709 process planT
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AZd =3, o2 49 part7t & e robotol] 93] M2l drt & ol 9 machined ©h42) NC program$
2} ght)t, 3y 9] process plane W49 NC programS 82 o}

<a¥ 4>9 2& P9 Class Diagram$ ©]-&-8to] ddich, ot #AE @A dojegjwoj22
AAYE 3S FEE dZ=(record)7t HAY 5= vt ol @ EAAES A E37] 5t doid #AA
A% st A2W2E 2HE £ 9] F7) (primary key) & 98] /g 2V 28 2hE Z 2 9] 7 7] (foreign
key)Z A3t L, thdich 2191 A $- Hlol & & /& F71ete Al /e Hol &2 F HolE 3t AAE
AAY. 48 59, <29 4> 4 349 process pland o2l NC program$ 744 4 o} o]
79 process plan 2#29¢ 7|8 NC program DB S 29 R 712 Al g3)o} 3},

Process plan
process_id
process_name . N prog 08
operation_sequence {1_Redukes B NG prog id
operation_name NC_program
operation_id
NC_prog_id &K
A Uses
1A !
Load/unicad station fat Vachine
L N machine_id
sation_id xisat kP00 L1 st B 1.2 rachioe name
station_name _name L=
comgleted_part process_id maching_state
o NC_prog_id
send_message
i ﬂ‘ Holds ﬂ;. message
count_completed_pert report st
Robot Lt
stat_machining
Issevedby p 1 fobolid finish_machiing
fobot_name retrieve_NC_program
robot_state
send_message
receive_message  |? 4 Issenedty 1.2
foques!_siate
stat_moving

<39 4> E&A A2 Class Diagram

422 FMC &8 A o] A 299 Sequence Diagram

UML® Sequence Diagram< A7t D@ EE vAIRE AIZHE £ o] wtet W83 RoFu),
el A Aj2do] AFHE AR AR A EAE & ok tololae g A2 g =
A7} EAsE 71 YEU R, AE 2dg SdR-2 ZFE AT ARHE AL BRAF

E AFNA o2 te A5 A 2] &84 0] &AM v A 2] & & 8] E Sequence Diagram
o 2 Yeld Aol <% 5>0|t} load/unload stationoll Ml & F 2 E©] =33}9, load/unload station&
robotoll Al part_id®} & 2HE o] Q& vl A X & B At robot2 partll Al part_idE &2 9] process_id &
A0 process_idE process plan Aol Al &8l F9] operation sequenceE Ag@=t}h AEH
operation sequence®] w2} robote] F3HE & o] F A #H oF & machineS 2 A ¥}, machineo] 2AH A
robot-& machine®] 4 | A L& 8 3= vl A A & Bl i machine 2 2 5-8] 4 €] J B.& ¥ ¥ machine
o) A part_idE %2 &t} machined part_idE partel] Al A28l part2 28 process_idE AgWHS
% process_id & process plandll 4] XU} o] operation_sequence$} NC_program_id & A &'+ t}. machine
£ NC program 2 A o] A] NC_program_idE B o] NC program< A4 e § ZAEL 71283,
7hEo] ¢E =W 713 8 vA R robotoll Al BT}, o9} & Ao & § FAE o Al WA A
BES <Y 559 ol 2dYY F gl

423 &8A o} A~ 9] State Diagram

Alaw A g Ao AME(State)
load/unload statione ‘&ZHE o] A tH(part)’, '&F & E 0] Yth(no part)'s] F 71X JHE 2=}
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machine® '&F&E0] gl 714 v¥l7tE(Gdle, no part)’, '7}& Z(machining)’, ' &350 &34
A2 714 8] 7S (idle, part)' o] 2= A EIE 2=} robot& ‘A A (idle)’, * ©) F Z (moving) ' o) &=

2eg Zet
Load/unioad ’ Process NC
| L0ad/unioad Process NG
l Station !B°—b°l hﬁ-"’m Pant plan

part_id, &I 2Ack :
SojuxEEdcH |

part_id & Ye{&ct ' '
[process_id & ¥2{&c : '

rocess id Zch
operation_sequence i ] :
de 2y | E : i
HAKI B 2T ]
seeaping |
Hdict ' 1
SANpat 8 | : :
e Ec) ! \

(pert i Bigaizct |

process_ld & ¥ {ﬂfr}

ss i 8 URFCH
NC_pr: i '
| NC_prog i 21 ZCt :
Itz gg‘ 'Nc_program:i il-uéc}l l

DA X| &
S2eict

X

<a¥ 5> &40 A" Sequence Diagram

State Diagram

State= S A A7 Al 26 Woll A zh= A8 = 2ol a, Ao A% = 2dol AR AnAE
29 & Adelel LA ®th. UML) State Diagram-& 9] 5-2] 8 4 o1} vl A 2| o] 2 ) 9331 A X &}
olg5e] Faataol A F Sl stated] TAE EAFHE Aol stater T AP ez ST,
state name, state variable, internal activity= 74 5o} 9t} state variable2 attribute®} 22 3 g9}
ol & 72t o internal activitre Y 2l 9] A7} oW stateol] A= T AT 4 & actionol o}
3 9] ¢ state 2 v} 7] A A o] 43 &) oF & action ‘entry’ ©] 12, ¢ ] 9] states] A U7t Fobol S8 8 of
& action ‘exit’ol™, 49} stated] AT FUAl FHsoF & action ‘do’ It}

<29 6>37 <Y 7> 77} machine# robot9] A<l state W& A3 Aol <Y 6>&
o Z So] A93lH robot®] FZEL machined] &7 ¥ 2% machine?] AHel7} ‘idle, no part’ ol A
‘machining’ 2.2 W 7 © t} "idle, no part’ Bl o) A ‘machining’ A&l 2 ¥ 73 5 71 A 9l machine part_id
£ partol Al o} 31, ‘start_machining’©l gt 7FEEE & W £ ‘machining’ FEj2 ¥ AE =7
2} 2 o) part_id®] 3 3 3} process_id, NC_progeam_id, NC_program2 2} ¢} £ ] 31, ‘machining’ A € o}
A 7} & 81, 'machining’ AHE) ol 4] ‘idle, part’ AE) & ¥ 2 5] 7] Aol 'finish_machining’ 2= H# £
Wal 4, ‘machiping’ A3l A ‘idle, part’ “FEl2 W AT} robot©] machined] U FAEL U E
machine©] Y} load/unload station®l %719 ‘idle, part’ “Fefol A ‘idle, no part’ AE)lZ whac),

olg} o] BZslm HAAI AladdAe AR AE AES] HAIS = Yz, AA 714
AJZ=g A7) AT HEF state £Ho] 875 o] State DiagramE AL-E3HA H U}
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Alggolelol BE A7

idie, part 222 Ago ol 212714
idle, no part 2201 AHOIMOIL 2B7\ 0 part_id : POOL FER o530l
. ht 2350 2 534000 process_id : PPO1
part_id : robot_id : ROI
exit/ send part_id sation_id - 801 : e moving
do / send finish_machini
K part_id :
220 7187140 ;:l:h_ilri 4i 4 macAhlne_Ald :

machine_state : -

-

entry / read machine_id

parcid P01 entry / read part_id entry / read station_id
% prog 1 : NCOO! do/read machine state do /send finish_moving
robot_id : ROI

entry / read process_id

oy e b id 230) 2ol o144 7437/
\ e/ saet iahning ) %5 05% 924
<Y 6> &Aoo 249 State Diagram 1 <Y 7> /AN A State Diagram 2

424 F&A ) A2 74

E AT FEE E&A0] Alade 2R A a2 load/unload station A o] & @l 2, milling
machine Ao} & @, drilling machine AAZAN A7t FHAH, BAH oz 9281, olE9 Ao
7% g do]HE 9% 7|E ARYY 25 dolewol2ag FAAY <IY 8> YA
Ady UMLEE S 7|uto.2 & 84101 & 9 & vl /1A A A o} 71 = = (Pseudo-code) 7+ 7@ = A ot
MRed Z2 Y 5389 YutEd YHE BAF = ZE2A, AA 84S HlMs T A
upe} Alol g Aoj7zlo] RFo FHrt ¥asith

Robot &&#lo] AAel T2 7152 FRAEY 7FFEAHN i FRE Thotsle F&E0 §42
A A E machineE % 4 & 53l 24T F, B3 A0l FHAES &7]v RAojth. <2 P& 28]
ojdl TAE-L load/unload stationol A process plan® Y= 7FE £4 & A stEEors
NAZ olFAY A% 7Mdzase 97§ Yerd Aol

retrieve(part_id, process_plan)
if operation_sequence = machine_A
{ request machine_A_state;
receive machine_A_state;
decide location;
if machine_A = idle, no part
moving (part, from station, to machine_A)
G ication Network if machine_A = idle, part

Load/unload retrieve(part_id, process_plan)
i ostatinn if next operation = machine_B
Z!g g; 28 342 request machine_B_state

if machine_B = idle, no part

Drilling moving (part, from machine_A, machine_B)
28 34~ if machine_B = idle, part

moving {part, from machine_B, to station)

ne yg k

| if machine_B = machining
HoiewoI~ : Miling wait for machining
/ 28 242 if next operation = null
R Rogot moving (part, from machine_A, to station)
28 342 if machine_A = machining

wait for machining }

<a¥ 8> &A ANad FEE <29 9> 2R 28 Fgre AT
Load/unload station &&#o] A2 F8 7|5 7128 F&E0] JuE Aze BE iy
FAEY 71Fo] BYGE WAAE ZEANA AT A
Milling machine €& A1°] 2 &) ¢} Drilling machine & #lo] A2 F8 75L& T2 Eo] 7tF
gaFAaE AR g AN At ABE ZRAA AGH T2, 2R 02 RE FAE| ANAAR
AAHYE HARNE Rod g JHF HolHE FFWot TFHEEL st Heolth
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Zt A A 9 7HE A =& o] 83} Robot 2 A, Load/unload 2 A, Machine 24 M 7} 7} A ot & vl A= &
TEIG AAAGFY FHE BEAY, ol FA FHI HAEE AN EF FE YR, 71E vas
g AN FAsA AHEE £ Q) ol E 5, machine A A7 FY9 3 715 22 = machine A3 2
BHARE A 71EY AEE QAL = U3, A28 T4 8224 08 758 2 Ao g
machine A7} F7HH AL B 71&9 AA2=E 3 F£AsA ALEE 5 QUoh

43 UML 7I¥9 =¢ &%

UMLol2te ARAEF 7198E =48t YA LA A2gg BA/dAG 2N L3 2
ENE 98 & U

A, UMLAA AlFste 28 =39 Sequence Diagram® State Diagram S ©]-£30 24
AAZTAY7 LFHEAN2DE F 83 2P & 5= A HAJh EA, UMLAA AFste 243
E7 gEd q o thE A2 BTG Al 2 Al g Al d A Bl e A A 44 BA St AN A S
T A HAJ A, UMLLE d&] AAAF7|HES] AHE F3e Aole 2 wda) uhy 2 w8 o
B2 x=go] dastA ¥t
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51 Al Ed#HIHY 74

2 AT EE EA &R A A Ao A ARE W57 Yete] S &Ao A EHIHE
At o] AlgdeolHE vl MY 84 TEN & M JNEAR UdE REZ FAH o
At Zt EEA o} REL A2 FAEH, N2 08 REZRE JlABE Pola A o] =g sok
A 222 AARG A BHOH ML HAHNN F2 840 733G F T 29 e H s
o $HE& FAL NTTS TF ZLEFL 94T Fu) A7 2F P A Ay 5 2HR
@skth AlgdolelE PC AelA $8=2a% /)2 E9 PowerBuilderg |43t 7ds e}

Robot &80 2EE o] &3t <Y 10>7 Zo] 2R A, 28] o]FH LX) 9} BHx|,
A o]F T TAE U AR, T2AX NE JHE €A, AE/FA dAX B8 o 4 gl
Load/unload station &8 Ao] R &L o] &3t <19 11>7 Zo] 7138 F3E 49} load/unload
station®l]l A& F2E F F, AE/FA WAAE ¢ 5 v} Milling machine &40 =253
Drilling machine &-& Alo] =&& o] 43l <19 12,13>3 Zo] 7}F 71 A1 AEA R A4/5A
HAAE & 4 Ak 712 AR 9 ZES o] §3lY <aY 14>9) Fo] A\ a¥e L8 2
A8 2o g 712 HEQ) FFHE AHH, process plan BE, NC program A2, 7|4 AR E =,
FA, A, 23T F Ak

52 &&A ol B A At

TEA ) ANEDE FAIR 7HE TS e g FAEB distd fFAA TR 5 Qdojok
ste2, <a¥ 15>t o] YUY shEvt Yad RE =Y /¥ VRS ¥F UY M 5
=Y 7hEol Ho % ¥F, = HE F U ol A H REF 59 vl kA FHES oA
TME JHEsol e 4FE ddez 2o NYE FIPsAT

Azt sl mhE zt P ase] e WG WL AR 2R U Lo] Fde Fe2 A g,
<ES>c A4¥ER T <AY 15> (09 TAEES AT &A1Y WSS RAFT <H 5>A
From'& HAIAE Bl 2803, 'To'v WAIAE ¥ REo|t} "Ae's tAX 7} dgyy)
Aol 78 FEE Yetdt £ HAA o] AFEE AT} 71 YE A G BEL W AR
e A == A5 FAHL49 7] 4HE Yed Rol
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<2¥g 12> Milling machine &40 2 &

<% 13> Drilling machine &4 =&

<29 14>

7

{2) milling
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(b)dilling

() ) ()

{c)miling —» drilling

(D9 -

(d)drilling —» milling

<2¥ 15> 4gdd FEY 84

2 AL 2 7/ »gE
W oz wua
A AT

<H 8> ANEHolA AT dF
FAEWUE P03
THREY LR FARLAAE
2Hol 4
From 2 FREUL oat
From £
To 1% Sty idle, no part
From 2 A e ng
F;?om z;— EREIERR moving
F:'rom g: e machining
o
From €3 idle, part |
To
From 2%
To =gy 3nay idle, no part
=
From =23 T
F‘r;:)m Eig%q FNABAEER moving
F'r;:)m F_;é;d SHEen machining
From =gy idle, part
To 2% moving
From =83 idle, no_part
To
F’]r::m éiiu E4EIERE moving
From 2% idle
To

A8 7HAs AU HE FEAA & A3}, B ATolH HAA
So) 7Y B4 2840 Nxdo] AY, HAY BFo2 EJFL
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