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Study of Intelligent Manufacturing System Development
for Factory Automation

Kyung-Hyun Choi*

ABSTRACT

This paper describes a task level cell programming environment that deals with difficulties in program-
ming Flexible Manufacturing Cells(FMCs), and consists of the cell programming editor and the automatic
generation module. In the cell programming editor, cell programs can be developed with task-oriented cell
specifications that reduces the amount of details to be considered by cell programmers. The automatic gen-
eration module transforms task specifications into executable programs used by cell constituents. The
development tool in designing the environment is an object-oriented approach which provides a simple to
use and intuitive user interface. and allows for an easy development of object models associated with the
environment, Test results are illustrated in order to demonstrate the applicability of the developed envi-
ronment.

Key Words: CIM(ZAFEETA), Flexible Manufacturing Cells(fH#| 24),
Cell Task Specification Language(AEpAZA &¢19]), Artificial Intelligence (2154 %)
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Expert add:(ToolRules
number:1
condition:[ #(process drill) isRight]
action:[#(cutType drill) doTool]
description:‘process is drilling’).
Expert add:(ToolRules
nuinber:2
condition:[ #(process turn) isRight]
action:[#(cutType turn) doTool]
descnption:'process is turning’).
Expert add:(ToolRules
number:3
condition: [#{(process profiling) isRight]
actiot:(#(cutType endMill) doTool)
description:'process is profiling').
Expert add:(ToolRules
number4
condition: [#(process facing) isRight]
action:(#(cut Type faceMill) doTool]
description:‘process is facing’).
" Rules for tool material selection based on the raw stock
material and its hardness.”
Expert add:(ToolRules
number:5
condition:{ #(material 1) isRight]
action:[#(tooiMaterial 1) doTool)
deseription:'material is #1').

Expert add:(ToolRules
number:33
condition: [#(process profilling) isRight & #(width d) isAssume |
action:[#{maxToolDiameter d) doAssign]
description:'profiling process and width d).! |

Fig. 5 Production rules for the tool selection
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Table 1 Training input data vectors for drilling

Input Variables Referenced out;
Input varisbles
vector
Materfal | Hardnaess Hole diameter [ Tool matarial| Speed Feed
(BHN) {mpm) | (mpn

1 1212 125 127 Mlo 38.1 0254
2 1213 175 254 Mig 381 0457
3 1212 125 508 M10 341 0635
4 1215 125 1908 M7 396 0331
5 1108 175 %4 M1 366 0457
6 L3 225 381 Mi0 412 0508
7 1114 12 1805 M1 396 038}
8 17113 125 508 M7 305 0635
8 1005 150 635 M1 274 0.127
10 1012 150 381 Ml 274 0457
u 1019 200 127 M7 244 0228
1z 1621 200 331 Mi0 158 |o3s1
13 1030 200 08 Mi0 229 0559
u 1040 250 1805 M7 183 0254
15 1049 300 254 M33 152 0305

w & k2/3=2.5198°19, A WA g 29 9u|7} ¢
g wWele Afrt 2212 orderd #(10~99)% 714 &
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Fig. 7 Comparison between actual set data and back-
propagation results for parameter speed
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Table 2 Neutral Instruction Set

Instruction Paszription Neutral Instryetions
Absolute Goto,repid. <Jocation>
laint ion motion
Relative Gompid:<location>
Absolutz Gotor<location>
Lincer Interp molion
Reladve Gor<loeation™
Spindle Contrel Spindie, (officwicow ) (mmber]
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Gripper Control |open)elose}{:mumber]
Time Delay Dealy:=number>
Communication Contol { Wait]Signal} . <line number>
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Fig. 8 Architecture of Cell Configuration Model Abstract
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"ExpertUniTranslator methods !

translation('goto’, rapid:', MOVE', VAL II').
translation('gote’, rapid:', G30;G00, WORD ADDRESS').
transiation('goto:', POS''ASEA')
translation('go:'/G91;GO1', WORD ADDRESS").
translation('go:'GODLTA?, apt).

tranglation('go:', MOVES HERE').

. translation(go:'POS OFFSET, ASEA).
translation{'gocirecle’, G17G02,'WORD ADDRESS).
translation('spindle’, cow:' M04S', WORD ADDRESS').
translation(‘spindie’, ccw:”, SPINDL/,CCW, APT').
translation('coolant, off, COOLNT/OFF'/ APT"),
translation('coolant’, off', M09'; WORD ADDRESS'),
transjation('coolant, 'on’,M08''WORD ADDRESS'),
trnstation('close’, M22", WORD ADDRESS').
trenslation('close’, Close', VAL IT').
transfation('close’, GRIPPER', ASEA").
translaton('close:’,'close, VAL TT).
fransfation(*tool:', G10H<num>Z<mum>>'' WORD ADDRESS").

Fig. 9 Prolog based Translation Rules

& dAole] Fao] F&so] WesoRIn} o
Z4 9H coolant® Word Address %ol
sty o] onZh offel £4% &0, 349 ondl
Ao} MO8S! uhA | g4 o] offd] T3l
Bo] M09t A,

Wpse Wde 9222 ) dih] S o8 +3
Hr ok HEd 22 Berl g 7ee W g
HE A AA o5 FAysojFct, o WHEL
golel fAuE A WpEol ¥ FH AA TR
A& vpeko 2 g og W E dt FY B3
oAl e WEE A (position)# AHA (orientation) )
2o vehfl=d, VAL II, APT 2832 Word

AL o757 o
AAez st 1
i}, ASEAYAME A= AR L A (orientation) S
A&7 98 Quaternion AH43HE ¥, 29 99
oldlie 2R X AL NELEY 29 =8 AME
&7) Wid 298 =2 HE Quateniono.®9] ¥
etie}Eo| Smalltalkel] A old AA Y wisg Fels
of gir}.

Addressel M= A9 FUE W2
Foll olF Atole] WS Mg A
qe

6. BtAT Y M =2y MY Al

o] doME AFHoz Y4 4 T2 §I)
A Ao} (target machine language) & A}-&3Hd 7gd
A Z2aPL un EAFoRN A4 FARE $7o
A9 44 7heA S FESHT. Fig. 103 2ol Fo7
FAAZE Ao A2 FAAA FHE 9] FHL 2R E
ol g3t FAES AwlololoA HolA NC vl &
Aok “pick/load” FH M, AH4E 28E PUMA0
i Ao f0jZ VALTE AHeata vt R 528 9
X FEAE T2 FEZ TAHAU LT, Zel7l 16em,
Welzl 10em, £o)7F Scmsl J8HA FAare] 270
28 &) NC ojilez 2xFY

Fig. 119l= ] 24€ A8t gf23 dd HEol g
A Z2 089 Al 2" s 2L BA4E FH HE
ol2 ®H Z21yel Rz} g2 #d WHE A}
B5te] & 21y e BN E ZE £AHY 3
Re gEHe] glod, A% A4 ZEe 259 4= 4
o] 2 BE G AG gL o] L5l 2Y
8 HFAZ A5 YA E £AHQA W42 g

Fig. 10 Coordinate for the task pick/load

134



AU Z A A 1478 A7 (19979 79)

{Tsk Lével Instruckion}
. pickpart Fromcomeyor to:Mil.

loadpareto Ml . 2
o Nearaleode)
" Gopid:155@15H@105, 0@ 180@80,
T Go1SS@IsE@Is. . g
s G
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- Go-1 H@237@110.
) .w ai‘L ' .
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Ged0. | L
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Gupd@lsh@in. © 1L e e
- - " ]

Fig. 11 Task level cell program and generated neu-
tral code for pick/load task

A AE F= VAL [18 A4t 534822 7)
Bkel 3 Ale]g) ¥]@E Table 39 velt gtk VAL
2 o] 292 Z2a% s FYae 2Eo| J &
P2 98 8% Mill, pick, load 5 F28 AANEL
ng] 2-gle g Festaiol gut, MR o g
#7] Wesg Foldts W WEe 228 9 e
(power lead)\t &% 2= (manual lead)E A&sted]
d3te Ao AN 2 PAE ol TFsta o
2gd) 7]23}=d, VAL Il¢lA+ HERE Mill o8k
HaEolrl 239 ¥ AXE Ag He €I A A
48, 28 -2l Hoge Age] ¥4 44 A
P = FAYST LT FAA 2 N2d AFES =5
ol Al GEAAL 517] Wi = AZHE FITE 2
B 29 4 9ot

£ dPedEs 9= 299 /AdE =UR Cell Con-
figuration Modelol X Fej=o] Ad €59 F¢ glo|
A2g AP AT Z2IPYE & 5 7] 92 A
A& w2 F U o|F ZE JHE5E A2 74
we AArE 322 ez AT A A Y £
A2 e d= e YA g TAE T, vk A A
£ Al (orientation)E b}, o5 54 F4E5
W 2 Eo] 23] UniSet ZEEZHE W0l

Tabled] 2l&td, 2l9l M 134 86 A VAL [IE o] 4
& T2 W] APPROE A8l WY, A%
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Table 3 Comparison between generated code and
user developed code in VAL II

No Generated Codes Developed Codes Comments
MOVES(155,158,155,90,:180,90) APPRO pick50 | approach the port
MOVES(155,158,105) MOVES pick move th the part
CLOSE CLOSE grasp the part
DEPART 50 back off

DEPART 50

move to comveyor rest location

1
2
3
4
5 | MOVES(100,150,120,90,-130,90) |
6
7
H
9

MOVES(30,150,120) MOVES Mill mave to the mill
MOVES(-112,259,160,0,-180,-60) MOVES via move to vig location
MOVES(-159,237,140 AFFRO load 30 approach to the foad location
MOVES(-159,237,110) MOVES load move to the Joad locanon

10 | warr WAIT wait signal from mil!

11 | OPEN OPEN Release the part

12 | DEFART 30 DEPART 30 Back off

13 | MOVES(-112,259,160,0,-120,-60) MOVES via move to the foad location

14} MOVES(30,150,120) MOVES Mill Return to the previous location

BA REE PPo] MOVESS AT, o|AL A4
BEAA 2F0] NC 94l o Hoeked $8L 93 .
t g4 o4 A 3= F2E FF 7o A
+AYE Fodher #EG HHo] MOVESE AH4d
t}, WEo MOVESS APPROE A8 2 2Ha
22 dg By 2del 9T 544 VAL II Z2adH
£ WY ALgEA] ¢E P A4 2EL W
MOVESE A4 A7 o] A dME & &1 RES
Az AL FAsE AT Alo|E 220 2F G0 &
Fo)7] g8 vlE] HaE A ALES 53 E 39
o}

7.8 8

2 =RdMe A9 A7 NE3 UniSet A&
FHAol2 = E elaz HY 4 2y gYoE
Ada oAz Ao AgHFTe] AFL FEHeZ
Ae7) A& AZEH 0] A 2Rle) Ade #ale =5t
Ak, o] N2 A F /Y BREZ FAHEH
A AA BE2 299 AR dEH el A(GUDEA 4
z2adus 49 4 T2 e 4 7L
Zof el 2o ARAEGE 1A gotz HHA,
23 ghie] 4 P& AlL3td o g 7459 48
eME Agdted AFE 4§ o ol 4 T2 ¥
TAAY Y & A& FAl s e old S Ft

WA 259 AF A ZES ga d gyl
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