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ABSTRACT

The demand for automatic manufacturing systems is increasing. Flexible Manufacturing
System (FMS) is usually considered as a solution for the shop floor automation. One of the
difficulties in FMS is the communications problem. Since various machineries with different
communications protocols are included, applying a unified scheme is almost impossible. There-
fore, a systematic approach is a key point to solve the communication problem. A cell is
defined as an automation unit where closely related for a job reside together. A cell is a mes-
senger between upper level computers and lower level machine equipment. In this research;
the functions of the cell are defined to have more capabilities than conventional cells since a
cell can be often a total manufacturing system in a small to medium sized factory, The cell
conducts communications with different machines through the communications schemes estab-
lished here. A set of software system has been developed according to the defined communica-
tions. The software has been tested for a simulation and real experiments for proof.
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Fig. 1 CIM hierarchy
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Fig. 2 Cell controller configuration

91

task) € TE7IE B 2 71719 €39 FHE 2
go|E Azgld F£59 a3y =7E S AAA
o2 HAFo RN AHEAPL ks Bl Aol
Ao Ae g F& Mg g

(4) A¥FHA A= (configuration task)E
4 Aoj7) e v fgAase FRARE AAE
E 7l5e 9RdTh oped zzne HzaAEY 44
2 AP eE5S ST B fgaIe @A) AdH
AA = &}

(5) =AE# B2 (scheduler task)E & 99
A9 (operation. scheduling) & #23ch 4 W
2 899 AAEE APy 9T A9YF g FHa
= 783 4% gt

6) 2 A54Y HAA(automatic cell opera-
tion task, ACO) & #¥2 A ¥FAg we}
dg Ay, FNFE 715 Zerlh o HaIdwe 4
A7) 4o A S8 HaARA 4 e YA
g5& Fusio B, 2AEY Y23, dani
Hed 9 ZIEZ Wiy 9239 AGFLE aP
o] Zqlel Ao € ZA75E FAF

(M B4 Z2%9 A7) H22 (communication
program -controller task, CPC)& 4 Aoj7] W%
o] EPAQ gAAsH FJERARS FYse 75
gedth. &, A Ao7)7t Aol & 43 TR
30 sl WS 7S AR gz
AEAYE F3e RoBA ok ZAY FUTE
ol &% FEAYTH FAY ETRE 2& §F Utk

(8) WA ®lxZA(dispatcher task)®= TEFH
ZEEZE ZE 77de] §AE FRUth

(9) Z28g 987 A3 (protocol converter
task) © Tk 24T ZZESZE 2= 779k BAE
gt 9&S FAH,

(10) %72 Ao~ H A= (higher level
interface. task) & B4z AZE& g3l o
Haag ) AFTEAA e ee FJRE Add=
o 2 Baae 44 A= dAw gon o8 4
Aol718 B B4 ANNE T € 9 A
U oo gict

(11) Z=te] H225E doly delxe FEE E
iz 49}

(12) ¥4 o7 garasge 435 FRads 9
A Zze] Hazde] EAL oY Al2wlo]



=4y - A

A

Table 1 Organization of the database

Directory Name

Description

Tasks Concerned

/Configuration_Data

Data for the configuration of a cell

Configuration, User-Interface

/S¢hedule_Data

Data for scheduling(Data on jobs & operation)

Scheduler, Automatic Cell Operation

/Operation__Status

Information of current status of operations

/Machine_Data

Information of machines

Pispatcher, Protocol Converter,

/Communication PGM Communication program with machines Automatic Cell Operation
/NC_Data NC Part programs

/Robot_Data Robot programs

/PLC_Data Ladder Logic programs

/ICON_Data Information for the display User-Interface

A7de WEEA (interprocess communication,
IPC) < AHEgth ol Bl&xazke] FRuge] &
g Ay (& S RS2320)8 Bag A gon
eH# e’ AMadel Fade Flde AAEA o
AH| 28 AFEE 5 7] HFolch

4 Aof7le} AGF doly] Wiol~F FEste B
& A4S 2ZEJAE ASIE § A48 A Wl
d& F ey B AT delge S48 Al
o eH#H o’ Alxde] AFst= Y EH (directory)
TFZE ol &3t ZAR L AAAQ ol HolaE
@45}933}. olFA #ezAM FTo A& vlolE Ho|
28 AHEE A 47 ATt 7MEsERs & Aot
B AT Feld 4 Aojrle] 8 dole Hjo]x
9] FZE Table 19] EABEE 2 LS Ao
d, AojgnA de dEe A4Aq me dAE ¥
2 FEsgen 1 o4 "8 ARE AFseh
d& Eo] /Machine Datagte tlgdEzlde zZtE
7171 E3el BAE AIEY § 7)7) E3fe] FHEE
g Uz (parameter) S AGaA T HHE Hx
A%E A ALY HlaIe Z2EZ ¥ g
4 9 g2gd gazzt ok

3 EAl 2~z ESo] A4

Fig. 29 2] g 4 A7y 4Fe dmn
4, Jﬂ 2AEY HAggLd Y 4Fo dg A
He 32 wdd JEE vz A AE 4F
EH:‘:EMWE A Aol HH dgsojof & FY
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o g FRE FAZ2aP Aojr]d Awdct F4
ZZ2IY A7l A FRE ANe i U =
EORS BYSAA AND AdE AP 4%
o BN Z2adEe 39 Ade] 23 A¥E =y
B gted §A ZROY Aorld Adde §A =F
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o Fggict :

£ AodAMe Fig. 29 4 Aoyl & 34 =2
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AR, 4 Ao dz F3d AFEe] st} |
Al 59 717189 o %e A 434S
3= 2428 844 (scheduler task) s $H8
94 Aol wet AYeE AFHeg 4y, FAEe
FY Ae 48 "x3(automatic cell operation
task) & ¥Iehe AEE TRIPTY B Yo 2
=29 HAE de Aoz on Agd Ao Z=o
WE o] gy}, M

3-1 7|A A cllojy wjojal 15

Fig. 2914 FHed dolg wlo|2& IR 7=
g olgsong #ze AHEL ASCIH Z=E F
AE At ZA3Y (text file) B8 2 A4 3 (exe-
cutable file) B2 AP 4 Sl o] FAL o]¢
ated dlolg] wlolA iR Y AP AR A
o ofF 2 477}25 z2ade 2EY & S
Arhe A€ 4 4 sith

Table 2= A Aol7] § & A7 AE dio] =
t tadAd gazg =IEE WEr] a0 JY
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FEd E94RE BASE 7|71 BY dely de|x
FES BEF Aot} oJF YEL AWEYE 7|7,
71719) e, BAE A% AE LEY, FAANS F9
FE7 JEE gtk TH F B4 TaOYUW 32
el AR d& Wi T 717 Bese AF
Elote] EA7F (IS E°l, down load, up load,
717188 AAL ) EREA J17ivit} Agste e 7
T 2 EFVUE FAE olR1 Uk Z2EF Wd
71 Bass 22 A% 7717 A ARESG F
A5 zE HE 71EAZ(cycle start), 714
A (status check), T21% A% (down load, up
load) Gt 2| 8 Helsl & £ jem 1 R
B 779 g2 548 Bfishe Ao BEqr)
nEA olF FEEE W3 2ES 3t HolE ol

Table 2 Definition for the machine database

No| Attribute Description
MCID machine ID
2 | MACHDES machine description
(description for the machine &
controller unit, Machine grade,
machine size, load limit)
3 | MACHST machine status code
(machine status, repair time
expected at the break-down time)
4 | ICON ICON image drawing file name
CPORT serial port name
6 | PROTOCOL | communication protocol
(RTS/CTS hardware handshaking,
XON/XOFF flow control, response
time, baud rate, stop bits, data bits,
parity check)
COMM_PGM| communication main program name
FUNC_ACO | function program name to execute
when Automatic Cell Operation is
activated
9 | NO_FUNC | group number of available function
programs
10| NO_FISUB | function program number of group 1
NO_F2SUB |- function program number of group 2
11| FUNC1 function program names of group 1
FUNC2 function program names of group 2

i
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2o AZAGE o|F 7Jlgx 4A 4 M7zt #%
Te B4 Z2adyd 4o 55 & vt

2% 7171 YA ABHe 4EM F B4V ol
& A9 Azsw AT 777t AT §A7 e
TEE F 9lon, oL JIFEE 4YHIE At
€ AQde A4 =Yg AdEhe AEte Hart
dE A=z 7hdsith o¥A AFH sy ZR2OPE
€ Table 201 AE F2UZ AR5 ol Ap&A
deH ol A B2 o] gFde 777}t gl #
1t A2 FlFe] FEE AvEr AER A
olA T2 B ¥R gas 44 dRdAs
FAE BN zaod 7£ YT 4 Utk Table
3& Z+F 71719 AFE S FAVFES FHT AL
2ZA 47 de 4F7NER g V1%E F B 7}
A Ze ARE AP

32 EM =20

Y Z2aPE FUY 4F Fulse] ZREZ
w7171 g3 §A2 E8 sig FuEo) Adee
s & AZESOHOE FHEY] YT 2o,
A Ao7le) A" BA =R AN Fod

Table 3 Function definition for communication‘

Function Description

Cycle Start.
Cycle Stop

Down Load

Machining process start automatically
Machining process stop antomatically

1 Machining program transfer from computer
to machine

Up Load Machining program transfer from machine

to computer

Search the machiniﬁg program in the
machine's memory

Program Search

Program Delete | Delete the machining program in the

machine's memory

Status Check | Machine status check(read)
{Data Inquiry)
Status Setting

(Data Setting) '

Offset Up Load

Machine status initialize

NC tool offset data transfer from machine
to computer

Oftset Down Load | NC tool offset data transfer from computer

to machine
Emergency Stop | Machining process stop immediately

Register Read | PMC register information read
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A Z2a8E& PgstaA gk Fig. 394 2R
5ol WA 43 Zoef o9 E 7|Re 2 F ZROF
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Z 233 (function program), Z4AE A7 dA
53 W dd5E 7% ZZI¥ (function pro-
gram with ACO)52.2 7153 ddd e 2Es
2 B¢ Zzade] {94 (flexibility) € $A4E
Zisslg e 2 P92 Table 20 d9g upeh 2
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Ay 4 A7) LEET £F 7179 F3Y 4
e A7 Zbesitd RUHE ARE F4 T2
B A7l A”EA Bk, BURYA i Y&
oA 2712 ahld

3-3 84 =233 Hof7|(communication pro-
gram controller, CPC)

Communication
Mitin Progs
(Dispatcher o
Protocc] Comverter)
l l ]
Pupction Funstion Function Function
W 2 ) i with ACO

Fig. 3 Construction of the communication program

Zzte) gazzke AR aws 9839 2gsr] 43
e exdeld Alzdo AFse WFTANH
(interprocess communication method) & AH&ge
24 O $AE 4T ¢ Ak g2A3te] iR A
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Table 4°] ®AJSGE Z2te] ¥8& HHEA head
£ 54 @Al AFRE ouldn gection codex %
A AAE FbshE HAFE data fieldes Bllzz
e FJEE oquidny, JH9 FHEE B 71717
(machine id), %% WX (part id), 75 Z23Y
HE (program id) 2 Z%¥ A X (information)E°l
AL 4 ok nA ez taile B4 HAle ERES
ofm] gk,

EAN 2239 Aor|e Fig. 2014 Holx]Xo] 4
9] 2] AF APgAld] BAZ2 Y FEL 4G A%

Table 4 Definition for the interprocess communica-
tion packet

Field Description

Head STX(0 x 02)

Section Code | Name of the Task which sends Message

Data Field Machine_ID, Part_ID, Program 1D,
Lot Size, Information, etc.
Tail ETX(0 % 03)

A% g Aazke] 4Eg 29%a JEH Fig. 4949
Zol BA Z23 TEY A4 AF AY Z2aYN
9 AR BES Aot} Fig. 4oA BoA %] &
A 2293 Arle 4G A5 A% HamziE
71719 9 4F HJE 59 Y AP #H FRE
Table 4o Z¥ uie} 22 F Woly o]F uig
o2 MEAQ 24 Z2adg ATz, o 4l

Auwomatic Cell Oporation
QOperation Monitorin,
Information 'Infonnaﬁgn

A
lr. soation Program C:
Dispatchrer Protocul
Converter

Fig, 4 Message flow between tasks
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£ 8% 71718 FAgel dEd Y] Erbssith
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o2 &gy A4E & e AL 7)71F Ao
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Hez thEa]) (multitasking) ) 7Hsd 2 dolH
Azl T 718 de) 2EEHe e fds eHHeld
A 2J (UNIX operating system)& 71 #Hoz
gk =3, B Zaal Aol wsEA de
g exazte] B F, ZZA2(process)zte] T
FFeZE UNIX7F AZde UHE Fo|T iy
(named pipe system) & Ar&3qch, 4

AHEZL QB H o) & A UNIXAAA AL 715
of Al BF F4E ol4Ae] ofF w& 1y
9 X 958 (X-window system) & ©] &3t +
Zalgth Z2adW delzE C A8 AHSsgd,
3HH, B4l wiAA HE AF 2L Ao 7P
UNIX AlzAled Adahz #2 4% F%7|(char-
acter device driver) & o|§3t%th »

4-1 BHAe E&

A AA7ld AAFE A AZTEGole Al B
o wet ZREZ A7) dafHE ERddE A
2 ojn] dwg vyt ok, dirle] A9 BAL HFAH
g 7171 FEol AR BERE dEE e BAE Y
3 ke €48 A3 2 o &Ad 2AdY %
Ao BAS Az Urie B4 Fzte Ao ofZ
Ve RAREES 4 98 ARE FE7 AFHE
A4de oF Z=E £9d PALYR =HEord
T Y AAZ dol ok el AdEe FRER
o7 1A FEE & ¢IstdE Fuz e H
of FEE AFste Wl F2 AggT oA ¢
3371 olfre BARFA Y AT + AT LF
g 944 28% ¢ JBE 7] A5l s AR 9
ol & AF ToW wEA d3dd dolHEd AAl
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Cnplmwmumhﬂe Protocols
Trasurstisien
vactine  [ENQ]  [Bodowm]  [EOT]
Computar IACKI IACK'
T pre P
[zoclivof Buatins [eoc]
[EsCiNG|TCC]  DaaFisd  [BCC
Prowcol
Convexter Traspsuission
e R o
t Tm_l
Typo2 EOT
Dats Format
[sml 7=t [emxieec]
‘Frasmspteaien
Dispaicher (75} XON e Dinta — {A)
—Exorp )

NAK : Negative Acknowiedge
STX : Start of Text
BTX : Bodd of Text

Fig. 5 Example of communication protocol

3] QRARE HEHL ol o] BHE 3
Whe ¢AMd A Feztert ddde 488 7%
e Wy Bl ZREZE B+ FLE 7|76t

£ 2 AFdch

Fig. 5= 918 S ¥ 5 2 71K 48 B9 F
= A2 AEAA (transmission system)s F4L
F98 Wte €% EARZ, doE ¥H(data
format) & ¥ AFHE FEe 720y & E
o Fo.

4-2 BN =233y

A Add A ATEolR: TEF WY
7% FANUC Controller® &A% 48 mAY A
B (MCH-10)""s} 94 FANUC ControllerE ®A
% Arc-mate Robot(R-G2),™ z28lz ti2HA o
4 71712 Cincinnati MilacronolA A& 5% njA
J AE (A950) 7L AMds] o] glk,

ZREZ ¥l tdel He /7] 89 LREE
Hel& Fig. 59 2ol 77t god ¥ 7ixe] &
AE AR Falo] o|RolAA Hf, Fig. 59 EAF
ol wWE HH 1(type 1) A$dEE HolEY
g5 dolee] ALH & ehie

5% 24% 3
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Selecifcle  Prograntenling  operoliunControl

Select o Mema.

Initial window of the communication main pro-
gram

Fig.

7teta) o) &S AFsh= etk A AgE MCH-
10 WA AE7F vz oleh e oy, I
2(type 2)& delHE Ed 1 Eus dojee 27
g dolele ¢ BAEY welHE Elle WY
o] R-G2 ZHE7} olo # B3}

A A e datel He HuEL AE Fdel o
% don, BAS 7] 4% T2EZ 53 o$ 3
gttt ol2¥ Z2EZ dEAY dEe AEd
XON/XOFF 22t &8 Ao 9] jlem % AF
B 8F 7]7) 7o A Z=a (A€ F° NC
part program)® #galgte] FAE B84 Jsd
th. EF NC/CNC7} olol sigsigavt Ags Al
do] g7 wehA oz vaHAe] o] He F
HE2 H3 2ol5x gv FA0ld,

Fig. 6& #94A7} AMea Qe ~ B238 F
e JF V)79 FAE F£4E § Jdehges F 8
HezA dRE FH 535S AT F Utk
Fig. 7¢ AJAt A3 719 Z2a39& Adgsie] 2
&37] A8Vt ZRoWE dHste FUE Y
. Fig. 8& 54& Axmstnx 3k 717 &9 B4
W 3L 93 SdesA 71719 g, §AL 9
§ A¥ 1EY, B4k 59 FEE HAT F Gle
o o]g WAY ABE Table 29 EAIE U2 dlo|g
Ho| 2o AFHe] FFGEh Fig. 9= 7|7]d 748 =
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SelectFile

Fig. 9 DownLoad menu display
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2a8¢ A4 down load 715 T2OHL A4
3 7% Vel oA gdet

4-3 4 Hoj7|e] EM 7= 4

A Aej7lst A Aoj7lel GRES AR 5 &
ZEJold HEANE YFe7] HHAA £ dFdAe
T 7Y 48 AA4E dF5A A AA ez
e AA9-717 84 FFH ddsHo YA ¥ Al
A PC(personal computer)® 719 71712 7143t
o dFgs Weld, F dA WHoEE A WA W
Wl 2% A% AH e 77 €3 AFE
A@de Rolt), o|F F 7N d¥de Z4F 17
99 48 2 Y59 48 m5st 4=k

A WA EE HeA Fig. 109 22 49842
FEHAY, F, PCol dgdidel He 71719 2¢
F4& st B4 =239 (emulator program)& &
At dxstm A A7) Z2ae] AXE AFE
s} RS-232CE o &8lo] AHE3t PCE B4 ==
ade AR g 973 FRAEE dARe A
o2 ARG QAs FAL FPdted YA
NINZ s E e 715 E AFE o] m
499 AL ke 71ANA PCE olgstez 2
71719 & BA 34 Jigd Z2agd Vs R F
A& e ¥ 4 Aoyl AlgHe|Helx o) &
& 4 e Aotk Fig. 6-99 UL o]&3ld 4
L g d3 FAV5E A4HEDY Y B
Ze o] wAHA e @ AFA Fo| 45
AL AT 4 Uitk of&H Fig. 29 49 A
o] 221 e AAE 52 AFLHAANYE 1 4
TE 4% F AHh

RAAPE AR FToe AA QRIS 4Zo]
a7Hug 2o 4389 i HE 7I7EHY IF
#9l AAL AEdgh EE 777t & Fho fle
#AE $4 MCH-10% R-G2ol Oig d¥e g2
Al (cooperation) 7k B&F AF & AEHY Yo
Had 9% 5% MEe dEagnt. A714dA ¥F
FAE robotEREE AFEAE @olr (loading)
CNC7I A7} 748& sIAE A robot7t 7HEEE A
Adte (unloading) B3 Z& 49d9 FFIYY 9|
g}, 713 Z2aPg A4 (down load)dz G
Al B (cycle 'start) & 3z 7719 AHE A
A (status check) 3= 59 AEAY FAE 58 F
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Fig. 10 System construction for simulation

A7)%s AE 2 A Z20¥ T ~AEY B
AR A ATLW15H dALEFE . @
# A9S09 HF AE2 oA P& AR ¥
22 AEAQ FA/FHE 4R RAdRY
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58 4 Ao47le LZESAHA FEMEYE BHAE
F AT

4 B

£ R E A AAA2H A48 ARl
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Aol g3 A7tdct. T AEd Al xdEe] 7]Eo] H
B Ao Fo Zn YW 7Tl A ¥FE A
F e 7% 5€ Fhe B 5540 4L AY
€ Aol i gdutal FE Ygn o 4L T
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A F Jlgel HE Ad i AHE FRHF
olg AEk oA A Aojr] YelA FAU ZF 7]
719l FAE BEdE B VA9 B4 AZESOE
Adstact Add B 2ZEAE doA grse
E419 olg&g FEHY] A8 $rdtn faA de
AAZE viges o ik Eo 541 AzEojd 4
AA71E & AET THE BaA SHedx, g2
g BUEY AEe £ g 4 A ol
o] YHTh ol¥ L2ZEHo)S uigoz Ao AF 4
P& A3 49¢ VTe=N AFH AzddAMY AF
3 799 3 PHE AASAT

A Aedolr 4 Aolrle HAH A4 @A A&
B7lde otd 2& AR otu Ytk I olfE B
AA A8 TEE AMSEY) W] AHY @A T
Aote ZHE 2% T2 B FdE dede A%
7t % S4EAR Y olBE FEEY) AF B4 &
Fo9A 2 oF 3 F Fdddze 847EEd
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