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Software Development for a Cell Controller Operation
and Scheduling in a CIM System
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Abstract

The demand for automatic manufacturing systems is increasing. One of the crucial obstacles
to the Flexible Manufacturing System (FMS) is the lack of excellent strategies for efficient
operations. The aim of this research is constructing an automation scheme in the low level of
factories where various machineries are involved, An operating strategy is established for an
automation unit named as a cell which resides between the upper level computers and
manulacturing shop floor. The cell is defined to fit into the total manufacturing system. The
defined cell has more functions than conventional cells, A scheduling scheme is adopted for
the shop floor operations. A set of software has been developed and tested through
simulations and shop floor experiments,
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Table 1 Organization of the database

Directory Name Description Tasks Concerned
/Cenfiguration Data | Data for the configuration | Configuration /
of & call User-Interface
/Schedile Data Data for scheduling Schedule /
(Data on jobs & operations) | Automatic Cell
Operation
/Operation_Status Informations of current status | Schedule /
of operaticns Automatic Cell
Operation
/Machine Data Informations of machines
/Communication PGM | Communication program Dispatcher /
with machines Protocol
- Converter /
/NG Data NC parl programs Automatic Cell
/Robot,_Data Rohot. programs Operation
/PLE Data Ladder logic programs
/ICON Data Information for the display User-Interface
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Table 2, Structure of scheduling and operation
status database

Direclory Name | Sub Directory Descriptions

/Schedule Data | Order Operations to be executed in the rell

Data of operations
Dispatch lists produced by schedule

Qperations
DispatchList

Work Plan
Calendar

Work plans produced by schedule
Work hours of the dates

/Operation Status | Status
ExceptionList

Informations of operation status

Informations of operations which
are not comeident with the work plan
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Table 3 Definition of attributes of data
Mtalte | Deseriptin | Atrbute | Description
ARD Arrival Date/Time RESIZE | Remained Lot Size
DATE Date RSLTT | Result Time
DIFF Time Difference SDLT | Scheduled Time
JORID Job ID SIZE Lot Size
LET Last Event Time SET Scheduled End Time
MACHID | Maching D Risd Setup Time
OpID (Operation ID 53T Scheduled Start Time
OP.NO Number of Operations | STATUS | Status of Operation
OP_NAME. | Operation Name TOOLID | Tedl D
PARTID |Pat D T Tranaporting Time
PET Practical End Time TWT Total Work Time of a Dale
PJBID | Prior Job ID UPT Unit Processing Time
POPID | Prior Operation ID WBT | Work Start Time of a date
PRGID | Program ID WET Work End Time of a date
BT Practical Start Time ]

Table 4 Definition of scheduling database

Durectory Name Contents per Files
Order JOBID, PJBID, DUD, PART ID, 8IZE, OP.NO, OP_ID
Operations OP_JD, OP_NAME, MACH ID, TOOL ID. FRG.ID,
SPT, UPT
Dispatch List | OP.ID, TT, PRG_ID, MACH.ID, SIZE, POP ID,
PART ID,8TATUS
Work Plan | JOBLID, PJBID, OP ID, SST, SET, MACH_ID,
FRGID,
Calendar DATE, TWT, W8T, WET

table § Definition of operation status database

Directory Name Contents

Status OP.ID, STATUS, MACH_ID, RESIZE, SST,
PST, SET, PET, LET
Exception List | OP_ID, STATUS, MACH ID, BDLT, RSLTT,

DIFF
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Fig. 4 Data flow for scheduling module
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Table 6 Definition for inter-process communication

packet
Field Deseription
Head 9TX (0%02)
Section Code Name of the task which sends message
Data Field Machine ID, Part ID, Program ID,
Lot Size, Information, ete.
Tail ETX (0x03)
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Table 7 Definition of attributes for operation status

Attribute Descriptions
RUN Punctual start, Running
L D_RUN Delayed start, Running
END Punctual end
D_END Delayed end
M_STOP Stopping with machine breakdown
PAUSE Stopping but not completed

(Continuous running is needed) J
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Fig. 6 Message flow of automatic cell operation task
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Fig. 7 Management flow of the cell controller
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Table 8 Example data for the scheduling procedure
(a) Order data

File Name Order_1 Order 2 Order_3
CavityPlate® SlideCore CoreCavily
93/08/10 93/08/13 | 93/08/08 93/08/14 | 93/08/09 93/08/12
Daia | DA 10 parl3 36 partl 12
Conlents 4 3 8
ap2-1 op2-2 opd-1 ap3-2 opl-1 opl-2
op2-3 op2-4 op3-3 opl-3
end end end
{b) Operation data
File Name| CavityPlate SildeCore CoreCavily
op2-1 tesl opa-1 test opl-1 test
MCH-10 04300 tool | MCH-10 0555 tacl | A950 OP001 tool
Om 10m Om 2lm 10m 10m
/ / /
op2-2 lest opd-2 tesl opl-2 test
Data | F02 ARCOZL todl R-G2 ARCO3] tool | R-G2 ARCO11 tool
Co 0m 15m (m 2lm Om 2lm
nlenls / J /
op2-3 test 0p3-3 test opl-3 test
A930 OPO02 tool | A950 OP003 tool | MCH-10 03100 tool
fm 15m 0m ilm Om 14m
/ end end
up2-4 est
R-G2 ARC022 tool
(m 4lm
end
(¢) 3chedule output
JOBID : CavityPlate =
op2-1  93/08/10 09:30 93/08/10 11:10 MCH-0 4300  parl2 10 *
op2-2  93/08/10 11:10  93/08/10 13:40 R-G2 ARC021 part2 10 op2-1
ap2-3  93/08/10 1340  93/08/10 16:10 A95D OPO2  part2 10 op2-2
op24  93/08/11 0962  93/08/11 16:42 R-G2 ARC022 part? 10 op2-3
JOBID : SlideCore =+
opd-1  93/08/10 11:10  93/08/11 15:46 MCH-10 05556  partd 36 *
opd2  93/08/11 16:42 93/08/13 13:18 R-G2 ARCO31 parld 36 opd-1
op3-3  93/08/13 1318  93/0B/14 1154 AN OPO03  partd 36 opd-2
JOBID : CoweCavity =
opl-l  93/08/10 09:30  93/08/10 11:40 A950 0po0l  partl 12 *
opl-2  93/08/10 13:40 93/08/11 09:52 R-G2 ARCOID partl 12 opl-l
opl-3  93/08/11 15:46 -93/08/12 10.3¢ MCH-10 03100  partl 12opl2
(d) Dispatch list
date: 93/08/10
op2-1  09:30 04300 MCH-10  part? 10 # WAIT
opl-l  09:30 OPOOL  A950  partl 12 WAIT
opd-1  11:10 05555 MCH-10 part3 36 » WAIT
op2-2  11:10 ARC021 R-G2Z partZ 10 op2-1 WAIT
op2-3  13:40 OP002 A950 part2 10 op2-2 WAIT
opl-2  13:40 ARC011 R-G2 partl 12 opl-1 WAIT
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Fig. 10 Flow chart of the scheduler task
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Fig. 11 Screen of automatic cell operation
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Fig. 13 System construction for simulation
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