A g e

A1AA2E

FMS 2 M EAIE 2UEH AIZY0|M X AJAE]
( A Simulation Support System for Optimal Design of FMS )

1988. 10
o) o o
A A4 A

Abstract

Simulation is known to be a valuable tool for design and operation of Flexible
Manufacturing Systems(FMSs) under study. However, in order for simulation to be
useful, lots of knowledges about the behavior of system to be designed, statistics for
output analysis, modeling techriques and a specific simulation language are required
by the simulationist. In this paper a way to build simulation support system for no-
nexperts at simulation will be described and a simulation support system for FMS
design and operation developed by the authors will be demonstrated.
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Sequence of operations with time for each job type

Job Type Seq. Ho. Sequence of

operations

Mean Time({EXponential)

Machine # 2
Machine # 3
Machine # 5

{LATHE}
(MILL)

L P o=

ra

Machine # 2
Machine ¥ 4
Machine # 5

{LATHE)
(DRILL}

Tl g -

(GRINDER)

{GRINDER)

L h ho

E o

Figure 6. Operations for Each Job Type
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Station # 1 (part arriving area)

SYMONYME: JORTYPEA(2 ) - SECRENCE=A{ 3 ) :STATIONSAL4 )

an

CONT3

EX1
EX2
EXIT

BND;

FINISHED=ALG); 1 - MACHINED, O — NOT
CREATE, 1:CO{ T}:MARK(1);
ASSICN: "JOBTYPE'=DP{ 3 , 1 );
RAUTE:0.0,1;:
STATION,1;
BHANCH, 1:

IF, "FINISHED' .EQ.1 , G2

ELSE, G04;

DELAY : 0O B):. TIME FOR UNLDADING

DELAY:O0{ 6); TIME R UNFIXTURING
RELEASE : LLUNLOAD;

RELEASE : nm:mtm):

ASSION: " *=1;

ASSICH: "STATION =P( " JORTYPE" , "SELEMNCE" ) 5

DELAY:CO{ 6); TIME FOR FIXTURING
FIXTURE;

H’NEAGV-LBO: CALL FOR EMPTY AVG
DELAY:O0{ 6); TIME FOR LOADING ONTO AGY
RELEASE:

LLAWLOAD
m.m.’m‘aum‘.
Station # 2 -5

STATION, 2~ 5 ;

QUELE , M+40;

SE1IE EAFFER{M-1); SEIZE BUFFER
DELAY:CO{ 6);

FREE;AGY;

CUEUE M;

SEIZE:MACHINE(M-1};

GUELIE, M+10;

SELZE:APC(M-1)};

RELEASE :BIFFER{M-1);

DELAY:CO{ 6);

RELEASE:APC{M-1);

ASSIGM: A(S):'SFQBDE

ASSIGN:P{ 4 ,1)=8( m'.A(S)}.
DELAY:EX( 4 ,1);

ASSIGN: 'FINISHED'=1;

QUELE, 30 ;

ALLOCATE : AGY;

MOVEAGY M, 80 ; CALL FOR BMPTY AGY
QUELE, M+20;

SEIZE:APC(M-1);

DELAY:CO{ 6):

RELEASE : MACHINE (M-1) ;

RELEASE : r\PC(H—ﬂ.

ASSION: "SEQUENCE"= ;
ASSION: "STATION' =P( JETYPE®, 'm 'H
TRANSPORT 1 AGY , "STATION” ;

L]

BRANCH, 1: !
1F, "JOBTYPE'.EQ. 1 ,EXi:
IF, "JOBTYPE'.BQ. 2 ,EXZ;

COMNT: 1 ;

TALLY: 1 ,INT{1):NEXT{EXIT};
COUNT: 2 ;

TALLY: 2 INT{1)}:NEXT(EXIT);
COLNT: 3 ;

TALLY: 3 ,INT{1):DISPOSE;

Figure 8. 2 & Model Frame




BEGIN;
10 PROJECT,PMS,LEE,7/2/88;
20 DISCRETE, 200 ,6, 65 , 5 ;
30 TALLIES: 1 ,PART 1 SYSTIME, 1
2 ,PART 2 SYSTIME, 2
3 ,TIME IN SYSTEM, 3
40 COUNTERS: 1 ,TYPE 1 JOBS:
2 ,TYPE 2 JOBS:
3 ,ALL ENDED JOBS,100;

- an 0

50 RESOURCES:1- 4 , MACHINE, 1 , 1 , 1, 1 :
5-8 ,AC,1,1,1,1:
9-12 ,BUFFER, 1 , 1, 1, 1 :

13 ,FIXTURE, 2 :
14 ,LUNLOAD, 10 ;
60 TRANSPORTERS: 1 ,AGY, 2 ,1, 60 , 1 -A, 1 ~A;
70 DSTAT: 1,NR(1),LATHE UTIL. :

2 ,NR{ 2 ),MILL UTIL. :

3 ,NR( 3 ),DRILL UTIL. :

4 -,NR( 4 ),GRINDER UTIL. :

5 ,NR( 5 ),APC # 2 UTIL, :

6 ,NR( 6 ),APC # 3 UTIL. :

7 ,NR{ 7 ),APC # 4 UTIL. :

8 NR( B ),APC # 5 UTIL. :

9 ,NR( 9 ),BUFFER # 2 UTIL. :
10 ,NR( 10 ),BUFFER # 3 UTIL. :

11 ,NR{ 11 ),BUFFER # 4 UTIL.
12 ,NR{ 12 ),BUFFER # 5 UTIL.
13 ,NR( 13 )},FIX. OPR. UTIL.:
14 NR{ 14 ),LUNLOAD UTIL.:
15 NT(1),AGY UTIL. ; :
80 DISTANCES:1,1-5 , 3,6 ,10,3/3,7, 11/
4,8/ 4;

L} 1
'2l !53
L) L] 1
+

90 PARAMETERS: ,2,5,3,0:

4 ,6,4,0:

L

1 1

2,2, 5,1

3 A4 .1 ,1,2:

4 ,0:
§,0,t,4,1,1,0:
6, .2:
7 ., 20

100 REPLICATE, 1 , O ..,

END;

Figure 9. A=) Experimental Frame




Project: PMS
Analyst: LEE
ale 1/ 2/1988

Run ended at time :

Number Identifier

SIMAN Summary Report

Run Haber 1 of 1

. 198SE+04

Tally variables

Average Standard Minimum Man imum Number

Deviation VYalue Value of Obs.
1 PAHRT 1 SYSTIME 12.32328 6.613288 3.89633 31.58089 42
2 PART 2 SYSTIME 17.72008 8.66330 4.05334 43.67120 58
3 TIME TN SYSTEM 15.45342 8.21616 3.89633 43.67120 100
Discrete Change Variahles
Number Identifier Average Standard  Minimum Maoimm Time
Deviation’ value value Period
1 LATHE UTIL. .18 a7 .00 1.00 1989,.27
2 MILL JTIL. .13 L34 00 1.00 1889.27
3 DRILL UTIL. .20 A0 .0 1.00 18689.27
4 GHINDER UTIL. AT .38 00 1.00 19849.27
5 AT ® 2 UTIL. .02 .14 .00 1.00 1989.27
6 APC # 3 UTIL. .01 09 00 1.00 1989.27
7 ARC ¥ 4 UTIL. .01 .11 00 1.00 1989.27
B APC ¥ 5 UTIL. 02 14 00 1,00 1989.27
9 BUFFER ¥ 2 UTIL " 10 .00 1.00 1989.27
10 BUFFER ¥ 3 UTIL .00 .06 .00 1.00 1989.21
11 BFFER % 4 UTIL 02 .13 00 1,00 1884.27
12 BUFFER ¢ 5 UTIL .02 .13 .00 ¢ 1.00 1989.27
13 FIX. OPR. UTIL .02 14 00 2.00 1989.27
14  LUMLOAD UTIL. 04 .20 .00 2,00 1989.27
15 AGY UTIL. 10 .30 .00 1.00 1989.27
Counters
Number Identifier Count Limit
t TYPE 1 JOBS 42 Infinite
2 TYPE 2 JOBS 58 Infinita
3 ALL ENDED JOBS 100 100

fun Tima - 21 Second(s)

Figure 10. SIMAN Z I} & G1A




TSTRICT

$STORAGE: 2

$NCDEBUG

SNOTLARGE

SNOFLOATCALLS
SUBROUTINE WRAFPUP
COMMON/SIMAD(E0 ) ,0L(50),8(50),5L(50),X(50) ,DTHNOW, TNOW, TFIN, J, NRUN
WRITE{*,10) DAVG( 1 ),DAVG({ 2 },DAVG( 3 ),DAVG( 4 )

10 FORMATY(
1 5%, "LATHE UTIL. = 'F9.4,//,
2 5X, MILL UTIL. = ’F9.4,//,
3 5X,’DRILL UTIL. = 'F8.4,//,
4 BX, "GRIMDER UTIL. = F9.4,//,
5 )
RETURN
END

Figure 11. 44 Z FORTRAN AMERE
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