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Appendix A
Existing plant layout’s simulation program

ARENA Simulation Results
Summary for Replication 1 of 1

Project:Existing Plant Run execution date : 8/15/2004
Analyst:Jobshop Model revision date: 8/15/2004

Replication ended attime ~ 75850.0

TALLY VARIABLES
[dentifier Average HalfWidth Minimum Maximum Observations
avgflowtime 12998, (Insuf& 6510.0 14500. 80

cycletime 877.72  (Insu 245.33 1325.3 79
overaII|dIet|me 186.25 13.058 .00000 6998.6 2800

actualavgflowtime 12998, (Insuf)  6510.0 14500. 80
idletimeq| 631.14 Elnsu .00000 4560.0 160
idletimeq?3 136.55  (Insuf) 00000 920. 80
idletimeg5 14255 (Insuf)  .00000 960.00 80
idletimeq8 162.86  (Insuf)  .00000 945.33 80
idletimeqio .00000  (Insuf)  .00000 00000 80
idletimeql 1 .00000 Insuf .00000 .00000 80
idletimeql 2 .00000 Insuf .00000 .00000 80
idletimeql4 00000 (Insuf) . 000 .00000 80
idletimeql5 00000 (Insuf) .00 0 . 000 80
idletimeql 6 00000 (Insuf) .00 0 .00000 80
idletimeq! 8 .00000  (Insuf) . 000 . 000 80
idletimeql9 00000  (Insuf) 00000 .00000 80
idletimeq22 .00000  (Insuf)  .00000 .00000 80
idletimeq24 00000 (Insufy . 0 .00000 80
idletimeq26 00000 (lnsuf) . 0 00 0 80
idletimeq28 00000

Insuf? 00 0 .00000 80
idletimecraneql ~ 37.358 (Insuf) .0 00 64.666 80
idletimecraneg5 ~ 3.0000 Insuf; .00000 20.000 80
idletimecraneqs8 12733 (Insuf) .00000 54.666 80
idletimecraneql2  8.5583 Insufg .00000 24.666 80
idletimecraneql6  6.0000 (Insuf) .00000 20.000 80
idletimecraneq22 ~ 8.8000  (Insuf) .00000 44.666 80
idletimecraneql9  6.2416  (Insuf) 00000 14.666 80
idletimecraneq24 ~ 9.3416  (Insuf) .00 0 40. 0 80
|dIet|mecraneq|3 1.6500 (Insuf) .0 00 14.666 80
idletimescang 4720.3 ?Insufg .000 6998.6 80

idletimescang3 05833 (Insuf) .000 4.6666 80
idletimescang5 .00000 élnsufg . > . 000 80
idletimescanq8 05833 (Insuf) .00 0 4.6666 80
idletimescangl2 ~ .00000 (Insuf) . 000 . 000 80

idletimescangl6 ~.00000  (Insuf) .00 0 .00000 80
idletimescangl9 ~.00000  (Insuf) .00000 .00000 80
idletimescang22  .38333  (Insuf) . 000 16.000 80
idletimescang24 ~ .02500 (Insuf) . 0 1.3333 80

DISCRETE-CHANGE VARIABLES

[dentifier Average HalfWidth Minimum Maximum Final Value

machine3utilization .91773  (Insuf) .00000 1.0000  1.0000
machinebutilization  .75953  (Insuf) .0 00 1. 00 1.00
machine8utilization 72788  (Insuf) .00000  1.0000 1.00
machine 10utilization .72788 élnsuf; 0 00 2.0000 1.
machinel lutilization .79117  (Insuf) 00000 2.0000 1.

machine! utilization 91773 Elnsufé .00000  1.0000  1.0000



machinel2utilization
machine 14utilization
machine 15utilization
machine 16utilization
machine 18utilization
machine 19uti! ization
machine22utilization
machine24utilization
machine26utilization
machine28utilization
craneutil ization

Identifier

jobdone

1.1708  (Insuf) .00000
91773 (Insuf) .00000
79117 (Insuf) 00000
79117 (Insuf) 00000
66460  (Insuf) .00000
79117 (Insuf) .00000
82281 (Insuf) .00000
85445 (Insuf) .00000
72788 (Insuf) .00000
72788 (Insuf) .00000
1285 .02597 00000
COUNTERS
Count Limit
80 Infinite

Simulation run time: 0.00 minutes.
Simulation run complete.

Experiment
Begin;

Project,Existing Plant, Jobshop;

Begin;

Variables: Batchsize,80:

Processtime 1,240:
Processtime3,240:
Processtime5,90:
Processtime8,60:
Processtimel0,60:

3.0000
3.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
1.0000

Processtimel 1,120:
Processtimel2,480:
Processtime 14,240:
Processtimel5,120:
Processtimel6,120:

Processtime 18,0:

Processtimel9,120;
Processtime22,150:
Processtime24,180:

Processtime26,60:
Processtime28,60:
Paintwaiting7,30:

Paintwaiting20,1080:

Paintwaiting27,480;

Paintwaiting29,1440;

craneuse 1,0:
craneuse3,0:
craneuses,0:
craneuse8,0:
craneuse 12,0:
craneuse 16,0:
craneuse 19,0:
craneuse22,0:
craneuse24,0:

cuttin(];pa[t,o:
sandblastingpart,0:
paintingpart.O:
machimngpart,0:
fitupareapart,0:
weldingareapart,0;
paintingareapart,0:
storageareapart,0:

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
.00000



number:
workingminutes,480:
idleminutes,960;

Attributes; process3done,0:
process20done,0:
process22done,0:

timein:

timeql:

timeq3:

timeq5:

timeg8:

timeglO:
timeql L
timeql 2
timeqM:
timeql 5:
timeql 6;
timeql 8;
timeql 9:
timeq22:
timeq24:
timeq26:
timeq28:

timecraneql:
timecraneq5:
timecraneg8:
timecraneql 2
timecraneqlo:
timecraneq22;
timecraneql9:
timecraneq24:;
timecraneq3;

timescangl:
timescang3:
timescangb:
timescangg:
timescanql2:
timescanql6:
timescangl9:
timescang22:
timescanq24;

Queues: I,processqueuel:

. processqueues:

. processqueues:
processqueues:
processqueuelO:
processqueuell:
processqueuel?;

,  processqueueld:
. processqueuels;
10, processqueuels:
11, processqueuel8:
12, processqueuel9:
13, processqueue2?:
14,processqueued:
15, processqueue26:
16, processqueue28:

WO oo - 1R

17, craneql:
18, cranegb:
19, craneq8:
20, craneql2;
21, craneqlé:

22, craneq22:



23, craneql9:
24, craneq24:
25, craneqg3:
26, scang8:
21, scanql2:
28, scanql6:
29, scangl9:
30, scanq22:
31, scanq24:
scangO:
scangl;
scang3:
scangs:

preemptql:
preemptq3:
preemptgs:
preemptq8:
preemptqlO:
preemptql L
preemptql2:
preemptql4:
preemptgl5:
preemptql6:
preemptql8:
preemptql9:
preemptq22:
reemptq24:
FSreemptqZG:
preemptq28;

Resources: 1machine L,1:

2, machine3,l:
3, machine5,l:
4, machines,l:
5, machinel0,4:
6, machinell 4:
7, machinel2,4:
8, machineld,4:
9, machinel5,4:
10, machinel6,4:
11, machine 18 4:
12, machinel9,4:
13, machine22,4:
14, machine24,4:
15, machine26,4:
16, machine28,4;

Stations: I.cuttingarea;

2, machiningarea:
fituparea;
weldingarea:
paintingarea:
sandblastingroom:
, Storagearea;

~N O o1 W

Transporters: 1krane,2,1,1.5,cuttingarea-Active.cuttingarea-Active;

Distances: 1, cuttingarea-machiningarea-45,
cuttingarea-fituparea-60,
cuttingarea-weldingarea-67,
cuttingarea-paintingarea-75,
cuttingarea-sandblastingroom-30,
cuttingarea-storagearea-97,

machiningarea-cuttingarea-22,
machiningarea-fituparea-15,
machiningarea-weldingarea-52,
machiningarea-paintingarea-60,
machiningarea-sandblastingroom-82,



machiningarea-storagearea-82,

fituparea-cuttingarea-60,
fituparea-machiningarea-7,
fituparea-weldingarea-5,
fituparea-paintingarea-15,
fituparea-sandblastingroom-37,
fituparea-storagearea-37,

weldingarea-cuttingarea-67,
weldingarea-machiningarea-52,
weldingarea-fituparea-7,
weldingarea-paintingarea-15,
weldingarea-sandhlastingroom-22,
weldingarea-storagearea-45,

paintingarea-cuttingarea-75,
paintingarea-machiningarea-60,
paintingarea-fituparea-15,
|3aintingarea-weldingarea-I 5,
paintingarea-sandhlastingroom-22,
paintingarea-storagearea-45,

sandblastingroom-cuttingarea-30,
sandblastingroom-machiningarea-82,
sandblastingroom-fituparea-37,
sandblastingroom-weldingarea-30,
sandblastingroom-paintingarea-22,
sandblastingroom-storagearea-0,

storagearea-cuttingarea-97,
storagearea-machiningarea-82,
storagearea-fituparea-37,
storagearea-weldingarea-30,
storagearea-paintingarea-22,
storagearea-sandblastingroom-0;

CountersJobhdone;

tallies: ,avgflowtime:
.cycletime:

overallidletime;
actualavgflowtime;
idletimeql:
idletimeq3:
idletimeq5:
idletimeq8:
idletimeqlO;
idletimeql L
idletimeql2:
idletimeqU:
idletimeql5:
idletimeql6:
idletimeql8:
idletimeql9:
idletimeq22;
idletimeq24:
idletimeq26:
idletimeq28:

idletimecraneql:
idletimecraneq5;
idletimecraneqs;
idletimecraneql 2;
idletimecraneql 6:
idletimecraneq22;
idletimecraneql 9:
idletimecraneq24:
idletimecraneq3;



idletimescanql:
idletimescang3:
idletimescang$:
idletimescang8:
idletimescanql2:
idletimescanqlo:
idletimescanql9:
idletimescanq22:;
idletimescanq?24;

dstats:nr(machine I),machine lutilization:

nr(machine3),machine3utilization:
nr(machine5),machinebutilization:
nr(machine8),machine8utilization:
nrgmachineIO),machineIOutiIization:
mfmachinel Ifmachinel lutilization:
nr(machine 12),machine 2utilization:
nr(machine 14),machine 14util ization:
nr(machinels) machinel5uti|ization:
nr(machine 16),machine 16utilization:
nr machme18 machinelSutilization:
nr(machinel9 machinel9uti|ization:
nr(machine22 machine22uti|ization:
nr(machine24 machine24uli|ization:
nr(machine26 machlne26ullllzat|on:
nr(machine28) machme28ut|I|zat|on:
nt(crane) craneunhzatuon

Replicate, 1,0,75850;

Model
Begin;

create,batchsize;
queue,scango;
scan:cuttingpart<s;
station,cuttingarea;
Branch, 1
if, process3done=1,Pro5:
if, process3done==0,Prol;

Prol assign:cuttingpart=cuttingpart+l;
queue,processqueue L:mark(timeq 1);

tally:idletimeq 1,int(timeq 2);
tally :overal lidietime, int(tImeq 1);

seize:machinel :mark(timein);

tally:idletimeq L,int(timeq 2);
tally:overallidietime,int(timeql);

Delay:processtimel;
Release:machinel;

queue,scangl :mark(timescangl);
scan; sandblastmgp£|rt<l AND.NT(crane)<2. AND .craneuse 1<=0;

tally:idletimescangl,int(timescanql);
tally:overallidletinie,int(timescanq 1);
assign:craneusel=I;

queue,craneql :mark(timecraneql);
request; crane(SDS);



tallyndletimecraneq Lint(timecranegl);
tally:overallidietime,int(timecraneq 1);

assign:cuttingpart=cuttingpart-1;
transport:crane,sandblastingroom;

freexrane;

assign:craneuse3=0;
assign:paintingpart=paintingpart+ ;
queue,processqueued:mark(timeqs);
seize:machined;

tally:idletimeq5,int(timeq5);
tally:overalIiélletime,int(%meqS);

Delay:processtime5;
Release:machineb;

queue, scang5: mark(timescangs);
scan: machiningpart<4 .AAND. NT(crane)<=| .AND. craneuse5<=0;

ta!Iy:idIetimgscanqs,intgtimescanng;
tally:overallidletime,int(timescanqb);
assign: craneuse5=1;
queue,craneq5:mark(timecraneq5);
requestxrane(SDS);

tally:idletimecraneqs,int(timecraneq5);
tally:overallidletime,int(timecraneq5),

assign:paintingpart=paintingpart-I;
transportxrane.machmingarea;

station,machiningarea;

freexrane;
assign:craneuse5=0; NS
assign:machiningpart=machiningpart+l;

Delay :paintwaiting7;

queue,processqueued:mark(timeq8);
seize:machines;

tally:idletimeq8,int(timeq8);
laIIy:overaIIid%etime,inl(gmeq&;

Delay:processtimes;
Release:machines;

queue,scang8:mark(timescang8);
scan:fitupareapart<4. AND.NT (crane)<2.AND.craneuse8<=0;

tally:idletimescang8,int(timescanq8);
tally:overallidletime,int(timescanq8

assign:craneused=1;
queue,craneq8:mark(timecraneq8);
requestxrane(SDS);

tally:idletimecraneqs8,int(timecraneq8);
tally:overallidletime,int(timecraneq8);

assign:machiningpart=machiningpart-I;
transport:crane,fituparea;



Prol4

station, fituparea;

free:crane;
assign:craneuse8=0;
assign:fitupareapart=fitupareapart+1;

queue,processqueuel 0:mark(timeq10);
seize:machinel0;

tally:idletimeq10,int(timeq10);
tally:overallidletime,int(timeq10);

Delay:processtime10;
Release:machinel0;

queue,processqueuel 1:mark(timeq11);
seize:machinell;

tally:idletimeql 1,int(timeql1);
tally:overallidletime,int(timeql 1);

Delay:processtimel1;
Release:machinel1;

queue,processqueue] 2:mark(timeq12),
seize:machinel2;

tally:idletimeql2,int(timeq12);
tally:overallidletime,int(timeq12);

Delay:processtime12;
Release:machinel2;

queue,scanq12:mark(timescanq12);

scan:weldingareapart<4. AND.NT(crane)<2.AND.craneuse12<=0.AND.craneuse19<=0;

tally:idletimescanql2,int(timescanql2);
tally:overallidletime,int(timescanq12);

assign:crancuse12=1;

queue,craneql2:mark(timecraneql2);
request:crane(SDS);

assign:fitupareapart=fitupareapart-1;

tally:idletimecraneq12,int(timecraneq12);
tally:overallidletime,int(timecraneq12);

transport:crane,weldingarea;,

station,weldingarea;

free:crane;
assign:weldingareapart=weldingareapart+1;
Branch,1:

if,process20done==0,Pro14:
if,process20done==1,Pro22;

assign:crancuse 12=0;
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Pro2?2
MC22

queue,processqueue 14:mark(timeq 14);
seize:machinel4;

tally:idletimeq 14,int(timeq 14);
tally:overallidietime,int(timeql4);

Delay:processtime 14;
Release:machinel4;

queue,processqueue 15:mark(timeq 15);
seize:machinel5;

tally:idletimeqgl5,int(timeql5);
tally:overallidietime,int(timegl5);

Delay:processtimel5;
Release:machinel5;

qu‘eue,proce.SS(iueue16:mark(timeq 16);
seize:machinels;

tally:idletimeq 16,int(timeg 16);
tally:overallidletime,int(timeql6);

Delay:processtimelt;
Release:machinel6;

queue,scang 16:mark(timescang 16);
scan:pamtingareapart<4 AND .NT(crane)<2 ANDxraneusel6<=0.ANDxraneuse22<=0;

tally idletimescang 16.,int(.timescan1 16);
tally:overallidletime,int(timescangl6);

assignxraneuse 16=1;
queue,craneq 16:mark(timecraneq 16);

requestxrane(SDS);

tally:idletimecraneql6, int(timecraneql6);
tally:overallidletime,int(timecraneql6);

assign:weldingareapart=weldingareapart-1;

transportxrane.paintingarea;

assign:craneusel9=0;

queue,processqueue22:mark(timeq22);
seize:machine2?;

tally :idletimeq22, int(timeq22);
tally:overaHidietime,mt(timeq22);

Delay:processtime22;
Release:machine2?;

assign:process22done=1;

queue,scanq22:mark(timescanq22);
scan:paintingareapart<4 AND .NT(crane)<2. ANDxraneuse22<=0;

talIy:idIetimgscanqzzl,mt(timescangZZ);
tally:overaHidletime,int(timescanq22);

assign:craneuse22=I;

queue,craneq22:mark(timecraneq22);
requestxrane(SDS);

tally:idletimecraneq22,int(timecraneq22);
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Pro18
MCI8

Pro24
MC24

tally:overallidletime,int(timecraneq22);
assign:weldingareapart=weldingareapart-I;
transport:crane,paintingarea;
station, paintingarea;
free:crane;
assign:paintingareapart=paintingareapart+l;
Branch, L

if, process22done=0,Prol8:

if, process22done=1,Pro24;
assign:craneusel6=0;

queue,processqueue 18:mark(timeq 18);
seize:machinel8;

tally:idletimeq 18,int(timeq 18);
tally:overallidietime,int(timeq18);

Delay :processtime 18;
Release:machinel8;

queue,processqueuel9:mark(timeql9);
seize:machinel9;

tally dletimeq 19,int(timeq 19);
tally:overallidietime,int(timeql9);

Delay :processtime 19;
Release:machinel9;

Delay:paintwaiting20;
assign:process20done=1;

queue,scanq 19:mark(timescang 19);
scan:\veldingareapart<4 AND.NT(crane)<2.AND.craneusel9<=0;

tally:idletimescang 19,int(timescanql9);
tally:overallidletime,int(timescanq 19);

assign:craneusel9=I;

queue,craneq19:mark(timecraneq 19);
request: crane(SDS);

tally:idletimecraneq 19,int(timecraneq 19);
tally:overaUidletime,int(timecraneql9);

assign:paintingareapart=paintingareapart-l;

transport:crane,weldingarea;

assign:craneuse22=0;

queue,processqueue24:mark(timeq24);
seize:machine24;

tally:idletimeq24,int(timeq24);
tally:overallidietime,int(timeq24);

Delay:processtime24;
Release:machine24;

queue,scanq24:mark(timescanq24);
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scan:storageareapart<4 AND.NT(crane)<2. AND.craneuse24<=0;

tally:idletimescanq24,int(timescanq24);
tally:overallidletime,int(timescanq24);

assign:craneuse24=I;

queue,craneq24:mark(timecraneq24);
requestxrane(SDS);

tally:idletimecraneq24,int(timecraneq24);
tally:overallidletime,int(timecraneq24);

assign:paintingareapart=paintingareapart-1;
transportxrane.storagearea;

station,sandblastingroom;
free:crane;
assign:craneusel=0;
assign:sandblastingpart=I;

queue,processqueued:mark(timeq3);
seize:machines;

tally:idletimeq3,int(timeq3);
taIIy:overallidietime,int(ﬂlmeqS);

Delay:processtime3;
Release:machine3;

assign:process3done=I;

queue,scang3:mark(timescanq3);
scan:paintingpart<4, AND .NT(crane)<2.AND.craneuse3<=0;

tally:idletimescang3,int(timescanq3);
tally :overallidletime,int(timescang3

assign:craneuse3=I;

queue,craneq3:mark(timecraneq3);
requestxrane(SDS);

tally:idletimecraneq3,int(timecraneq3);
tally:overallidletime,int(timecraneq3);

assign:sandblastingpart=0;
transportxrane.cuttingarea;
station,storagearea;
ffeexrane;

assign:craneuse24=0;
assign:storageareapart=storageareapart+|

queue,processqueue26:mark(timeq26);
seize:machine26;

tally:idletimeq26,int(timeq26);
tally:overallidletime,int(timeq26);

Delay:processtime26;
Release:machine26;

Delay:paintwaiting27;



queue,processqueue28:mark(timeq28);
seize:machine28;

tally:idletimeq28,int(timeq28),
tally:overallidietime, int(timeq28);
Delay:processtime28;
Release:machine28;

Delay:paintwaiting29;
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assign:storageareapart=storageareapart-1;

tally:avgflowtime,int(timein);
tally:cycletime BET,
tally:actualavgflowtime,int(timegl);

countjobdonc;
dispose;

create,!;

CHECK 1
scan:paintingareapart>=4. AND.ng(scan
eapart>=4. AND.ng(scanq 19)>=4 AND. nq(scanql6%
branch, 1:
if,ng(scanq22)=0,pick 16:
if.ng(scanq22)>=0,pick22;

pick 16 delay:20;
duphcate LAA;

p|ckuP :scanql6, |l
dropotf,1,1: MC 18: next (CHECK 1);

AA pickup:scangl9,ll;
dropoff, :MC22;
dispose,

pick22 delay:20;
duplicate: 1,BB;

pickup:scanq22,l,;
dropoff, 1,1:MC24:next(CHECK 1);

BB pickup:scangl9,l,l;
dropoff, 1,1:MC22;
dispose;

create,;

faill Delay:workingminutes;
queue. preemﬁtql
preempt:machinel ;
Delay'idleminutes;
Release:machinel :next(fail 1

create, 1;

fail3 Delay:workingminutes;
queue,preemptq3;
preempt: machine3;
Delay:idleminutes;
Release:machine3:next(fail3);

create, 1;

fail5 Delay:workingminutes;
queue,preemptgs;
preempt:machines;
Delay.idleminutes;

24)<=0.AND.nr(machine24)<=0.AND.nq(processqueue24)<=0.AND.weidingar
+nq(scanq22)>=4;



Release:machine5:next(fail5);

create, 1;

fail Delayiworicingminutes;

queue,preemptg8;
preempt:machines;
Delayridleminutes,
Release:machine8:next(fail8);

create,!;

fallio Delay:workingminutes;

failli

fail 12

faill4

fail 15

fail 16

faill8

fail 19

fail22

queue,preemptglO;
preempt:machine 10;
Delay.idleminutes;
Release:machine 10:next(fail 10);

create,1;

Delay:workingminutes;
queue,preemptgl L;
preempt:machinel 1;
Delay.idleminutes;
Release:machinel L:next(faill 1);

Create, 1;
Delay:workingminutes;
queue,preemptql2;
preempt:machine 12;
Delay.idleminutes;
Release:machinel2:next(fail12);

create, 1;
Delay:workingminutes;
queue,preemﬁng,
preempt: machine 14;
Delaytidleminutes;
Release:machinel4:next(faill4);

create, 1;
Delay:workingminutes;
queue,preemﬁgqls;
preempt:machine 15;
Delay.idleminutes;
Release:machinel 5:next(fail 15);

create, 1;
Delay:workingminutes;
queue,preemptql6;
%reempt:maqhine16;
elay.idleminutes;
Release:machinel6:next(faill6);

create,1;
Delay:workingminutes;
queue,preemﬁtq|8;
preempt:machine 18;
Delay.idleminutes;
Release:machinel 8:next(fail 18);

create, 1;
Delay:workingminutes;
queue,preemptql9;
preempt:machinel9;
Delay.idleminutes;
Release:machinel9:next(faill9);

create,1;

Delay:workingminutes;
(ueue,preemptq22;
preempt:machine2?;
Delay:idleminutes;
Release:machine22:next(fail22);



create, 1;

fail24 Delay:workingminutes;
queue,preemptq24;
preempt:machine24;
Delay'idleminutes;
Release:machine24 :next(fai124);

create, 1,

fail26 Delay:workingminutes;
(ueue,preemptq26;
preempt:machine26;
Delay.idleminutes;
Release:machine26:next(fail26);

Create, 1;

fail28 Delay:workingminutes;
(ueue,preemptq28;
preempt:machine28;
Delay.idleminutes;
Release:machine28:next(fail28);

End;



Appendix B
Process layout plant’s simulation program

ARENA Simulation Results
Summary for Replication 1of 1

Project:New Layout Run execution date : 8/15/2004
AnalystrProcess Layout Model revision date; 8/15/2004

Replication ended attime  :28174.0
TALLY VARIABLES

[dentifier Average HalfWidth Minimum Maximum Observations
avgflowtime 10054, (Insu? 5590.0 15364 80
cycletime 285.87  (Insuf)  24.000 3226.6 79

overallidletime 130.26 Corr? .00000 42246 2616
idletimegl 10874 (Insu .00000 1200.0 80

idletimeq3 1.2833 Insuf) .00000 34.666 80
idletimeq5 00000  (Insuf)  .00000 00000 80
idletimeq8 00000 (Insuf)  .00000 00000 80
idletimeq9 .00000  (Insuf)  .00000 00000 80
idletimeql2 .00000  (Insuf)  .00000 .00000 80
idletimeql3 00000  (Insuf)  .00000 .00000 80
idletimeql4 .00000  (Insuf)  .00000 .00000 80
idletimeql 5 .00000  (Insuf)  .00000 .00000 80
idletimeql 7 00000  (Insuf)  .00000 .00000 80
idletimeq20 .00000  (Insuf)  .00000 00000 80
idletimeq22 .00000  (Insuf)  .00000 .00000 80
idletimeq24 00000  (Insuf)  .00000 .00000 80

Insuf) ~.00000 .00000 80
Insuf) 00000 39.333 80
[nsuf) 00000 21.333 80
Insuf) .00000 22,666 80
Insuf) 00000 30.000 80
Insuf) 00000 35.333 78
Insuf) 00000 26000 T4
Insuf) 00000 40.666 76
idleti Insuf) ~.00000 17.333 80
idletimecraneq27 11125  (Insuf) ~ .00000 17333 80
idletimescangi~ 9.1666  (Insufy .00000 53.333 80
idletimescanqd 72,741 Elnsuf; .00000 1947.3 80

(Insuf)

(Insuf)

idletimeq26 00000
idletimecraneq2 ~ 8.1500
idletimecraneq4 ~ 5.3833
idletimecraneq7 ~ 6.3416
idletimecraneqio  8.6166
idletimecraneqld  12.726
idletimecraneql9  11.063
idletimecraneg2l  9.7807
idletimecraneq23  7.1500

idletimeql 1 .00000 Ensuf% .00000 .00000 80

idletimescang7 441,92 .00000 4064.0 80
idletimescangio  1039.5 .00000 4224.6 80
idletimescangi6  781.93 .00000 3097.3 78
idletimescangl9 ~ 744.19  (Insuf .00000 3051.3 74
idletimescang2l ~ 78.798  (Insuf .00000 765.33 76
idletimescang23 ~ 1.6833  (Insuf .00000 31.333 80
idletimescang27 15166  (Insuf .00000 32.000 80

DISCRETE-CHANGE VARIABLES

[dentifier Average HalfWidth Minimum Maximum Final Value

machine lutilization ~ 1.3407  (Insuf) .00000 2.0000  1.0000
machine3utilization ~ 1.3407  (Insuf) .00000 3.0000 1.0000
machinebutilization 91482  (Insuf) .00000 3.0000 1.0000
machine8utilization 82963  (Insuf) .00000 3.0000  1.0000
machine9utilization 82963 (Insuf? .00000 3.0000 1.0000
machinel lutilization  1.0000 £Insu g .00000 4.0000 1.0000
machinel2utilization 2.0222  (Insuf) .00000 7.0000  1.0000



machine 13utilization
machine 14utilization
machine 15utilization
machine 17utilization
machine20util ization
machine22utilization
machine24utilization
machine26utilization
craneutilization

Identifier

jobdone

1.3407  (Insuf) .00000 5
1.0000 (Insuf) .00000 3.
1.0000 (Insuf) .00000 3.0
1.0000 (Insuf) .00000 5.0
1.0851  (Insuf) .00000 6.0
1.1703  (Insuf) .00000 5.0
82963  (Insuf) .00000 3.0
82963  (Insuf) .00000 3
2587 Corr) 00000 1
COUNTERS
Count Limit
80 Infinite

Simulation run time: 0.00 minutes.
Simulation run complete.

Experiment
Begin;

Project, New Layout, Process Layout;

Variables: hatchsize, 80:

processtime 1,240;
processtime3,240:
processtime5,90;
processtime8,60:
processtime9,60:
processtime 11,120;
processtime 12,480;
processtimel3,240;
processtime 14,120;
processtimel5,120;
processtimel7,120;
processtime20,150;
processtime22,180;
processtime24,60:
processtime26,60:

paintwaiting6,60:
paintwaiting 18,1080:
paintwaiting25,480:
paintwaiting28,1440:

craneuse2:
craneused:
craneuse?,0:
craneuse 10,0:
craneuse 16,0:
craneuse 19,0:
craneuse21,0:
craneuse23,0:
craneuse27,0:

euttin?pa[t,o:
sandblastingpart,0;
paintingpait,0:
preconstructpart,0:
weldingareapart,0:
paintin?a(eapart,O:
fln palntingpart,0:
Storaigeareapart,0:

workingminutes,480:



Attributes: process3done,0:

Queues:

ideminutes 0

process 17done,0:
process20done,0:

timein:
timeql:
timeq3:
timegsS:
timeq8:
timeq9:
timeql L
timeql2;
timeql3:
timeql4:
timeql :
timeql7:
timeq20:
timeq22;
timeq24:
timeq26:

timecraneq?2;
timecraneq4;
timecraneq7:
timecraneqlO:
timecraneq|0:
timecraneql9:
timecraneq21:
timecraneq23:
timecraneq27:

timescang2:;
timescanqd:
timescanq7:
timescanglO:
timescanql6:
timescanql9:
timescang21:
timescanq23:

timescang27,
l,processqueuel:

2, processqueued:
3, processqueues:
4, processqueues:
5, processqueued:
6, processqueuell:
7, processqueuel?:
8, processqueuel3:
9, processqueueld:
10, processqueuels;
U,processqueuel7:
12, processqueue20:
13, processqueue2?2:
14, processqueued:
15, processqueue26:
16, craneq2:

17, craneg4.

18, craneq7:

19, craneql0;

20, craneql6;

21, craneql9:

22, craneq2l:

23, craneq23:

24, craneq2’:



25, scanqgr:

26, scanqlo:
27, scanql6:
28, scanqlo:
29, scang2l:
30, scang23:
31, scang2T.

32, preemptgl:
33, preemptg3:
34, preemptgb:
35, preemptg8:
36, preemptq9:
37, preemptgl 1
38, preemptql2
39, preemptql3
40, preemptqld
41, preemptql5
42, [sreemptgl?
43, |jreemptq20
44, preemptq22
45, preem|jtq24
46, 13reemptq26

100, scang2:
101, scangé:
102, scanqo0;

Resources: I,machinel,2:

machine3,3:

machine5,8:

machines,$:

machine9,8:

machine 11,8;
., machinel2,8:
., machinel3,8:
9, machinel4,8:
10, machinel5,8:
11, machinel7,8:
12, machine20,8;
13, machine22.8:
14, machine24,8:
15, machine26,8;

00 —1 O U1~ LoORY

Stations:  I,cuttingarea:

Transporters:

Distances: 1,

2,sandblastingroom ;
3.preconstructarea:

4, weldingarea;

5, P.aintingarlea:

6, finalpaintingarea:
7, storagearea;

L.crane,2,111.5,cuttingarea-active,cuttingarea-active;

cuttingarea-sandblastingroom-15,
cuttingarea-preconstructarea-45,
cuttingarea-weldingarea-9,
cutt!ngarea-P.alntmgar_ea-B,
cuttingarea-finalpamtingarea-26,
cuttingarea-storagearea-34,

sandblastingroom-cuttingarea-15,
sandblastingroom-preconstructarea-4,
sandblastingroom-weldingarea-9,
sandblastingroom-paintingarea-13,
sandblastingroom-finalpaintingarea-26,
sandblastingroom-storagearea-34,

preconstructarea-cuttingarea-4,



Counters:

tallies: 1favgflowtime:
2,cycletime:
overallidletime:

idletimeql:
idletimeq3:
idletimeq5:
idletimeq8:
idletimeq9:
idletimeql L.
idletimeql2:
idletimeql3:
idletimeqM:
idletimeql5:
idletimeql7:
idletimeq20:
idletimeq22:
idletimeq24:
idletimeq26:

idletimecraneq?:
idletimecraneqé:
idletimecraneq7:

idletimecraneqlO:
idletimecraneqla;
idletimecraneql9:
idletimecraneq?21;
idletimecraneq23;
idletimecraneq27:

idletimescang?:
idletimescanqé:
idletimescang7:
idletimescanglO:
idletimescanqla:

I,jobdone;

preconstructarea-sandblastingroom-4,
preconstructarea-weldingarea-18,
preconstructarea-Faintinga.rea-lO,
preconstructarea-Tinalpaintingarea-22,
preconstructarea-storagearea-311

weldingarea-cultin?area-9,
weldingarea-sandblastingroom-9,
weldingarea-preconstructarea-5,
weldi.ngarea-P.aintinga(ea-ls,
weldingarea-finalpaintingarea-17,
weldingarea-storagearea-26,

paintingarea-cultin?area-13,
paintingarea-sandblastingroom-13,
paintingarea-preconstructarea-10,
paintingarea-weldingarea-18,
paintingarea-fmalpamtingarea-18,
paintingarea-storagearea-21,

fmalpaintingarea-cuttingarea-26,
finalpaintingarea-sandhlastingroom-26,
finalpaintingarea-preconstructarea-10,
fmal%aintingarea-weldingarea-17,
fmalpaintingarea-paintingarea-13,
findpaintingarea-storagearea-18,

storagearea-cuttin?area-34,
storagearea-sandhlastingroom-34,
storagearea-preconstnjctarea-311
storagearea-weldingarea-26,
storagearea-paintingarea-211
storagearea-finalpaintingarca-18;



Model
Begin;

Prol

idletimescangl9:
idletimescang2l
idletimescanq23:
idletimescanq27;

dstals:nr(machine 1),machine Lutil ization:

nr(machine3),machine3utilization:
nr(machine5),machine5utilization:
nr(machine8),machine8utilization:
nr(machine9),machine9utilization:

nr(machine 11),machine 1Lutilization;
nr(machinel2),machinel2utilization:
nr(machine 13),machine L3utilization:
nr(machineld),machine Utilization:
nr(machine 15),machine 15utilization:

;machinel 7utilization:
nr(machine20),machine20utilization:

,machine22utilization:
nr(machine24),machine24utilization:

,machine26utilization:

nr(machine 17
nr(machine2?2

nr(machine26),machin
nt(crane),craneutilization;

Replicate,1,0,28174;

create, batchsize;

queug,scango;
scan:cuttingpart<8;
station, cuttingarea;

hranch, 1:

if, process3done=1, Prob:
if, process3done=0, Prol;

assign:cuttingpart=cuttingpart+!;
queue, processqueuel: marlc(timeql);
seize; machine I:marlc(timein);

tally:idletimeq 1,int(timeq 1);
tally:overallidietime,int(timegl);

delay: processtimel;
release: machine 1;

queue,scang2:mark(timescang2);

scan:sandblastingpart<3.AND.NT(crane)<2. AND.craneuse2<=0;

tally :idletimescanq2, int(timescanq2);
tally:overallidletime,int

timescang2

assign:craneuse2=I;

queue, craneq2: mark(timecraneq?);
request: crane(SDS);

tally:idletimecraneq2,int(timecraneq?);
tally :overallidletime,int(timecraneq?),

assign:cuttingpart=cuttingpart-1;

transport: crane, sandblastingroom;
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free: crane;

a55|gncraneuse4 0;
assign:paintingpart=paintingpart+| ;
(ueue, processqueues; mark(nmeqS)
seize: machines;

tally:idletimeq5,int(timeq5);
tally:overallidletime,int(timeq5);

delay: processtime5;
release; machines;

delay: paintwaitingd;

queue, scanq7: mark(timescanq7);
scan; preconstructpart<8 LAND. NT(crane)<=I .AND. craneuse7<=0;

tally:idletimescanq7,int(timescanq7);
tally:overallidletime,int(timescanq7);

assign: craneuse7=l;

queue, craneq7: mark(timecraneq?7);
request; crane(SDS);

tally:idletimecraneq7,int( t|mecraneq]7
tally:overallidletime,int(timecraneq?)

assign:paintingpart=paintingpart-1 ;
transport: crane, preconstructarea;

station, sandblastingroom;

free: crane;

assign.craneuse2=0, )
assign:sandblastingpart=sandblastingpart+l;

queue, processqueue3: mark(timeq3);
seize: machine3;

tally:idletimeq3,int(timeq3);
tally: overalllélletlme |nt(gmeq3)

delay: processtime3;
release: machine3;

assign: process3done=I;

queue,scangd:mark(timescang4);
scan:paintingpart<8. AND .NT(crane)<2.AND .craneuse4<=0;

tally:idletimescangd,int(timescangd);
tally:overallidletime,int(timescanqd).
assign:craneused=I;

queue, craneqd: mark(timecraneqd);
request: crane(SDS);

tally:idletimecraneqd,int(timecraneq4);
tally:overallidletime |nt(t|mecraneq4)

assign:sandblastingpart=sandblastingpart-I;
transport; crane, cuttingarea;

station, preconstructarea;

free: crane;
assign: craneuse7=0;



Proll

assign: preconstnictpart=preconstnjctpart+1;

queue, processqueue8: mark(timeqs);
seize: machines;

tally:idletimeq8,int(timeq8);
tally:overallidletime,int(timeq8);

delay: processtimes;
release: machines;

queue, processqueued: mark(timeq9);
seize: machine!?;

tally:idletimeq9,int(timeq9);
tally:overallidietime,int(timeq9);

delay: processtime9;
release: machine9;

queue, scanglO: mark(timescanglO);
scan: weldingareapart<8 .,AND. NT(crane)<=I .AND

tally idletimescang 10,int(timescang 10);
tally:overaHidletime,int(timescanglO);

assign; craneuselO=I;

queue, craneqlO: mark(timecraneqlO);
request; crane(SDS);

tally udletimecraneq 10,int(timecraneq 10);
tally:overallidletime,int(timecraneql0);
assign: preconstructpart=preconstructpart-| ;
transport; crane, weldingarea;
station, weldingarea;
free: crane;
assign; weldingareapart=weldingareapart+|;
branch, 1.

if, process17done=0, Pro 11:

if, process17done=1, Pro20;
assign: craneuse 10=0;

queue, processqueuel 1: mark(timegl 1);
seize: machine 11;

tally: idletimeqll lint(timeql 1);
tally:overallidletime,int(timeql 2);

delay: processtime 11;
release: machinell;

queue, processqueuel2: mark(timeql2);
seize: machine 12;

tallyadletimeq 12,int(timeq 12);
tally:overallidletime,int(timeq 12);

delay: processtime 12;
release: machine 12;

queue, processqueuel3: mark(timeql3);
seize: machinel3;

. craneuse 10<=0;

109



110

tally:idletimeql3,int(timeql3);
tally:overallidietime,int(timeql3);

delay: processtimel3;
release: machinel3;

queue, processqueueM: mark(timeql4);
seize: machine 14;

tally: idIetime(Jll4,int(yimeq 14);
tally:overallidletime,int(timeq 14);

delay: processtime 14;
release: machineld;

queue, processqueuels: mark(timeql5);
seize: machine 15;

taIIy[Jdletim_eqlls_,int(time.q 15);
tally:overallidletime,int(timeq 15);

delay: processtimel5;
release; machine 15;

queue, scanqlo: mark(timescanql6);
scan: paintingareapart<8 LAND. NT(crane)<=] .AND. craneuse 16<=0 .AND. craneusel9<=0;

tally:idletimescang 16,int(timescanq 16);
tally:overa!lidletinie,int(timescangl6);

assign: craneusel6=I;

queue, craneqlo: mark(timecraneql6);
request: crane(SDS);

tally:idletimecraneql6,int(timecraneql6);
tally:overallidletime,int(timecraneql6);

assign: weldingareapart=weldingareapart-1;
transport; crane, paintingarea;

Pro20  assign: craneusel9=0;

MC20  queue, processqueue20: mark(timeq20);
seize: machinelo;

tally:idletimeq20,int(timeq20);
tally:overaHidietime,int(timeq20);

delay: processtime20;
release: machine20;

assign: process20done=I;

queue, scang21; mark(timescanq2l);
scan; paintingareapart<8 .AND. NT(crane)<=I .AND. craneuse21<=0;

tally:idletimescang21,int(timescanq21);
tally:overallidletime,int(timescanq21);

assign; craneuse21=l;

queue, craneq2l: mark(timecraneq21);
request: crane(SDS);

tally idletimecraneq2d,int(timecraneq21);
tally:overallidletime,int(timecraneq21);

assign: weldingareapart=weldingareapart-I;



transport; crane, paintingarea;
station, paintingarea;
free: crane;
assign: paintingareapart=paintingareapart+1;
branch,1
if, process20done=0, Pro17:
if, process20done=1, Pro2?;
Prol7 assign: craneusel6=0;

MCI17  queue, processqueuel?: markftimeq 17);
seize: machinel7;

tally:idletimeql 7,int(timeq! 7);
tally:overallidietime,int(timeq 17);

delay: processtime 17,
release: machinel7;

delay: paintwaitingl8;
assign; process 17done=I;

queue, scangl9: mark(timescangl9);
scan; weldingareapart<8 .AND. NT(crane) .AND. créneuse 19<=0;

tally:idletimescanqgl9,int(timescanql9);
tally:overallidletime,int(timescanq 19);

assign: craneusel9=I;

queue, craneql9: mark(timecraneql9);
request; crane(SDS);

tally:idletimecraneql9,int(timecraneql9);
tally:overallidletime,int(timecraneq 19);

assign: paintingareapart=paintingareapart-I;
transport: crane, weldingarea;
Pro22  assign: craneuse21=0;

MC22  queue, processqueue22: mark(timeq22);
seize: machine2?;

tally:idletimeq22,int(timeq22);
tally:overallidietime, int(timeq22);

delay: processtime2?;
release: machine2?;

queue, scang23: mark(timescang23);
scan; finalpaintingpart<8 .AND. NT(crane)<=I .AND. craneuse23<=0;

tally:idletimescanq23,int(timescang23);
tally:overallidletime,int(timescang23);

assign: craneuse23=I;

queue, craneq23: mark(timecraneq23);
request: crane(SDS);

tally:idletimecraneq23,int(timecraneq23);
tally:overallidletime,int(timecraneq23);



assign: paintingareapart=paintingareapart-|,
transport: crane, finalpaintingarea;

station, finalpaintingarea;

free: crane;

assign: craneuse23=0,
assign: finalpaintingpart=finalpaintingpart+l;

queue, processqueue24: mark(timeq24);
seize: machine24;

taIIy:idIetime(124,int(timeq24);
tally:overallidletime,int(timeq24);

delay: processtime24;
release: machine24;

delay: paintwaiting25;

(ueue, processqueue26; mark(timeq26);
seize: machineid;

tally :idletimeq26,int(timeq26);
tally:overallidietime, int(timeq26);

delay: processtime26;
release: machine26;

queue, scanq27: mark(timescanq27);
scan; storageareapart<24 .AND. NT(crane)<=l .AND. craneuse27<=0;

tally:idletimescanq27,int(timescanq27);
tally overallidletime,int(timescanq27);

assign: craneuse27=I;

queue, craneq27: mark(timecraneq27);
request: crane(SDS);

tally:idletimecraneq27,int(timecraneq27),
tally:overallidletime,int(timecraneq27);

assign: finalpaintingpart=finalpaintingpart-I;
transport; crane, storagearea;

station, storagearea;
free: crane;

assign: craneuse27=0;
assign. storageareapart=storageareapart+!;

delay: paintwaiting28;
assign: storageareapart=storageareapart-l;

tally :avgflowtime,int(timein);
tally:cycletime,BET;

count: jobdone;
dispose;

create, 1;
Checkl  scan: paintingareapart>=8 .AND. nq(scanq23)<=0 .AND. nr(machine22)<=0 .AND. nq(processqueue22)<=0 .AND.
weldingareapart>=8 .AND. ng(scanql9)>=8 .AND. ng(scanql6)+ng(scanq21)>=8;

branch, 1.
if, nqgscanq21)=0, Pickl6:
if, ng(scang21)>=0, Pick21;



o g,

AA

Pick21

BB

fail 1

fail3

fails

faild

fail9

pickup: scanql6,l,I;
dropoff,1,1: MC17: next(Checkl);

pickup: scang19,1,1;
dropoff, 1,1 MC20;
dispose;

delay: 20;
duplicate: 1, BB;

pickup: scang2l,1,l;
dropoff,1,1: MC22: next(Checkl);

pickup: scanql9,ll;
dropoff, 1,1: MC20;
dispose;

create, 1;

Delay :workingminutes;

queue,preemptq 1;
preempt:machinel;
Delay.idleminutes;
Release:machine L:next(fail 1);

create, 1;

Delay:workingminutes;

queue,preemptq3;
preempt:machine3;
Delay:idleminutes;
Release:machine3:next(fail3);

create, 1;

Delay:workingminutes;

queue,preemptg5;
preempt:machine5;
Delay.idleminutes;
Release:machineb:next(fail5);

create, 1;

Delay:workingminutes;

queue,preemptqs;
preempt:machines;
Delay:idleminutes;
Release:machine8:next(fail8);

create, 1;

Delay:workingminutes;

queue,preemptq9;
preempt:machine9;
Delay.idleminutes,
Release:machine9:next(fail9);

create, 1;

failli Delay:workingminutes;

queue,preemptqll;
preempt:machine 11;
Delay.idleminutes;
Release:machine 11:next(fail 11);

create, 1;

fail 12 Delay:workingminutes;

(ueue,preemptql2;
preempt:machinel2;
Delay'idleminutes; .
Release:machinel2:next(faill2);



fail 13

faill4

fail 15

faill?

fail20

fail22

fail24

fail26

End;

Create, 1,
Delay:workingminutes;
queue,preemptgl3;
preernpt:machinel3;
Delay.idleminutes; .
Release:machinel3:next(faill3);

create, I,
Delay:workingminutes;
queue,preemptqM;
preempt:machinel4;
Delay.idleminutes; .
Release:machineld:next(faill4);

create,1;

Delay:workingminutes;
queue,preemptql5;
preempt:machinel5;
Delay.idleminutes; .
Release:machinel5:next(faill5);

create, 1;
Delayiworkingminutes;
queue,preemptql7;
preempt:machinel7;
Delay;idleminutes;
Release:machine 17:next(fail 17);

create,1;
Delay:workingminutes;
queue,preemptq20;
preempt:machine20;
Delay:idleminutes;
Release:machine20:next(fail20);

create, 1;
Delay:workingminutes;
queue,preemﬁIqZZ;
preempt:machine2?;
Delay.idleminutes;
Release:machine22 :next(fai 122);

create,1;
Delay:workingminutes;
queue,preemptq24;
preempt:machine24;
Deiaylidleminutes;
Release:machine24:next(fail24);

create, 1;
Delay:workingminutes;
(ueue,preemptq26;
preempt:machine26;
Delay.idleminutes;
Release:machine26:next(fai 126);
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Appendix ¢

Modified Process layout plant’s simulation program

ARENA Simulation Results
Summary for Replication 1of 1

Project:New Layout Run execution date : 8/23/2004
Analyst:Process Layout Model revision date: 8/23/2004

Replication ended at time  :30000.0
TALLY VARIABLES

Identifier Average HalfWidth Minimum Maximum Observations

avgflowtime 9536.8  (Insuf) 6239.3 10848, 80

cycletime 264.90  (Insuf)  45.333 65533 79
overallidletime 111.69 (Corr) .00 0 20653 2640
idletimeq| 42091 (Insuf) .0 00 12 .0 80
idletimeg3 30000 (Insuf) .0 00  14.666 80
idletimeq5 .000 Insuf) .00000 .00000 80
idletimeq8 . 000 (Insuf) 00000 .00000 80
idletimeq9 .00000  (Insuf) .00000 00000 80
idletimeq| 1 00 0 (Insuf) .00 0 .00000 80
idletimeql 2 00 0 (Insuf) .00 0 .00000 80
idletimeql3 .00000  (Insuf) .00000 .00000 80
idletimeq 14 00 0 (Insuf) .000 0 00 80
idletimeql5 .0 00 (Insuf) .00000 .0 00 80
idletimeq 17 00000 (Insuf) . 000 .000 80
idletimeq20 00 0 (Insuf) . 0 . 000 80
idletimeq22 00 0 (Insuf) .000 0 80
idletimeq24 00 0 (Insuf) .000 0 80
idletimeq26 00 0 (Insuf) .000 .0 80

idletimecraneq4 13352 (Insuf) .00 0 286.00 80
idletimecraneq? 137.98  (Insuf) .00000 270.66 80
idletimecranegio  81.266  (Insuf) . 000  205.33 80
idletimecraneqld ~ 52.908 (Insuf) . 0 150.66 80
idletimecraneql9 ~ 32.266 (Insuf) . 0  110.66 80
idletimecraneq2l 79575  (Insuf) . 0 192, 80
idletimecraneg23  65.050 (Insuf) . 0 172.00 80
idletimecraneq27  42.916  (Insuf) .00 0 75333 80
idletimescangi 1116.8 Elnsufg 00 0 20653 80

idletimecraneq2 112,25 Elnsufg 00 0 21733 80

idletimescanq4 152.30  (Insuf) .00 0 646.00 80
idletimescanq? 54443 (Insuf) .00000  1426.0 80
idletimescangio 90.250  (Insuf) .0 00  256.00 80
idletimescanqld 226.32  (Insuf) . 000 846.00 80
idletimescanql9 3.3666  (Insuf) .0 00 112.00 80
idletimescang21 11981 (Insuf) .000  482.00 80
idletimescang23 121.86  (Insuf) .0 00 444.00 80
idletimescang27 151.67  (Insuf) . 000 504.66 80

DISCRETE-CHANGE VARIABLES

Identifier Average HalfWidth Minimum Maximum Final Value

machine Lutilization ~ 1.3040  (Insuf) .00000 2.0000 1.00
machine3utilization  1.3040  (Insuf) .0 00 3.0 0 1.00
machinebutilization 904 Elnsufg 00000 3. 00 1.00
machine8utilization 82400 . 000 3. 00 1.00
machine9utilization .82400 (Insuf? 000 3,00 1.00
machinel lutilization .984 Insut) .0 00 3.0000 1.
machine 12utilization  1.9440  (Insuf) .0 00 5.0000 1.00
machine 13utilization  1.3040  (Insuf) .00000 3.0000 1.00
machinel4utilization .98400 (Insuf) .0 00 3.0 0 1.0



machine |Sutilization
machinel7utilization
machine20utilization
machine22utilization
machine24util ization
machine26util ization
craneutilization

[dentifier

jobdone

98400 (Insuf) .00 0 3.0000
98400 (Insuf) .0 00 3.00
1.0640 (Insuf) .00 0 3.0000
1.1440  (Insuf) .00 0 3.0000
82400 (Insuf) .0 00 3.0 0
824 (Insuf) .00 0 3.0000
0.3347 (Coit) . 0 1. 00
COUNTERS
Count Limit
80 Infinite

Simulation run time: 1.07 minutes.
Simulation run complete.

Experiment
Begin;

Project, New Layout, Process Layout;

Variables: batchsize, 80:

processtime 1,240:
processtime3,240:
processtime5,90:
processtimes,60:
processtime9,60:
processtime 11,120:
processtime!2, 480:
processtimel3,240:
processtimel4,120:
processtime 15,120:
processtime 17,120:
processtime20, 150:
processtime22,180:
processtime24,60:
processtime26,60:

paintwaiting6,60:
paintwaitingl8,1080:
paintwaiting25,480:
paintwaiting28,1440:

craneusez:
craneuse4:
craneuse?,0:
craneuse 10,0:
craneuse 16,0:
craneuse 19,0:
craneuse21,0:
craneuse23,0:
craneuse27,0:

cuttin?part,o:
sandblastingpart,0:
paintingpart,0:
preconstructpart,0:
weldingareapart,0:
paintingareapart,0:
finalpamtingpart,0:
storageareapart,0:

workingminutes,480;
idleminutes,960;

Attributes: process3done,0;

1. 00
1. 00
1. 00

1.
1.0000
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processl 7done,0:
process20done,0;

timein:
timeql:
timeq3;
timegsS:
timeqS:
timeq9;
timegl L
timeql2:
timeql 3;
timeql4:
timeqlS:
timegl 7;
timeq20:
timeq22:
timeq24:
timeq26:

timecraneq?:;
timecraneqé:
timecraneq?:
timecraneqlO:
timecraneqlo:
timecraneql9:
timecraneq21;
timecraneq?23;
timecraneq27:

timescang2:
timescang4:
timescang7:
timescanglO:
timescanql6:
timescangl9:
timescanq21;
timescanq23;
timescanq27;

Queues: processqueuel:
processqueues:
processqueues:
processqueues:
processqueuey:
processqueuel L
processqueuel?:
processqueuel3:
processqueueld:
0, processqueuels:;
|,!3rocessqueuel?;
,  processqueue20:
13, processqueue??:
14, processqueue2d:
15, processqueue26:

S R S OO IO UT B WRY
) -

16, craneq2:
17, craneg4:
18, craneq7:
19, craneql0;
20, craneql6;
21, craneql9;

22, craneq2l:
23, craneq23:
24, craneq2’:

25, scanq7:
26, scanql0:
21, scanql6:



28, scanql9

29, scang2l
30, scang23
31, scanq27

32, preemptql:
33, preemptg3:
34, preemptgb:
35, preemptg8:
36, preemptq9:
37, preemptgl I:
38, preemptq!2;
39, preemptql3:
40, preemptqld:
41, preemptql5:
42, preemptql7:
43, preemptq20;
44, preemptq22;
45, preemptq24.
46, preemptq26:

craneqlob:
craneqlob:
craneq21b:

100, scang2:
101, scang4:
102, scanqo;

Resources: 1,machine 1,2:

., Machine3,3:
machine5,8:
machine8,8:
machine9,8:
machinell 8:
machinel2,8:

,  machinel3,8:
9, machinel4,8:
10, machinelS,8:
11, machinel7 8:
12, machine20,8:
13, machine22,8:
14, machine24,8:
15, machine26,8;

00— O U1~ LW

Stations: I ,cuttingarea:

2, sandblastingroom:
preconstructarea:
vveldingarea:
paintingarea:
finalpaintingarea;
storagearea:

. hufTer;

3
4
5
6
7
8

Transporters: 1lkrane,2,1,1.5,cuttingarea-active,cuttingarea-active;

Distances: 1, cuttingarea-sandblastingroom-15,
cuttingarea-preconstructarea-45,
cuttingarea-weldingarea-45,
cuttingarea-bufTer-68,
cuttingarea-paintingarea-90,
cuttingarea-finalpaintingarea-| 13,
cuttingarea-storagearea-| 35,

sandblastingroom-cuttingarea-15,
sandblastingroom-preconstructarea-23,
sandblastingroom-weldingarea-45,
sandblastingroom-buffer-68,



Counters: |.jobdone;

tallies: Lavgflowtime:
2,cycletime;
overallidletime:

idletimeql:
idletimeq3:
idletimeq5:
idletimeq8:
idletimeq9:
idletimegl L
idletimeql2:
idletimeq|3:
idletimeql4:
idletimeql 5;
idletimeql7:
idletimeq20:
idletimeq22:

sandblastingroom-Paintingarpa-90,
sandblastingroom-final paintingarea-113,
sandblastingroom-storagearea-| 35,

preconstructarea-cuttin?area-ZS,
preconstructarea-sandblastingroom-23,
preconstructarea-weldingarea-45,
preconstructarea-buffer-45,
preconstructarea-paintingarea-68,
preconstructarea-finalpamtingarea-90,
preconstructarea-storagearea-| 13,

weldingarea-cuttin?area-45,
weldingarea-sandblastingroom-45,
weldingarea-Breconstructarea-ZS,
weldingarea-puffer-45,
weldingarea-Paintingarea-45,
weldingarea-finalpaintingarea-68,
weldingarea-storagearea-90,

bufier-cuttin(]Jarea-s&
buffer-sandblastingroom-68,
buffer-preconstructarea-45,
buffer-weldingarea-23,
buffer-paintingarea-451
buffer-fmalpaintingarea-45,
buffer-storagearea-68,

paintingarea-cuttingarea-90,
paintingarea-sandblastingroom-90,
paintingarea-preconstructarea-68,
paintingarea-weldingarea-45,
paintingarea-buffer-23,
paintingarea-finalpaintingarea-45,
paintingarea-storagearea-45,

fmalpaintingarea-cuttin?area-m,
finalpaintingarea-sandblastingroom-| 13,
fmalpaintingarea-preconstructarea-90,
fmalpaintingarea-weldingarea-68,
fmalpaintingarea-huffer-45,
finalpaintingarea-paintingarea-23,
finalpaintingarea-storagearea-45,

storagearea-cuttin?area-135,
storagearea-sandblastingroom-135,
storagearea-preconstnictarea-| 13,
storagearea-weldin%area-90,
storagearea-buffer-68,
storagearea-paintingarea-45,
storagearea-fmalpaintingarea-23;



End;

Model
Begin;

Prol

idletimeq24:
idletimeq26:

idletimecraneq2:
idletimecraneqd:
idletimecraneq?:
idletimecraneql0:
idletimecraneqlo:
idletimecraneql9:
idletimecraneq21;
idletimecraneq?23:
idletimecraneq?27:;

idletimescang2;
idletimescanq4:
idletimescanq7:
idletimescanglO:
idletimescanglo:
idletimescangl9:
idletimescanq2l:
idletimescanq23:
idletimescanq27;

dstats:nr(machinel),machinel utilization:

nr(machine3),machine3utilization:
nr(machine5),machine5utilization:
nr(machine8),machine8utilization:
nr(machine9),machine9utilization:

nr(machine 11),machine 1l utilization;

nr
nr
nr
nr
nr
nr
nr(machine22
nr(machine24
nr(machine26

nt(crane),craneutilization;

Replicate,1,0,27167;

machinel3
machine 14
machinel5)

create, batchsize;

queue, scanqo;
scan:cuttingpart<8;
station, cuttingarea;

hranch, 1:

if, process3done=1, Pro5;
if, process3done=0, Prol;

assign:cuttingpart=cuttingpart+l;
queue, processqueuel: mark(timegl);
seize; machinel:mark(timein);

tally dletimeq 1,int(timeq 1);
tally:overallidletime,int(timeql);

delay: processtime 1;
release: machinel;

queue,scang2:mark(timescang2);

machine 12), machine 12utilization:
‘machinel3utilization:
,machine L4utilization:
.machinel5utilization:
machine 17),machine 17util ization:
machine20),machine20utilization:
,machine22utilization:
.machine24utilization:
,machine26utilization:
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scan:sandblastingpart<3.AND .NT(crane)<2.AND craneuse2<=0;
tally:idletimescanq2,int(timescanqg2);

tally [overall idletirne,int(timescanq?);

assign:craneuse2=1;

queue, craneq2: mark(timecraneq?2);
request: crane(SDS);

tally:idletimecraneq2,int(timecraneq2);
tally [Overallidletime,int(timecraneq2),

assign:cuttingpart=cuttingpart-I;

transport: crane, sandblastingroom;
Pro5 free: crane;

assign:craneuse4=0;

assign:paintingpart=paintingpart+! ;

queue, processqueues: mark&meqS);

seize: machineb;

tally: idletimeq5,int(timeq5);
taIIy:overallidqletime,int(ﬁlmeq5);

delay: processtime5;
release: machines;

delay: paintwaitingd;

queue, scanq7; mark(timescanq7);
scan; preconstructpart<8 LAND. NT(crane)<=I .AND. craneuse7<=0;

tally:idletimescanq7,int(timescanq7);
tally:overallidletime,int(timescanq7);

assign: craneuse7=I;

queue, craneq7: mark(timecraneq7);
request: crane(SDS);

tally :idletimecraneq7,int(timecraneq7);
tally:overallidletime,int(timecraneq?),

assign: paintingpart=paintingpart-1;
transport: crane, preconstructarea;

station, sandblastingroom;

free: crane;

assign.craneuse2=0; .
assign:sandblastingpart=sandblastingpart+l;

queue, processqueue3: mark(timeq3);
seize: machinel;

tally:idletimeq3,int(timeq3);
tally:overallidletime,int(timeq3);

delay: processtime3;
release: machine3;

assign: process3done=I;

queue,scangd:mark(timescangd4);
scan:paintingpart<8. AND .NT(crane)<2.AND.craneuse4<=0;

tally:idletimescanq4,int(timescang4);



Proll

tally:overallid!etime,int(timescanq4);

assign:craneused=1,

queue, craneqd: mark(timecraneq4);
request: crane(SDS);

tally:idletimecraneqd,int(timecraneq4);
tally:overallidletime,int(timecraneqd),

assign:sandblastingpart=sandblastingpart-I;
transport: crane, cuttingarea;

station, preconstructarea;

free: crane;

assign: craneuse7=0;

assign: preconstructpart=preconstructpart+!;

queue, processqueue8: mark(timeq8);
seize: machine!!;

tally:idletimeq8,int(timeq8);
tally:overallidqletime,int(tqlmeq8);

delay: processtimes;
release; machines;

queue, processqueue9: mark(timeq9);
seize: machine!);

tally:idletimeq9,int(timeq9);
taIIy:overaIIidq|etime,int(gmeq9);

delay: processtime9;
release: machine9;

queue, scanglO: mark(timescanglO);
scan: weldingareapart<8 LAND. NT(crane)<=l .AND

tally :idletimescanq 10,int(timescang 10);
tally :overallidletime,int(timescanq 10);

assign: craneuse 10=1;

queue, craneqlO: mark(timecraneqlO);
request: crane(SDS);

tally Udletimecraneq 10,int(timecraneq 10);
tally:overallidletime,int(timecraneqlQ);
assign: preconstructpart=preconstructpart-I;
transport: crane, weldingarea;
station, weldingarea;
free: crane;
assign: weldingareapart=weldingareapart+l;
branch,1.

if, process17done=0, Prol L

if, process17done=1, Pro20;
assign: craneuse 10=0;

queue, processqueuel 1: mark(timeql 2);
seize: machine!!;

. craneuse 10<=0;

12



Pro20
MC20

taIIy:idIetimeﬂl lint(timeql 2);
tally :overallidletime,int(timeq 11);

delay: processtimel 1;
release: machinel 1;

queue, processqueuel2; mark(timeql2);
seize: machine 12;

tally :idletimeq 12,int(timeq 12);
tally:overailidletime,int(timeq 12);

delay: processtime 12;
release: machine 12;

queue, processqueuel3: mark(timeql3);
seize: machine 13;

tally:idletimeql3,int(timeql3);
tally:overallidietime,int(timeql3);

delay: processtime 13;
release: machinel3;

queue, processqueueU: mark(timeql4);
seize: machine 14;

taIIy:idIetim.eﬂ14_,int(timeq 14);
tally:overallidletime,int(timeq 14);

delay: processtime 14;
release: machineU;

queue, processqueuel5: mark(timeql5);
seize: machine 15;

tally:idletimeql5,int(timeql5);
tally :overallidietime,int(timeq 15);

delay: processtime 15;
release: machinel5;

queue,craneqléh;

request:crane(SDS);

assign: weldingareatpart:weldingareapart-l;
transport; crane,buffer;

assign: craneusel9=0;

queue, processqueue20: mark(timeq20);
seize: machineio;

tally:idletimeq20,int(timeq20);
tally:overallidletime, int(timeq20);

delay: processtime20;
release: machine20;

assign; process20done=I;

queue,craneq2 Ib;

requestxrane(SDS);

assign: weldingareafart:weldingareapart-l ;
transport: crane,buffer;
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station, buffer;
free: crane;
branch, 1:

if, processi7done=0, BI:
if, process17done=1, B2;

queue, scangld: mark(timescangl6);
scan; paintingareapart<8 .AND. NT(crane)<=I .AND. craneusel6<=0 .AND. craneusel9<=0;

tally:idletimescanql6 int(timescangl6);
tally:overallidletime,int(timescanql6);

assign; craneusel6=1;

queue, craneqld: mark(timecraneql6);
request: crane(SDS);

tally:idletimecraneq lﬁ,int(timecrane% 16);
tally:overallidletime,int(timecraneql6);
transport: crane, paintingarea;

branch,l:

if, process20done=0, B3:
if, process20done=I, B4;

queue, scangl9: mark(timescanql9);
scan; weldingareapart<8 LAND. NT(crane) .AND. craneuse 19<=0;

tally idletimescang 19.,int(_timescanr1 19);
tally:overallidletime,int(timescanql9);

assign: craneusel9=I;

queue, craneql9: mark(timecraneql9);
request: crane(SDS);

tally :idletimecraneq 19,int(timecraneq 19);
tally:overallidletime,int(timecraneql9);
transport; crane, weldingarea;

queue, scanq2l: mark(timescang21);
scan; paintingareapart<8 ,AND. NT(crane)<=l .AND. craneuse21<=0;

tally :idletimescanq21,int(timescanq21);
tally:overallidletime,int(timescanq21);

assign: craneuse21=I;

queue, craneq2L: mark(timecraneq?21);
request: crane(SDS);

tally:idletimecraneq2X,int(timecraneq21);
tally:overallidletime,int(timecraneq21);

transport: crane, paintingarea;

station, paintingarea;

free: crane; o
assign: paintingareapart=paintingareapart+1;



Prol7
MC17

Pro22
MC22

branch, L:
if, process20done=0, Prol7:
if, process20done=1, Pro22;
assign: craneusel6=0;

queue, processqueue 17: markftimeq 17);
seize: machinel7;

tally :idletimeq 17 int(timeq 17);
tally :overallidietime,int(timeq 17);

delay: processtime 17;
release: machinel7;

delay: paintwaitingl8;
assign: processl7done=1;
queue,craneqlob;
requestxrane(SDS);

assign: paintingareapart=paintingareapart-1;
transport: crane,buffer;

assign: craneuse21=0;

queue, processqueue22; mark(timeq22);
seize: machine22;

tally:idletimeq22,int(timeq22),
tally:overallidietime, int(timeq22);

delay: processtime22;
release: machine2?;

queue, scanq23; mark(timescang23);
scan; finalpaintingpart<8 LAND. NT(crane)<=I .AND. craneuse23<=0;

tally:idletimescang23,int(timescang23);
tally:overallidletime,int(timescanq23);

assign: craneuse23=I;

queue, craneq23: mark(timecraneq23);
request: crane(SDS);

taIIy:idletimecraneqzs,ing(timecrane%23);
tally:overallidletime,int(timecraneq?23);
assign: paintingareapart=paintingareapart-1;
transport: crane, finalpaintingarea;

station, fln paintingarea;

free: crane;

assign: craneuse23=0; o

assign: finalpaintingpart=fmalpaintingpart+|;

queue, processqueue24: mark(timeq24);
seize: machine24;

tally:idletimeq24,int(timeq24);
tally:overallidietime,int(timeq24);

delay: processtime24;
release: machine24;
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cblay. painivaiting?5;
queue, processqueue26: mark(timeq26);
seize: machineid;

tally:idletimeq26,int(timeq26),
tally:overallidietime,int(timeq26);

delay: processtime26;
release: machine26;

queue, scanq27: mark(timescang27);
scan; storageareapart<24 AND. NT (crane)<=I .AND. craneuse27<=0;

tally:idletimescanq27,int(timescang27);
tally:overallidletinie,int(timescang27);

assign; craneuse27=I;

queue, craneq27: mark(timecraneq27);
request; crane(SDS);

tally:idletimecraneq27,int(timecraneq27);
tally:overallidletime,int(timecraneq27);

assign: finalpaintingpart=finalpaintingpart-1;
transport: crane, storagearea;

station, storagearea;
free: crane;

assign: craneuse27=0;
assign: storageareapart=storageareapart+ ;

delay: paintwaiting28;
assign: storageareapart=storageareapart-;

tally:avgflowtime,int(timein);
tally:cycletime,BET;

count: jobdone;
dispose;

creste 1"

Checkl  scan: paintingareapart>=8 .AND. ng(scang23)<=0 .AND. nr(machine22)<=0 .AND. nq(processqueue22)<=0 .AND.
weldingareapart>=8 .AND. nq(scanql9)>=8 .AND. ng(scanql6)+nq(scanq21)>=8;

branch,L:
if, nq}scaanl):O, Picklo:
if, ng(scang21)>=0, Pick2Z;

Pickld deIa?/: 20;
duplicate: 1,AA;

pickup: scangl6,l,I;
dropoff,1,1: MC17: next(Checkl);

AA pickup: scangl9,ll;
dropoff,1,1: MC20;
dispose;

Pick21 deIaY: 20;
duplicate: 1, BB;

pickup: scang21,11;
dropoff, 1,1: MC22: next(Checkl);

BB pickup: scanql9,l,1;



dropoff, 1,1 MC20;
dispose;

create, 1;

fail | Delayiworkingminutes;
queue,p(eemﬁ;ql;
preemptimachine 1;
Delayridleminutes;
Release:machine linextffail 1);

create, 1;

fail3 Delayiworkingminutes;
queue,preemptq3;
preempt:machine3;
Delay.idleminutes;
Release:machine3:next(fail3);

create, 1;

fails Delayiworkingminutes;
queue,p{eemﬁth;
preemptimachine!);
Delaylidleminutes;
Release:machineb:next(fail5);

create,1;

faild Delayiworkingminutes;
queue,preemptq8;
preempt:machines;
Delay:idleminutes;
Release:machine8:next(fail8);

. create,l,
fail9 Delayiworkingminutes;
queue,preemptq9;
preempt:machined;
Delay.idleminutes; .
Release:machine9:next(fail9);

Create, 1;

failli Delayiworkingminutes;
queue,preemptqll;
preemptimachinel 1;
Delayiidleminutes;
Releaseimachinel 1:next(faill 1);

create, 1;

fail 12 Delayiworkingminutes;
queue,preemﬁtqlz;
preemptimachine 12;
Delayiidleminutes;
Release:machinel2:next(faill2);

create,1;

fail 13 Delayiworkingminutes;
queue,preemﬁtq|3;
preemptimachine 13;
Delayiidleminutes;
Release:machine 13:next(fai 113);

create, 1;

fail 14 Delayiworkingminutes;
queue,preemptq 14;
preempt:machinel4;
Delayiidleminutes; .
Release:machineld:next(failld);

create, 1;

fail 15 Delayiworkingminutes;
queue,p{eemﬂtqls;
preemptimachine 15;



Delay:idleminutes; )
Release :machine 15:next(fail 15);

create, 1,

fail 17 Delay:workingminutes;
queue,preemptq 17,
preempt-.machine 17;
Delay.idleminutes, .
Release :machine 17:next(fail 17);

create, 1;

fail20 Delay:workingminutes;
queue,preemptq20;
preempt:machine20;
Delay:idleminutes; .
Release:machine20;next(fail20);

create, 1;

fail22 Delay:workingminutes;
(ueue,preemptq22,
preempt:machine22;
Delay'idleminutes; .
Release:machine22:next(fail22);

create, 1;

fail24 Delayiworkingminutes;
queue,preemptq24;
preempt:machine24;
Delayiidleminutes;
Release:machine24:next(fail24);

create, 1;

fail26 Delay:workingmmutes;
queue,preemﬁtqZG,
preempt:machine26;
Delay'idleminutes;
Release:machine26:next(fail26);

End;

128



Appendix D
Product layout plant’s simulation program

ARENA Simulation Results
Summary for Replication 1of1

Project:New Plant Run execution date : 8/15/2004
Analyst:Flowline Model revision date; 8/15/2004

Replication ended at time  :20856.0
TALLY VARIABLES

Identifier Average HalfWidth Minimum Maximum Observations
avgflowtime 7575.9  (Insuf) 64306 8038.6 80
overallidletime 51575 10833 . 000 12 .0 2960
ca/cletime 182.59 (Insu? 18.0 10446 79
idletimeql 1081.2  (Insuf) .00 0 1200.0 80
idletimeq3 25750  (Insuf) .00 0  56.666 80
idletimeg5 .00000  (Insuf) .00000 .00000 80
idletimeq8 562.04  (Insuf) .00000 958.00 80
idletimeq9 .00000 (Insuf) .00 0 .00000 80
idletimeql 1 00000 Elnsug .0 000 80
idletimeql2 7.4583  (Insuf 0 97.333 80
idletimeq|3 .00000 (Insuf) .00 0 ~.00000 80
idletimeql 4 00000 (Insuf) . 0 . 000 80
idletimeql 6 .00000 (Insuf) .00 0 . 000 80
idletimeq! 8 00000 (Insuf) . 0 .0 00 80
idletimeq22 00000 (lnsuf) . 0 .0 00 80
idletimeq24 .00000 (Insuf) . 0 .00000 80
idletimeq26 00000 (Insuf) . 0 .00000 80
idletimeq28 00000 (Insuf) .000 .0 00 80

idletimecranel 16.733  (Insuf) .0 00 62.000 80
idletimecrane3 14,708 (Insuf) .00 0 62.000 80
idletimecraned 10.750  (Insuf) .00 0  38.666 80
idletimecraned 15.983  (Insuf) .0 00 78.000 80
idletimecranel 4 12.283  (Insut) .0 00 50.0 80
idletimecranel 6 15.058  (Insuf) .00 0 56.666 80
idletimecranel 8 14.216  (Insuf) .00 0  56.000 80
idletimecrane20 11.933  (Insuf) .0 00 50.000 80
idletimecrane2?2 13.066  (Insuf) .00 0 38.666 80
idletimecrane24 9.5833 00 0 24.000 80
idletimecrane28 11.066 00 0 26,0 80
idletimescangO 5857.7  (Insuf) . 0 12989. 80
idletimescangl 13275 (Insuf) . 000  92.000 80
idletimescang2 7.1833  (Insuf) . 0 36.666 80
idletimescanqd 52833 (Insuf) . 0 52.000 80
idletimescanq9 11516 (Insuf) .00 0 51333 80
idletimescanql4 4.6166 Elnsuf 0 39.333 80
idletimescanq]l 6 14.683 0 00 82,666 80

idletimescanql 8 14983 (Insuf) . 0 70.000 80

0 73.333 80
idletimescanq22 11.8 Insuf) .0 00 94.000 80
idletimescanq24 13791 (Insuf) . 000 66. 0 80

)
idletimescanq20 7.4250 {Insuf}
)

idletimescanq28 5.0500 (Insuf) . 000 61.333 80

DISCRETE-CHANGE VARIABLES

[dentifier Average HalfWidth Minimum Maximum Final Value

machine3utilization ~ 1.5753  (Insuf) .00000 3.0000 1.0000

machine lutilization ~ 1.5753  (Insuf) .00000 2.0000 1.0000
machine5utilization ~ 1.0000  (Insuf) .00000 3.0000 1.0000



machine8utilization  .88493  (Insuf) .000 1. 00
machine9utilization  .88493  (Insuf) .000 20 0
machine L1utilization  1.1150  (Insu0 .00 0 5.0000
machine 12utilization  2.4959 Insuf .00 0 8.0000
machine 13utilization  1.5753 Insuf 00 0 6.00
machine 4utilization  1.1150 (Insuf) .00 0 5.00
machine 16utilization  1.1150  (Insuf) .00 0 4.0000
machine 18utilization  1.1150 (Insuf) .00 0 4.0 0
machine22utilization 12301  (Insuf) .00 0 4.0 0
machine24utilization  1.3452  (Insuf) .0 00 4.0000
machine26utilization 88493  (Insuf) .00 0 3.0000
machine28util ization .88493 Insuf) 00 0 4.00
craneutilization 4802 Corr .0 1,00
COUNTERS
[dentifier Count Limit
jobdone 80 Infinite

Simulation run time: 0.00 minutes.
Simulation run complete.

Experiment
Begin;

Variables: Batchsize,80:

Processtime 11,120:

Processtimel,240:
Processtime3,240:
Processtime5,90:
Processtime8,60:
Processtime9,60:

Processtimel2,480:
Processtimel3,240:
Processtimel4,120:
Processtime 16,120:
Processtime 18,120:
Processtime22,150:
Processtime24,180:
Processtime26,60:

Processtime28,60:

Paintwaiting6,60;
Paintwaiting20,1080:
Paintwaiting27,480:
Paintwaiting30,1440:
transfering31,60:

Cuttingpart,0;
sandblastingpart,0:
Firstlayerpart,0:
Preconpart,0:
Weldingpart,0:
Cleaningpart,0:
Intemalpart,0:
Curingpart,0:
Finalweldingpart,0;
Storagepartl,0:

Fin palntingpart,0:
Storagepart2,0:
workingminutes,480;
idleminutes,960:

craneuse 1,0:



craneuse3,0:

craneuse,0:

craneuse9,0:

craneuse 14,0:
craneuse 16,0:
craneuse 18,0:
craneuse20,0:
craneuse22,0:
craneuse24,0:
craneuse28,0;

Attributes: timein:
timeql:
timeq3:
timeqs:
timeqs8:
timeq9:
timeql L
timeql2:
timeql 3;
timeql4:
timeql 6;
timeql 8:
timeq22:
timeq24:
timeq26:
timeq28:

timecranel:
timecrane3;
timecraned:
timecrane9:
timecraneH:
timecranel 6:
timecranel 8:
timecrane20:
timecrane22:
timecrane24:
timecrane28:

timescangQ:
timescangl:
timescang2:
timescanqd:
timescanq9:
timescanqM:
timescanq| 6;
timescangl8:
timescanq20:
timescanq22:
timescanq24:
timescanq28;

Tallies :avgflowtime:

overallidletime:

cycletime;
idletimeql:
idletimeq3:
idletimeq5:
idletimeqs8:
idletimeq9:
idletimeql L.
idletimeql2;
idletimeql 3;
idletimeqM:
idletimeq 16:
idletimeq|8:
idletimeq22:
idletimeq24:
idletimeq26:



ceimecps

idletimecranel:
idletimecrane3:
idletimecranes:
idletimecrane9:
idletimecraneH:
idletimecranelo:
idletimecranel8:
idletimecrane20:
idletimecrane22:
idletimecrane24:

idletimecrane28:

idletimescangO:
idletimescanql:
idletimescang2:;
idletimescanqo:
idletimescanq9:
idletimescanqM:;
idletimescanql 6:
idletimescanql 8:
idletimescang20;
idletimescang22;
idletimescanq24;
idletimescang28;

Queues: I,processqueuel:

,  processqueue3;

. processqueues:
4, processqueues:
5, processqueued:
6, processqueuel L
7, processqueuel2:
8, processqueuel3:
9, processqueueld:
10, processqueuelt:
11,15rocessqueuels:

. processqueue2?2:
13, processqueued:
14, processqueue26:
15, processqueue2s:
17, craneql:

18, craneg3:

19, craneqb:

20, craneq9:

21, craneqld:
22, craneql6:

23, craneql8:
24, craneq20:
25, craneq22:
26, craneq24.
27, craneg28:4
28, scanq0:
29, scanql:
30, scang2:
31, scangpb:
32, scanq9:
33, scanql4:
34, scanql6:
35, scanql8:
36, scanq20:
37, scanq22:



38, scanq24:
39, scanq28:

40, preemptql:
41, preemptq3:
42, preemptgb:
43, preemptq8:
44, preemptq9:
45, preemptql L
46, preemptql2:
47, preemptql3;
48, preemptqld;
49, preemptql6:
50, preemptql8;
51, preemptq22:
52, preemptq24.
53, preemptq26:
54, preemptq28;

Resources: |,machinel 2:

machine3,3:
machine5,8:
machines,|:
machine9,8:
machinel 18;
machinel2,8:
machine! 3,8:
9, machinel4,8:
10, machinel6,8:
1, machinel8,8:
12, machine228:
13, machine24,16:
14, machine26,4:
15, machine28,4;

0 O G W

Stations:

cuttin?area:
sandblastingroom:
Firstlayerarea:
Preconstructarea:
weldingarea:
Cleaninginspect;
JIntemalpainting:

. Curingarea:

,  Finalweldingarea:;
,  Finalpaintingarea;
U ,storagearea?;
12,Storageareal;

1
2
3
4
5
6
1
8
9
1

Transporters: 1%rane,2,111,5,cuttingarea-Active;

Distances: 1, Cuttingarea-sandblastingroom-15,
Cuttingarea-Firstlayerarea-4,
Cuttingarea-Preconstructarea-8,
Cuttingarea-Weldingarea-12,
Cuttingarea-Cleaninginspect-17,
Cuttingarea-Intemalpainting-211
Cuttingarea-Curingarea-26,
Cuttingarea-Finalweldingarea-30,
Cuttingarea-FinaIpaintingarea-39,
Cuttingarea-Storagearea2-47,
Cuttingarea-Storageareal -36,



Sandblastingroom-Cuttingarea-7,
Sandblastingroom-Firstlayerarea-22,
Sandblastingroom-Preconstructarea-8,
Sandblastingroom-Weldingarea-12,
Sandblastingroom-Cleaninginspect-17,
Sandblastingroom-Intemalpainting-21,
Sandblastingroom-Curingairea-26,
Sandblastingroom-Finalweldingarea-30,
Sandblastingroom-Finalpaintingarea-39,
Sandblastingroom-Storagearea2-47,
Sandblastingroom-Storageareal -36,

Preconstructarea-Cuttin?area-G,
Preconstructarea-Sandblastingroom-8,
Preconstructarea-Firstlayerarea-22,
Preconstructarea-Weldingarea-18,
Preconstructarea-Cleaning'mspect-9,
Preconstructarea-Intemalpainting-13,
Preconstructarea-Curingairea-18,
Preconstructarea-Finalweldingarea-22,
Preconstructarea-Finalpaintingarea-32,
Preconstructarea-Storagearea2-35,
Preconstructarea-Storagearcal -27,

Firstlayerarea-cuttin?area-zl,
Firstlayerarea-Sandblastingroom-| 1,
Firstlayerarea-Preconstructarea-45,
Firstlayerarea-Weldingarea-8,
Firstlayerarea-Cleaninginspect-13,
Firstlayerarea-Intemalpainting-18,
Firstlayerarea-Curingarea-22,
Firstlayerarea-Finalweldingarea-27,
Firstlayerarea-Finalpaintingarea-35,
Firstlayerarea-Storagearea2-43,
Firstlayerarea-Storageareal -32,

weldingarea-Cuttingarea-12,
weldingarea-Sandblastingroom-12,
weldingarea-Preconstructarea-9,
weldingarea-Firstlayerarea-8,
weldingarea-Cleaninginspect-18,
weldingarea-Intemalpainting-9,
weldingarea-Curingairea-13,
weldingarea-Finalweldingarea-18,
weldingarea-Finalpaintingarea-27,
weldingarea-Storagearea2-32,
weldingarea-Storageareal-22,

Cleaninginspect-Cuttingarea-17,
Cleaninginspect-Sandblastingroom-17,
Cleaninginspect-Preconstructarea-9,
Cleaninginspect-Firstlayerarea-13,
Cleaninginspect-weldingarea-9,
Cleaninginspect-Internadpainting-18,
Cleaningins|3ect-Curingairea-9,
Cleaninginspect-Finalweldingarea-13,
Cleaninginspect-Fmalpaintingarea-22,
Cleaninginsi3ect-Storagearea?-27,
Cleaninginspect-Storagearea 1-18,

intemaIpainting-CuttinFarea-Zl,
intemalpainting-Sandblastingroom-21,
intemalpainting-Preconstructarea-13,
intemalpainting-Firstlayerarea-18,
intemalpainting-weldingarea-9,
intemalpainting-Cleaninginspect-9,
intemalpainting-Curingarea-18,
intemalpai ting-Fin eldingarea-9,
intemalpainting-Finalpaintingarea-18,



dstats:

intemalpainting-Storagearea2-22,
intemalpainting-Storageareal -13,

curjngarea-cuttinFareja-ZG,
curingarea-Sandblastingroom-26,
curingarea-Preconstructarea-| 8,
curingarea-Firstlayerarea-22,
curingarea-weldingarea-13,
curingarea-Cleaninginspect-9,
curingarea-intemalpainting-9,
curingarea-Finalweldingarea-18,
curingarea-Finalpaintingarea-13,
curingarea-Storageareai-18,
curingarea-Storageareal -8,

Welgjﬂg e-3)

fmaIpaintingarea-Cuttin?area-39,

final paintingarea-Sandblastingroom-39,
finalpaintingarea-Preconstructarea-32,
finalpaintingarea-Firstlayerarea-35,
finalpaintingarea-weldingarea-27,
finalpaintingarea-Cleaninginspect-22,
finalpaintingarea-intemalpainting-18,
finalpaintingarea-curingarea-13,
finalpaintingarea-Finalweldingarea-8,
finalpaintingarea-Storagearea2-8,
finalpaintingarea-Storageareal -9,

storageareal-cuttinlgarea-SG,
storageareal-Sandblastingroom-36,
storageareal-Preconstructarea-27,
storageareal-Firstlayerarea-32,
storageareal -weldingarea-22,
storageareal -Cleaninginspect-18,
storageareal -intemalpainting-13,
storageareal -curmgarea-8,
storageareal -Finalweldingarea-9,
storageareal -Storagearea2-20,
storageareal -Finalpaintingarea-1 8,

storagearea2-Cuttingarea-47,
storagearea2-Sandblastingroom-47,
storagearea2-Preconstructarea-35,
storagearea2-Firstlayerarea-43,
storageareaz-wleldlngarea-SZ,
storagearea2-Cleaninginspect-27,
R 1 T
storageareaz-’c:urlr}garﬁjq-l& o
orageareaZ-Finalweldingatea-17,
St St 4
storagearea2-Finalpaintingarea-9;

nr(machine 1),machine lutilization:
nr(machine3),machine3uti lization:
nr(machineS ,macﬂjneSutiljzation:
nr(machine8) machinegutilization:
nr rmc?u rrmhme&ﬁl\lzailm:
nr(machinel T),machinel lutilization:
nr(machinel2),machinel2utilization:
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nr(machinel3),machinel3utilization:
nr(machinel4),machine utilization:
nrfmachine 16),machine 18utilization:
nrfmachine 18),machine 18util ization:
nr(machine22),machine22utilization:
nr(machine24),machine24utilization:
nr(machine26),machine26utilization:
nr(machine28),machine28utilization:
nt(crane),craneutilization;

Countersjohdone;

Replicate, 1,0,20856;

end;

Model
Begin;

create,batchsize;

queue,scangO:mark(timescangO);
scan: cuttingpart<8;

tally:idletimescanqO,int(timescanq0);
station cuttingarea;
assign:cuttingpart=cuttingpart+!;

queue,processqueue L:mark(timeql);
seize:machinei:mark(timein);

tally: idletimeq 1lint(timeq 1);
tally:overallidletime,int(timeq 1);

Delay:processtimel;
Release:machinel;

queue,scangl :mark(timescanql);
scan:sandblastingpart<3. AND.NT(crane)<=1.AND. craneuse 1<=0,

tally:idletimescangl,int(timescangl);
tally:overallidletime,int(timescang 1);
assign:craneusel=I;

queue,craneq | :mark(timecrane 1);
requestxrane(sds);

tally:idletimecrane Lint(timecrane 1);
tally:overallidletime,int(timecrane 1);
assign:cuttingpart=cuttingpart-l;
transport:crane,sandblastingroom;

station,sandblastingroom;
free:crane;

assign:craneusel=0; .
assign:sandblastingpart=sandblastingpart+1;

queue,processqueued:mark(timeq3);
seize:machines;
tally:idletimeq3,int(timeq3);
tally:overaHidletime,int(timeq3);



Dday:processtime3;
Release:machine3;

queug,scang2:mark(timescanq2);
scan:Firstlayerpart<8. AND.NT(crane)<=l.ANDxraneuse3<=0;

tally :idletimescanq2,int(timescanq2);
tally:overallidletime,int(timescang?2

assign:craneuse3=I;
queue,craneqd:mark(timecrane3);

requestxrane(sds);

tally:idletimecrane3,int(timecrane3);
tally:overallidletime,int(timecrane3);

assign:sandblastingpart=sandblastingpart-1;
transport.crane,Firstlayerarea;

station, firstlayerarea;
free:crane;

assign:craneuse3=0;
assign:firstlayerpart=Firstlayerpart+! ;
queue,processqueues:mark(timeqs);
seize:machineb;
IaIIy:idlelimgqls,i.nl(ti.meqS);
tally:overa!lidletime,int(timeq5);
delay:processtime5;
release:machine5;
delay:paintwaiting6;

queue,scang6:mark(timescanq6);
scan:Preconpart<8 AND.NT(crane)<=I.AND.craneuse6<=0;

tally:idletimescanq6,int(timescanq6);
tally:overallidletime,int(timescanq6

assign:craneuse6=I;
queue,craneq6:mark(Timecrane6);
requestxrane(sds);

tally:idletimecrane8,int(timecrane6);
tally:overallidletime,int(timecrane6);

assign:firstlayerpart=Firstlayerpart-;
transportxrane.Preconstructarea;
station,Preconstructarea;

freexrane;

assign.craneuse6=0;
assign:Preconpart=Preconpart+l;

queue,processqueued:mark(timeq8);
seize:machine8;



tally:idletimeq8, int(timeqs8);
tally :overalidielme,int{timeq8);

delay:processtime8;
release:machines;

queue,processqueued:mark(timeq9);
seize:machine9;

tally:idletimeq9,int(timeq9);
taIIy:overallidqletime,int(gmeq9);

delay:processtimed;
release:machined;

queue,scan_q9:mark§timescangr9);
scan:Weldingpart<8.AND.NT(crane)<=I. ANDxraneuse9<=0;
taIIy:idIetimgscanqg,intEtimescanqS)g;

tally :overallidletime,int(timescanq9

assign:craneuse9=l;
queue,craneq9:mark(timecrane9);

requestxrane(sds);

tally:idletimecraned,int(timecrane9);
tally:overallidletime,int(timecrane9);

assign: Preconpait=Preconpart-1;
transport:crane,weldingarea;

station,weldingarea;
freexrane;

assign:craneuse9=0; .
assign:Weldingpart=Weldingpart+1;

qu.eue,proce.ssqueue 11:mark(timeq 12);
seize:machinel L;

tally:idletimeql Lint(timeql 1);
tally:overallidietime,int(timeq 11);

Delayiprocesstimel 1;
Release:machinell;

queue,processqueuel2:mark(timeql2);
seize:machinel2;

tally:idletimeq 12,int(timeq 12);
tally:overallidletime, int(timeq 12);

Delay:processtimel2;
Release:machinel?;

queue,processqueue 13:mark(timeq 13);
seize:rachinel3;

tally:idletimeq 13,int(timeq 13);
tally:overallidietime,int(timeql3);

Delay:processtimel3;
Release:machinel3;

queue,processqueueld:mark(timeql4);
seize:machineld;
tally :idletimeq 14, int(timeq 14);



tally:overallidletime,int(timeq4);

Delay:processtimel4;
Release:machineld;

queue,scang 14:mark(timescang 14);
scan:Cleaningpart<8 AND.NT(crane)<=I AND.craneuse 14<=0;

tally :idletimescanq 14,int(timescang 14);
tally :overallidletime,intftimescanq 14);

assignxraneuse 14=1;

queue,craneqld:mark(timecranel4);
request; crane(sds);

tally:idletimecraneld,int(timecranel4);
tally:overallidletime,int(timecranel4);

assign:Weldingpart=Weldingpart-1;
transport:crane,Cleaninginspect;

station,Cleaninginspect;

free:crane;
assign:craneusel4=0;
assign:Cleaningpart=Cieaningpart+l ;

queue,processiueue16:mark(timeq 16);
seize:machinel6;

tally :idletimeﬂ 16,int(timeq 16);
tally:overallidletime,int(timeq 16);

Delay :processtime 16;
Release:machinel6;

queue,scanq 16:mark(timescanq 16);
scan:Intemipart<8. AND.NT(crane)<=I.,AND.craneuse 16<=0;

tally idletimescanq 16, int(timescanq 16)
tally :overallidletime,int(timescanq 16);

assignxraneuse 16=1;

queue,craneq 16:mark(timecrane 16);
reﬂuestxrane(sds);

tally:idletimecrane 16,int(timecrane 16);
tally:overallidletime,int(timccrane 16),

assign:Cleaningpart=Cleaningpart-| ;
transportxranejntemalpainting;

station, Intemalpainting;

free:crane;
assignxraneuse 16=0;
assign:Intemalpart=Intemalpart+| ;

queue,processiueue18:mark(timeq 18);
seize:machinel8;

tally :idletime(il 8,int(timeq 18);
tally:overallidletime,int(tinieq 18);

Delay :processtime 18;
Release:machinel8;

queue,scanql 8:mark(timescang 18);



scan:Cunngpart<8. AND.NT(crane)<=I.ANDxraneusel8<=0;

tally:idletimescang 18,int(timescang 18);
tally:overaHidletime mt(nmescanq 18);

assignxraneusel 8=1;

queue,craneq 18:mark(timecrane 18);
requelstxrqne(sds); o
tally:idletimecrane 18,int(timecrane 18);
tally:overallidletime,int(timecranel8);

assign:Intemalpart=Intemalpart-1;
transportxrane.Curingarea;

station,Curingarea;

freexrane;

assignxraneuse 18=0;
assign:Curingpart= Cur|ngpart+1
delay:paintwaiting20;

queue,scang20:mark(timescang20);
scan:Finalweldingpart<8. AND'NT (crane)<=I. ANDxraneuse20<=0;

tally:idletimescang20,int(timescanq20);
tally:overallidletime, int(timescanq20);

assignxraneuse20=I;
queue,craneq20:mark(timecrane20);
requqstxrane(sds); o
tally:idletimecrane20,int(timecrane20);
tally:overallidletime,int(timecrane20);

assign:Curingpart=Curingpart-l
transportxrane,Finalweldingarea;

station, Finalweldingarea;

freexrane;

assignxraneuse20=0;, .
assign:Fin weldingpa*=Finalweldingpart+1;

queue,processqueue22:mark(timeq22);
seize:machine2?;

oy e

Delay:processtime22;
Release:machine2?2;

queue,scang22:mark(timescang22);
scan:Storagepartl<16.,AND.NT(crane)<=I.ANDxraneuse22<=0;

tally:idletimescang?22, mt(nmescangZZ)
tally:overallidletime,int(timescanq22);

assignxraneuse22=1;

queue,craneq22:mark(timecrane22);
requestxrane(sds);

tally:idletimecrane22,int(timecrane22);
tally;overallidletime,int(timecrane22);

assign:Finalweldingpart=Finalwe!dingpart-|;
transportxrane Storagearea .;



station,Storageareal ;

free:crane;
assign:craneuse22=0;
assign:Storagepart/=Storagepartl+;

queue,processqueue24:mark(timeq24);
seize:machine24;

taIIy:idIetimg(JIZ4,int(1imgq24);
tally:overallidletime,int(timeq24);

Delay:processtime24;
Release:machine24;

queue,scang24:mark(timescanq24);
scan:Finalpaintingpart<8 AND .NT(crane)<=l,ANDxraneuse24<=0;
tally:idletimescang24,int(timescanq24);
tally:overallidletime,int(timescanq24);

assign:craneuse24=1;

queue,craneq24:mark(timecrane24);
reﬂuest:crane(sds);
tally:idletimecrane24,int(timecrane24);
tally:overallidletime,int(timecrane24);

assign:Storagepartl=Storagepartl-I;
transport;crane,Finalpaintingarea;

station,Finalpaintingarea;

freexrane;
assign:craneuse24=0; o
assign:Finalpaintingpart=Finalpaintingpart+|;

queue,processqueue26:mark(timeq26);
seize:machine26;
tally:idletimeq26,int(timeq26);
tally:overallidietime,int(timeq26);

Delay:processtime26;
Release;machine26;

Blaygsintw ting2?

queue,processqueue28:mark(timeq28);
seize:machine28;
tally:idletimeq28,int(timeq28);
tally:overallidietime,int(timeq28);

Delay:processtime28;
Release:machine28;

queue,scang28:mark(timescanq28);
scan:Storagepart2<16,AND.NT(crane)<=I.ANDxraneuse28<=0;
taIIy:idletimescanqzs,int(timescangZS);
tally:overallidletime,int(timescanq28);

assign:craneuse28=1;

queue,craneq28:mark(timecrane28);
requestxrane(sds);
tally:idletimecrane28,int(timecrane28);
tally:overallidletime,int(timecrane28);

asSig AN paintingpe’t=Finelpaintingpart-1;

transport:crane,storagearea?;



stafion,storagearea2,;

freexrane;
assign:craneuse28=0;
assign:Storagepart2=Storagepart2+1 ;

delay:paintwaiting30;
delay:transfering3L;

assign:storagepart2=storagepart2-| ;

tally:avgflowtime,int(timein);
tally:cycletime,BET;
countyobdone;

dispose;

create,1;

fail | Delay:workingminutes;
queue,preemﬁ;ql;
preempt:machinel ;
Delay.idleminutes;
Release:machinel :next(fail 1);

create, 1;

fail3 Delay:workingminutes;
queue,preemptq3;
preempt:machine3;
Delay:idleminutes;
Release:machine3:next(fail3);

create, 1;

fail5 Delay:workingminutes;
queue,preemptqs;
preempt:machine5;
Delay.idleminutes;
Release:machineb:next(fail5);

Create, |;

faild Delay:workingminutes;
queue,preem%t.q&
preempt:machines;
Delay:idleminutes;
Release:machine8:next(fail8);

create, 1;

fail9 Delay:workingminutes;
queue,preemptq9;
preempt:machine9;
Delay-idleminutes;
Release:machine9:next(fail9);

create,1;

fail 11 Delay:workingminutes;
queue.preemptqll;
preempt: machine 11;
Delay-idleminutes;
Release:machinel L:next(fail 11);

create, 1;

fail 12 Delay:workingminutes;
queue,preemﬁ;qlz;
preempt:machine 12;
Delay:idleminutes;
Release:machinel2:next(faill2);

create,1;

fail 13 Delay:workingminutes;
queue,preemptql3;
preempt:machinel3;
Delay.idleminutes;



Release:machine 13:next(fail 13);

) create,1;
fail 14 Delayrworkingminutes;
(ueue,preemptql4;
preempt:machine 14;
Delay.idleminutes; .
Release:machine 14:next(fai 114);

create, 1;

fail 16 Delayrworkingminutes;
queue,preemptqlo;
preemptrmachineld;
Delayridleminutes;
Release:machinel6:next(faill6);

create, 1;

fail 18 Delayrworkingminutes;
queue,preemﬁthS;
preempt:machinel 8;
Delay.idleminutes;
Release:machine 18:next(fail 18);

create,1;

fail22 Delay:workingminutes;
(ueue,preemptq22;
preempt:machine22;
Delay:idleminutes;
Release:machine22:next(fail22);

. create, 1,
fail24 Delayrworkingminutes;
queue,preem%tq24;
preempt:machine24;
Delay.idleminutes; .
Release:machine24:next(fail24);

create, 1;

fail26 Delayrworkingminutes;
queue,preemﬂtqZG;
preempt:machine26;
Delayridleminutes;
Release:machine26:next(fail26);

create, 1

fail28 Delayrworkingminutes;
(ueue,preemptq28;
preempt:machine28;
Delay.idleminutes;
Release:machine28:next(fail28);

end;
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