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A Heuristic Algorithm for Tool Loading and Scheduling in a Flexible
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Abstract

We consider problems of tool loading and scheduling in o flexible manufacturing
system (FMS) in which tool transportation constitutes the major portion of material flows.
In this type of FMS3s, parts are initially assigned to machines and released to the
machines according to input sequencing rules, Operations for the parts released to the
machines are performed by tools initially loaded onto the machines or provided by an
cutomatic toal transport robot when needed. For an efficient operation of such systems,
therefore, we may have to consider loading and scheduling problems for tools in addition
to those for parts. In this paper, we consider three problems, part loading, tool loading,
and tool scheduling problems with the overall objective of minimizing the makespan.
The part loading problem is solved by a method similar to that for the bin packing
problem and then o heuristic based on the frequency of tool usage is applied for tool
loading. Also suggesied are part input sequencing and tool scheduling rules. To show
the effectiveness of the overall algorithm suggested here, we compare it with an existing

algorithm through a series of computational tests on randomly generated test problems,
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E 1. 3E/3F g9 ¥ AHEY Y] BFdsl (SFolEEAs At 0.01€ IF)

mvmEsy | anEy | LPT SPT LTT RAN
| o3 TE | NEW HNH NEW HNH NEW HNH NEW HNH
ITR 1430 1490 | 1444 1527 . 1436 1511 | 1432 1617
. 0% , NR 1901 1943 | 1784 1871 | 1820 185 | 1818 1896
PTR | 1598 1687 | 1589 1741 | 1593 1711 | 1642 1743
ITR | 1430 1400 | 1444 18527 | 1436 1511 | 1432 1517
5% . NTR . 1520 1582 | 1528 1617 | 1505 1567 | 1524 1621
: PTR | 1389 1510 | 1381 1520 | 1377 1504 | 1370 1510
TR 1439 1490 | 1444 1527 | 1436 1511 | 1432 1517
10% NTR 1432 1499 | 1452 1498 | 1442 1502 | 1424 1512
PTR 1434 1479 | 1435 1521 | 1435 1472 | 1428 1483
ITR 1430 1490 @ 1444 1527 | 1436 1511 | 1432 1517
15% NTR 1419 1430 | 1416 1460 1419 1450 | 1401 1460
. PTR 1434 1462 | 1432 1501 | 1435 1478 | 1428 1428

E 2. JIBE/37T 89 ¥ A58 Wye BREsy| (STOISSEATI} 0.058 FF)

IRRRY | AASY LPT SPT | LTT RAN
HaEt T NEW HNH NEW HNH NEW HNH NEW HNH

: ITR 3382 3.687 3.417 3.648 3,397 3.599 3.439 3.629

i 0% | NTR 4.742 4812 | 4942 5.008 4.729 4.974 4.807 5.009

- PTR 3.917 4.041 3.838 4177 3.852 4.406 3.977 4477

ITR 3.382 2,687 3.417 3.648 3.397 3.599 3.439 3.628

L 5% NTR 3.701 3740 | 3621 3790 | 3.564 3,743 3.715 3777

PTR 3.337 3.337 3139 3.358 3174 3.347 3.158 3.369

i ITR 3.382 3.687 3.417 3.648 | 3.397 3.599 3.439 3620 |

L 10% NTR 3.001 3.072 2.947 3161 | 2.807 3.082 2.954 3138 |

PTR 3.092 3.207 3.103 3.201 3.127 3.257 3.083 3.332

TR | 3.382 3,687 3.417 3.649 3,397 3.509 3.439 3.629

; 15% NTR | 2680 2.788 2680 2.907 2.665 2.881 2.652 2.789

_: PTR | 3092 3.027 | 3103 3.201 3.127 3.257 3.083 3.332

2 ZFE Y8 71AY FEAgAA g AR e Aeto g B =FdE vEhA &%

2 o] F3E 93 FE R A Rk o] HHG AME T FTolE EHEY

A AMRH R e FTE TT 7‘1 FAhE A o1% BE7 7HE Bl eSS BEAR

of 3t ZA%7F A7) WRrozE FeolHoh o surh
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ZREEL | AHNER LPT SPT LTT RAN
oREzt e NEW HNH NEW HNH NEW HNH NEW HNH
ITR 6.725 7.029 6.639 6.871 6.547 6.722 6.734 6.851
0% NTR 9521 9.932 9.231 9.430 9.367 9,504 9.732 9910 »
PTR 7.432 7.603 7.266 7.475 7.279 7.763 7.254 7.419
ITR 6.725 7.029 £.639 6.871 6.547 6.722 6.734 6.851
5% NTR 6,760 6.803 6.838 7.030 6.724 6.938 6.910 7.188
PTR 6.142 5.280 6.262 6.389 6.192 6.369 6.273 6.312
TR 8.725 7.029 6.639 6.871 6.547 6.722 6.734 6.851
0% | NIR 5432 5,502 5.459 5.632 5.576 5,688 5582 5.662
PTR 5,040 6.081 6.099 6.254 5,976 6.059 £.002 6.167
ITR 6.725 7.029 6.639 6.871 6.547 6.722 6.734 6.851
15% NTR 4592 4781 | 4732 4.861 4,665 4739 4654 4.757
PTR 6.040 6081 * 6.008 6.254 5.976 6.059 6.002 6.167
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