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Abstract

This research proposed a scheduling method for tire building machines with reducing total cost from
labor cost and electrical cost as the goal. The production system in the tire building process consists of 32
parallel machines that responsible for producing 7,200 tires of 80 tire models per day, approximately. Each
machine’s setup time when changing the models in production depends on the tire model that produced
previously. Production scheduling in this process is a weekly planning activity for generating daily production
schedules that meet all demands for each day in one week indiacated in the master production plan. Thus
this scheduling problem is a parallel machine scheduling problem with sequence dependent setup time as
processing restriction and minimizing total cost as the objective. A mixed integer linear programming model
(MILP) was developed to solve this problem. A school bus routing problem formulation was used as the
prototype model in developing the proposed MILP that included an overtime constraint and possible
different initial jobs on each machine. The performance of the proposed MILP was evaluated by comparing
with the real production schedules of 30 days generated by experience of the planner. The results revealed
that the proposed MILP was able to find all feasible solutions. The total cost was decreased by 328,848
baht per month. The average number of machine used for production was reduced by 3.3 machines per
day. The average setup time was reduced by 34.9 minutes per day. The average hour of production in

overtime was reduced by 6.3 hours per day.
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o U ?Sﬂzrm - Lower Difpee
U 1A09 bound

1 70 26 59,962 | 56,334 | 6.1%
2 73 27 60,033 56,534 5.8%
3 71 26 57,855 | 54,508 | 5.8%
4 66 25 56,950 52,994 6.9%
5 66 25 55,887 52,837 5.5%
6 66 25 55,868 | 53,045 | 5.1%
7 67 25 57,945 54,629 5.7%
8 66 26 60,435 | 55972 | 7.4%
9 63 26 53,364 50,629 5.1%
10 61 26 54,871 | 50,927 | 7.2%
11 61 26 53591 | 51,067 | 4.7%
12 63 26 56,093 52,451 6.5%
13 64 26 57,163 | 53,683 | 6.1%
14 63 25 55,176 51,355 6.9%
15 63 25 56,861 | 53,021 6.8%
16 61 25 54,660 50,655 7.3%
17 62 26 58,465 55,038 5.9%
18 62 26 56,327 | 53,257 | 5.5%
19 62 26 59,269 54,634 7.8%
20 63 26 60,045 | 54,481 9.3%
21 62 26 57,466 52,687 8.3%
22 62 26 55,703 | 52,203 |  6.3%
23 65 27 59,143 | 56,075 | 5.2%
24 67 27 57,574 | 54,634 |  5.1%
25 70 27 57,113 | 53,824 | 5.8%
26 72 27 57,297 | 53,983 | 5.8%
27 71 27 59,458 | 55708 |  6.3%
28 73 26 56,205 53,932 4.0%
29 12 26 56,964 53,586 5.9%
30 68 27 57,899 | 53,634 | 7.4%
wds | 57,188 | 53611 | 6.3%

vinewe *BFS A naansiiululiniiige

q

** @11904370 100% x (BFS-Lower bound)/BFS
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A15799 5 HaN1SNAAUUSEANS NN ABUAUITNSIRN VRS I NUNTIAN Y

AUNUNIITHER Swuetesdnsitld naRaAIBeing N13¥N9uE9Ian
319U (um) (19309) (u#l) (#T9)

gy — —

ST 35 - 5
AWAN | MILP | aeas* | _ | MILP | anas* | 5w | MILP | aeas* | _ | MILP | anag*

TH] H
1 80 82,549 | 74,510 8,039 32 29 3 1,545 1,503 42 6 2 4
2 82 83,795 | 72,358 | 11,437 32 29 3 1,693 1,574 119 17 2 15
3 81 83,454 | 72,662 | 10,792 32 29 3 1,572 1,538 34 13 4 9
4 1 85,422 | 74,406 | 11,016 32 30 2 2,579 1,530 1,049 22 2 20
5 7 83,276 | 73,100 | 10,176 32 28 4 1,672 1,559 113 10 2 8
6 86 83,251 | 73,051 | 10,200 32 29 3 1,623 1,468 155 10 6 4
7 7 83,340 | 72,732 | 10,608 32 30 2 1,491 1,640 -149 11 [ 7
8 76 83,660 | 75,162 8,498 32 30 2 1,448 1,897 -449 13 5 8
9 73 81,391 | 68,158 | 13,233 32 27 5 1,503 1,395 108 5 6 -1
10 71 80,728 | 69,665 | 11,063 32 28 4 1,251 1,298 -47 3 [ -1
11 71 81,620 | 68,382 | 13,238 32 26 6 1,333 1,651 -318 7 20 -13
12 73 82,095 | 70,884 | 11,211 32 28 4 1,335 1,704 -369 8 8 0
13 74 82,682 | 71,954 | 10,728 32 29 3 1,268 1,370 -102 12 2 10
14 74 83,746 | 72,411 | 11,335 32 29 3 1,525 1,474 51 17 [ 13
15 73 84,279 | 74,091 | 10,188 32 30 2 1,505 1,370 135 18 0 18
16 71 83,208 | 71,881 | 11,327 32 30 2 1,462 1,003 459 12 1 11
17 71 83,569 | 73,228 | 10,341 32 29 3 1,411 1,894 -483 14 6 8
18 71 82,249 | 71,090 | 11,159 32 27 5 1,310 1,329 -19 7 9 -2
19 71 83,304 | 73,898 9,406 32 30 2 1,815 1,221 594 11 1 10
20 72 82,483 | 74,673 7,810 32 30 2 1,411 1,251 160 7 7 0
21 71 82,031 | 72,094 9,937 32 29 3 1,473 1,533 -60 7 4 3
22 71 82,016 | 70,332 | 11,684 32 28 4 1,361 1,390 -29 8 6 2
23 73 81,909 | 71,328 | 10,581 32 29 3 1,439 1,315 124 7 0 7
24 74 82,041 | 69,759 | 12,282 32 28 4 1,448 1,369 79 8 2 6
25 78 81,422 | 69,298 | 12,124 32 28 4 1,467 1,470 -3 7 1 6
26 80 81,571 | 69,481 | 12,090 32 28 4 1,505 1,524 -19 6 1 5
27 78 81,934 | 69,461 | 12,473 32 28 4 1,516 1,507 9 6 0 6
28 81 82,834 | 70,705 | 12,129 32 28 4 1,518 1,473 45 12 7 5
29 80 82,894 | 71,407 | 11,487 32 29 3 1,493 1,411 82 14 0 14
30 75 82,111 | 69,856 | 12,255 32 29 3 1,337 1,602 -265 12 5 7
La?{wiai'u 82,695 | 71,734 | 10,962 32 | 287 33 | 1,5103 | 1,4754 349 | 103 4.0 6.3

Jewarn1sanad 13.3 10.3 23 61.0

VUBMR * anas = oAU - MILP

A5 9NIIHART as199nUUUTIa0s MILP  Lade 3.3 in3ewiodu Juinnnueanaifeiuiunisld

ansaannsihnuaald widsiedddnisiiam vaidwas 09dnsged uvesundymivagaeu fe

o
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