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62920344: MAJOR: INDUSTRIAL ENGINEERING; M.Eng. (INDUSTRIAL
ENGINEERING)

KEYWORDS: PARALLEL MACHINE SCHEDULING/ MATHEMATICAL
PROGRAMMING MODEL/ LABOR AND MACHINE RUNNING COST
REDUCTION

NIKORN TAMAUNGMA : AUTOMOTIVE PART SCHEDULING OF PLASTIC

INJECTION MACHINE. ADVISORY COMMITTEE: JAKKRAWARN KUNADILOK, 2024.

This research proposes a method for automotive parts production scheduling in
plastic injection molding machines that aims to reduce labor costs and electical energy costs. The
case study is the production scheduling of 75 models on 30 parallel machines. The daily
production schedule was created based on the planner's experience, causing the workload of each
machine to be inappropriate, which results have overtime costs. This research therefore proposes
a mathematical scheduling model for solving this production scheduling problem. The model
decides on each machine from five variations: 8, 10, 16, 18, and 20 hours, and sequences the jobs
on each machine according to this maximum run time condition. Ten scheduling problems from
the past production data are used to test the effectiveness of the proposed method in two types:
Model 1 is to set the number of machines to be fixed at 30 machines, and Model 2 is to find the
appropriate number of machines as well. The research results reveal that the proposed Model 1
was able to find an optimal solution for 6 problems with an average processing time of 212.5
seconds. For problems with unfounded optimal solution, the percentage of gap between the best
feasible solution and the lower bound is 0.006% on average. For the proposed Model 2, an
optimal solution was found for 3 problems with an average processing time of 631 seconds. The
percentage of gap between the best feasible solution and the lower bound is 0.104% for problems
with unfounded optimal solution. The cost comparison results found that production schedules
with the proposed Model 1 and 2 have production costs reduced from the previous method by

14,926 baht and 18,949 baht, or a reduction of 4.6% and 5.8%
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1 55 1 MO1 - M04
2 80 1 MO1 - M05
3 100 1 MO1 - M06
4 110 2 MO1 - M17
5 140 1 MO1 - M18
6 150 2 MO1 - M21
7 280 1 M18 - M22
8 350 6 M22 - M30
9 450 1 M23 - M32
10 650 6 M23 - M56
11 850 6 M31 - M67
12 1300 1 M68 - M71
13 1600 1 M68 - M75

MINN 2 namsHaauazalasuumnan

a A \J IS Qw
naWaNAdIU (HINNDVH)

Ay I
1 MO1 - M04 0.125
2 MO5 0.188
3 MO06 - M17 0.333
4 M18 - M21 0.417
5 M22 0.500
6 M23 - M32 0.875
7 M33 - M67 2.000
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9 M72 - M75 6.000
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suuyy e lurianm HINEN e
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1 PC Time 1311 8 %1, 340 Naiulng 1 ng
2 PC Time (DU 8 %, U 1IAY 10 %Y. 467.5  1Ia1aulnd 1 Az + OT 291,
3 PC Time (01 10 W3, 4 1AW 16 3. 680 Naiulng 2 ny

4 PC Time (01 16 %3, 4@ 1AW 18 4. 807.5 1@ uilnd 2 Az + OT 291,

5 PC Time (D1 18 W3, @ 1IN 20 ¥, 935 Na19UUNA 2 NE + OT 49,

*PC = Processing Time *OT = Over Time
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i H Y
A5 6 u,wumﬁwammzﬁ’unuﬁm@ﬁumﬂmmmmumﬂwﬁﬂmmmmu

e .
' na P nm B ) Aunuen
U ms L dwouw p R qunu Aunu
PR whew | wdn  wden  wae : WA
30N N wam fiwaa AN 39
'y Vil L feIM I 3w Tl
WA AegH L Gni) . ' A (L) (W)
R (Y1) and)  onfl) @) (wm)
(i)
MO1 0.125 15 1200 165
MO02 0.125 15 1200 165
55A 660.0 11.0 680.0 2469 926.9
MO03  0.125 15 1200 165
MO04 0.125 15 1200 165
80A MO5 0.188 15 1800 353 352.5 5.9 340.0 138.4 478.4
MO07 0.333 15 180 75
MO8 0.333 15 180 75
M09 0.333 15 180 75
110A 4100 6.8 340.0 170.1 510.1
M10 0.333 15 180 75
M11 0.333 15 120 55
M12 0.333 15 120 55
M13 0.333 15 480 175
M14 0.333 15 480 175
110B M15 0.333 15 480 175 875.0 14.6 680.0  363.0 1043.0
M16 0.333 15 480 175
M17 0.333 15 480 175
140A M18 0.417 15 1100 473 4733 7.9 340.0 206.9 546.9
M19 0417 15 600 265
150A 530.0 8.8 467.5 235.6 703.1
M20 0.417 15 600 265
150B M21 0417 15 1000 432 431.7 7.2 340.0 191.9 5319

Total 37325 62.2 3187.5 1552.6 4740.1
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na Aunu
na pal Al na ) , y
B 1% L dwaw B , dunu M Aunu
qun _ wdew [ _ win Wl waa , .
Machine —_  Wam nwan AT WM 5
wam 3 L feIM I 3
AogH L Gni) . iy ¥ wm  Wih @m)
i) and) ) @
i) (W)
MO1 0.125 113 1200 165
M04 0.125 15 1200 165
M07 0.333 15 180 7/
M09 0.333 15 180 75
110A 960.0 16.0 680.0 398.2 1078.2
M10 0.333 15 180 75
M11 0.333 15 120 55
M13 0.333 15 480 175
M16 0.333 15 480 175
MO5 0.188 15 1800 353
M08 0.333 15 180 75
110B M14 0.333 15 480 175 952.5 15.9 680.0 395.1 1075.1
M15 0.333 15 480 175
M17 0.333 15 480 175
140A M18 0417 15 1100 473 473.3 7.9 340.0 206.9 546.9
M02 0.125 15 1200 165
M12 0.333 15 120 55
150A 916.7 153 680.0 407.4 1087.4
M19 0417 15 600 265
M21 0417 15 1000 432
MO03  0.125 15 1200 165
150B 430.0 7.2 340.0 191.1 531.1
M20 0.417 15 600 265
Total 37325 62.2 2720.0 1598.7 4318.7
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Minimize Z = Z Z Cj (sj + pi)xij + Z Z WYt (4-1)
iEN; jEK jEK t=1
Y o w
UY91NA
Z xl-j 1,Vl EN (4-2)
JEK;
Z yie<LVjeK @-3)
=

Z (Sj ap pi)xij < 480y;; + 600y;, + 960y;5 + 1080y;, + 1200y;5,Vj € K  (4-4)
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5
Z Z Yie=m (4-5)
JEK t=1
x;; €{0,1},VieN;,j €K (4-6)
vt €{0,1},Vj € K,t =1,2,3,4,5 (@-7)
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1 S5TA M02 M04 30 300.0 330.0 5.5 123 340 463
2 80TA MO05 15 337.5 352.5 5.9 138 340 478
3 100TA MO1 M03 30 300.0 330.0 5.5 134 340 474
4 110TA MO8 M11 M14 M15 60 420.0 480.0 8.0 199 340 539
5 110TB M07 M12 M16 M17 60 420.0 480.0 8.0 199 340 539
6 140TA MI18 15 460.0 475.0 7.9 208 340 548
7 150TA M09 M10 M19 45 370.0 415.0 6.9 184 340 524
8 150TB MI13 M20 M21 45 827.5 872.5 14.5 388 680 1068
9 280TA M22 15 402.0 417.0 7.0 225 340 565
10 350TB M25 15 455.0 470.0 7.8 279 340 619
11 350TC M29 15 315.0 330.0 5.5 196 340 536
12 350TD M23 15 448.0 463.0 7.7 274 340 614
13 350TE M24 15 448.0 463.0 7.7 274 340 614
14 350TF M26 15 455.0 470.0 7.8 279 340 619
15 350TG M27 M28 M30 45 1015.0 1060.0 17.7 628 808 1436
16 450TA M31 M32 30 413.0 443.0 7.4 295 340 635
17 650TA M43 M47 M48 M52 M56 75 880.0 955.0 15.9 778 680 1458
18 650TB M34 M37 M53 M54 60 880.0 940.0 15.7 766 680 1446
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19 650TC M35 M51 30 440.0 470.0 7.8 383 340 723
20 650TD M41 M42 30 920.0 950.0 15.8 774 680 1454
21 650TE M39 M40 M50 M55 60 880.0 940.0 15.7 766 680 1446
22 650TF M36 M38 M46 M49 60 892.0 952.0 15.9 776 680 1456
23 850TA M45 M58 30 920.0 950.0 15.8 915 680 1595
24 850TB M62 M64 M65 45 880.0 925.0 15.4 891 680 1571
25 850TC Mé63 M66 30 400.0 430.0 7.2 414 340 754
26 850TD M60 M61 30 560.0 590.0 9.8 568 468 1036
27 850TE M44 30 400.0 430.0 7.2 414 340 754
28 850TF M59 M67 30 560.0 590.0 9.8 568 468 1036
29 1300TA M68 M69 M70 M71 120 800.0 920.0 15.3 1193 680 1873
30 1600TA M72 M73 M74 M75 120 1080.0 1200.0 20.0 1822 935 2757
TOTAL 1215 17878.0 19093.0 318.2 15052 14578 29630
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.. | mIesdns 4 wan i .
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1 ) L)
()

1 55TA 0 0.0 0.0 0.0 0 0 0

2) 80TA 0 0.0 0.0 0.0 0 0 0

3 100TA 0 0.0 0.0 0.0 0 0 0

MO01 M04 M07 M09 M10 M11 M15
4 110TA 120 840.0 960.0 16.0 398 680 1078
M17

5 110TB MO05 M08 M13 M14 M16 75 877.5 952.5 15.9 395 680 1075
6 140TA M18 15 460.0 475.0 7.9 208 340 548
7 150TA M02 M12 M20 M21 60 857.5 917.5 15.3 408 680 1088
8 150TB MO03 M19 30 400.0 430.0 7.2 191 340 531

9 280TA 0 0.0 0.0 0.0 0 0 0

10 350TB 0 0.0 0.0 0.0 0 0 0
11 350TC M24 15 448.0 463.0 7.7 274 340 614
12 350TD M25 15 455.0 470.0 7.8 279 340 619
13 350TE M22 M29 M30 45 1032.0 1077.0 18.0 638 808 1446

14 350TF 0 0.0 0.0 0.0 0 0 0
15 350TG M23 M26 30 903.0 933.0 15.6 553 680 1233
16 450TA M27 M28 M31 45 910.0 955.0 15.9 637 680 1317
17 650TA M34 M36 M46 M50 60 892.0 952.0 15.9 776 680 1456
18 650TB M38 M43 M44 M49 M54 75 880.0 955.0 15.9 778 680 1458
19 650TC M37 M47 M48 M55 60 880.0 940.0 15.7 766 680 1446
20 650TD M32 M33 M40 M52 60 883.0 943.0 15.7 768 680 1448
21 650TE M41 M45 30 920.0 950.0 15.8 774 680 1454
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22 650TF M35 M39 M53 M57 60 880.0 940.0 15.7 766 680 1446
23 850TA M42 M58 30 920.0 950.0 15.8 915 680 1595
24 850TB M64 M66 M66 45 880.0 925.0 15.4 891 680 1571
25 850TC M61 M62 M63 M67 60 800.0 860.0 14.3 828 680 1508
26 850TD 0 0.0 0.0 0.0 0 0 0
27 850TE M51 M59 M60 45 880.0 925.0 15.4 891 680 1571
28 850TF 0 0.0 0.0 0.0 0 0 0
29 1300TA M68 M69 M70 M71 120 800.0 920.0 15.3 1193 680 1873
30 1600TA M72 M73 M74 M75 120 1080.0 1200.0 20.0 1822 935 2757
TOTAL 1215 17878.0 | 19093.0 318.2 15148 | 13983 | 29130
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Thread count was 4 (of 4 available processors)
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INTDNINT 30 LTI

. i . tym | dam | Tam | dam | Jam | dam | Jam | dom | dam | dam
ady | nsesdns (j) | P P p e p 4 4 4 4

i 2 K N4 s fie M7 s K 10
1 55TA 5.5 7.4 7.2 i 7.6 7.2 7.6 7.2 7.6 7.8
2 80TA 5.9 6.8 7.1 7.1 6.8 6.8 6.8 6.2 6.2 6.5
3 100TA 55 9.2 8.1 8.1 8.1 8.1 9.2 9.2 9.2 7.5
4 110TA 8.0 8.0 8.0 7.8 8.0 8.0 8.0 7.9 8.0 8.0
3] 110TB 8.0 8.0 8.0 7.9 8.0 8.0 8.0 8.0 8.0 8.0
6 140TA 7.9 7.7 7.2 7.9 7.9 7.9 7.9 7.8 7% 7.4
7 150TA 6.9 6.7 6.2 7.2 7.8 7.8 6.9 7.1 15.6 7.2
8 150TB 14.5 7.3 7.5 7.9 7.6 7.9 7.9 6.6 7.6 7.5
9 280TA 7.0 7.2 15.8 15.1 17.2 7.2 7.5 7.9 7.8 7.2
10 350TB 7.8 7.8 7.7 7.5 132 17.1 16.0 15.6 7.7 7.7
11 350TC 5.5 7.7 5.5 5.4 16.3 7.8 9.9 8.1 15.8 7.7
12 350TD 7.7 15.0 7.7 7.7 4.9 13.2 7.8 14.2 14.5 13.8
13 350TE 7.7 7.5 17.0 13.8 7.5 S 7.7 5.2 7.5 7.8
14 350TF 7.8 7.8 5.2 7.7 7.5 4.9 15.7 15.7 4.6 14.2
15 350TG 17.7 17.7 157 | 161 7.7 15.1 ir 7.0 8.1 16.0
16 450TA 7.4 S 7.5 7.5 7.5 7.5 Tied) 78 7.5 7.5
17 650TA 15.9 19.8 15.9 7.8 15.9 16.9 15.8 16.0 16.0 16.9
18 650TB 15.7 16.0 16.0 15.9 16.9 16.0 16.9 16.9 7.8 16.0
19 650TC 7.8 15.9 7.8 16.0 16.0 16.0 16.0 16.0 15.8 8.0
20 650TD 15.8 16.0 16.0 16.9 15.9 15.9 7.8 8.0 10.0 16.0
21 650TE 15.7 7.8 15.9 16.0 8.0 8.0 16.0 15.9 16.0 15.9
22 650TF 15.9 15.9 16.9 15.9 16.0 16.0 7.8 16.0 16.0 16.0
23 850TA 15.8 169 | 158 16.9 15.5 15.5 15.8 15.8 16.9 16.9
24 850TB 15.4 16.9 16.9 15.8 16.9 16.9 15.8 16.9 15.5 15.5
25 850TC 7.2 9.8 7.3 15.3 9.5 9.8 16.0 160 | 160 7.6
26 850TD 9.8 16.0 7.8 7.9 16.0 6.9 7.8 9.8 7.8 16.0
27 850TE 7.2 7.8 16.0 9.8 7.6 7.8 16.0 7.2 16.0 7.8
28 850TF 9.8 7.8 7.8 7.8 72 16.0 7.6 7.8 6.6 6.9
29 1300TA 15.3 13.7 15.7 13.7 13.7 14.5 13.7 13.7 13.7 16.0
30 1600TA 20.0 18.0 20.0 20.0 18.0 20.0 18.0 18.0 18.0 18.0

TOTAL 3182 | 337.8 | 3372 | 3377 | 336.8 | 3382 | 3332 | 3351 | 3350 | 3352
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. 4 . tam | Jaw | dam | Jym | dam | dym | dam | Jam | Tam | Tam
dy | n3edns (j) | P B p I 4 4 4 4 4

1 M2 M3 N4 fis fie M7 s fio 10
1 S5TA 0.0 9.6 9.4 0.0 7.6 7.2 7.6 0.0 7.6 7.8
2 80TA 0.0 0.0 0.0 9.7 0.0 6.8 0.0 0.0 0.0 0.0
3 100TA 0.0 16.0 0.0 0.0 0.0 0.0 16.0 16.0 15.4 9.8
4 110TA 16.0 18.0 16.0 16.0 16.0 8.0 15.7 10.0 0.0 8.0
5 110TB 15.9 0.0 16.0 16.0 16.0 16.0 7.2 18.0 16.0 16.0
6 140TA 7.9 0.0 0.0 7.9 7.9 7.9 7.9 0.0 7% 9.6
7 150TA 15.3 15.9 17.9 18.0 7.7 79 0.0 15.9 7.6 0.0
8 150TB 7.2 0.0 0.0 0.0 15.3 14.9 15.4 7.9 15.6 15.9
9 280TA 0.0 15.8 15.8 0.0 0.0 0.0 0.0 0.0 7.8 7.8
10 350TB 0.0 7.7 19.7 0.0 15.6 16.0 17.6 16.0 0.0 0.0
11 350TC 7.7 0.0 7.5 17.7 1517 0.0 16.0 15.8 0.0 15.8
12 350TD 7.8 15.6 15.7 15.7 0.0 15.7 15.6 18.0 15.8 17.7
13 350TE 18.0 7.8 15.8 0.0 16.7 0.0 15.7 0.0 15.8 7.8
14 350TF 0.0 7.8 0.0 15.8 17.8 0.0 0.0 16.0 0.0 18.0
15 350TG 15.6 117/, 0.0 17.6 0.0 16.0 0.0 0.0 14.5 0.0
16 450TA 15.9 7.5 7.5 7.5 7.5 15.6 7.5 7.5 15.9 7.5
17 650TA 15.9 16.0 16.0 19.8 15.9 15.9 16.0 15.9 16.0 15.8
18 650TB 15.9 15.3 16.0 15.7 16.9 15.8 16.9 7.8 17.8 16.0
19 650TC 15.7 15.9 7.8 16.0 16.0 19.8 7.8 16.0 16.0 7.8
20 650TD 5% 16.0 15.9 15.9 15.9 16.0 16.0 19.8 16.0 16.0
21 650TE 15.8 15.9 16.0 15.9 0.0 16.0 15.8 16.0 7.8 16.0
22 650TF 15.7 16.9 16.9 7.8 16.0 15.9 15.9 15.9 16.0 16.9
23 850TA 15.8 19.5 15.5 16.9 15.8 15.8 15.8 15.2 19.8 16.9
24 850TB 154 | 195 169 | 152 16.9 16.9 15.8 169 | 158 15.5
25 850TC 14.3 15.8 15.8 160 | 160 | 158 16.0 15.8 15.2 7.6
26 850TD 0.0 0.0 0.0 7.9 0.0 0.0 7.6 0.0 16.0 15.3
27 850TE 154 | 160 7.8 150 | 159 16.0 15.7 16.0 0.0 0.0
28 850TF 0.0 0.0 16.0 0.0 16.0 7.8 0.0 7.2 7.8 16.0
29 1300TA 15.3 13.7 15.3 13.7 13.7 14.5 13.7 13.7 13.7 15.7
30 1600TA 200 | 180 | 200 | 200 | 180 | 200 18.0 180 | 180 18.0
TOTAL 3182 | 337.8 | 3372 | 3377 | 3368 | 3382 | 3332 | 3351 | 3350 | 3352
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