- ATFANAGEA A 7 A A 1 & 1998, 2,
ﬁi Journal of the Korean Society of Machine Tool Engineers

oA AR5 7he/ - AZA LA S EE Ai Ao} 71

HFY, da @

Operation control method for multiple objectives on multiple stages
automated machining/assembly systems

Jung-Sang Choi*, Hai-Chun Park*
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'1 Abstract ;

This paper is concentraed on a study of operation control for mutiple objectives in a automated
manufacturing system with multiple machining cells or assembly cells. Largest Sum Processing-time
First(LSPF) was developed in order to minimize makespan. mean flowtime and maximize mean
utilization and compare with Ho and Chang's algorithm(HC) and Hunsucker and Shah's
algorithm(HS). The results show that LSPF provides better soutions than HC at 78.2% and than HS
at 67.8% of total problems to frequency. LSPF reduces 5.8% of makespan by HC and 22.1% of the
value by HS and curtails 15.8%. 7.5% of mean flowtime by recpective algorithms(HC, HS). And mean
utilization is also higher about 5.5%. 20.8% than HC and HS.

Keywords : Automated manufacturing system(ZFgH§4AHI28])  Multi-stage(CFeHAl), Multi-objective
(FH=2), Operation control(2dA]o})
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Machining center

Raobot @

Assembly center

Part feeder buffer

Loading/unloading station Loading/unloading station

Fig. 1 A flexible machining cell

Machining cell 1

Machining celt 2

Inspection system

Fig. 2 A manufacturing system with multi-stages
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Fig. 3 LSPF algorithm
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Table 1. Ratio and Rank by LSPF

‘o Processing Time
‘ el - Qi | Rk
Group 1 D) 3
1 18 80 0 98 3
2 0 8 60 140 2
3 64 0 8 144 1
4 0 0 58 38 4

Table 2. Final Iteration of LSPF algorithm

Celt 1 2 3
Group PT CcT PT CT PT CcT
4 0 0 0 0 a8 a8
3 64 64 0 64 80 144
2 0 64 80 144 60 204
1 18 82 80 224 0 224=
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Table 3. Comparative Analysis by LSPF

Reducion ratio Frequency Mean
C a MS . MF Utilization
Mean Max Mean Max HS HC )

Hs [ HC | HS | HC | WS | HC | WS [ HC | BD [Fo ] b | BD | Eo | oD | HS | HC

3 1 245 19 456 271 | 104 69 250 301 |50 40 460 160 00 840} 761 968
3 6 003 47 472 180 | 7O 74 %4 230 [ 460 40 500 20 00 980 ) 5 97T
3 8 |28 36 390 154 | 80 150 924 327 [ 300 00 700 00 00 1000773 973
3 0 1266 33 462 146 | 90 118 284 385|560 00 440 00 00 1000782 974
3 0 |92 52 349 167 | 71 209 167 399 | 520 00 480 00 00 1000 | 825 965
3 30 1162 971 340 98 | 54 212 165 30 | 320 00 680 300 520 180 )82 977
3 50 1147 08 246 62 | 70 26 198 429 1480 00 520 480 40 50O | 877 - 988
3 0 1126 11 215 80 | 75 295 210 410 [ 300 00 700 340 40 620 ] 891 989
5 1 100 | 96 09 187 71| 57 313 148 405 | 240 00 TR0 460 20 520 ) 913 1000
1 4 |oU2 30 458 169 | T8 46 222 201 | 520 80 400 40 00 960} 800 960
4 6 1596 47 421 249 1 &1 76 189 272 | 480 20 500 60 0D 90| 83 950
4 g |88 52 477 180 | 105 96 191 274 | 480 00 520 20 00 980|781 955
1 o 1950 68 493 211 | 73 114 195 296 | 300 00 700 00 00 100.0) 760 929
4 20 1334 53 36 170 | 79 I35 262 269 | 420 00 A0 00 00 1000 | 777 950
1 % 1995 38 37 149 | 89 179 200 336 | 240 00 760 320 540 40| 78 952
4 50 |66 27 27s 134 | 67 218 184 375 [ 360 00 640 4D 40 520 ) 89 9T
4 S 152 32 938 127 | 7o 243 235 370 | 260 00 740 50 0.0 460|865 977
10 foo | 133 20 223 99 | 77 26 155 418 | 180 00 820 480 00 520 | 81T 988
5 1 1237 06 473 62 1 70 27 22 182 500 20 480 220 00 T80 | 795 977
5 6 |270 50 430 232 | &2 75 213 267 | 500 20 480 120 00 8801 774 943
5 8 |25% 49 431 164 | 79 85 952 282 [ 420 00 A0 20 00 980|762 966
5 0 1218 78 381 216 | T3 102 207 243 | 240 00 760 20 00 980 753 923
5 o0 | 369 &0 398 216 1 81 120 305 390 | 200 00 800 0.0 00 100.0 ) 730 923
5 % 1951 63 349 183 | 59 138 233 24 [ 280 00 720 320 520 160|765 938
5 50196 52 333 174 | 76 172 239 278 | 280 00 720 640 100 260 ) 811 94l
5 "0 | 197 41 329 104 | 86 192 195 318 |20 00 20 560 00 40| &0 85
5| 100 | 163 34 228 &7 | 86 224 188 32 | 180 00 820 500 00 5007844 966
7 & |43 Y1 a4 99 | 45 14 1m0 237 | 620 120 260 240 0.0 760 | &5 1000
7 6 221 54 371 179 | 67 11 198 31480 00 20 100 00 9.0 | 780 951
7 8§ |242 60 459 202 | 70 17 204 6 a0 00 A0 20 00 980 | 78T 97
7 0 1288 66 513 170 | 83 73 267 3| o 00 560 20 U0 90| 70 942
7 20 1267 85 389 179 | 75 88 MR 9160 00 840 00 00 1000|735 911
7 30 | 974 81 383 193 | 114 219 23] 31 80 00 90 20 00 980|733 920
7 50 1240 7T 338 168 | 111 205 255 233 1120 00 #8000 00 100.0 765 925
7 S0 | 9205 B9 326 140 | 139 205 254 22 | RO 00 920 00 00 1000 ) 776 941
7 00 1192 55 274 125 | 161 192 281 IRT | 80 00 920 00 00 1000} 816 942
10 4 1125 01 345 99 | 13 88 141 131|620 160 220 300 520 180 840 1000
10 6 1929 48 135 8T | 47 924 166 IR3 | 460 20 520 480 40 500 8L2 968
10 2 |or1 €2 20 142 | 60 129 200 203|420 00 50 340 40 620 789 947
w0 | 10 1% 75 353 193 | 57 214 199 231 [ 460 00 540 460 20 520 ) 76T 930
w0l o2 |29 107 w2 196 | 71 223 164 267 . 80 00 920 40 00 9607724 596
w | 30 1280 101 397 190 | 66 180 153 277 | 1.0 00 900 60 00 940 ) 716 89D
0 | % %8 97 354 164 | 79 169 173 267 | 60 00 940 20 00 980 ) 7133 906
w | %0 1589 105 314 18R | 100 261 185 249 | 00 00 1000 0.0 00 10004 750 4900
w0 | 00 1250 86 208 148 [ 109 200 21 2391 40 00 960 0.0 00 1000] 761 904
15 4 1715 05 359 4R | 13 129 249 99 | 600 100 300 320 540 140} 88 1000
15 6 |84 37 513 111 | 40 137 239 154 | 520 00 480 440 40 520 ) 869 1000
15 8 1011 B2 297 145 | 45 180 158 194 | 480 00 520 540 00 460 ) 821 964
5ol 10 1210 58 325 147 | 45 134 206 203 | 520 00 480 480 00 520 | TB1 937
Gl oo 1262 95 38 152 | 43 162 119 236 | 100 00 900 220 00 T80 ) 739 913
51 30 |24 106 359 186 | 62 178 128 262 | 80 00 940 120 00 880 45 890
30 50 1285 118 36 175 | T8 152 156 265 | 00 00 1000 20 00 980 738 892
ol %0 1953 15 318 160 | 710 155 125 253 | 00 00 1000 20 00 980 ) 746 H8T
Bl fo 135 108 %08 160 | Ts 209 85 254 | 00 00 1000 0.0 00 1000 750 94
20 & 1135 03 30 73| 07 174 118 100 | 660 80 260 320 520 160 &7 1000
20 6 | 148 22 204 a8 | 21 121 89 127 {680 20 300 640 100 260|888 1000
20 & 1192 38 316 91 | 39 142 127 164 | 620 00 380 560 00 M0 826 956
20 0 lo1s E7 1 100 | 28 162 86 187 | 300 00 500 500 00 500\ 80T 961
5 | 20 |28 99 334 185 | 55 154 158 230 | 160 00 840 240 00 76O [ 769 897
5 | 30 |34 101 322 182 53 161 131 246 | 40 00 960 100 00 900 ) 744 893
5 | 50 358 117 338 162 ] 55 160 113 27 | 40 00 90 20 00 980 ]I 879
5 | 20 1254 109 300 54| 61 157 128 354 | 00 00 1000 20 00 9801 750 875
5 | 100 (386 116 317 153 | 63 156 (43 956 | 00 00 1000 0.0 0.0 1000 ] 746 887
Mean 21 58 355 161 | 75 158 196 240 | 311 11 678 154 64 782 792 ] 945

# BD : Bad. EQ : Equal. GD: Giood
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LSPF algorithmel <8l % &7} HS algorithm®.
2 7% #lo Hjg] FAAFSEANY FF dEule 7}
A¥AA 9.6 - 28.8%, HA HT 22.2%9 wau|
vehllon, H#adsErte 47 0.7-16.1%. A
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3) gz #H
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vl st AS ABAoe ] Yo BAF
71 X -Test® 58 A¥E BAS Saatao)

Pie Z¥FERL(Joint Probability Distribution)
ata, P,-:ZPUOlﬂ, P,= ZP,-,% FREELY
(Marginal Probability Distribution)g} & uj 7}de
e 2

Ho : Py = PPy
Hy : Py # PPy

Table 4. Output Case

Meanflow
Good or
Bad
Equal !
Good or Equal Pn P
Makespan
Bad Py P

Table 5. x2-Static Range by LSPF

X B A x*(1) a=0.005
Hs 40.7 - 150.0
79
HC 16.1 - 150.0

WA LSPF algorithm# HS algorithmo] what x2
EAFl 425 - 15022 Uebton, HC algorithmel
BE x° EA%L 16,1 - 15008 Uehdth goaz
0.005914 ¥* EAZe 7.880)mg AR|NE 7|24
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