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Integrated Layout Design in Cellular Flexible Assembly Systems

Hyung-Ho Choi* © In-Kyu Ro**

Abstract

The major two steps required to design a cellular layout are cell formation and cell layout. Because of
the differences between manufacturing and assembly operations, the logic of cell formation and cell layout
between an FMS and an FAS is not the same. Since the time for the assembly operations is usually
relatively short, the transfer time is thus very crucial for the performance of assembly systems. Therefore
in a cellular FAS it is more important to eliminate backtracking operations in assembly planning, not to
allow intercellular movements in cell formation, and te arrange machines according to assembly sequence in
cell layout. This study presents a method for the integrated layout design in cellular FASs considering the

characteristics of FAS, layout, and production factors.
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(a) single row flowline
() network flowline
(c) double rows network flowline

[Fig.1] Three flowline types[26]
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[Fig. 2] Single row flowline and various layouts of double rows flowline
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[Table 1] Operation sequence table

part number operation sequence number of operations part quantity
' 1 2 3 4 N, Q
1 1 2 3 3 100
2 2 3 2 100
3 1 3 2 50
4 1 2 3 4 4 200
5 2 1 5 3 300
6 4 5 2 150
7 5 4 2 100
8 5 4 4 150
[Table 2] Machine capacity requirement table
part number machine(k)
1 2 3 4 5
1 0.3 04 13
2 02 0.3
3 02 04
4 01 0.2 03 1.0
5 21 0.3 0.1
6 0.8 0.3
7 0.1 0.3
8 0.2 1.3
machine costs(MCk) 40 10 30 12 10
vk] & = 092, CMCs= 140, CMCs =22, CMC; = 22,
machine CMGCs = 32
cell 1 2 3 4 5 7} A9 o]Fv & TRAE A4tgt
1 1 1 2 2 2 TRA, = 200, TRA, = 100, TRA; = 50,
2 2 1 1 2 2 TRAy = 600, TRAs = 600, TRA¢ = 150,
3 1 2 1 2 2 TRA; = 100, TRAs = 150
4 1 1 2 2 3 Je¥ 7 49 ZFulg TC, v 2o
5 1 1 2 2 2 TC, = 310, TC; = 140, TC; = 120, TCs=
6 2 2 2 1 1 692, TCs = 740, TCs = 172, TC; = 122, TCs
7 2 2 2 1 1 = 182
8 2 2 2 1 1
oA 2

7 A9 7| AN ECMC,E Ao
CMCi = 110, CMC; =40, CMC; = 70, CMCy vElw=v+l
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- o 40 0 0 0 -250 -150 -300 -450
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He =1 6§0 00 00 0 2 10
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[Table 3 1 Ranges of unit machine cost (§)

A B c D E F G H I J K
5~ 25~ S50~ | 75~ 100~] 125~[ 150~] 175~] 200~| 225~| 250~
40 200 400 600|800 1000 11200  [1400 1600  J1800  }2000

F HUES 9% A3} [Table 413 [Table B a7 sigel $aitiL B
510149 9 %é yel A9AY A7 ¥ge) AT meb B AT PEe deiztA AAlols
S BE AE ANGL 208 F 1065 9 SUSUES TAGOEA A ol FAI Tl

FYAT (77%)7F B 279 o] 43 Ao =2
2 BREY. 59 HEDARAA MY 2ol
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I&9 ZYPATE 7HA= 4F FASY
oz o Agan

[Table 4 ] Comparison of the total costs for the first data (8 products and 8 machines)

machine A B C D E F G H I J K

cost —

Cter | 2675 4075 6000 7475 8950 10425 | 13390 | 14605 | 15820 | 17035 | 18250
2 4133 4315 5230 5995 7360 7825 8890 9655 10720 | 11485 | 12550
4 6033 6065 6880 7795 8710 9625 10540 | 11455 | 12370 | 13285 | 14200
6 7033 6465 6930 7845 8760 9675 10590 | 11505 | 12420 | 13335 | 14250
8 7183 7915 8830 9745 10660 | 11575 7 12490 | 13405 | 14320 | 15235 | 16150
10 9083 9815 10730 {11645 | 12560 | 13475 | 14390 | 15306 ' 16220 -} 17135:| 18050
12 10983 | 11715 | 12630 |~ 13545: [ 14460 | 15375 | 16290 ] 17205 | -18120 | 19035 19950
14 12883 | 13615 | 14530 -} 15445 | 16360 | 17275 | 18190 18105 | 1200201 20935 | 21850
16 4783 | 15515 1 16430 | 17345::{:18260 | 19175 _1A2C090 21005 121920 - | 22835 | 23750
18 6683 117415 | 18330 | 19245 | 20160 | 21075 [ 21990 | 22905 | 23820} 24735 | 25650
20 18583 | ‘19315 | 20230 21145 | 22060 | 22975 | 23890 | 24805 | 25720 | 26635 | 27550

[Table 5 ] Comparison of the total costs for the second data (11 products and 22 machines)

machine A B C D E F G H I J K

cost —

Cter | 10312 | 15060 | 20975 | 26280 | 30495 | 33825 | 37445 | 44460 | 47815 | 51170 | 54525
2 15162 | 15410 | 16220 | 17030 | 17840 | 18650 | 19460 [ 20270 | 21080 | 21890 | 22700
4 285621 28410 1 29220. | 30030 | 30840 | 31650 | 32460 | 33270 | 34080 | 34890 | 35700
6 41562 | 42210 1 43020 | 43830. | 44640 | 45450 | 46260 | 47070 | 478801 48690 | 49500
8 55362 | 56010 1| 56820 '} 57630 | 58440 | 59250 | 60060 & 60870 | 61680 | 62490 | 63300
10 69162 | 69810 | 70620 | 71430 | 72240 |- 73050 | 73860} 74670 | 75480 | 76290 | 77100
12 82962 ‘| 83610 | 84420 |:85230 | 86040 | 86850 | 87660 | 88470 | 89280 | 90090 | 90900
14 31226 | 31874 | 32684 | 33494 | 34304 | 351147 | 35924 | 36734 | 37544 | 38354 | 30164
16 45626 | 45674 | 46484 147294 | 48104 | 48914 | 49724 | 50534 | 51344 | 52154 52964
18 58826 | 50474 | 60284 | 61094 | 61904 | 62714 | 63524 | 64334 | 65144 | 65954 | 66764
20 72626 73274 |- 74084 1 74894 | 75704 | 76514 | 77324 | 78134 | 78944 | 79754 | 80564

* [Table 4]} [Table 5] A
Cter: A7bo]Eu| &

e A X E 479 AEFA Aol Yo E Verma and Dingslg el A3
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