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Abstract

It is essential o construct an efficient material flow system for the successful
intfroduction of outomated manufacturing systems. Automated Guided Vehicle
System({AGVS) plays a significant role more and more in modern manufactur-
ing environments, because of the flexibility ond the precision they offer.
However, as the size and the complexity of systems increase, the problems
of dispatching, routing and scheduling of AGVs bhecome complicated due to
their independent and asynchronous demands. In this paper, we review
relevont papers, and provide ¢ new and more efficient method for portitioning
the AGV system by introducing the concept of Central Path.

This method named Central Path design has advanioges, since each
partitioned workstation group is served by one AGY ond the material handling
between groups is performed by speciol AGY that is used for the Central
Path. Therefore the congestion problems never occur. Futhermore Central Path
Design has a high flexibility for alteration and exension of system.

Finally, we demonstrate its efficiency using simulation.
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'I:]::e Production Route AE::L;‘SE
1 1 - 3 - 6 - 2 - 5 - 4 - A 15
2 Tt - 6 - 8 - T - 9 15
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4 18 - 15 - 11 - 12 - 16 13 - 17 - 9 15
5 18 - 15 - 19 - 12 - 11 - 10 - 14 - 18 15
6 18 - 14 - 10 - 4 - 5 1 15
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oA odB ZEC =<1 DRIE
4 = Tandem Tandem C.P. Design C.P. Design C.P. Design
Conf., Conf. (8T (MEVTT) (MEVTT)
{(FEFS} (8TT) Conveyor Gonveyor 1 AGV A2
Type 1 165.68 153.81 151.70 152.01 147 47
2 87.24 82.14 88.42 £8.98 B3.61
3 162.82 153.47 142.28 142.61 145.80
T.I.S. 4 17447 163.87 157.86 156.78 149.28
5 1980.62 181.08 168.54 168.52 168.96
6 111.34 101.16 109.04 108.95 107.85
Total 148.58 139.18 136.26 136.26 133.77
AP, AGY 297 (.62 0.50 0.4% 0.71
Machine 454 447 451 455 459
Throughput 8998 8997 8997 8998 8995
AGV Util, 1.00 0.40 0.31 0.30 0.35
B 4. 52 oM 228 Hs
TRA o%8 s ZED oZE ogF
M = Tandem Tandem C.P. Design |{ C.P. Design | C.P. Design | C.P. Design
< Con. Con. {sTT) (MEVTT) (MEVTT} (MEVTT)
(FEFS) (8TT Conveyor Conveyor 1 AGYV AR | 2 AGV AE
TS | Type 1 156.20 122.17 113.51 113.65 157.20 103.05
2 66.901 61.47 66.00 66.39 96.41 54.64
3| 117.05 104.16 97.56 9744 110.50 100.11
4 136.80 124.54 123.68 120.80 184.35 107.92
WP, 5 15043 141.30 126.05 125.48 237.03 121.60
6 115.68 83.22 81.46 81.83 181.42 75,53
Total 123.62 105.87 101.97 100.73 160.90 93.58
AGV 10.97 3.89 306 297 513 455
Machine 5.99 5.96 6.1 6.05 10.09 594
Throughput 17927 17922 17924 17921 17921 17922
AGV Util. 1.00 0.74 0.58 0.56 0.61 0.63
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25 253 oM 20d 95

DEA =0 2RIC 2D gE QgF
M = Tandemn Tandem C.P. Design | C.P. Design i C.P. Design | C.P. Design
= Con. Conf. (STT) (MEVTT) (MEVTT) (MEVTT)
(FEFS) (8TT) Conveyor Conveyor 1AGV A2 | 2 AGV AR
Type 1 129.08 97.71 9784 | 91.45
2 63.88 64.02 64.63 7312
3 105.22 116.23 113.15
T.I.S. 4 125.30 187.45 150.76
5 14111 118.74 119.54
6 17.87 77.74 76.95
Total 113.74 110.55 103.89
W.LP. AGV 13.88 12.36 10.28
Machine 6.13 7.20 6.45
Throughput 24037 24042 24031
B AGY LHil, 0.89 0.68 0.68
B 6 £E 4 oM 208 s
A DB 2EC D =EF
R Tandem Tandem G.P. Design C.P. Design C.P. Design
= Conf. Conf. (sTT) {MEVTT) (MEVTT)
{FEFS) (8TT) Conveyor Conveyor 2 AGV AR
Type 1 161.97 130.79 127.97 128.08 103.05
2 76.90 70.76 79.89 80.36 54.64
3 129.76 116.25 103.65 102.86 100.11
T.I.S. 4 159.94 146.97 141.74 138.90 107.92
5 168.83 158.62 135.83 136.29 121.60
6 117.52 88.00 95.22 94,84 75.53
Total 135.54 118.25 113.86 113.37 93.58
AGY 10.58 3.86 3.07 2.95 4.55
WA Machine 6.07 5.82 6.15 6.10 5.94
Throughput 17927 17925 17921 17923 17922
AGV L, 1.00 0.74 0.56 0.56 063
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7. 725 0M2 2T d=

29 GA g A7

DHA 2B =1~le 2ED 2HE
M4 = Tandem Tandem C.P. Design C.P. Design C.P. Design
Con, Conf. (8TT) {MEVTT) {(MEVTT}
(FEFS) (STT) Conveyor Conveyor 2 AGV AR
Type 1 165.60 131.98 12913 128.62 103.05
2 77.28 71.36 80.86 81.33 54.64
3 130.87 11812 103.64 103.66 100.11
T.LS. 4 162.30 149.95 142.43 139.80 107.92
5 169.78 160.03 136.81 137.56 121.60
6 119.61 89.10 96.14 96.14 75.53
Total 137.30 119.77 114.65 114.33 93.58
WLP. AGV 10.78 388 3.05 293 4.55
Machine 6.06 5.88 6.09 6.10 594
Throughput 17926 17923 17924 17922 17922
AGV Util. 1.00 0.74 0.56 0.56 0.63
2 8. 75 6 oMo 2EQ ¥s
DA DB =10y ==y =[5
- Tandem Tandem C.P. Design C.P. Design C.P. Design
Conf. Conf. {8TT) (MEVTT) (MEVTT)
(FEFS) (5TT) Conveyor Conveyor 2 AGV AR
Type 1 166.13 133.79 131.38 130.68 103.05
2 77.96 7242 83.44 83.34 54.64
3 133.39 120.85 105.61 106.12 100.11
~I18. 4 166.24 165.02 145.55 142.87 107.92
5 171.49 162.29 138.56 138.02 121.60
B 120.46 50.68 97.83 97.73 75.53
Total 138.99 122.18 116.88 116.28 93.58
WLP. AGY 10.69 389 3.05 293 4.55
Machine 6.02 5.84 6.12 6.06 5.94
Throughput 17926 17923 17923 17923 17822
AGV Ui, 1.00 0.74 0.57 0.56 0.63
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il 3]

29 727 M9 20T 45

ZEA 2EB ==es 28D o
M = Tandem Tandem C.P. Design C.P. Design C.P. Design
Conf. Cont, (STT) {MEVTT) (MEVTT}
(FEFS) (8TT) Conveyor Conveyor 2 AGV AR
Type 1 179.16 146.40 149.25 148.88 103.05
2 911 8497 101.63 101.65 54.64
3 15001 137.62 112.37 112.34 10011
T.IS. 4 167.23 18567 169.47 168.67 107.92
5 195.50 186.04 152.65 152.65 121.60
6 126.11 87.82 114.32 114.95 75.53
Totat 155.67 139.41 133.12 13271 93.58 )
WP, AGV 10.49 3.88 3.05 2.93 4.55
Machine 6.07 5.86 6.12 .09 594
Throughput 17930 17927 17926 17927 17922
AGV Util. 1.00 0.74 0.56 0.56 0.63
E 10. & 8 oM 228 ds
oA B 28c =) A
4 s Tandem Tandem C.P. Design C.P. Design C.P. Design
Conf. Contf. (8TT) (MEVTT) (MEVTT)
(FEFS) (STT} Conveyor Conveyor 2 AGY A2
Type 1 3122.70 136.92 117.57 117.60 112.05
2 9787 68.22 60.97 7045 67.47
3 160.50 112,59 11513 114.45 125.47 ’:
TIS. 4 207 51 134.49 155.70 142.03 13677 |
5 211.52 155.38 137.29 137.44 141.99
6 3089.3 108.85 87.88 88.25 .71
Total 1108.6 119.15 113.69 111.46 112.31
WP AGV 31013 7.60 6.10 5.58 912
Machine 5.83 557 6.18 597 5.60
Throughput 17512 17826 17926 17924 17925
AGV Uil 1.00 0.83 0.63 (.83 Q.70
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E 11 £F 9 oMol afgsH Me
2EA =112} 2RC oD ZYF
4 = Tandem Tandem C.P. Design C.P. Design C.P. Design
Conf. Conf. (STT) (MEVTT) (MEVTT)
{FEFS) (8TT) Conveyor Conveyor 2 AGV AlE
Type 1 182.40 122.41 122.11 122.80
2 81.01 75.08 76.75 121.05
3| 124.03 141.33 143.04 199.80
T18. 4 | 152.18 287.44 206.91 230.09
5 181.27 154.71 155.14 186.52
53 174.84 97.74 96.50 126.63
Total 149.12 146.36 133.13 164.21
WP, AGV 16.47 15.08 11.67 23.38
Machine 514 6.30 5.65 4.89
Throughput 17923 17950 17930 17942
AGV Util. 0.90 0.69 0.69 0.75
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