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Abstract

There are studied on the evaluation of flexibility and design/operation of FMS. However.
a new method that can assess the performance of FMS is propose in this study. To
evalute the performance of an FMS the ordinary for total cost is not applied. Instead, a
specially developed cost function is used to measure the performanced of proposed systems.
The procedure is developed for deterministic variables cases. An FMS can produce various
products systematically under computer control the evaluation of an FMS operation is not a
simple task. The proposed procedure is done through computer simulation due to the
complicated nature of the problem. A simulation model is developed using SIMAN and
FORTRAN for practical application.
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Figure 1. Layout of a manufacturing system
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Table 1. Values of each item
Item Value
Number of Part type 3 type
Transport Speed 200 mpm
Distance between station 20 m
Table 2. Configuration of equipment
Station No. Equipment Nunber of Server
1 Boring M/C 1
2 Lathe M/C 1
3 Milling M/C 1
4 Drilling M/C 1
5 Washing M/C 1
6 Inspection M/C 1
7 Transport 1
Table 3. Proportion of part type
Part type 1 2 3
Proportion 05 0.3 0.2
Table 4. Process sequence of part type
Part type Process sequence Number of process
1 2-3-4-5-6 5
1-2-3-5-6 5
3 1-2-4-5-6 5
Table 5. Processing time of each process
[unit : min]
Process
Part type 1 2 3 4 5 6
1 41 2.7 2.8 06 0.8
2 3.2 42 37 10 1.4
3 3.7 41 3.2 14 20

2) 48 An 2 By
CAN-Q AlEd oA A= Fig. 29 .,
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PRODUCTION RATE = 14.523 ITEMS PER HOUR
PRODUCTION RATES BY PRODUCT TYPE

NUMBER VALUE
PROD1 7.261 7.261
PROD2 4.357 4357
PROD3 2.905 2.905

TOTAL VALUE = 14,523
AVERAGE TIME iN SYSTEM = 74.37 MINUTES
PROCESSING 12.03
TRAVELING .50
WAITING 6144

FUNCTION OF N, NUMBER OF TIME IN SYSTEM

N PRODUCTION RATE AVERAGE TIME IN SYSTEM

1 4.640 12.930
13 14.467 53916
14 14.490 57970
15 14.505 62.048
16 14.514 66.144
17 14.519 70.366
18 14.523 74.366
19 14.525 78.487
2 14.526 82611
21 14.527 86.737
22 14.527 90.864
23 14.527 94.993
INF 14.528 INF

THE BOTTLENECK STATION IS
2 STATION PERFORMANCE MEASURES

STATION STATION SERVER AVE NO.OF
NUMBER NAME UTILIZATION  BUSY SERVERS

1 BOR Al A1

2 LATHE 1.000 1.000

3 MILL 0.595 0.595

4 DRILL. A94 494

5 WASH 213 213

6 INSP 295 .295

7 AGV 121 21

Figure 2. The result of simulation

Aol ¢4 4 A= upel o] FAYA4kS(total production rate) 14523 item/hrolw R-F
12l &L 7261 itemv/hr, BF 29 AL 4357 item/hr, HF 39 &L 2905
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Table 6. The result of performance estimation for system

Classification Initial 1st. 2nd. 3rd. 4th. 5th.
Item system Improv Improv Improv Improv | Improv
BORING 1 1 1 1 1 2
LATHE 1 2 2 3 3 3
S;':Ifle ':Jlration MILL 1 1 2 2 2 2
£ DRILL 1 1 1 1 2 2
WASHING 1 1 1 1 1
INSPECTION 1 1 1 1 1 1
Production rate (item/hr) 14523 23.638 27.384 29.210 35.088 42.051
Average time(min) 74.37 53.30 52.59 55.46 51.30 46.59
Processing time 12.43 12.43 12.43 12.43 12.43 1243
Traveling time 0.50 0.50 0.50 0.50 0.50 0.50
Waiting time 61.44 40.37 39.66 4253 38.37 33.66
Bottle neck Station 2 | Station 3| Station 2 | Station 4| Station 1 | Station 2

—¢— Production rate (EA) —g@— average time (min)

50t
40
30
20 }
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0 N A A i 4

initial Ist 2nd 3rd 4th . 5th
improve

Figure 3. Comparision of performance by system configuration
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Table 7. Simulation control data

Item Value
Total time of simulation 19200 min
Simulation interval 960 min
Number of simulation runs 20

Table 8. Arrival interval of part type

[unit : min]
Part type 1 2 3
Arrival interval 9 13 19
Table 9. Equipment price data
{unit : $]
Equipment Number of server Price
Boring M/C 1 1700000
Lathe M/C 1 1350000
Milling M/C 1 1600000
Drilling M/C 1 30000
Washing M/C 1 700000
Inspection M/C 1 450000
1

AGV 100000
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Figure 4. Layout of a manufacturing system
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Table 10. The result of performance estimation as number of server added

Initial @ ) ® @
T.prod 176.83 850.56 841.38 839.94 832.68
T.qual 1444.1 6946.2 6871.3 6859.5 6800.2
T.flex 20.39 98.1 97 96.84 96
T.invest 433.22 2083.9 2061.4 2057.8 2040.1
G.index 17.33 | 83.35 82.46 82.31 816
Pro.rate 13.27 14.43 1443 14.43 14.43
Bottle neck Lathe(#2) Mill(#3) Lathe(#2) Drill(#4) Boring(#1)
(utilization) 1.0 062 052 05 0.47
Number of Lathe Mill Lathe Drill
server add ! (+1) (+1) (+2) (+1)
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Figure 5. Graph of performance estimation as server size added
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7be Wetoln] 48 A= Table 113} Fig. 63 4.

Table 11. The result of performance estimation as buffer size increased

Initial @ ) &) )
T.prod 176.83 182.11 187.91 189.8 182.11
T.qual 1444.1 1487.2 15346 1550 14872
T flex 20.39 21 21.67 21.88 21
T.invest 433.22 446.16 460.38 465.00 446.16
G.index 17.33 17.85 18.42 186 17.85
Pro.rate 13.27 13.33 13.33 13.32 13.29
Bottle neck Lathe(#2) Lathe(#2) Lathe(#2) Lathe(#2) Lathe(#2)
(utilization) 1.0 1.0 1.0 1.0 1.0
Buffer size 10 15 20 25 15
increase (+5) (+10) (+15) (+5)
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Figure 6. Graph of performance estimation as buffer size incerased

Table 119] W7} Z9& AHRA uigr 29] OY 39 /AL & Gay, E4,
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Ex A FLF FEUYLS L £ U
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Fig. 73} 24}

Table 12. The result of performance estimation as AGV-Speed increased

Initial(200mpm) @ @ &)
T.prod 176.83 174 173.23 170.1
T.qual 1444.1 1421.3 1414.7 1388.7
T flex 20.39 20.1 19.97 19.61
T.invest 433.22 426.38 424,42 416.62
G.index 17.33 17.1 16.98 16.67
Pro.rate 13.27 13.25 13.24 13.22
Bottle neck Lathe(#2) Lathe(#2) Lathe(#2) Lathe(#2)
(utilization) 1.0 1.0 1.0 10
'AGV—Speed 900 mpm 230 mpm 260 mpm 400 mpm
increase (+30) (+60) (+200)
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Figure 7. Graph of performance estimation as AGV-Speed increased

AvuE Gt 38 QG A4 BT/ 7AW HE 4
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Table 98} A7}A 742
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(Center-buffer system)
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Server4 k7t 1dl4) #2748 Urke wietolm 481 A3E Table 13 % Fig. 83t k.

Table 13. The result of performance estimation as number of server added

Initial @ @ &) @
T.prod 263.6 850.31 840.94 838.78 832.37
T.qual 2152.8 6944.2 6867.6 6809.2 6797.7
T flex 30.39 98 96.96 96.13 95.97
T.invest 645.83 2083.3 2060.3 2042.8 2039.3
G.index 2583 83.33 82.41 81.71 - Bl.57
Pro.rate 13.75 14.43 1443 14.43 14.43
Bottle neck Lathe(#2) Mill(#3) Lathe(#2) Drill(#4) Boring(#1)
(utilization) 1.0 0.62 0.53 0.5 0.47
number of Lathe Mill Lathe Drill
server add (+1) (+1) (+2) (+1)
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Figure 8. Graph of performance estimation as number of server added
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