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Abstract

This paper presents a decomposition method to evaluate the performance measures of the
serial production lines with unreliable machines and finite buffers. This method is to
decompose the transfer line into a set of two machine lines for analysis. Based on this
approximation method, we consider nonhomogeneous lines. In such lines, the machines
may take the different lengths of time performing operations on parts. A new
transformation is employed in order to replace the line by a homogeneous line. The
approximate transformation enables one to determine parameters of performance such as
production rate and average buffer levels, and it also shows better application for a large
class of systems.
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Table. 1. Result of analysis for two-machine
line.
SIMULATION HOMOGENIZATION PROPOSED METHOD
T2 23 x& | BUFFER A84hg | BUFFER Ay BUFFER
1.0 0.06576 | 0.1537 0.06541 | 0.01456 | 0.06606 | 0.04794
2.0 0.,0655 0.3157 0.06425 | 0.30649 | 0.06562 | 0.17914
3.0 0.0649]1 { 0.5132 0.06315 { 0.48520 | 0.06536 | 0.36081
4.0 0.06445 | 0,6595 0.06209 | 0.68471 | 0.06491 | 0.57784
5.0 0,06399 | 0.8560 0.06103 | 0.90813 | 0.06440 | 0.82505
6.0 0.06313 | 1.0968 0.05934 | 1.15874 { 0.06361 1.10089
7.0 0.0622 1.3702 0.05879 | 1.43997 | 0.06180 | 1.40503
8.0 0.06028 | 1.7443 0.05756 | 1.7552 0.06019 | 1.7392
w0 0.05948 | 2.1936 0.05621 | 2.1077 0.05881 | 2.1036
10.0 0.05704 | 2.4857 0.05470 | 2, 5000 0.05768 | 2.5
1.0 0.05404 | 2,9086 0.05129 | 2.86162 | 0.05379 | 2.86532
12.0 0.05143 | 3.1579 0.04818 | 31427 0.05035 | 3.1562
13.0 0.04807 | 3.3950 0.04534 | 3.3666 0.04729 | 3.394
14.0 0.04526 | 3.4797 0.04278 | 3.5487 0.04454 | 3.5924
15.0 0.04299 | 3,7055 0.04046 | 3.6993 0.04207 | 3.7606
16,0 0.04033 | 3.8214 0.03835 | 3.8256 0.03983 | 3.9047
17.0 0.03801 | 4.0179 0.03644 | 3.9330 0.03779 | 4.6294
1€.0 0.03596 | 4.1241 0.03469 { 4.0252 0.03594 | 4.1380
1.0 0.03477 | 4.1280 0.03309 | 4.1051 0.03400 | 4.2332
20.0 0.03337 | 4.185] 0.03163 | 4.1749 0.03227 | 4.3168
3¢.0 0. 0221 4.6094 0.02178 | 4.5703 0.02166 | 4.7693
40 0 0.01692 | 4.7194 0. 01652 4.‘7350 0.01628 | 4.9078
50.0 0.0132 4.8015 0.01327 | 4.8208 0.01307 | 4.9555
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Table 2.
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(A4l Li, m=4)

Result of approximate analysis
using decomposition technique.
(Production line L1, m=4)

1 2 3 4 M 71A
—_— Tio 7hg22
1.0 0.95 1.0 1.05 Ul 2AF
xi 0.04 002 003 002 we g
i 0.08 004 006 004 Ci: W3 gaf
Ci 20 0 20 Bi: WFWHTE
X Aakg
By B2 83 X St Al Edeld 7z}
HM: homogenization 22}
51 14.8 0.0 5.9 0.434 DA disaggregation Z=}
HM 14.8 0.0 6.0 0.420 o AltE by A
DA 17.6 0.0 3.9 0.505
P 14.9 0.0 5.9 0.437
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Fig. 8. Result of analysis showing in bar
graph. (Production line L1, m=4)
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Table 3. Result of approximate analysis
using decomposition technique.
(Production line L2. m=6)

Mi 1 2 3 4 5 6
Ti | 0.35%6 0.28 028 028 028 0347
I | 9.24 45 45 45 45 9.24
w | 0.76 5 5 5 5 0.76
Ci | 4 2 2 2 4
Bi, X B Bz Bs B4 Bs X
Sl | L4 09 08 08 2.2 2116
WM | 1.69 0.8 091 093 203 2165
DA | 104 038 027 014 009 2166
P4 | 1.59 0.8 0.8 093 210 210l
60,
—
§5° / 1o
/
gw / 5
/ §
I - H
- |
[ § »
§ !;, 23
a H or
¢

=

/
/
Ao
) B2 B3 84 BS  (Butten
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Fig. 9. Result of analysis showing in bar
graph. (Production line Lz, m=6)
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Table 4. Result of approximate analysis

using decomposition technique.

(Production line L3, m=4)

R

Mi 1 2 3 4
Ti 1.5 1.0 0.8 1.6
1724 100 140 190 250
1/ui 12 18 35 12.5

i 20 20 15
Bi,X B B2 B3 X
SI 6.1 11.5 11.8 0.556
HM 7.7 9.2 9.8 0,515
DA 0.2 0.1 12.9 0.595
PM 5.9 9.3 11.4 0.545
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Table 5. Result of approximate analysis
using decomposition technique.
(Production line Ls, m=8)

Mio 1 2 3 4 5 ] 7 8

Ti 6.7 7.7 5.0 9.3 5.0 59 4.8 6.3
L 0.0019 0.0037 0.005 0.0036 0. 0019 0. 0005 0, 0016 Q.003
i 0.03 005 00 004 003 00 003 004
[ 4 3 4 2 4 2 5

Bi. X By B2 B3 By Bs Be B X

SI 329 1.93 277 0.4 061 046 0.66 0.0873
HM 331 178 229 025 0.53 0.14 069 0.0708
DA 3.95 2.8 3.23 001 007 005 004 0.0959
P 3.36 1.99 254 0.3l 044 0.4 0 40 00864

Errar Rats(%) for Butfer Lovel

(a) HEHHAFEY o2& (b) Y9 o2&

a8 11 zAER el s Aokl L,
m=8)

Fig. 11. Result of analysis showing in bar
graph. (Production line L4, m=8)
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