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Abstract

Due to the high sensitivity in applying of electronic and mechanical
equipment, creating any conditions to increase the reliability of these
systems is one of the important issues for system designers. In the most
studies in the reliability area, it is assumed that the failure rates of the system
components are constant and have exponential distributions. Because, this
distribution has memory less property that provides simple mathematical
relationships in order to obtain the system reliability. But the major problem
is that in a system with real world conditions, considering time-dependent
failure rates for the components is more realistic to model processes. It
means that, the system components do not fail with a constant rate during the
time horizon; but this failure rate changes over the time. One of the most
useful statistical distributions in order to model the time-dependent failure
rates is the Weibull distribution. However, the main problem was that
Weibull is not a memory less distribution, so it was impossible to apply
simple and explicit mathematical relationships as the same as exponential
distributions in order to obtain the system reliability. So, simulation
technique was the only possible solution for researchers in this field. This
technique leads to near-optimum solutions and it was time-consuming in the
high number of iterations. So, in this paper, for the first time, it is tried to
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obtain a mathematical equation to calculate the reliability function of a
system with time-dependent components based on Weibull distribution. For
this purpose, an exact reliability function is obtained for the mentioned
system by mathematical relations through Markov theorem and differential
equation under some assumptions that which will be explained in the paper.
Also, in order to validate the proposed method, the obtained results from
proposed reliability function are compared with an implicit function for
system reliability which is achieved via simulation.

Keywords: Reliability, Weibull distribution, Simulation, Time-dependent
Failure Rates, Markov Theorem.
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A. Estimating the subsystem reliability with an active sirategy

%+ Ser N8, 3, ¢ iteration
s Ser mum=0
“+ Forj from I io iteration
Set T.=0
4 Forifromlfon
Set m=n—i+1
4 Fork fromlitom
Set v~ uniform(0,1)

=

Set T, =$</ o |-y |-,

,,
%

%+ End For

% Set T,=T,+min(T.}
%+ End For

“ I 1 =t

4 Ser num= num+tl]

% Endlf

4+ End For

S Calculate subsystem reliabilitv by K= ”WV )
: v v rerarion
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Exp|n| A b |R(sim)| time(s) | R(pro) |Exp[n| A b |R(sim)| time(s) | R(pro)
1 |1]| 0.8 [100/0.3678| 1.8296 |0.3679( 64 [4|1.025|160|0.9551| 9.079 |0.9549
2 | 1] 0.8 [120[0.4214| 1.8735 |0.4214| 65 [4|1.025|180|0.9687| 9.1365 |0.9684
3 1] 0.8 |140]|0.4652| 1.8185 |0.4658| 66 |4|1.025[200(0.9772| 9.1797 | 0.9773
4 11| 0.8 [160]0.5033| 1.8005 |0.5033| 67 |4| 1.25 | 100|0.8406| 9.3988 | 0.8403
5 1] 0.8 [180]0.5352| 1.8355 |0.5353| 68 |4| 1.25 [120|0.9093 | 9.0438 | 0.9092
6 [ 1] 0.8 [200]| 0.563 | 1.842 [0.5631| 69 |4| 1.25 [140| 0.946 | 9.0246 | 0.9463
7 11]1.025/100]|0.3679| 1.8317 |0.3679| 70 4| 1.25 | 160| 0.967 | 9.1246 | 0.967
8 | 1]1.025/120]|0.4364| 1.818 |0.4362| 71 |4| 1.25 [180| 0.979 | 9.0521 | 0.9789
9 | 1]1.025[140|0.4926| 1.8057 | 0.4925| 72 4| 1.25 [200{0.9864 | 9.2906 | 0.9861
10 | 1[1.025]160|0.5394| 1.7949 |0.5392] 73 |5| 0.8 |100|0.8994|11.4023|0.8991
11 | 1]1.025/180|0.5785| 1.8288 | 0.5784| 74 |5| 0.8 [120]0.9349|11.4461|0.9351
12 | 1[1.025]200|0.6116| 1.8585 [0.6118] 75 |5| 0.8 |140|0.9567|11.6266 | 0.9565
13 1] 1.25|100|0.3678| 2.0395 [0.3679| 76 |5| 0.8 [160|0.9694|11.7128|0.9698
14 | 1] 1.25|120|0.4511| 1.8161 | 0.451 | 77 |5| 0.8 [180|0.9782|11.8877|0.9783

1 MATLAB
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Exp|n| A b |R(sim)| time(s) | R(pro) |Exp[n| A b |R(sim) | time(s) | R(pro)
15| 1| 1.25|140|0.5187 | 1.87148 | 0.5186] 78 |5| 0.8 |200| 0.984 |11.5041|0.9841
16 | 1| 1.25 {160 0.5737 | 1.9918 |0.5737] 79 |5]1.025|100|0.8995 | 12.2827|0.8991
17 | 1| 1.25|180|0.6191 | 1.8582 | 0.619 | 80 |5]1.025|120|0.9432|11.5888|0.9431
18 | 1| 1.25 {200 0.6567 | 1.9622 |0.6568| 81 [5]1.025|140|0.9664 | 11.4571|0.9663
19 |2| 0.8 |100]|0.6006| 4.5554 |0.6004] 82 |5|1.025|160|0.9796|11.6701|0.9792
20 |2] 0.8 |120|0.6652| 4.4912 0.6652| 83 |5]|1.025|180|0.9866 | 11.5807 | 0.9867
21 | 2] 0.8 |140|0.7145| 4.4453 |0.7146| 84 |5|1.025]200|0.9912| 12.086 | 0.9912
22 |2] 0.8 |160|0.7536 | 4.2826 |0.7533| 85 |5| 1.25 | 100|0.8995 | 11.6842|0.8991
23 |2] 0.8 |180|0.7842| 4.549 |0.7841| 86 |5| 1.25 | 120|0.9498 | 11.5146|0.9501
24 12| 0.8 |200|0.8089 | 4.3323 |0.8091| 87 5| 1.25 | 140|0.9742 | 11.5488|0.9741
25 2]1.025|100|0.6008 | 4.4699 |0.6004| 88 |5| 1.25 | 160|0.9859 | 11.7759 | 0.9859
26 |211.025|120|0.6824 | 4.4794 |0.6822] 89 5| 1.25 |180|0.9919 | 11.5558| 0.992
27 | 211.025|140|0.7421 | 4.9067 |0.7424| 90 | 5| 1.25 |200|0.9955 | 11.5407 | 0.9952
28 |2]1.025|160|0.7871 | 4.9132 [0.7876| 91 | 6| 0.8 |100|0.9365 | 14.4585|0.9362
29 |2]1.025|180|0.8228 | 4.9454 |0.8223| 92 [ 6| 0.8 |1200.9629 |14.3178|0.9625
30 | 2]1.025]200|0.8494| 4.667 |0.8493] 93 |6| 0.8 |140|0.9764|13.9317|0.9768
31 |2 1.25 | 100|0.6004 | 4.6813 |0.6004]| 94 |6| 0.8 |160]|0.9855| 13.673 | 0.985
32 |2 1.25 | 120] 0.698 | 4.2798 | 0.6986| 95 |6| 0.8 |180| 0.99 |14.0057|0.9899
33 |2 1.25 | 140|0.7682 | 4.2568 |0.7682] 96 |6| 0.8 [200]0.9931|14.0256| 0.993
34 |2 1.25 |160|0.8189| 4.3077 | 0.8182] 97 |6|1.025|100|0.9365|14.0952|0.9362
352 1.25 | 180]0.8549| 4.3008 | 0.8548] 98 |6|1.025|120|0.9678|14.0731|0.9679
36 | 2| 1.25 |200|0.8827| 4.3536 |0.8822] 99 |6|1.025|140|0.9827|13.7676|0.9829
37 13| 0.8 |100]|0.7476| 6.598 |0.7474]100|6|1.025|160|0.9909 | 13.861 |0.9904
38 13| 0.8 |120]0.8064| 6.6058 |0.8063] 101 |6|1.025|180| 0.994 | 13.717 | 0.9944
39 13| 0.8 |140|0.8476| 6.6289 |0.8476] 102 |6|1.025|200|0.9965 | 14.0374|0.9966
40 | 3| 0.8 |160|0.8776| 6.5959 |0.8774| 103 | 6| 1.25 | 100|0.9362 | 15.0624 | 0.9362
41 | 3] 0.8 |180|0.8995| 6.8549 |0.8997|104 (6| 1.25 |120]|0.9721 | 14.4326|0.9726
42 | 3] 0.8 {200/0.9164| 7.4401 |0.9166]| 105 |6| 1.25 | 140| 0.988 |14.0359|0.9876
43 | 311.025|100|0.7471 | 6.4845 |0.7474] 106 | 6| 1.25 | 160|0.9945|13.8976| 0.994
44 | 311.025|120| 0.82 | 6.4775 (0.8208| 107 | 6| 1.25 | 180| 0.997 | 13.8484|0.9969
45 | 311.025|140)|0.8693 | 6.4974 |0.8693| 108 |6| 1.25 [200|0.9986| 13.962 | 0.9984
46 | 311.025]/160|0.9024 | 6.4924 (0.9021|109|7| 0.8 |100|0.9598|16.1366|0.9597
47 | 311.025]180]0.9254| 7.1627 (0.9251|110|7| 0.8 [120]0.9782|16.3418|0.9783
48 | 311.025{200|0.9418| 6.5276 |0.9415| 111 |7| 0.8 |140|0.9871|16.5658|0.9876




S oyl [ 152+ Jlo | nio o obs olaillos asliliad | V1A

Exp|n| A b |R(sim)| time(s) | R(pro) |Exp[n| A b |R(sim) | time(s) | R(pro)
49 | 3| 1.25|100|0.7472 | 6.8039 |0.7474|112|7| 0.8 |1600.992216.6152|0.9925
50 | 3] 1.25 | 120]0.8345| 6.9927 |0.8346| 113 |7| 0.8 |180]0.9951|16.2423|0.9953
51 (3] 1.25|140|0.8884| 6.9273 |0.8884| 114 |7| 0.8 |200| 0.997 | 16.385 | 0.997
52 13| 1.25 |160]0.9228 | 6.7151 |0.9225] 115 |7|1.025|100|0.9596 | 16.1804|0.9597
53 |3] 1.25 | 180]0.9441| 6.7006 | 0.9447]|116|7|1.025|120|0.9818|16.2187|0.9819
54 | 3] 1.25 {200|0.9597| 6.7178 |0.9596| 117 |7|1.025|140|0.9915|16.4353|0.9913
55 |4| 0.8 |100]|0.8407| 9.2561 |0.8403| 118 |7|1.025|160|0.9955|16.2296|0.9956
56 | 4| 0.8 [120]0.8872|11.2649|0.8879] 119 |7|1.025|180|0.9975|16.5802|0.9976
57 | 4] 0.8 |140|0.9185| 9.0806 |0.9186] 120 |7|1.025|200|0.9988 | 16.4263|0.9987
58 | 4] 0.8 [160]0.9396| 8.945 |0.9391]121|7]| 1.25 | 100|0.9595|16.2546|0.9597
59 | 4| 0.8 |180]0.9533| 9.1636 |0.9534|122|7| 1.25 | 120| 0.985 | 17.3806| 0.985
60 | 4| 0.8 [200]0.9633| 9.2962 | 0.9636| 123 |7| 1.25 [140| 0.994 | 16.3224| 0.994
61 | 4]1.025|100|0.8401| 9.1896 |0.8403| 124 7| 1.25 | 160|0.9973|16.3633|0.9974
62 | 4]1.025]120| 0.899 | 9.2351 | 0.899 | 125|7| 1.25 | 180|0.9988 | 16.7783|0.9988
63 | 4(1.025|140|0.9332| 9.2933 |0.9337| 126 |7| 1.25 |200|0.9994 | 17.3336| 0.9994
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Hy * Usimulation time = Htime of proposed method

H a * Msimulation time # Htime of proposed method
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Probability Plot of R(sim)
Normal

99.9

Mean 0.8529
StDev 0.1730
N 126
KS 0.208
P-Value <0.010
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Probability Plot of R(pro)
Normal

Mean 0.8528
StDev 0.1730
N 126
KS 0.208
P-Value <0.010
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Do 33 amlin Sl R e Osa51 X gl
Median

N

simulation | 126 | 0.93555 is not rejected
proposed method | 126 | 0.93565
Point estimate for ETA1-ETAZ2 is 0.00000
95.0 Percent CI for ETA1-ETA2 is (-0.01680,0.01681)
W =15947.0
Test of ETA1 = ETA2 vs ETA1 not = ETAZ2 is significant at 0.9897
The test is significant at 0.9897 (adjusted for ties)

Source DF SS MS F P-
value

Factor 1 5365.8 5365.8 450.51 0.000

Error 250 2977.6 11.9

Total 251 8343.4

S =3.451, R-Sq = 64.31%, R-Sq(adj) = 64.17%
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