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A Maintenance Design of Connected-(r, s)-out-of-(m, n) :
F System Using Simulated Annealing
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The purpose of this paper is to present an optimization scheme that aims at minimizing the expected cost per unit
time. This study considers a linear connected-(r, s)-out-of-(m, n):F lattice system whose components are ordered
like the elements of a linear (m, n)-matrix. We assume that all components are in the state 1 (operating) or 0
(failed) and identical and s-independent. The system fails whenever at least one connected (r, s)-submatrix of
failed components occurs. To find the optimal threshold of maintenance intervention, we use a simulated
annealing(SA) algorithm for the cost optimization procedure. The expected cost per unit time is obtained by
Monte Carlo simulation. We also has made sensitivity analysis to the different cost parameters. In this study,
utility maintenance model is constructed so that minimize the expense under full equipment policy through
comparison for the full equipment policy and preventive maintenance policy. The full equipment cycle and unit
cost rate are acquired by simulated annealing algorithm. The SA algorithm is appeared to converge fast in
multi-component system that is suitable to optimization decision problem.
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Figure 1. Connected-(r, s)-out-of-(m, n) : F system
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Table 2. Experimental results of cooling schedule
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Table 3. Experimental results of GA vs. SA algorithm

Iteration 100, Population 50, Iteration 100, Initial temperature 100C,
Generation 100 Inner loop 100
o c Genetic algorithm Simulated annealing algorithm
: ! T c(17) Time(sec) 7 C(T7) Time(sec)
10 61.043 0.285 48.443 0.318
01 50 36.524 0.300 32.568 0.336
100 33.921 0.308 26.709 0.379
1,000 29.486 0.321 23.512 0.397
10 68.836 0.289 53.752 0.357
05 50 36.756 0.322 310 33.406 0.382 110
100 34.472 0.322 31.756 0.402
1,000 30.475 0.345 26.478 0.426
10 80.093 0.290 73.607 0.376
10 50 37.876 0.338 35.426 0.395
100 34.822 0.343 33.733 0.428
1,000 30.277 0.364 25.930 0.442
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AA A4 L sl w124 EA(nonparametric statistics) 2] 3hut
I Mann-Whitney 78-S AAIgt A} 2155 95% 01 A A4
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Figure 6. 7rand C (7r) vs. cost paramenters for GA and SA algorithm
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Table 4. Experimental results of difference for GA and SA algorithm

Parameters Difference of results between GA and SA
Ratio of
G 0.1 0.5 1.0
2 Max/Min
G 10 50 100 1,000 10 50 100 1,000 10 50 100 | 1,000
15.08 1.089
Tr 126 | 3.956 | 7.212 | 5974 335 | 2.716 | 3.997 | 6.486 | 2.45 . 4.347 13.9
(Max) (Min)
0.033 0.086
c(Tr) . 0.036 | 0.071 | 0.076 | 0.068 | 0.060 | 0.080 | 0.081 0.057 | 0.085 | 0.078 2.6
(Min) (Max)
SA HANE FHE R ] Atk Z 7rzke) W3l uke} 7| Table 5. 7+and C(7r) vs. cost parameters
HHlE o(7r) ghe] Ak Aas @ 5 slo: we Cost parameter Tr c(1r)
o] Ao} o] Au| F7| Tk Tha zfo]7F Ay 7|t H|
& o) e Aol A9 Q= Aoz SAA dmE=) Increase C Decrease Increase
AlEE olH & o dy] a1 elE 3F sl SlojA = Akl 7t 8l Increase (), Increase Increase
© Ao T dddt,
087 —e— Cost function by simulation 42 Q-Eﬂjéfa
—— Fitisd cost function - _ - - =
2 S -2 A3(10,10)F-A443,3) | F Al 2=6& A Fsta
= m, n S7M71EA 22439 g 2 AR Elske
5 e FECEFER RS EERERS Eh e )
7 B2 BEo] A =002 AFEEE 1% vk 43S g
s Ste] AFke] SVt w2 W3S A E gl
2 A7} <Table 63} 7o) m, o] Z7} B5 7] rhul 43}
4 01y LRF AL S AL B 5 o) EBE 712
o #$34 ¢08%5 nad o 7ol e fA1e e Bole
Pl W o @00 T80 0 0 g ohnal AR m, g 27]7} RS S $5ab
Age replacement interval 14—15}‘4—31 9}1% 7}4\%%]__? 9\)“4

Figure 7. Cost function
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Table 6. Extended experimental results

o GA SA
(r,’ 5) GG o) | MM | ooy | TMe
(min) (min)
(1(2 ;;)) 0. | 100 | 1521 | 51 | 1665 | 25
(1(; ;)1) 01 | 100 | 1.859 75 1.944 29
(1(2 ;)2) 0. | 100 | 2138 | 118 | 2254 | 39
(1(2 ;3) 01 | 100 | 2527 | 174 | 2749 | 58
(1(‘3" ;1’) 0. | 100 | 3.053 | 240 | 3250 | 75
(1(2 g’) 0.1 | 100 | 3.482 | 318 | 3.604 98
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Table 7. 7rand C(7) vs. A for SA algorithm

(m, n)(r, 5) = (5,5)3,3)
A
0.02 0.05 0.1 0.3 0.5
c(7Tr)| 0379 0.919 1.796 5.443 8.741
7r | 26709 | 11529 | 6191 | 1.920 | 0.725
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