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A k-out-of-n System Reliability Optimization Problem
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The k-out-of-n system with mixed redundancy is defined as k-out-of-n system which both includes warm-standby
and cold-standby components. In case that operating components in the system fail and the system needs quick
transition of standby components to operation state, the k-out-of-n system with mixed redundancy is useful for
decreasing system failure rate and operational cost. Reliability-Redundancy Optimization Problem (RROP)
involves selection of components with multiple choices and redundancy levels for maximizing system reliability
with constraints such as cost, weight, etc. A solution methodology by using harmony search algorithm for RROP
of the k-out-of-n system with mixed redundancy to maximize system reliability was suggested in this study.
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Table 1. Redundancy strategy
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Figure 1. k-out-of-n System with Mixed Standby Components
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Figure 3. Diagram of nonrepairable k-out-of-n system with mixed standby components
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Figure 4. Diagram of repairable k-out-of-n system with mixed standby components
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Figure 6. Optimization procedure of HS algorithm
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ol A 7H Bt e 8 o B2 9k gkt vl wdhTt. <Figure
7>9] o & o] AL |7} 71 HM O 8 Br} 52 34 Lol
o WO, 71 A S 27 W2 8= HMoAlA AIAE L A2
a7F 23+E H HMS AR EE 283 2L &7} 71E
HMO] ghuth £7] ¢ o™ 7]E HMS 12 FA &

npA et g ¢ne] & N 347t 8 2708 vt
A Hlaeta, o] & WS 7R 3, 49 A & A% Wk

rir

i)

@ Ol oost M0 Objed oost
0o ) T Uel 8| [ 1R
A48 || 10 ot I 20 0| |G
A8 || B - g 7
2980 L0 LWy L
b0 282 | | 0K — 0 | | D8
Wis |50 4| | 9a it W (282 250 [0
| |l 194 OET 95| | 950
496 48| | 58 260 | U
W6 M| |0 298 49| |55
4 11080
448 LR

s; ;] GHZE S AFESH] HMS FAH o, A3l 4
43 32bv H & T <Table 2>9F 24},

Table 2. Parameter of HS algorithm

Parameter Value
HMS 10
HMCR 0.96
PAR 0.2
bw 1
Max Iteration(F 5 Z71) 5000

HMCR, PAR2 & A9} f-AF8E RROPO) T3] Nahas ef al.
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A Ao vinFo A A48 HS Faz 79
7&‘5

f

F9] d|o] ¥l Fyffe et al.(1968)3F Zia et al.(2008)0]
L tﬂ o|H & =23} <Table 3>3} 2o] A &35ttt 1
AL o] AL H L2 15, FAE 3FE 40704 14 F7}

Table 3. Data of components

i 1 2 3 4 5

A; | 0.001054 | 0.000726 | 0.000943 | 0.000513 | 0.000619

o X;%0.05

G 1 2 3 4 2

w; 7 8 8 6

A4 AAket A3kot HS dalels APARE Hud 49
A= Thr <Table 4>9F 2T}, & Aol A Al HS 2ate]
=& EE AN A8 E Al getit

5.2 7EE7Fs £ T8 k-out-of-n A/ 2H(] A 2)

dAle LT FFOE 7Y FeEs EE T8
kout of-n A/ 2=Elo| Tt Tt F-&9 HolE& A 5143 22
o, A9 & A 2E A BEF(n,, )6, A&7}
T HET(R)E 2-3— ot om, Ao Ao u &L 158
AAE FAE El 50744 14 Z718te] 207HA] £ &
T35t
AYPATE O <Table 5> 2o} FA A ofo] St
TTF7} 27}0}9\1—31, ol 7 FEFTL VST E A
= A& ¢ FUdY 181 £ FEA] Warm-

-llI JZi rlr

EM
H=

rlr

Geonwook Jeon

Standby
=7 271

Table 4. Solution of example 1

HZ BT Cold-Standby F-E©] o] FHFojof 4 F

T 0 oF A

g2 ¢ AT

Al 3} HS Algorithm(10 runs)
No.| W
i | S | Y | MTTF | @ | s; | ¥ | MTTF

1 |31 4 1 1 5662304 | 4 1 1 5662.304
21321 4 1 1 5662304 | 4 1 1 5662.304
3133 4 1 1 5662304 | 4 1 1 5662.304
4 | 34| 4 1 1 5662304 | 4 1 1 5662.304
S1351] 4 1 1 5662304 | 4 1 1 5662.304
6 |36 5 1 2 6231249 | 5 1 2 6231.249
713715 1 2 6231249 5 1 2 6231.249
813815 1 2 6231249 5 1 2 6231.249
913915 1 2 6231249 | 5 1 2 6231.249
10 40 | 5 1 2 6231249 5 1 2 6231.249

Table 5. Solution of example 2

HS Algorithm(10 runs)

No- | W ; ‘ s, ‘ v, ‘ MTTF
1 31 1 1 1 1400.009
2 32 2 1 1 2032.520
3 33 2 1 1 2032.520
4 34 2 1 1 2032.520
5 35 2 1 1 2032.520
6 36 5 1 1 2383.861
7 37 5 1 1 2383.861
8 38 5 1 1 2383.861
9 39 5 1 1 2383.861
10 40 2 1 2 2704.428
11 41 2 1 2 2704.428
12 42 2 1 2 2704.428
13 43 2 1 2 2704.428
14 44 2 1 2 2704.428
15 45 5 1 2 3171.914
16 46 5 1 2 3171914
17 47 5 1 2 3171914
18 48 2 1 3 3376.335
19 49 2 1 3 3376.335
20 50 2 1 3 3376.335
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Table 6. Repair rate of components

i 1 2 3 4 5
W 0.167 0.125 0.143 0.111 0.125

APARE vy <Table 7>34 20 Fel7bsd S408
Q3 MTTFE oAl 280 A Yeptom, o 4] 29} np3k7kA]
2 QW EEFS7 S SE AF 5 445 2, Warm-Stan-
dby FFHET Cold-Standby F-50] olok AS| &7} S/ &

&4 AU
Al 1,2,39 A4d474E ot e 22 AES WY
T AU A 2H Y &) k9 5,0 Bl 5,7} AR
T2 2-831H, Warm-Standby FEF ] 1 AE&2 FHE 1
AEEGE FAT 14 7hsA o] e FFol7] W 7ha
Z Warm-Standby F-3 & % 4 3}31o] A28 Y 14 7F54 ©]
AE FFY 78 ZaA7e Aol AFE Fo & &
o 3g g 5 At
Table 7. Solution of example 3
HS Algorithm(10 runs)
No. W
; ‘ s, ‘ v, \ MTTF
1 31 1 1 1 5778155
2 | 32 2 1 1 9890486
3| 33 2 1 1 9890486
4 | 34 2 1 1 9890486
5 35 1 1 2 1.34x10°
6 | 36 1 1 2 1.34x10°
7 | 37 1 1 2 1.34x10°
8 38 1 1 2 1.34x10°
9 | 39 1 1 2 1.34x10°
10 | 40 2 1 2 2.49x10°
11| 41 2 1 2 2.49x10°
12 | 4 1 1 3 4.13x10"
13 | 43 1 1 3 4.13x10"
14 | 44 1 1 3 4.13x10"
15 | 45 1 1 3 4.13x10"
16 | 46 1 1 3 4.13x10"
17 | 47 1 1 3 4.13x10"
18 | 48 2 1 3 8.35%10"
19 | 49 2 1 3 8.35x10"
20 | 50 2 1 3 8.35%10"
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