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Abstract

O In this study, we try to investigate whether copula models contribute to the good reliability estimation
for multi-component systems in some dependent environment. We assume that a failure occurs on the
one component of multi-components, and the surviving component’s hazard rate switches to the worse.

Specifically, we consider the 2-component parallel system and the 5-component network system. Also
we presume that we can obtain the complete data sets consist of failure occurrence time of each com-
ponent. We estimate reliability function by the copula models and the traditional methods based on

computer simulation, and compare these performances. [
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6 1,1,1,1,0 AT A (6)0 A2 ()0 Ao ()0 Ao ()
7 0,1,0,1,1 Ao(£)0 A3(£)0 Ao (£)0 Mo (£)0 Mo (2)
8 0,1,1,0,1 Ao(£)0 A3(£)0 Mo (£)0 Xo(£)0 Aa(2)
9 0,1,1,1,0 A0(6)0 A3(6)0 Mo (£)0 Mg ()0 Ao (2)
10 1,0,0,1,1 A3(6)0 Ao (£)O Ao (£)T Mg ()0 Mo (2)
11 1,0,1,0,1 As(£)0 Ao (£)0 Ag(£)0 Ao (£)0 Ao(t)
12 1,0,1,1,0 As(£)0 Ao (£)0 A2(£)0 Ao (£)0 Ao(t)
13 1,1,0,0,1 Ao(£)0 As(£)0 Ao(£)0 Ao (£)0 Aa(t)
14 1,1,0,1,0 AL(£)0 AL (B0 Ao(£)0 Ag(£)0 Ao (t)
15 1,1,1,0,0 As(£)0 Ao (£)0 Ae(£)0 Xo(£)0 Ao(t)
16 0,1,0,0,1 Ao(£)0 A3 (£)0 Ao(£)0 Ao (£)0 Aa(t)
17 0,1,0,1,0 Xo()0 A3(£)0 Ao(£)0 Aa(£)0 Ao (1)
18 1,0,0,1,0 A3(£)0 Ao (£)0 Ao(£)0 Aa(£)0 Ao(t)
19 1,0,1,0,0 A3(£)0 Ao (£)0 A (£)0 Ao(£)0 Ao (t)
oo0ooOoOo0ooo0oO0obDoOoooooooood
{23 HER
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6 10
4
5
2
; B t BS7 t
o " : 3 a 5 0 1 2 3 4 5

06 M(t) =t A(t) =2t \(t) =6t 000

05 M(t)=1,X(t) =t () =3t000
0ooooooooo

ooboooboobooo
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ogooad RT(t)[IDEIDEI[IDEI[ID
Rr(t) =1 — uy(t)0 (4.2)
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bi" = min(t,*,t39)0
by' = min(t,*,t4%)0
bs" = min(ty*, t4%)0
by' = min(ty’, t5°)0 (4.3)
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Frr(r,72,73,74) = Car(u, u2, ug, ug)O (4.5)
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Rar(t) = 1 — Fpg(t, ¢, 6, 6)0 (4.6)
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afi = ul(ri), u alé = ud12(t312)a u aé = “d23(til23): u afx = Ud34(til34)D (4.8)

000 a,ab,al,e; 000000000000000000000 w,wi,wi,wi, 0000000000
1 n
- D w00k =1,2,3,40 (4.9)
=1

000000000000 ¥0 440 k0000000 2j,kDD[II]
00000000000 $000000000000000000000000000000

Fni(r1,ta12, tas, tasa) = Cni(u1, Udi2, Udes, Ugza)0 (4.10)

000000000000 000D0000000 12000000 23000000 340000000000
gooon
gooooooooooooooooOoOoOoOODOOODOOOO10000OO0000O0O0O0O0O0O0O0O0O0000O0
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0000000000000000000 Fye(t) 000000000000 D000000O00O0O0O0O0D0
1000000 ¢, 0000000 ¢, 0000000000O0ODO /1000000000000 0000O00OO
0000 Fyvig(t) 00000000 0ODO0O0O00O00OODO0OO0OODOO0OO0O0O00O0O00ODO0OOO0OOO Rvi(b)0O

ogoooooooad
Ryi(t) =1 — Fyip(t)0 (4.11)
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taal =r' —m'004i=1,2,...,n0 00000000000 140000 (4.12)

gooooo0o0oo0o0ooo0d0D 4000000000 000D0OO000DO00DDODOO00O0ODODOO00n

0000000000000 »O0000O00 40000000000000 ug14 0000
000o00do0o0oDOO00oO00d00o0DOO0DO0O00O0 ¥O0ooooooooooobooooooooo

0000000O0o0o0ooooo,1000000000ooo

al = ur(r}), 0 ab = uga(thy), (4.13)

000 a,e, 0000000000000 00D000000 wi,wé0000000000
1n
Ezw;wgm 04,k =1,200 (4.14)
i=1

ooo00ooooo0oooo ¥050 k0000000 2j,kDD[II]
00000000000 $000000000000000000000000000000

Fna(r1,tq14) = Cna(ui, ugia)0 (4.15)
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0000000000000 000O00000O000O00O0O0D00OD Ry2(t)DODODDOODOODOO

Rya(t) =1 — Frop(t)D (4.16)
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000 100000000000000000000000O00000000000Maximal 000000
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0000000000 R() 00000000000 0D0O00D0000D0D0O00OD0DO0OO MTTF
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O000oo0o0o00oo0o 400 5000000000000
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No | A1(f) | A2(t) | As(t) | Aa(t) | td SSE mc SSE ncl SSE nc2 SSE
1 1 t 2t 3t 150.0141 150.0141 1026.7973 148.6113
2 1 3t 6t 9t 196.4564 | 196.4560 | 947.5648 147.0158
3 2 t 2t 3t 68.3800 68.3800 835.7418 79.8826
4 2 3t 6t 9t 118.8058 | 118.8058 | 779.4786 92.1506
5 t 2t 4t 6t 128.8188 128.8188 1158.9987 172.0344
6 t 3t 6t 9t 141.5126 141.5125 1105.7171 127.0972
7 t 4t 8t 12¢ | 177.2328 | 177.2328 | 912.6022 178.5158
8 2t 3t ot Tt 134.8641 134.8641 1456.6278 180.7745
9 2t 6t 8t 10¢ 132.9294 132.9294 993.4217 94.7706
10 2t 9¢ 11t 13t 71.0065 71.0065 919.2989 89.6148
11 t t2 t2 2t2 74.4536 74.4536 1672.5345 48.1754
12 t 2t2 3t? 4¢2 193.6730 193.6727 1672.4960 199.5436
13 t 442 6t> 8t2 141.9287 | 141.9139 | 1375.0735 | 141.0973
All 1730.0760 | 1730.0602 | 14856.3529 | 1699.2839

O000tdmenclnc2 000 0000000000Maximal0OOOO0OOO
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No | MTTF | td MTTF | mc MTTF | ncl MTTF | nc2 MTTF
1 | 0.7103 0.0011 0.0011 0.5794 -0.0004
2 | 0.5759 0.0185 0.0185 0.4193 0.0164
3 | 04171 -0.0076 -0.0076 0.2489 -0.0090
4 | 0.3662 0.0124 0.0124 0.2363 0.0112
5 | 1.0853 -0.0254 -0.0254 0.5871 -0.0233
6 | 1.0209 0.0040 0.0040 0.6454 0.0014
7 | 0.9749 -0.0044 -0.0044 0.5322 -0.0062
8 | 0.8196 -0.0165 -0.0165 0.4560 -0.0168
9 | 0.7478 0.0034 0.0034 0.3632 0.0017
10 | 0.7112 -0.0101 -0.0101 0.3126 -0.0108
11 | 1.1960 0.0135 0.0135 0.7740 0.0136
12 | 1.0620 -0.0057 -0.0057 0.6282 -0.0051
13 | 0.9651 -0.0044 -0.0044 0.5614 -0.0049
All -0.0016 -0.0016 0.4880 -0.0025
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