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A Weibull Model Building Technique for Reliability Assessment
with Limited Failure Data

& X/
(Gwang Won Kim)

Abstract - The Weibull distribution is a good candidate for accurate probabilistic model with its rich shape-forming
ability and relatively simple CDF(cumulative distribution function). If there are sufficient information to get convincible
mean and variance for a probabilistic event, reliable parameters of the Weibull distribution can be determined uniquely.
However, sufficient information is not given as usual. There needs more deliberate model building method for that case.
This paper presents an effective parameter estimation technique for Weibull distribution with limited failure data.
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Table 1 Raw data of reactors
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A @ olFAMLE % 4 AT EE F e A}
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Yol A

HE A x| A M x| & A k-4 A X A HE A x| A
1 1979 26 1970 51 1976 76 1984
2 1979 27 1970 52 1976 77 1984
3 1979 28 1970 53 1976 78 1978
4 1981 29 1970 54 1970 79 1978
5 1981 30 1970 55 1970 80 1978
6 1981 31 1970 56 1970 81 1969 1996
7 1985 32 1970 57 1981 82 1996
8 1985 33 1976 58 1981 83 1969
9 1985 34 1976 59 1981 84 1969
10 1979 35 1976 60 1983 85 1969
11 1979 36 1976 61 1983 86 1969
12 1979 37 1976 62 1983 87 1969
13 1969 38 - 1976 63 1984 88 - 1969
14 1969 39 1976 64 1984 89 1969
15 1969 40 1976 65 1984 90 1969
16 1969 41 1976 66 1983 91 1969
17 1969 42 1976 67 1933 92 1969
18 1969 43 1976 68 1983 93 1969
19 1970 1996 44 1976 69 1984 94 1969
20 1996 45 1976 70 1984 95 1969 . 1997
21 1970 46 1976 71 1984 96 1997
22 1970 47 1976 72 1983 97 1969
23 1970 1989 48 1976 73 1983 98 1969
24 1989 49 1976 74 1983 99 1969
25 - 1970 50 1976 75 1984 100 1969
i* 2 28 2 HAH 2lHe
Table 2 Numbers of exposed and retired reactors
235 24 A 24 28 HAH 23 25 A 23 23 HAH
d&  of  dif| d$  of  die| d@F:  df  ff] de  df d
0 100 0 8 97 0 16 93 0 24 59 0
1 100 0 9 97 0 17 84 0 25 38 0
2 100 0 10 97 0 18 75 0 26 38 1
3 100 0 11 97 0 19 75 1 27 37 1
4 99 0 12 96 0 20 68 0 28 36 1
5 97 0 13 96 0 21 68 0 29 35 0
6 97 0 14 9% 0 22 62 0 30 35 0
7 97 0 15 96 0 23 59 0 31 22 0
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Table 3 Cumulative distribution of reactor life

HE Li gy X obet gie
18 | 0/75 = 0.00000 0/75= 0.00000
19 | 1/75 = 0.01333 1/75= 0.01333
20 1/(68+1)= 0.01449
21 1/(68+1)= 0.01449 EZ2
22 /(62+1)= 0.01587
23 1/(59+1)= 0.01667
24 1/(59+1)= 0.01667 EZSQ
25 1/(38+1)= 0.02564
26 | 1/75+1/38 = 0.03965 2/(38+1)= 0.05128
27 | 1/75+1/38+1/37= 0.06668 | 3/(37+2)= 0.07692
1/75+1/38+1/37+1/36 -
28 = 0.09445 4/(36+3)= 0.10256
29 4/(35+4)= 0.10256 -8
30 4/(35+4)= 0.10256 EZQ
1/75+1/38+1/37+1/36 -
31 ='0.0944 4/(22+4)= 0.15385
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Fig. 4 Cumulative distribution graph 1 of reactor iife
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Table 4 Parameter set 1 of Weibull distribution
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Table 5 Revised reactor data

2HEs | STOHEIY B) | U F)
20 68 64
22 62 49
23 59 39
29 35 31
31 22 30
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Fig. 6 Cumulative distribution graph 2 of reactor life
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P E Hietst gy Liol
scale B4 () 44.802 53.026
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FH3j(o) 9.063 13.234
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Table 7 Raw data of generators

HE 4% A HS = A
1 1962 1974 19 1996
2 1962 1975 20 1997
3 1967 1974 21 1992
4 1962 1989 22 1993
5 1962 1993 23 1992
6 1962 1968 24 1993
7 1968 1993 25 1994
8 1977 1989 26 1997
9 1968 1993 27 1992
10 1975 1993 28 1994
11 1977 1993 29 1993
12 1977 1993 30 1993
13 1977 1997 31 1993
14 1979 1997 32 1993
15 1977 1997 33 1995
16 1979 1997 34 1996
17 1992 35 2000
18 1992 36 2001
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E 82 H AAH UM

Table 8 Numbers of exposed and retired generators

=@ =@ WA | 28 =28 A9
i+ O& Oa | @+ od o
0 36 0 16 11 2
1 36 0 17 9 0
2 36 0 18 9 3
3 35 0 19 6 0
4 34 0 20 6 2
5 34 0 21 4 0
6 34 1 22 4 0
7 31 1 23 4 0
8 0 24 4 0
9 27 0 25 4 2
10 25 0 26 2 0
11 19 0 27 2 1
12 14 2 28 1 0
13 12 1 29 1 0
14 11 0 30 1 0
15 11 0 31 1 1
E 99 WA Ay ALASITAE Fusd
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Table 9 Cumulative distribution of generator

P =T P wxag
5 | 0/34 = 0.00000 19 | 106410 062500
6 | 1/34 = 0.02941 20 | 12/6+10) = 0.75000
7 | 2/G31+1) = 0.06250 | 21 | 1¥4*12) = 0.75000
-
_ 12/(4+12) = 0.75000
8 | 2/(28+2) = 0.06667 | 22 ) a0
o | 2/27:2) = 006807 | 23 | 1¥/4*12) = 0.75000
—~E3Qa
_ 12/(4+12) = 0.75000
10 | 2/25+2) = 0.07407 | 24 e
11 | 2/19+2) = 0.09524 | 25 | 14/(4+12) = 0.87500
~ 14/(2+14) = 0.87500
12 | 4/(14+2) = 0.25000 | 26 My
13 | 5/12+4) - 031250 | 27 | 15/2+14) - 093750
12 | 5/11+5) - 031250 | . | 15/1+15) = 093750
—=38 —E3e
5 | 5/11%5) = 031250 | _, | 15A1+15) = 0.93750
—%da —%da
_ 15/(1+15) = 0.93750
16 | 7/11+5) = 043750 | 30 Ry
7/9+7) = 0.43750 _
17 ey 31 | 16/1+15) = 1.00000
18 | 10/9+7) = 0.62500
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Table 10 Parameter set 3 of Weibull distribution
- & Hjotst gtgy SHH 9y
scale (o) 18.552 20.003
shape E.5(0) 3.275 1.900
(1) 16.635 17.750
REFHZHI) 5.588 6.952
a3 7le % 109 golBREe ¥ 99 FEEI Hof
Bl7F gt =AE 3 Stk 29 7oA sfelEE XS 25Ut

A
geHoz ARHNALS BAL £ 9lx, ok FAN ¥
¥nes T4F BUNE 2 Fols
EAY PEAA o188 & e del
A PE FAH e Holzt
ohn @ % 3leh

Weibul® 2 2¢4
T

-

0.8r

07

061
E
ol L
= 95
+

0.4 [—

0.3

02

(R

30 35 40

g 7 2AojgE2xe $XHEE 2
Fig. 7 Cumulative probability 2 of the Weibull distributions
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