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(Evaluation of Life Expectancy of Power System Equipment Using Probability Distribution)
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Abstract

This paper presents a novel evaluation method of life expectancy of power system equipment. The life
expectancy means expected remaining lifetime; it can be usefully utilized to maintenance planning, equipment
replacement planning, and reliability assessment. The proposed method 1s composed of three steps. Firstly, a
cumulative probability for future years is evaluated for targeted age year. Secondly, the cumulative probability
is modeled by well-known cumulative distribution function{CDF) such as Weibull distribution. Lastly, life
expectancy is evaluated as the mean value of the model. Since the model CDF is established in the proposed
method, it can also evaluate the probability of equipment retirement within specific years. The developed
method is applied to examples of generators of combined cycle power plants to show its effectiveness.
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Table 1. Life expectancy of Korean male(2005)

d % 7t od
0 75.14
10 65.70
20 55.87
30 46.21
40 36.72
50 2179
60 19.56
70 12.39
80 7.00
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Table 2. Raw data

W | Adx | AEAA | s | AA | EA
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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Table 3. Numbers of exposed and retired
generators
A LA AA | &R | *d | EA
da | dig | dig | dg | g | dF
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 28 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
23 4 0 31 1 1
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Table 4. Cumulative probability distribution for
expected lifetime evaluation

134 -d53%

e | ¢4 | ¥4 N o
W | gy | 3Ad5 K %5

8 28 2 2/(28+2) | 0.06667
9 27 2 2/(27+2) | 0.06897
10 | 25 2 2/(25+2) | 0.07407
11 19 2 2/(19+2) | 0.09524
12 | 14 4 4/(14+2) | 0.25000
13 | 12 5 5/(12+4) | 0.31250
4 | 11 5 5/(11+5)

15 11 5 5/(11+5)

16 | 11 7 7/(11+5) | 0.43750
17 9 7 7/(9+7)

18 9 10 10/(9+7) | 0.62500
19 6 10 10/(6+10)

2 6 12 12/(6+10) | 0.75000
21 4 12 12/(4+12)

22 4 12 12/(4+12)

23 4 12 12/(4+12)

24 4 12 12/(4+12)

% 4 14 14/(4+12) | 0.87500
% 2 14 14/(2+14)

27 2 15 15/(2+14) | 0.93750
28 1 15 15/(1+15)

29 1 15 15/(1+15)

30 1 15 15/(1+15)

31 1 16 16/(1+15) | 1.00000
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5 34 0 0/34 0.00000
6 34 1/(34+0) 0.02941
7 31 2 2/(31+1) 0.06250
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Table 5. Cumulative probability distribution for oW [ g | T . - g
life expectancy evaluation(after 10 year A
operation) 4 6 5 5/(6+5)
1090 % 5 6 7 7/(6+5) | 063636
7} e | 74
eman | s | TABAL A s 6 4 7 7/(4+7)
FEETH T g4 7 4 7 U4+7)
1 19 0 0/19 0.00000 8 4 7 7/(4+7)
2 14 2 2/(14+0) | 0.14286 9 4 7 7/(4+7)
3 12 3 3/(12+2) | 0.21429 10 4 9 9/(4+7) 0.81818
4 11 3 3/(11+3) 11 2 9 9/(2+9)
5 11 3 3/(11+3) 12 2 10 10/(2+9) | 0.90909
6 11 5 5/(11+3) | 0.35715 13 1 10 10/(1+10)
7 9 5 5/(9+5) 14 1 10 10/(1+10)
8 9 8 8/(9+5) 0.57143 15 1 10 10/(1+10)
9 6 8 8/(6+8) 16 1 11 11/(1+10) | 1.00000
10 6 10 10/(6+8) | 0.71429
11 4 10 10/(4+10) E7.7I0iY MES QI8 THEEREY
(204 23 %)
12 4 10 10/4+10) Table 7. Cumulative probability distribution for
13 4 10 10/(4+10) life expectancy evaluation(after 20 year
14 4 10 | 10/44+10) operation)
15 4 12 12/(4+10) | 0.85714 27} Rl 201 ¥ o 3
16 9 12 12/(2+12) FAES | dF | FHEAYS K g
17 2 13 13/(2+12) | 0.92857 4 4 0 0/4 0.00000
18 1 13 13/(1+13) 5 4 2 2/(4+0) | 0.50000
19 1 13 13/(1+13) 6 2 2 2/(2+2)
20 1 13 13/(1+13) 7 2 3 3/(2+2) 0.75000
21 1 14 14/(1+13) | 1.00000 8 1 3 3/(1+3)
9 1 3 3/(1+3)
H 6. 7ICHHY AES 9IS FHEERE 10 1 3 3/(1+3)
(154 28 %) 11 1 4 4/(1+3) | 100000

Table 6. Cumulative probability distribution for
life expectancy evaluation(after 15 year
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Table 8. Evaluation results of life expectancy

Z7} Q 72} 154 el % A
T T smag A S &4 | 10d 159 20
A Bl Y 8e A AgH 5| 24 5 | 2d ¥
0 m 0 oL | 000000 o | 18552 | 9046 | 5052 | 6.190
1 11 2 2/(11+0) | 0.18182 B 3275 | 1482 0.985 3913
2 9 2 2/(9+2) 719 | 16635 | 8178 | 5084 | 5604
3 9 5 5/(9+2) | 045455 BEFAA | 5588 | 5614 | 5160 1.604
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Table 9. Probability of age year

e | T | 104 | 159 | 20d

FEET g | en x| en FeH %
25 7.021 12.048 14.088 64.811
30 0.802 3.911 5.380 0.145

35 0.034 1.097 2.065 0.000
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Table 10. Failure probability of generator of age
year 15
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