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A Study on Failure Rate Extraction of Power Distribution System Equipment
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Abstract

In this paper, the Time-varying Failure Rate (TFR) of power distribution system equipment is extracted
from the recorded failure data of Korea Electric Power Corporation (KEPCO). For TFR extraction, it is used
that the fault data accumulated by KEPCO during 10 years. The TFR is approximated to bathtub curve
using the exponential (random faillure) and Weibull (aging failure) distribution function. In addition,
Kaplan-Meler estimation is applied to TFR extraction because of incomplete failure data of KEPCO. Finally,
Probability plot and regression analysis is applied. It is presented that the extracted TFR is more effective
and useful than Mean Failure Rate (MFR) through the comparison between TFR and MFR.

1. Introduction

The extraction of accurate failure rate is essential
for more accurate reliability evaluation. If the failure
rate according to time is predicted and the predicted
failure rate is accurate, the trend of reliability indices
can be evaluated through the current and future
reliability evaluation of real power system. If the
evaluated reliability index is accurate, then we can
know how the reliability indices will change at
several years later, which region have the weak
reliability indices and which components. are affecting
the reliability indices adversely. Consequently power
system investment plan and power system asset
management can be possible.

In this paper, the TFR is extracted from real
recorded failure data for 10 years of KEPCO using
exponential and Weibull distribution function. First,
the recorded fault data and fault cause is analyzed.
Next, the TFR is approximated to bathtub curve
using the exponential and Weibull distribution
function expressing the random failure and aging
failure, respectively. Also, the Kaplan-Meier
esimation is used for adjusting the different
operation-starting time of each component. Finally,
The probability plot and regression analysis is applied

to TFR extraction. At conclusion, the extracted TFR
of power distribution system equipment is presented.

2. TFR Extraction Method

The procedure of TFR extraction including the
scope of population and failure cause analysis is
presented at Fig. 1. That is, If the failure is random
one, the MFR is extracted from operating time and
the occurred failure time. Otherwise, If the failure is
aging failure, the TFR is extracted from parameters
of Weibull distribution functon through the
cumulative failure probability and regression analysis.
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Fig. 1. The procedure of TFR extraction
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2.1 Random failure data analysis
The Maximum Likelihood Estimator(MLE) of
failure rate is given by eqg. (1)

A

:
BRI

ieZ, ieZ, (1)

where r is the number of random failure occurred,
t; is the operating time of faulted equipment, ¢; is
operating time of normal equipment, and Z;, Z, are
the set of faulted and normal equipment, respectively.
As a result, the calculated random failure rates for

each distribution system equipment are represented at
Table 1.

Table 1. Analysis results of random failure

Mean .
Time of Sl{m o Random
Estimate | Normal Sum of Failure
Equipment . d Failure | Operating | Operating
Failure for Rate
10 years Time Time | Time [year) {freqyear]
YES N Iyear] | year] yer
[year]
Overhead Conductar Wire 8% 137335 165 577146040 28E-8
CNCV Cable 774 186302 151 2336861 95E(B8
Interrupter Switch w8 79743 15 498800 127TE-G2
Line Post Insulator 945 14687 115 1976613610 | 782E-06
Suspension Insulator 812 61,7201 160 1,323401,807.3| 574E-06
Cut Out Switch for TR 768 30,7507 140 47250020 | 895EB
Cut Out Switch for Line 761 56885 125 328805 2266-04
Assembl hhi of ot 25 | aes | ue | 4omims | 1B
Assembling type of
Termination Kit 744 281 107 12497173 256E-(06

2.2 Aging failure data analysis

The procedure of aging fallure rate analysis is as
following:

1) Acquisition of data

2) Rank of data

3) Kaplan—-Meier estimation (see 2.3)

4) Weibull probability plot (see 2.4)

5) Analysis of Weibull probability plot using

regression analysis (see 2.4)
6) Estimation of Weibull parameters (see 2.4)
7) Calculation of aging failure rate

2.3 Kaplan-Meier Estimation

For drawing the Weibull probability plot, the data
should be ranked from low value to high value of
failure time, the PDF of each case be estimated and
the trend line be estimated. Also, we can recognize

the results of TFR are good or bad through
examining the goodness of fit.

Because operation-starting time of equipment is
different with each other, Kaplan-Meier estimation is
used to estimate the PDF. where r; is the inverse
order value of i~th fauit data and Ro is equal to 1.

R =[(;-D/r}R,, @

The results are represented at Table 2. Because
the fault data exist for only 10 years and are not
sufficient to estimate the failure rate, eq. (2) is
modified like eq. (3)

R Z[r,-—[lf(pmpz)]}

t

I

&)

where p, is data ratio for analysis, that is, the
number of aging failure data divided by the estimated
number of aging failure in population. p, is the fault
reporting ratio. It needs to revise the omitted report
because of human error, so on.

Table 2. The number of equipment set up
and the data ratio for analysis

g BRI
a monl (pp)
Ov Lonductor 216 925 018
CNCV Cable 292 49 0.4
Interrupter Switch 42 12 0.14
Line Post Insulator 428 62277 030
Suspension Insulator 70 214293 021
Cut Out Switch for TR 186 B19 0.14
Cut Out Switch for Line 57 85 0.18
Asserrblinglégpe of Joint 61 1242 042

Assernbling type of

Termination_Kit 10 kel 04

2.4 Weibull Parameters Estimation

The honizontal and vertical axis of Weibull
probability plot is natural log value of life time t, and
the modified cummulative probability of faulted
equipment until time t, respectively.

InIn[1/(1- F(#))] = mIn(t) — mIn(7) @)

Above eq. (4) is a form of first order function
Thus the parameters can be estimated from the trend
line extracted from regression analysis. The shape
parameter, m, is the slope of the trend line, the scale
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paramreter, 7, is represented to exp(— k/m), where
k is a intercept of y. The result of regression
analysis for OC wire is showed at Fig. 2.

Also, the Mean time to fallure (MTTF) can be
calculated if Weibull parameters are estimated. The
calculated Weibull parameters, MTTF, and aging
failore rate per year for each equipment is
represented at Table 3.

y= 1.0986x -1269
a*=08%0

Fig. 2. The result of regression analysis for

OC wire
Tabie 3. Weibull parameters, MTTF, and
aging failure rate per year
pafepe . | pScale  |MTTELy ?.4%}58*5

Overheagl Conductor | 1 50 808 | 3017 | 27WE-0
CNCV Cable 25 3670 | 23 | 341E®
Interrupter Switch 247 3176 | 548 | 3WE®
Line Post Insulator || 241 564017 | 41668 | 240E(B
Suspension Insulator || 291 2BH | 24047 | 416E-GB
Cut Out.ggitch for || 908 2108 | 28708 |  42E-8
Cut Out Switch for | 158 69275 | 51814 | 19E-B
hlin of | 168 10009 | 7509% | 13E-BB

Assembling type of
T e 110 | 16537844 | 1328096 | 75E-6

3. The Results of TFR Extraction

The final time-varying failure rate function is
represented to the sum of random failure and aging
failure rate function. The expected number of failure
occrred to a specific point of time for each
equipment is estimated from integral calculus of
failure rate function. Thus, faillure rate per year is
the value subtracted the integral value at one year
ago from a specific time from the integral value at a
specific time and extracted TFR is represented at
Fig. 3. The constant line at graph is MFR, which is
calculated from the number of fault divided by
recording duration. And the increasing line at graph
is extracted TFR using exponential and Weibull
distribution function.
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Fig. 3. TFR of distribution system equipment

4. Conclusions

In this paper, the time-varying failure rate was
extracted to a form of: bathtub curve using
probability  distribution  functions  from  real
accumulated fault data of KEPCO for 10 years.

The fault data was classified into random and
aging failure according to fault management codes of
KEPCO, the former is estimated using exponential
distribution function with memoryless property and
the later estimated using Weibull distribution function
used most generally for aging faillure. Through the
comparison of MFR and TFR at results, it is proved
that TFR is more accurate and realistic for failure
rate evaluation.
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