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Failure duration in distribution networks

Abstract. The paper deals with statistical analysis of data on faults and failures in electrical power distribution. We used the statistical analysis of
both MV overhead and cable lines, and electrical power stations of one distribution company. The data were collected from 2000 to 2009 with focus
on the duration of failure with respect to different types of equipment. To compare and analyze the data, we used confidence intervals and also
statistical distribution of data-sets.

Streszczenie. W artykule analizowano dane statystyczne biedéw i defektow w przesyle energii elektrycznej. Wykorzystano dane linii $redniego
napiecia kablowych i napowietrznych. Dane byly zebrane w latach 2000 do 2009. (Analiza okresu trwania uszkodzen w sieciach przesytu

energii)
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Introduction

Monitoring the durations of failures is valuable because
it gives information on how quickly a distribution company is
able to repair a failure. These data can be used as a basis
for the maintenance optimisation of distribution network
equipment and for the breakdown service operation at
distribution companies. Hereby stated data is anonymous
and confidential and the selection criteria may not allow a
wholly objective assessment. All input data are at the
minimum of 3-minute duration [1]. The dataset comprises
approximately 7200 values read from 1 January 2000 to 31
December 2009 [4]. The failure data comprises the date of
event, its duration and the type of failed equipment.

Mean failure time 7 for individual months and years was

calculated [3]:
N
P

i=1
(1) ="
N
where: N - number of failures of one equipment type, t - duration of
failure (h).
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Fig. 1 Box-and-whisker plot (whiskers representing duration in
minutes)

Graphical Comparison of Data

The box-and-whisker plot represents the distribution of
variables in different datasets. The minimum, the lower and
upper quartiles, and the means are not too far from each
other; however, the maximum is the furthest. Most failures
have low duration as Fig. 1 illustrates.

The bar chart in Fig. 2 represents the trend in failure
duration within 2000-2009. Concerning overhead lines, it
shows considerable decrease in the failure duration,
similarly to the electrical power stations.
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Fig. 2 Comparison of different datasets — failure duration

Exploratory Data Analysis (EDA)
First, outliers were excluded by means of z-coordinate.
In this case, outliers are those with absolute value of z-
coordinate greater than 3. After eliminating outliers,
exploratory data analysis was conducted [2].
z—coordinate; = XX

QZ —coordinate; )> 3
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Table 1 Descriptive data statistics

Overhead Power
Cable f .
line station
Mean value 8490.188 10838.32 3996.521
Mean value error 379.0112 565.6916 256.7419
Median 2938.5 288 364
Mode 3 3 71
Standard deviation 14639.85 30631.04 13493
Distribution in data 2.14E+08 9.38E+08 1.82E+08
Kurtosis 15.2009 13.3536 32.72117
Skewness 3.377048 3.608034 5.421509
Minimum 3 3 3
Maximum 135332 193881 118573
Total 12667360 31777948 | 11038392
Number 1492 2932 2762
Reliability value (95,0%) | 743.4519 1109.193 503.4256
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Fig. 3 Histogram of failure duration - cables
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Fig. 4 Histogram of failure duration — overhead lines
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Fig. 5 Histogram of failure duration — electrical power stations

The EDA shows that all data have pointed distribution.
Skewness reflects asymmetry in the distribution of values

surrounding the mean - evidently the values above the
mean prevail. The mode of electrical power stations is 71
minutes, while cables and overhead lines have 3 minutes.
The median of cables is distinctively higher, probably due to
the demanding character of repairs.

Frequency histogram

Histograms graphically represent the frequency of
occurrence of assessed quantity, in our case failure
duration with respect to selected classification. The number
of classes is given by the Sturges’ rule. The bar chart
depicts the rate in different classes. The chart shows that
the failures with the shortest interval are proportionally
prevalent. In longer duration the chart shows a steep drop
in the rate. The equipment of electrical power stations
shows the highest percentage with 92 % value of the first
class. The line chart depicts proportional distribution of
cumulative frequencies which correspond with proportional
data distribution from the shortest failure duration up to a
given class. These histograms were devised in MS Office
2010. Figures 3, 4, and 5 illustrate failure duration rate
distribution for different datasets.

Distribution Analysis

Distribution analysis of several samples tests hypothesis
(HO) which assumes the same original set of the basic
probability distribution in comparison with alternative
hypothesis (HA) which assumes inequality of mean values
of samples (HA: does not hold HO). Distribution analysis
can be conducted in the ANOVA table, or with Kruskal-
Wallis one-way analysis of variance. The ANOVA table
assumes normality of analyzed data. When this assumption
is not supported, Kruskal-Wallis one-way analysis of
variance can be used, however, at the cost of lower
sensitivity compared to the ANOVA table.

Table 2 Chi-Square a Kolmogorov-Smirnov test results

Goodness-of-Fit Tests for kabel_V

Chi-Square Test

Lower Upper  Observed  Expected
Limit Limit Frequency Frequency Chi-Square
ator below -11756,7 0 124,33 124,33
-11756,7  -5672,75 0 12433 124,33
-5672,75 -1384,27 0 12433 124,33
-1384,27  2184,38 676 124,33 244776
2184,38  5409,52 236 124,33 100,29
5409,52 490,19 150 124,34 5,30
8490,19  11570,9 101 124,34 4,38
11570,9  14796,0 71 12433 22,88
14796,0  18364,6 50 12433 4444
18364,6  22653,1 55 124,33 38,66
22653,1  28737,1 43 124,33 54,52
above 28737,1 111 124,33 1,43

Chi-Square = 3092,66 with 9 d.f. P-Value =0,0

EDF Statistic Value Modified Form P-Value

Kolmogorov-Smirnov D 0,281046 10,8592 <0.01

Normality Testing

Out of many methods there are to be used for testing
normality, we used chi-square goodness-of-fit and
Kolmogorov-Smirnov tests for reasons of good availability in
STAGRAPHICS Plus 5.0.

Chi-square test tests the number of frequencies in
selected classes from analyzed data. It compares them with
the number of frequencies that would occur in case of
selected distribution. Only the test results for cable are
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shown, as the results of the other datasets were similar —
also not with the character of normal distribution.

To illustrate normal distribution, we used a Q-Q plot Fig. 6.
The blue line in the plot shows congruity of the empirical
and the theoretical distribution functions, the latter of which
originates in the normal distribution. The empirical distribu-
tion function from the distribution we analyzed is
represented by the points. The points are not aligned with
the blue line, but they more or less deflect from it. The
analyzed data do not have the distribution function of
normal distribution, therefore they do not originate from it.
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Fig. 6 Q-Q Graph

Table 3 Kruskal-Wallis test results
Kruskall-wWallis Test

sample Size Average Rank
electrical stat. 2762 354421
cable 1492 4301,28
overhead lines 2932 3279,76

Test statistic = 242,291 P-Value = 0,0

Distribution Analysis

The abnormality of data does not allow distribution
analysis by means of table ANOVA, therefore we used
Kruskal-Wallis test. The test compares medians of
individual samples and tests the null hypothesis that the
medians are equal.

Tab. 5 Confidence intervals for selected reliability intervals

The Kruskal-Wallis test

The P-value in the test is zero and therefore there is
95% certainty that the datasets are statistically different. As
every dataset is specific in its own way, intuitively we can
assume the correctness of such conclusion.

To analyse in more detail differences in datasets we
conducted the post — hoc analysis. As the data distribution
is abnormal, the Tukey HSD test which is used to find
means that are significantly different from each other was
used. The test was conducted for 99% confidence interval
of data reliability.

Means and 99,0 Percent Tukey HSD Intervals
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Fig. 7 Mean values and intervals of 99% reliability

It is evident that these three independent homogeneous
groups have completely different character. The values
from the Fig. 7 are in the Tab. 4.

Table 4 Table of mean values form Tukey HSD test and confidence
intervals with 99% reliability

Mean value Lower limit Upper limit
Cable 8490,2 7297,2 9683,1
O"T’i;heead 10838,3 9987,2 11689,3
Power 3996,5 3119,7 4873,3
stations

Mean failure time

Mean failure time is a significant value that speaks for
the condition of given equipment and the demands for its
repair. It can be useful to know what the range of interval of
mean failure time is.

(minutes) Cable Overhead line Power stations
Mean value 8490,19 10838,3 3996,52
Reliability 90% 7866,77 9113,61 9907,84 11768,8 3574,22 4418,83
confidence 95% 7747,34 9233,04 9729,58 119471 3493,32 4499,73
interval 99% 7513,92 9466,46 9381,19 12295,4 2335,2 4657,85
Conclusion REFERENCES

The paper deals with statistical representation of
reliability data. Altogether, 7186 were analyzed in the
monitored period of time. The variables have pointed and
abnormal distribution with the prevalence of values above
average. The analyzed variables are statistically different,
which confirms the intuitive assumption. The mean failure
times and reliability confidence intervals are to be found in
Tab. 5. It is clear that the distribution of more accurate
reliability intervals is closer to the mean value.

This work was supported by the Czech Science Foundation
(No. 102/09/1842), by the Grant of SGS VSB - Technical
University of Ostrava (No. SP2013/137) and by the project
ENET (No. CZ.1.05/2.1.00/03.0069).

[1] Provozovatelé distribuénich soustav: PPDS, Priloha
2: Metodika urcovani nepretrzitosti distribuce elektfiny
a spolehlivosti prvka distribucnich siti. (2011)

[2] Bris§ R., Litschmannova M., Statistika I., Sylaby k
predmétu VSB-TU Ostrava (2004)

[3] Martinek, Z., Kralovacova, V., The Solution for Re-pairable
Units. Proceedings of the 11th international Scientific
Conference Electric Power Engineering 2010, University of
Technology Brno (2010)

[4] Krejc¢i, P., Santarius, P., Hajovsky, R., Veli¢ka, R., Cumpelik,
R., PQ Monitoring in Selected Networks of Czech Republic.
Przeglad Elektrotechniczny, vol. 88, nr. 7b/2012, 183-185

Authors: Ing. Martin Slivka, VSB-TU Ostrava, Department of

Electrical Power Engineering, 17. listopadu 15, Ostrava,
martin.slivka.st1@vsb.cz; doc. Ing. Radomir Gorio, Ph.D.,
radomir.gono@vsb.cz; prof. Ing. Stanislav Rusek, CSc,

stanislav.rusek @vsb.cz.

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 89 NR 11/2013 3



