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APPLICATION OF PEARSON TYPE III STATISTICS
TO HIGH YOLTAGE BREAKDOWN REALIZATIONS
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ABSTRACT

In the hlgh voltage englneering, the mathematlcal statlstles play a
domlnant zole for choosing test procedures as well as for the analysis
and Interpretatlon of measurements. However, the currently wused normal,
double expenantlal and Welbull dlstributlon types are not powerful encugh
to describe many insulation electrlcal strength behavlours. Some dangers
have been found by the approximations of concrete hlgh voltage breakdown
reallzations through the Weibull distribution. Te avold these dangers,
the paper introduces a powerful distrlbution type as a new tool Eor the
statistical analysis of high voltage breakdown reallzatlons. This is the
Pearson type III distribution. This three parametric distribution has
‘heen applied to different high voitage  breakdown reallzations. The results

show the better fitting features of the distribution compared with the other
cyrently used distribut types.

1. INTRODUCTION

By the design of high voltage insulating systems, the calculated
electric field values must be compared with the dielectric strength of
the system. Thereby, 1t should be noted that the dlelectric strength can
not be described by means of a single concrete mmerical value. The
dielectric strength has more or less a random nature. This random nature
can be described by a dlstribution function depending on the stochastic
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variatlons caused by the bullding of the electron avalanches of the
breakdown process [1-4]. This distribution function must be taken into
conslderation to meet realizable declaration about the rigid breakdown
voltage values. 8o, the distribution type should not only be able ta
adopt the measured values to a theoretical distribmtion Ffunction, but
also 1t is recommended to modulate the process theoritically or
experimentally {51}.

The uncertalnty by the modelling of the stochastic breakdown process
does not allow a direct practical employment of the distribution types
assigned by the theoretical considerations. They rather serve to reallze
the approximation of the empirical distribution functions through
theoretical distrlbution functions in a significant physical manner (6].
The kind of Alstribution type to be perfomed is consequently decided
through the experiments. Thereby, 1t should be clear that through
measurements and interpretatlions probable random errors of the
Investigated breakdown voltage valuves may be superlmposed. These errors
can already exist through the actlion of many random Influences such as
the random appearance of high electric fleld strenghts caused by a
particle, the random dlsposition of an inltial electron and/ or the
random building of breakdown (7).

If all concelvable random Influences contribute to the vhole
process, and If these Iinfluences can be described through random
variables, which are ipdependant of each other, thus the distribution of
the sum of these random varlables will converge to the normal
distribution [6}. The normal distribution 1s of great importance for most
statistlcal estimations In the high voltage englneering, speclally fcr
describing of alr breakdowns and flashovers of insulators {5}. It ls alsc
successfully used by other Insulatlon tests because of lts slmpllclty.

It lles by the stochastic nature of the breakdown process ltself,
that the electrical strength !s neither {dentical distributed for all
arbitrary electrode systems nor for all kinds of stresses. For example,
by electrodes having large areas with constant electric fleld strength,
1lke those of gas compressed insulating systems, an elevation of the
electrlc fleld strength through particles at dlfferent elementary regions
!s possible. In this case the avalanche bullding will be the measure
vhich determines the breakdown process and an extreme distributlon wvalue

. s expected for the electrical strength (2]1. The double exponential
distribution has been successfully used for describing the atochastic
processes and breakdown behaviours In such compressed gas Insulated
systems (6]. o

The normal and double exponentlal dlstributions have been quyﬁilto
be lnsufflcient for describing more complicated breakdown phenomena as
thoze in llguid lngulatlons. To this extent, the Welbull distrlbution has
been introduced to wmodel' such stochastic processes ({81. This hkwo
parameters Welbull distribution converges for large Welbull exponents to
the double exponentlal distribution.
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The three mentloned statistical distribution types are the currently
used distributions in the high voltage engineering. They have the
advantage of being simple by employment and interpretation. However, they
are not powerful enough to describe wmany of the behaviours of the
insulation electrical strenght. So, some dangers have been found by the
approximations of concrete high voltage breakdown reallzations through
the welbull distribution {9-101.

Nowadays, and with the ever growing facilities by the use of digital
computers, it has been a main demand to employ more powerful distribution
functlons for modelling and analyzing of electrical strengths. To this
extent, the paper introduces a powerful distribution namely; the Pearson
type IIT distribution, as a new tool for the statiscal analysis In high
voltage engineering. This distribution has been originally introduced by
the author together with other researchers for use in statistical
analysis of vind data {11,12}. The excellent results achieved encouraged

the author t0 apply this distribution on different random samples of the electrical

'm‘englfh und.er technical limitations. The fine results achleved prove its
necessity to introduce this distribution type to the high voltage area.

#

p,

2. PEARSON TYPE 1II DISTRIBUTION

The Pearson type III distribution iz a three-parameter distributton.
1£, for example, the breakdown voltage v is the random wvarlable to be
anali-ed, the three parameters used are the mean breakdown voltage, u,
the standard deviation, ¢, and the skewness, 3. The skewness s a
function of both the third moment of the breakdown voltage data about the
mean breakdown voltage and the standard deviation and it i3 defined as
follows [131:

N 3
Lilv-p)
= 2o {1

vhere v, 1s the 1 th breakdown voltage value and w~ is the number of

breakdown wvoltage values.

The Pearson probabllity distribution function £(v) has the following
form for posltive skewness [131:

ST 2 A -1)?
A (ASsatv-u) /oy P Y 2

2 fly) = Z85=-=S2mmiios 7T .exp (~(A"+A(v-u) /o)) {2)

o ., I'(A)

For negatlive skewness the distribution function is expressed as:
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2 (A —l)z
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vhere A = 2/ (4) -

One lmportant characteristic of the pearson type III distribution is
that 1ts dlstribution function does not sxist for all breakdown voltages
from 0 to @ as ln the Welbull distribution. It has a max!mum breakdown
voltage beyond which the frequency is zero In the case of negative
skewness. This maximum breakdown voltage is:

Vqu = +A .0 (5}

And in the case of posltlve skewness, 1t has a minimum breakdown
voltage below which the distribution functlon s =zero. This wminimum

breakdown voltage equals:

Ve "H "B . @

{6}

This characterlstlc Is shown In Fig. 1.
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Really, the Pearson distribution function has a more complicated
form than the Weibull distribution. However, the construction or Eitting
of this function to the actual data Is more simple than the Weibull

I3
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distribution. This ls due to the fact that the Pearson dlstribution
parameters are the mean, stardard deviation and the skewness which are
estimsteddirectly from the actual data; vhereas the Weibull parameters
are related to these sgstatlstical parameters by complicated relations
which has no straightforwvard method to solve it.

3. APPLICATIONS

As mentlioned in the above introdixtlion, the breakdown phenomena in
liquid imsulations is the most compllicated phenomena to be descrlbed,
specially when the electric field strength ls elevated through randomly
exlsting particles. Therefore, inception {prebreakdown) amnd breakdown
voltage samples of oll gaps influenced by the existance of fixed and free
moving conducting particles have been investigated. The random wvoltage
samples were examined for the best fitting distribution type. After being
sure that the random samples are not accepted for the normal distribution
test at the 95% confldence level, the Weibull distribution, the Pearson
type III distribution and the Raylelgh distribution (131 hawe been
applicated to the data, It should be mentioned here that, as illustrated

in all applications, the Rayleigh distribution is found to be of no
interrest for this area of application.

The experimental set up used is a 60 kV seml-automatic test set with
BSS/IES test vessel. This small volume transformer oll tester has a
motorized varlable transformer to raise the voltage at 2 k¥/second. This
means that the test stress ls a voltage rising test method {VRT). Detalls
of axperimental set up is published in reference {141}.

Using two sphere electrodes of 1.3 cm diameters and 3 horizontal
oll gap of .55 ¢m, 100 inception and 100 breakdown voltage values of the
oll gap have been recorded. For this case, without exlisting conducting
particles, whereby the electric field can be consldered a weak non
uniform one. The breakdown voltage values have been accepted for- the
normal distribution test at the 95% confidence 1level. Thereby, the
- average breakdown voltage of the data sample was 46.576 kv wilth a
standard deviatlon of 7.9 kv,

However, the analysls of the \inception wvoltage values showed a

. redection to the hypothesis of a normal distribution at the 95%

confidence level. Thls, in turn, confirms that the breakdown mechanisms

~in oil may Incixde different stages of dJifferent electric Eleld

—~andency. The lnceptlon voltage data (without particle) having a mean

ue nf 23.535 kY, a standard deviation of 1.4 kV and a skewness of

388 has been tested for the best fitting distribution type. Flg. 2

Ahows the distributlion flttness test. It is clearly seen that the Pearson
Zftype III distributlon is the most £itting one.

/ .

i A conducting particle of 1 mm dlameter has been flxed on a

sphere electrode at the symmetry axis level. The oll gap 13 then adjusted
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to be also of .55 om width from particle tip to the other sphere
electrode. Incegtion and breakdown voltage values for this oil gap,
having an elevated nonuniform £ield through the perticle, have been
recorded. For this testing case, both inception and breakdown voltage
data samples were rejected for the normal distribution test at the 95%
confldence level. Accordingly, they have been tested for the best fitting
distribution type.

Fig. 3. 1llustrates the distribution fitnezs test for the inceptlon
voltage in presence of fixed particle. The data sample composed of 55
values of a mean value of 10,08 kV, standard deviation of 1,528 kV amd a
skewness of .07895.

Flg. 4. 1llustrates also the distribution fltness test for the
breakdown voltage in presence of the same flxed particle. The data sample
composed of 55 values of a mean value of 30 kV, standard devlation of 1.7
kV and a skewness of 1.276,

Both figures 3 and 4 lllustrates not only that the Pearson type III
distribution is-the beat fitting distribution, but also that the Welbull
distribution is far away from an acceptable fittneas to the data. The
acceptance of the Welbull distribution for such braakdown mechanlsms may
lead to far consequences regarding errors by the {nsulation dimensioning.

To investigate the influence of free conducting particle existence
on the breakdown behaviour, a contucting particle of 1 mm dlameter has
been susperded through a thin halr, 30 om long, in the middle of the
original sphere gap arrangement. Also, in this caze the oil gap (betwesn
both spheres) was of .55 cm. In this case no definite inception voltage
was recognized and thus only breakdown voltage values have been recorded.
Also in this case of elevated fleld strength in insulating oil 1liquld,
the breakdown voltage values showed a rejection to the hypotheslis cof a
normal distributlon at the 95% confldence level. Then, the data sample
composed of 55 values having a mean breakdown voltage of 26,72 &V,
gtandard deviatlon of .8256 kV and a skewness of .12648 has been
tested for the best fitting dlstribution.

Fig. 5. illustrates the distributlon fltness test for the breakdown
voltage in presence of that free moving conducting particle in the oi} =
sphera gap. Again, lt is very clear that the currently used Weibw’
distribution is very far from the actual distribution. The Pearson, "ty
I1I distribution is the best fltting one for this kind of Gakdok,
phenomena. A
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Ancther kind of applicatlon on electrlcal strength ™ investlgations
has been undertaken to examine the distribution type of creepage distance
of the bakellte Iinsulating makterial. This creepage distance is an
important factor by designing insulating systems in coastal and marine
~ electrical egulipment.

The experimental set up 1s thereby a standard electrode system
conflguration. With a constant voltage stress amd with a  wetted
insulatlion surface through drops of ionic solution at intervals of 35 s,
the creepage distance at which the materlal withstands 50 drops wlthout
tracking will be evaluated. The used lonic solutlon In this experiment is
.1 £ 0.002% by mass amonium chloride (NH«CH) ln distilled water prepared
solution. For the detalls of test procedure as well as the electrode
arrangement and Investigatlon techniques, refer to [15].

Fig. 6 1llustrates the distribution £lttness test for the

creepage dlstance of the insulating bakelite materlal umder 440 V AC
stress and with a wetted surface by the lonlc solutlon as described
above, It 1s clearly seen from the €£figure that the Pearson type 111
dlstribution ls also, for this kind of stress and by thls complicated
creepage mechanisms, the best £ltting distribution type. The actual data
analyzed In this flqure ls composed of 35 creepage dlstance values having
a mean value of 3.4348 mm, standard deviation of 1.5273 wm and skewness
of .5629.
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4. CONCLUSIONS

The paper lntroduces the Pearson type III dlstrlbution as a powverful
new tool for the high voltage statlstlcal applications. Although this
distribution has a more complicated form than the Welbull distribution,
the constructlon or Flttlng of this distribution function to the actual
data ls more simpl. than the Welbull distribution.

The Introduced distributlon has been applied on high voltage data
samples for prebreakdown and breakdown phenomena In hlghly elevated
electric fleld oll gaps, which are known to be complicated to be
described. The results show not only that this Introduced distribution is

better fitting type compared with other currently used dlstributions,
but aiso how the Weibull distribution can be far away from the real one.

The Pearson type III distribution has also been applied with
qgreat success for fitting creepage dlstance realizatlions of bakellte
Insulation. This indicates the capabllity of this dlstribution by dealling
vith high voitage random samples of the voltage rising test wmethod as
well as of the constant voltage method. :
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