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ABSTRACT:

Analyzes of electric discharge are sometimes tedious and relatively expensive. To overcome this problem, some
scientists are working on variance analysis projects. The article presents the results of an electric discharge experiment
performed on silicone, porcelain and heat tempered glass insulators at Triple Junction (TJ). The objective of this study
is to develop a polynomial and Gaussian simple regression model (Polynomial Simple Linear Regression (SLR) model
and Gaussian simple nonlinear regression model) considering different parameters by analyzing the observed
quantitative data. The dependent variable or variable to be explained (discharge current) is a function of four
independent variables (explanatory variables): voltage application time (t), solid insulator surface condition: net
surface (¢’), worn rubbed surface with sandpaper (¢”°) and active electrode diameter (diam). Indeed, this study sets up
precise prediction models generating good estimates of the studied variables values. A polynomial SLR model is
proposed capable of predicting electric discharge with an adjusted coefficient of determination (R? adj) of 0.9774 for t
and ¢’, 0.9773 for t" and 0.9945 for diam. While (R? adj) for the Gaussian model reaches 0.9989 for t and ’, 0.9998 for
t”’. By considering this, these models are strongly recommended to better understand and characterize the discharge
and contribute to the improvement of the insulation and its design for better optimization and high performance.

KEYWORDS: Linear Regression, Maximum Discharge Current, Triple Junction, Electrical Aging, Insulating
Surface, Modeling.

1. INTRODUCTION

In armored equipment, Gas Insulated Switchgears
(GIS), used in transmission and distribution networks,
the reduction of the material size which constitutes it, is
a constant demand for production cost issues and better
dielectric performance [1]. In these and other
conditions, the dielectric performance of The Triple
Junction (TJ) depends on several factors: the geometry,
the High Voltage (HV) electrodes nature, the insulator
surface condition, the voltage application time (t) as
well as the used insulators dielectric properties [2-3].

TJ is the junction point between an insulator, metal
and gas. A strengthening of the field appears, this
region is likely to cause the appearance of Partial
Discharges (PDs) and attract metal particles [4]. The
problems of charge accumulation on the insulation
surface can reduce its dielectric strength when applying
a specific overvoltage (temporary overvoltage,
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maneuver shock, lightning shock) [5].

The analysis and understanding of the multitude of
complex phenomena that can appear under the presence
of HV at TJ becomes necessary for the insulation
optimization for better performance [6]. The initiation
of discharges from a triple point (insulator, metal, gas)
leads to a lowering of the ignition voltage [7]. These
produced discharges locally charge the insulation
surface, which causes a change in the field distribution
in the discharge area and therefore a modification in
their regime. The breakdown process is the electric
avalanche sequence developing and progressing from
the anode to the cathode. In fact, the propagation of the
discharges from TJ on the insulation surface follows in
a first approximation of the laws of Toepler [8]
(relating the propagation distance to the voltage for the
two polarities with a different director coefficient).
These surface discharges lead to a flashover risk and
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therefore to the establishment of a surface arc. This
mechanism does not require dielectric breakdown of a
solid insulator, but corresponds to the development of a
discharge on the creepage line at the insulator surface
[9]. It should also be noted that these surface discharges
have specific physical properties leading to a fast
propagation speed (of the order of 100 km / s -
streamers magnitude order) [10]. The development of
the avalanche is numerically modeled [11].
Experimental tests of the research predictions are not
given here. It is proven both theoretically and
experimentally that use of the metal shielding ring can
effectively eliminate the flashover problem on the
insulating surface from the TJ based on the Secondary
Electron Emission Avalanche theory (SEEA). This
requires further investigation and research to ensure
that the study achieves its objectives in particular on
four main axes: quality, time, cost and customer’s
satisfaction [12]. In addition, L. Zeghichi and al.
compared experimental and modeling results based on
the Monte Carlo’s method in order to simulate the basic
phenomena in an electric discharge and the
determination of the ambient electric field. This study
results can only be used in the oxygen case in a plane-
plane electrode system [13]. Otherwise, Junhao Li et al.
studied the influence of oil aging and pressed cardboard
on the PD characteristics at TJ. The charge, the
frequency and the maximum discharge current (Imax)
were measured during the flashover [14]. The influence
of the insulation surface condition and the TJ geometry
on the flashover characteristics is discussed.
Interactions between the spacer and the discharge
development processes in the surrounding gas have not
been taken into account [15]. Regression models have
been developed and validated for a PD response
multivariate system, i.e. average charge, number of
discharge pulses, average charge current and the
greatest repetitive discharge amplitude over the data
acquisition period. However, it remains to validate
these models on different equipment installed in a large
zone and in the long term [16].

In this work, we will first discuss the experimental
study of the electric discharges occurring in the TJ
region for a solid insulator surface with or without
defects under alternating applied voltage (V). On the
other hand, we analyze the effects of the active
electrode geometry and the voltage application time (t)
on Imax. Subsequently, these currents will be modeled
by a polynomial and Gaussian simple regression model
(Polynomial Simple Linear Regression (SLR) model
and Gaussian simple nonlinear regression model). The
latter results are from an optimization problem that is
easy to solve. The model thus will allow us to organize
at best our experimental tests and to expose the
parameters that influence the electric discharge. This
study should allow us to better understand the complex
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problems appearing in TJ with a view for optimizing
under real conditions for better performance of
insulators in industry over both the short and long term.

2. THE CASE STUDY

The tests are carried out in a Faraday cage. The test
cell is powered with alternating voltage from a single
phase transformer of 100 kV, 50 Hz and 10 kVA. The
voltage is variable thanks to a voltage variator that can
be seen on the control desk (see Fig. 3).

The HV electrode is a cylindrical stem in Z200 hard
steel of 0.6 cm in diameter (diam) ending by a cone
whose tip has a radius (r) of 0.15 mm and a solid angle
of 21.4 °. This electrode has a total length of 19 cm
with a straight part of 12 cm and another inclined part
of 7 cm with an inclination angle of 135 °. While the
plane electrode is a rectangular plate also in Z200 hard
steel of 10.4 cm long, 0.7 cm wide, 0.16 cm high whose
terminals are rounded to eliminate side effects. The HV
electrode is placed on the solid insulator and in parallel
with it; the plane electrode is also placed on the solid
insulator thus allowing to have only surface discharges
oriented in one direction. The samples used are derived
from HV insulators in silicone, porcelain and heat
tempered glass. The cutting method of these samples
and their dimensions are shown in Fig. 1. Before each
test, the sample is thoroughly cleaned with alcohol and
then dried. The distance between the electrodes (d) and
the position of the sample are adjusted by a mechanical
system made of polymethyl methacrylate and bakelite
(Fig. 2). The current pulses are visualized using a 20
MHz bandwidth memory oscilloscope that we have
connected to a plotter. The oscilloscope measures the
voltage drop across a 48.6 kW resistor across which the
flat electrode is grounded.

The atmospheric conditions in the Faraday cage are
maintained practically constant during the tests: the
atmospheric pressure is 1010 hPa, the relative humidity
is 63.4% and the temperature is 15 ° C. Their
measurements are made by a thermohygrometer and a
barometer.
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Fig. 1. Dimensions of the samples and their cutting
method.
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Fig. 2. Tested electrode system.
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Fig. 3. Schematic diagram of the experimental setup.

3. METHODOLOGY

In this part, a simple regression analysis was
performed to predict the effect of t, ¢°, ¢’ and diam on
the electric discharge. It is therefore a mathematical
modeling of the phenomena studied experimentally.
We give the details of the derivation of our two
proposed models. First, the polynomial model, and then
the Gaussian.

Let y denotes the observed (dependent) variable or
variable to be explained. Note that we have n
observations which we denote y;,Vi=1,..,n, we
assume that each y; is corrupted by a normal random
noise (Gaussian) g; of mean and variance equal to O
and o2, respectively. Our main goal is to find a
function f(x), where x is the independent variable
(explanatory variable), such that y = f(x). That is to
say, we seek f that minimizes the error between the
observations and the proposed model. The choice of f is
made based on several criteria. In particular, it is based
on the type of the relationship between the depended
and the independent variable (linear/nonlinear), and/or
the type of the associated optimization problem.

3.1. Polynomial Model

Our first choice for f is to be a polynomial function.
These models are widely used for the following reasons
[17-18-19]:
- The simplicity of the polynomial models form;
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- Reasonable flexibility of the polynomial models
forms;
- Ease of use of polynomial models computationally;
-The independence of underlying metric of the
polynomial models which makes these models a closed
family.

Our polynomial is of degree D, where D > 2 is an
integer. In this case, the variables to be explained can
be written as:

yi= XPoBix] + e,Vi=1,..,n 1)

Where, B; are the coefficients of the polynomial to
be determined.
We can further put equation (1) into a compact (matrix)
form as follows:

y=XB+ ¢ 2
With,
y= M W], &= [& &n)T and
1 x x¥ .. xP
x=|1 % % - x 3)
1 %, %2 .. xl

Where, ()7 is the transpose of a vector/matrix.

The matrix X of size(nx D + 1) is assumed to be
full-column rank withn = D + 1.
According to the equation (2) and the above
assumptions on ¢ and X, minimizing the error between
y and Xg is equivalent to solve the following well-
known least square problem:

argminglly — XBII3 (4)

The solution of the optimization problem in
equation (4) is the pseudo-inverse given by:

pr= XX ®)

By applying the general equation (1) to our case
study, we obtain the polynomial models of degree D =
7forx=t x=1tand x =t" and D = 2 for x = diam
corresponding to the dependent variable y = Inax and
this for the three selected materials silicone, porcelain
and heat tempered glass. The coefficients of the same
model are different and they are different from one
independent variable to another and from one material
to another.

Besides, for x=t, x = ¢ and x = ¢”’, the degree of the
polynomial models is high (7) and the associated
number of estimated terms is also high (8). These
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polynomials have oscillations between perfectly
associated dimension values. Their interpolating
property is bad; moreover these functions are not
localized (global non-localized function). Therefore,
the polynomial model may lack precision when the
function to be modeled presents some severe
nonlinearities. Therefore, the use of rational functions
such as the Gaussian for modeling can give a good
adjustment.

3.2. Gaussian model

There are many physical phenomena that follow a
Gaussian distribution, which is why these functions are
widely used. In addition, these functions have major
advantages such as their central limit theorem as well
as the Gaussian function which is the Fourier transform
of a Gaussian function [20-21].

We propose the Gaussian function f given by
equation (6):

LN —(x-ay)? —(x-az)?
flx; @) =ay+ exp (T) + exp (T)
(6)

Where,
a= [ - a4]T 7

As in the polynomial case, our variables to be
explained can be written in a matrix form as follows:

y=Fxa)+ e (8)
With,
f(xy; @)
F(x,a) = [ : l 9)
f(xn; a)

It remains now to determine the coefficients vector
a. we can do it by solving the following optimization
problem:

argming|ly — F(x; @)ll3 (10)

Compared to equation (4), the optimization problem
in equation (10) is more difficult. It has no analytic
solution. Furthermore, it is not convex. Thus, we try to
solve it approximately using some known algorithms
such as Levenberg-Marquardt algorithm [22], which
we use in this paper. We should mention, however, that
this algorithm (like other ones) is not guaranteed to find
the exact optimal solution of equation (10).
Nevertheless, it turns out that it works well in practice
and it usually successes to find a good approximate
solution.
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By adapting the Gaussian function developed above
(Equation (6)) to our work, we obtain the Gaussian
models for y = Imax corresponding to x =t, x =t"and x =
t"* for the three materials studied (silicone, porcelain
and heat-tempered glass).

The coefficients of these models are not equal in the
same model and they differ from one variable x to
another and from one material to another.

4. RESULTS AND DISCUSSION
4.1. Experimental Results Analysis

Fig. 4 represents the variation of Inax as a function
of t for the three selected materials. V = 12 kV was
applied to the solid insulation for d = 2.9 ¢cm during 4
hours without interruption and the Inax measurement is
carried out every At = 30 min.

80, S

[ #Silicone
+-Heat tempered glass
©-Porcelain

B OB
= S

50 00 150 200 350
Time (min)

Fig. 4. Influence of t on the Inax for the selected
materials. Active electrode without defect r = 0.15 mm
and diam = 6 mm, net insulating surface, V =12 kV, d

=29cm. (x=t).

Maximum Discharge Current (pA)

We observe in Fig. 4 that the Inax increases for the
first period of electrical aging. From this period on, the
discharge current decreases, but the rate of decrease is
greater for silicone than for heat tempered glass and
porcelain.

During the first period of electrical aging, the three

materials were subjected to an electric discharge
undergo degradation which results in the breaking of
some chemical bonds, the formation of the OH
carboxylic group and a significant development of the
trees on the surface (the trees length grows with t)
which could favor superficial electrical conduction and
consequently the increase of Imax [23].
On the other hand, this degradation of the three
materials is observed visually and consists in the
appearance of a moisture layer and a whitish crown.
The intensity and thickness of the whitish crown and
the humidity quantity observed on the surface are all
the more important as t is high.

Moreover, on the second part of electrical aging, the
reduction in Ima after more than 30 minutes of
electrical aging for the three materials, is due to a
deposit of humidity, itself consecutive to a degradation
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of the electrical surface. This degradation facilitates the
electronic bond and the predominance on ionic activity.
This electronic link in turn slows down the discharge
regime, hence the extinction of this discharge [24].

On the other hand, it was clearly observed that the
Imax OF porcelain is higher than that of heat tempered
glass and silicone. This means that the electric aging
time has a greater influence on porcelain than on heat
tempered glass and silicone, which can be explained by
the fact that porcelain is more permeable to the
propagation phenomena of electric discharges which
can be related to the chemical structure. In other words,
porcelain has a weak bonding force between its
molecules, unlike heat tempered glass and silicone
(silicone has a strong bonding force between its
molecules made from oxygen and silicon). Thus, this
chemical structure plays a main role in the electrical
and dielectric properties of these materials [25].

Fig. 5 shows the variation of Ina measured every At
= 30 min during four hours of t continuously on the
solid insulation (three materials: silicone, porcelain and
heat tempered glass) for x = t' and x = ¢’”. The
experiments take place under V = 12 kV and d = 2.9
cm.

=+net Si
“%-net GL
“net Po
©Po rubbed
GL rubbed

By
v v v

v
&
¥

&
¥ ¥ -

Maximum Discharge Current (pA)

0 50 150 200 250

m‘l’ime (min)
Fig. 5. Influence of t on the I for the selected
materials for a solid insulator with net surface, then
with a rubbed surface. Active electrode without defect.
r=0.15mmand diam=6 mm, V=12 kV, d =2.9 cm.
(x=¢tandx=¢").

For the three materials studied (Fig. 5), we notice that
increasing t up to 30 minutes leads to an increase in
Imax. Beyond 30 min, a decrease in Inax iS observed by
increasing t. This is more important for silicone than
heat tempered glass and than porcelain; this is valid
regardless of the solid insulation surface condition (x =
t’ and x = ¢”). The same phenomena have been
observed and explained for Fig. 4.

In addition, we observe that the currents values of
Imax Of the three samples are larger for x = t" compared
to x = ¢ This is explained by the following
phenomenon: the surface worn and rubbed with
sandpaper has homogeneity defects, cavities, inclusions
of foreign particles, etc. As a result, electric discharges
arise in the vicinity of these defects. As soon as the
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electric field becomes great enough, these discharges
can create by erosion, localized fusion, induced
chemical transformations or other processes in the
insulation, networks of channels more or less
conductive called "trees". The trees evolve along with
time, thus increasing the electric discharge and
consequently the Imax. As soon as the size of these trees
becomes sufficient, they cause an electrical breakdown
[26-27]. Furthermore, the experimental results obtained
by J. Lewis [28] show that polishing the solid insulator
surface improves the system dielectric strength. The
discharge occurs under the form of a channel polished
surfaces and under the diffuse form on rough surfaces.

The variation of Imax as a function of different HV
electrode diam for d = 2.9 cm, V = 12 kV and this for
the three samples is shown in Fig. 6.

|4 Silicone

-5-Heat tempered glass
M
120 ——

100 8 10

Maximum Discharge Current (pA) °

Diametgr (mm) ) h N
Fig. 6. Influence of diam on Inax for the selected
materials. Active electrode without defect. r =0.15
mm, net insulating surface, V=12 kV,d=2.9 cm. (x =
diam).

For the three materials studied, Fig. 6 shows that
when the diam decreases, the Imax follows.

When we increase diam, therefore HV end surface
increase, its resistance (from equation (11)) decreases.
As a result, according to Ohm's law (Equation (12)), we
observe an increase in the current flowing from this
conducting electrode [29-30-31].

R=r1l/S (11)
I = UJR 12)

Where, 1, is the resistivity (Q.m), [ the length (m)
and S is the section (m?).

4.2. Analysis of the Modeling esults

Figs. 7, 9, 11, 13, 8, 10 and 12 permit to compare
the Imax Obtained from the experiments performed and
the polynomial SLR model for x =t, x = t', x = t" and x
= diam as well that of the Gaussian model for x =t, x =
t'and x = t" in order.
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Fig.7. Influence of t on Imax measured experimentally
and calculated from the polynomial SLR model for the
selected materials. Active electrode without defect. r =
0.15 mm and diam = 6 mm, net insulating surface, V =

12kV,d=29cm. (x =t).
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Fig. 8. Influence of t on Imax measured experimentally

and calculated from the Gaussian model for the

selected materials. Active electrode without defect. r =
0.15 mm and diam = 6 mm, net insulating surface, V =

12kV,d=29cm (x =t).
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Fig. 9. Influence of t on Imax measured experimentally
and calculated from the polynomial SLR model for the
materials selected for a net surface. Active electrode
without defect. r =0.15 mm and diam =6 mm, V =
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Fig. 13. Influence of diam on Inax measured
experimentally and calculated from the polynomial
SLR model for the selected materials. Active electrode
without defect. r = 0.15 mm, net insulating surface, V =
12 kV,d = 2.9 cm (x = diam).

In addition, the following metrics are calculated and
represented in Table 1 for each variable, material and
model obtained, for a better understanding and
characterization of the prediction model developed
[32].

* The coefficient of determination R? adj

R? adj is given by the following equation:

Vol. 15, No. 3, September 2021

2 _ S - *

R =1 S o (13)
The closer R? adj is to 1, the better the regression

adjustment the data set.

* The mean absolute percentage error MAPE (%):
MAPE (%) is given by the following equation.

MAPE = = 1|i;_3’i|

(14)
MAPE gives better information on the prediction
quality. The lower the values are the better is the
adjustment.
* The mean square error RMSE
RMSE is given by the following equation:

n o 2
RMSE = | H=a0m2) (15)

RMSE tells us about the dispersion or instability of
the prediction quality.

Where, n is the number of data, y; is the value of the
i " data, ¥ is the data values average and ¥, is the value
of the i ™ prediction.

Table 1. Error statistics of Gaussian and polynomial simple regression models obtained in this study.

Value
Polynomial SLR model Gaussian model
Paramet x=t X=t
er and Xx=t" x = diam and X=t"
X=t X=t
Si G Po Si G Po Si G Po Si G Po Si G Po
RMSE 5.34 0.611
5.206 6.257 | 8.22 7 6.39 8.248 1 0.817 | 0.667 | 2.438 1873 1.837 | 0.463 1771 1.894
(HA) 2 5 7 3
40.8 0.429
M(,;A/OP)E 27.11 | 39.15 | 67.56 2%5 5 68.02 | 1.494 2673 1.783 11.89 7.013 6.746 2 6.272 | 7.172
. 0.974 0972 | 0977 | 097 | 0.97 | 0977 | 0994 | 0.985 | 0.990 0994 | 0.997 0.998 0999 | 0997 | 0.998
R?adj (-) 4 4 4 3 1 3 5 2 7 4 5 9 8 8 8

Where: Si, G, Po are respectively silicone, heat
tempered glass and porcelain.

According to Table 1, forx =t,x=¢"and x = ¢"’, we
see that the Mean Absolute Percentage Error (MAPE)
(%) is acceptable for both models (polynomial and
Gaussian) but even more suitable for Gaussian: A mean
absolute percentage error of less than 12% was
observed for the latter (see Table 1), furthermore the
polynomial model presents outliers (67.56 et 68.02%)
which are generally due to measurement errors.
However, for x = diam, the mean absolute percentage
error is also quite limited 2.673% (see Table 1) and this
applies of course to the polynomial SLR model
obtained in this study.

Figs. 7 to 13 and Table 1 show that the quality of

the results of the prediction models developed
(polynomial and Gaussian) is valuable. In other words,
the values predicted by the models are fairly close to
the true values. Nevertheless, the precision, robustness
and the rigor of the Gaussian model (case where x = t, x
=t"and x = t") are really better. This led us to test and
validate the Gaussian model obtained in the study
(Gaussian model obtained for x = t, x = t' and x = t"
from the general equation (6)) for x =t, x =t" and x = t"
as well as the polynomial SLR model obtained
(polynomial model of degree D = 2 obtained for x =
diam from the general equation (1)) for x = diam.

4.3. Models Validation
The metrics mentioned and calculated above, are
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unfortunately not sufficient for the prediction precision.
The validation of the model to be set up is an essential
phase to show that the model is reliable and relevant
[33-34]. To do this, the data set was divided into two
groups, one for creating the regression model, while the
other is used for validating the model by testing it. The
values of the input variables used to test and validate
the Gaussian model obtained in the study (Gaussian
model obtained for x = t, x = t' and x = t" from the
general equation (6)) for x =t, x = t" and x = t" as well
as the polynomial SLR model obtained (polynomial
model of degree D = 2 obtained for x = diam from the
general equation (1)) for x = diam are given in Table 2.

Table 2. Input variables for validation of the two
Gaussian and polynomial simple regression models.

Model to be Explanatory
. . Range of values
validated variable
. [270 300 330 360 390
X =t (min) 420 450 480 510 540
570 600]
[270 300 330 360 390
. X =t¢"(min) 420 450 480 510 540
Gaussian
570 600]
[270 300 330 360 390
X =¢" (min) 420 450 480 510 540
570 600]
Polynomial X = diam [20 21 22 23 24 25 26
(mm) 27 28 29 30 31]

Figs. 14, 15, 16 and 17 compare Imax measured
experimentally and calculated from the model in order
to test and validate the Gaussian model obtained in the
study (Gaussian model obtained for x =t, x =t"and x =
t" from the general equation (6)) for x =t, x =t"and x =
t" as well as the polynomial SLR model obtained
(polynomial model of degree D = 2 obtained for x =
diam from the general equation (1)) for x = diam
respectively.

1607+Experimenta\ silicone
z -4 Model silicone
3140__ “-Experimental heat tempered glass| ¢
€ -5-Model heat tempered glass
% 120- -6 Experimental porcelain
3 Model porcelain
B 100! :
<]
5w
2
o a
[ A
3
£ r
% 40-
a
=

20 i i

250 300 350 400 450 500 350 600

Time (min)

Fig. 14. Influence of t on Imax measured experimentally
and with a Gaussian model for the selected materials.
Active electrode without defect. r = 0.15 mm and diam
=6 mm, net insulating surface, V =12 kV, d =2.9 cm

(x=1).
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Fig. 15. Influence of t on Imax measured experimentally
and with a Gaussian model for the materials selected
for a solid insulator with net surface. Active electrode
without defect. r=0.15 mm and diam =6 mm,V =12
kV,d=29cm (x=¢).
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Fig. 16. Influence of t on Inax measured experimentally
and with a Gaussian model for the materials selected
for a solid insulator with a surface rubbed. Active
electrode without defect. r = 0.15 mm and diam = 6
mm,V=12kV,d=29cm (x=¢").
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Fig. 17. Influence of the diam on the Ima measured
experimentally and with a polynomial SLR model for
the selected materials. Active electrode without defect.
r =0.15 mm, net insulating surface, V=12 kV,d = 2.9
cm (x = diam).

We can note that the curves of Inax (Figs. 14 to 17)
according to the simple regression models developed
(Gaussian and polynomial) and the experimental tests
are very close whatever the explanatory variable, the
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model and the material studied.

The results obtained show that the models
developed in this study: Gaussians (Gaussian model
obtained for x = t, x = t" and x = t" from the general
equation (6)) and polynomial (polynomial model of
degree D = 2 obtained for x = diam from the general
equation (1)) are validated. Hence, these models are
indeed able to predict the values of variable to be
explained with precision.

5. CONCLUSION

In this study, we have shown from our experimental
results that the mechanism of the surface electric
discharge between two electrodes (tip and plane) on
insulators samples (silicone, porcelain and heat
tempered glass) at the triple junction evaluated by
measurements of the maximum current is governed by
electrical aging (voltage application time) and solid
insulator surface condition as well as the active
electrode diameter.

Indeed, electrical aging greatly impacts insulation.
This noticeable degradation of the dielectric surface is
characterized by an increase in the discharge current for
the first period of aging. The space charge accumulated
on the dielectric surface is the most suspected factor in
this influence. The deposition of substantial moisture
layers following intensive aging of the samples appears
to be responsible for the decrease in current over the
second period. In addition, the discharges level depends
on the high voltage electrode diameter; it is larger in
the case of a large diameter. In addition, the solid
insulation surface condition appears to have a great
influence on the pre-breakdown characteristics. The
current on polished surfaces is lower than on rough
surfaces.

In precision HV, and to predict the values of the
variable to be explained (more than often this variable
is expensive or time-consuming to acquire), we
developed a simple regression model that correctly
estimates this variable and describe the discharge
phenomena studied experimentally.

Indeed, four explanatory variables (voltage
application time, net surface condition, worn surface
condition, and diameter) were assimilated as inputs
from polynomial and Gaussian simple regression model
(Polynomial simple linear regression model and
Gaussian  simple  nonlinear  regression  model)
accurately predicting the electric discharge current. The
coefficient of determination R? adj is limited to 0.9774,
0.9773, and 0.994 for the polynomial model. While that
R? adj limit is 0.9989 and 0.9998 for the Gaussian
model which demonstrates that 97.74, 97.73, 99.4,
99.89 and 99.98% of the electric discharge variation is
justified by the variation of four explanatory variables
for the polynomial model and three explanatory
variables for the Gaussian one obtained in this study.
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Gaussian models for independent variables: time
and clean/worn surface condition as well as the
polynomial model for the diameter explanatory variable
have better predictions. That is why we put them in
place and tested and validated them.

The models proposed are very reliable based on a
reduced number of experiments whose main purpose is
the electric discharge optimization. These models are a
form of energy and finance saving. They provide the
industry with information and guidance on making the
right choice on insulator technology, while bringing
particular attention to its design presenting the best cost
[time savings/ expected performance ratio.

The remedies for electric discharge at triple
junction on insulating surfaces are the following
- Choose silicone insulators;

- Enable, with regard to the maximum values of the
discharge currents and the voltage application times, an
operating margin taking into account the insulators
behavior over the entire range of the operating
insulators voltages;

- Increase immunity against electric discharge while
designing and maintaining electrical insulators in good
surface condition;

- Reduce the diameter of the HV electrode.
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