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ABSTRACT

The electrical discharge and breakdown charac-
teristics of a triple junction (TJ) in high voltage
(HV) electrical insulation are becoming an important
issue in recent industrial applications. In this paper,
a comparative study is conducted between three
insulation materials used in HV: silicone, porcelain,
and heat tempered glass, with electrode shape pa-
rameters such as inter-electrode distance (d), applied
voltage (V), and geometry investigated for positive
polarity, using an experimental approach.  For
optimum test organization to support our research
and highlight the parameters and their interactions,
we have established a mathematical regression model
of the discharge current. It is polynomial, with good
performance and a high level of precision. Besides,
this yields one monovariable and another two-variable
quadratic model. The latter can simulate the electric
discharge simultaneously with two variables: V and
d, and an adjusted determination coefficient (R ;) of
nearly 0.99. Consequently, the two-variable quadratic
model has been adapted to V and d ranges of 10
to 50kV and 1.9 to 8cm, respectively. Finally, this
study provides us with new applicable knowledge
about the TJ effect on electrical insulation with
recommendations to optimize the design for higher
performance.

Keywords: Electrical Discharge Current, Electric
Field, Model, Solid Insulator, Triple Junction

1. INTRODUCTION

The triple point, also called a triple junction (TJ),
is formed where three different materials are present,
mainly at a gas/solid insulator/electrode junction.
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The TJ is considered to be the cause of insulation
breakdown [1, 2] since it is often the weakest point of
the insulator. Indeed, the electric field is enhanced by
the insulation. This is mainly due to the mismatch
between the permittivity of the metal, solid insulator,
and gas. If these regions are not carefully designed,
partial discharge (PD) may appear, accelerating the
aging process of the insulator [3]. Furthermore, the
study of PDs in TJ geometry is important for good
control of system reliability [4-6].

Triple points are present in numerous HV and
medium voltage applications. During their exploita-
tion, TJs are exposed to different constraints such
as mechanical, environmental, chemical, thermal,
and electrical.  Consequently, knowledge of the
mechanisms involved in the generation and prop-
agation of electrical discharge at the TJ is an
important step for achieving good optimization of
this equipment. By increasing the electric field at the
triple point, the first ionization process occurs and
the emitted electrons hit the solid insulator, causing
load accumulation on the insulating surface [7, 8.
The flashover process is assumed to be triggered on
the insulator surface by secondary electron emission
valanche (SEEA) mechanisms. The source of the
SEEA is also assumed to be the field emitted electron
from the highly stressed triple point [9]. Therefore,
different designs have been developed using shapes
and material modifications to eliminate the field
emission electrons from TJs [10-13]. Beroual et al.
[14], Handala et al. [15], and Abahazem et al. [16]
treated electrical discharge using different point-plane
electrode systems with various insulators, opening
the way for practical and theoretical reflection by
researchers in this field. A theoretical model has
been proposed to explore the curvature effects of
small radius regions on breakdown characteristics,
thus providing an accurate and reasonable estimation
of the optimized design parameters. The proposed
model achieves a good trade-off between simplicity
and accuracy [17]. However, such results need further
experimental validation. The TJ has a critical
influence on withstanding the voltage level of the
insulating gap [1-18]. An investigation has been
conducted concerning the effect of TJ on discharge
characteristics such as breakdown voltage. The
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Fig. 1: Proposed experimental device.

effect of the voltage waveform and the insulating
materials used (glass, polycarbonate, polyethylene,
polypropylene, Bakelite, and toughened glass) on the
morphology and length of discharge have been stud-
ied over solid/liquid insulating surfaces in a point-
plane electrode arrangement [14]. The insulating
materials have been shown to significantly influence
the discharge properties, especially their morphology.
However, synthetic materials such as silicone have
recently been adopted in industrial applications
due to their proven breakdown characteristics, but
their long-term performance is still not completely
understood and needs further investigation. The
effect of distance between the discharge axis and TJ
on the discharge ignition time has been evaluated.
In addition, different ceramic materials with various
relative permittivity have been studied, analyzing the
optimum distance between the discharge axis and the
TJ [19].

This current work consists of an experimental
study of electrical discharge in the TJ at atmo-
spheric pressure against the inter-electrode distance
(d), applied voltage (V), geometry of the active
electrode and electrical permittivity. Indeed, we have
examined the electrical problems produced by the TJ
through measuring the maximum discharge current
(Io) and subsequently developing a regression model
for electrical discharge at the TJ. This model is a
characterization of the experiments carried out in our
study. In addition, we compare the monovariable
and two-variable quadratic model, validating and
applying the latter for V' and d ranges of 10 to 50 kV
and 1.9 to 8 cm, respectively. Finally, an attempt is
made to reduce the electrical discharge by improving
the design of the electrical insulators. This work
provides us with more reliable and applicable results
on complex questions related to triple points.
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Fig. 2: Sample cutting mode: (a) vertical cut and
(b) horizontal cut.

2. EXPERIMENTAL AND MATHEMATI-
CAL APPROACH

2.1 Experimental Device

To conduct experiments on different samples with
precision, for the first time, we have developed the
device shown in Fig. 1, allowing us to set and vary
d, one being pointed: HV end and the other planar:
ground end. The HV end is made from Z200 of hard
steel measuring 19cm in length, 6 mm in diameter
(D,), with a straight part of 12 cm, while the other
7cm part is inclined at an angle of 135°. It ends
with a curvature tip radius (r) of 0.15mm and a solid
angle of 21.4°. We have realized 7 points of r (see
Section 3.1.3) by varying the length of the pointed
part using a machine called a profile projector. The
ground end is also made from Z200 of hard steel,
rectangular in shape measuring 10.4cm in length,
0.7 cm in width, and 0.16 cm in height to channel the
field in one direction. The specimen position is also
variable. The support for this electrode system is
based on polymethyl methacrylate and Bakelite.

2.2 Materials Used as Solid Insulators and
Sample Cutting Mode

Our silicone, porcelain, and heat tempered glass
samples come from the insulators used in HV. The
mode of cutting is illustrated in Fig. 2.

2.3 Experimental Setup

The experimental setup used in this study is shown
in Fig. 3. The HV is provided by a single-phase
test transformer with the following characteristics:
U =100kV, f =50Hz, S = 10kVA. The HV end is
connected to the HV terminal of the transformer with
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Fig. 3: Fxperimental setup.

the end grounded. To avoid side effects, the edges
of the ground end are rounded. The transformer
and the test cell are placed in a Faraday cage. The
voltage is varied with a potentiometer, located in
the control panel. The discharge current is obtained
from the voltage across a resistance of 48.6kW.
This voltage is obtained by means of a digital
storage oscilloscope with an input impedance of 1 M2
and different sample used for each test, performed
under the following average conditions: atmospheric
pressure 1010 hPa, relative humidity level 63.4%, and
temperature 15 °C.

2.4 Mathematical Model

This section details the mathematical approach
used to develop an electrical discharge model at
the TJ. This model is a characterization of the
experiments carried out in our study [20, 21].

2.4.1 General model of maximum discharge
current

According to the experimental results illustrated
in Figs. 4, 5, and 6, two types of relations of Iy are
distinguished namely, linear dependence concerning r
and non-linear dependence concerning V" and d. Since
this non-linearity is different, we opted for the general
model of Iy given by Eq. (1) (Ip in pA). Regression
analysis was performed to obtain our model. It is
therefore a polynomial that can be assigned for both
linear and non-linear relations (as a function of N),
valid for the three materials: silicone, porcelain, and
heat tempered glass, according to the variable under
study and the degree of its non-linearity. In addition,
it is simple and results in an optimization problem
that is easy to solve [22, 23].

N .
@)=Y a 1)
=0

where x are the independent variables: r (mm), d
(cm), and V (kV); a; and N are the coefficients and
degrees of the model to be determined.

After specifying the model, we will identify N and
a; for each variable r, d, and V.

2.4.2 Identification of N and a;

We will identify N as a type of dependence
function (linear/non-linear) and the severity of this
non-linearity [24]. For N = 1, we have a linear model.

In order to find the coefficients a; of our model, a
simple optimization problem needs to be solved [25].
In this section, we provide details of this procedure.
For samples y; (i =1, ..., M: M is an integer) of a
function to be modeled, depending on the variable z
which itself has samples z; (i =1, ..., M), Eq. (2)
can be written as:

_\N i
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This system of equations can be put into matrix form,

as follows:
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y = Xa

To obtain the coeflicients a; or simply the vector
a minimizing the sum of the squared errors (between
observations and models), the following optimization
problem must be solved:

minimize ||y — Xa||§ (4)

where ||.|| is the ¢5 norm of a vector.

This problem is solvable by taking the pseudo-
inverse of the matrix X. Consequently, the optimal
solution a is given by Eq. (5):

a=(XTX) ' XTy (5)

2.4.3 Monovariable model of the maximum
discharge current independently associ-
ated with V, d, and r

The model of Iy for each independent variable
V, d, and r and the three selected materials
is taken and calculated from the general model
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(Eq. (1)) and presented in Eq. (6) to characterize
the experiments carried out as shown in Figs. 4,
5, and 6, respectively. For x = d@ N =
4, d = (3.9,3.6,3.4,2.9,2.6,2.4,2.2,1.9) cm, V =
12kV, and » = 0.15mm. For each selected
d(3.9,3.4,2.9,2.4,19cm) and z = V: N = 7,
V =(4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9,9.5,10, 12) kV,
and r = 0.15mm. Finally for z = r» N = 1,
r = (0.15,0.18,0.2,0.4,0.6,0.8, 1) mm, d = 2.9cm,
and V = 12kV.

N
Iy = Zaixi (6)
i=0

2.4.4 Quadratic model with variables V and
d of the maximum discharge current

The quadratic model of Iy corresponds to the
variables V' and d obtained for r = 0.15mm, V =
(4,6,8,10,12)kV, d = (3.9,3.4,2.9,2.4,1.9) cm, and
each selected material, characterizing the experi-
ments conducted in Figs. 4 and 5, and calculated
on the basis of the general model (Eq. (1)). This
model is represented by Eq. (7). The fluctuation in
variable r is not considered due to the complexity of
the experimental realization.

Iy = ag + a1(d®) + az(V x d) + az(d) + as(V) (7)

3. RESULTS AND DISCUSSION
3.1 Results of the Experimental Approach

3.1.1 Influence of the inter-electrode distance
on the maximum discharge current

In order to evaluate its effect on Iy, d is varied
between 1.9 and 3.9cm, with the measurement
performed under V' = 12kV. Then, I; is measured
for the three samples of silicone, porcelain, and heat
tempered glass; the results of which are shown in
Fig. 4.

In Fig. 4, it can be observed that Iy decreases as
d increases for the three samples. Similar variations
have been observed by Larsson et al. [26].

Fig. 4 shows that the amplitude of the positive
impulses falls rapidly with d = 1.9 cm rising to 2.9 cm.
With this increase in d value, the discharge current
decrease is much lower. However, this result depends
strongly on the value of the electric field at the TJ
[19].

Indeed, for intense electric field zones (smaller
d), the discharge regime is important due to high
electronic activation, which boosts the streamer
propagation, thus involving a larger Iy. Moreover,
for a weak electric field zone (increase of d), the
space between electrode dielectrics undergoes a fall
in discharge activity due to a small probability of
apparition in the ionization process. In other words,
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Fig. 4: Variation of 1y against d: HV end in Z200
steel, with D, = 6 mm, r = 0.15mm, and V = 12kV.

electronic attachment is predominant, and therefore
the value of Iy is smaller [27].

In addition, the amplitude of positive porcelain
impulses was observed to be higher than that of heat
tempered glass and silicone. This can be explained by
positive streamers developing over a greater distance
than those of heat tempered glass and silicone [28].

3.1.2 Influence of the applied voltage on the
maximum discharge current

The voltage has been varied between 4 and 10kV,
with the measurement performed for d between 1.9
and 3.9 cm. Subsequently, Iy was measured for three
samples of silicone, porcelain, and heat tempered
glass; the results of which are shown in Fig. 5. As can
be seen, Figs. 5(a), 5(b), 5(c), 5(d), and 5(e) show I
increases with V for the selected materials.

This increase can be explained by the phenomenon
of accumulated electrical charge at the TJ, due to the
strengthening of the electric field at the surface under
study, giving rise to discharge in this zone [15, 16, 29].

Indeed, the electric field depends linearly on V to
the TJ. The greater the increase in V, the higher
the electric field. More electrons will be energetic,
making the amplification of the electronic avalanche
stronger and faster [30]. This leads to an increase in
Iy. The same phenomena have also been observed in
the research by Javadiz et al. [31], Kozlov et al. [32],
Eichwald et al. [33], and Larsson et al. [26].

3.1.3 Influence of the tip curvature radius on
the maximum discharge current

In order to evaluate its effect on Iy, r is varied
between 0.15 and 1mm, with the measurement
performed under V' = 12kV and d = 2.9cm. Then,
Iy is measured for the three samples of silicone,
porcelain, and heat tempered glass; the results of
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which are shown in Fig. 6. Fig. 6 shows that Iy at
the TJ decreases as r increases, thereby improving
the dielectric behavior of the three materials.

Indeed, compared to the rest of the insulating
surface, load ¢ at the TJ (partially convex surface)
moves away from other loads, making it is less
affected. The peak effect results in a low repulsive
force of accumulated charges at the TJ. The more
pointed the HT end, the smaller the tip curvature
radius and the greater the charge build-up at this
stage, and therefore, the greater the electric field
generated by such charges [34].

We consider two HV ends: a large electrode with
a large radius R and a small electrode with a small
radius r = R/2 brought to the same electric potential
V. Each electrode contains a charge given by the
following Egs. (8) and (9) [35]:

qr = V x 47T60R (8)

V x 47T€0R dRr
L A Ere0st 2R 9

5 5 (9)
The large pointed electrode will therefore charge

twice as much as the small electrode. The electric
field E can be calculated as follows [35]:

qr =V X dmwegr =

_VXR

_Vxr VxR/2 1VxR FEpg
B=—g=—e v & 2 W

The field of the large electrode will therefore be
twice as important and the same applies to d. By
becoming closer to their neighborhood, that is to say,
the distance from their center, d = r can be written

for the small electrode and d = R for the large. This
allows us to write Egs. (12) and (13) as follows:

_VXR

Bp= 0 (12

E_er_VxR/Q_VxR/2_2V><R
oot (r/22 (R TR
= 2Fg (13)

We then get an electric field at the small electrode
twice as large as that of the large electrode. By
generalization, if we have a curvature radius n times
smaller, the electric field near this electrode is n times
greater.

Ultimately, we can say that the electric field
increases as an inverse radius function, while the
charges ¢ contained in the TJ affected by the
electrical potential V increase linearly with the
radius. The influence of the curvature radius on the
measured current value is in agreement with the work
of Hartmann [36].

3.1.4 Influence of the solid insulator per-
mittivity on the maximum discharge
current

Figs. 4, 5, and 6 show that whatever the variable
studied (d, V, and r), the I for three solid insulators
(silicone, porcelain, and heat tempered glass) of the
same size, with respective relative permittivity (e,)
(4.2, 6, and 5) is more important for the insulator
with the highest €,. Indeed, the field in the air at
the surface of the solid will be higher as the ¢, of the
latter is high and therefore the value of Iy will also
be high [15, 19].

This result is qualitatively in agreement with
Toepler’s second law (Eq. (14)):

2
sosrf = Constant (14)
where e is the thickness of the solid insulator and &g
is the permittivity of the vacuum.

According to this law, the onset voltage of the
sliding discharges (V;) is inversely proportional to the
square root of &, in the insulating solid [13]. The
relations established by Dakin et al. [37] and Halleck
[38] indicate the same result.

3.2 Results of the Mathematical Models
3.2.1 Monovariable model

The variation of I against d obtained experi-
mentally and with the monovariable mathematical
model (Eq. (6)) for the three materials are presented
in Fig. 7, where d varies between 1.9 and 3.9cm,
V =12kV, and r = 0.15 mm.

The variation of I against V obtained experimen-
tally and with the monovariable mathematical model
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Table 1: Statistics for the determination coefficients and errors of the estimating monovariable model.

Parameter Value
z=d z=V
d=3.9cm d=3.4cm d=29cm d=24cm d=19cm
st [ G [P St | G [ P st [ G [P St [ [ P St G [P St G [P
FEME)E 0.93610[0.93008|1.2938(0.066914(0.31601/0.14691|0.75863|0.57706|1.5672|0.45034|0.3115(0.70368|3.4410(2.9273|1.6712|3.3459(3.0386|1.5715
“w
M(I;P))E 0.5067 | 0.3109 |0.5778| 0.0443 | 0.1347 | 0.0459 | 1.2875 | 1.1277 [0.9742| 0.3758 |0.2394| 0.5518 |2.0840|1.4828(1.5460|1.6368|2.3229|1.1615
(4]
R2,. [0.9997]0.9998 [0.9997] 0.9999 | 0.9983 | 0.9996 | 0.9994 | 0.9998 [0.9987] 0.9998 [0.9999] 0.9998 [0.9959]0.9972]0.9993]0.9984]0.9991]0.9998
ee:mﬂmemﬂ silicone Table 2: Statistics for the determination coefficients
- and errors of the estimating two-variable quadradic
~model silicone / J 1
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©model heat tempered glass St [ G [ P
Fexperimental porcelain RMSE (1iA) | 5.7227 | 5.3764_| 6.0101
ﬂd I Ia MAPE (%) 9.7516 | 12.1945 | 5.8287
MOde! porcetain RZ, 0.9967 | 0.9980 | 0.9978
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Fig. 7:  Variation of Iy against d obtained exper-
imentally and with the monovariable mathematical
model for the three materials where r = 0.15 mm and

V =12kV.

(Eq. (6)) for the three materials are presented in
Fig. 8, where d varies between 1.9 and 3.9cm, V
between 4 and 12kV, and r = 0.15 mm.

The variation of I, against r obtained experi-
mentally and with the monovariable mathematical
model (Eq. (6)) for the three materials are presented
in Fig. 9, where r varies between 0.15 and 1mm,
V =12kV and d = 2.9 cm.

3.2.2 Two-variable quadratic model V' and d
for the maximum discharge current

The variation of I, against d and V obtained
experimentally and with the two-variable quadratic
model (Eq. (7)) for the three materials are presented
in Fig. 10, where V varies between 4 and 12kV, d
between 1.9 and 3.9cm, and 7 = 0.15 mm.

A perfect match can be observed between the
experimental results and those of the monovariable
and two-variable quadratic mathematical model, with
a very small gap (Figs. 7, 8, 9, and 10).

3.2.3 Comparison between the monovariable
and two-variable case

We compute the root mean square error (RMSE),
mean absolute percentage error (MAPE), and ad-
justed coefficient of determination (RZ ;) for the two
types of model. Rgdj measures the adequation of
one model, yielded by a regression and the data
used to build it [39]. Tables 1 and 2 present the
statistics on the errors of the estimating models as
well as the determination coefficients (SI, G, and P
represent silicone, heat tempered glass, and porcelain,
respectively).

As can be observed from Tables 1 and 2, the
RMSE and MAPE (%) are small for both models,
with the monovariable being even smaller. In the
monovariable case (where z = d and =z = V), the
top values are RMSE = 3.4441 uA and MAPE =
2.3229%. As for the two-variable model, the RMSE
varies between 5.3764 and 6.0101 A, while MAPE
varies between 5.8287 and 12.1945%. Besides, Ridj
shows almost the same value for both models, namely
near 0.99.

The RMSE, MAPE, and dej provide information
on the precision and performance of the models [40].
Therefore, the results obtained show that the two
models under study are precise and exhibit high
performance. Moreover, the two-variable quadratic
model can evaluate simultaneously and successfully
influence V' and d on the electric discharge. This
leads us to apply the latter on V' and d ranges of 10
to 50kV and 1.9 to 8 cm, respectively.
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for the three materials where r = 0.15 mm.
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Fig. 9: Variation of Iy against r obtained exper-
imentally and with the monovariable mathematical
model for the three materials where d = 2.9 cm and
V =12kV.

3.2.4 Application of the two-variable quadratic
model for V and d ranges of 10 to 50 kV
and 1.9 to 8 cm, respectively

The model obtained can only be used within the
domain of study. Any extrapolation is very risky
because it could bring very different results from
those expected. A mandatory step before using the
model in production would be to test by conducting
an experiment at the center of the domain in which
our model is to be applied to see whether the value
predicted by this model is close to the experimental
value. In the case of favorability, it is therefore
considered useful to adapt the expression of the
model.

A. Test involving the two-variable quadratic
model at the center of the V and d
ranges of 10 to 50kV and 1.9 to 8cm,
respectively

The variation of Iy against d and V is examined
at the center of V and d ranges of 10 to 50kV and
1.9 to 8 cm, respectively for a variable V' between 18
and 34kV, d between 2 and 4 cm where r = 0.15 mm.
The results obtained experimentally and with the
two-variable quadratic mathematical model (Eq. (7))
for the three materials are presented in Fig. 11.

The modeling results are in full agreement with
the experimental data, exhibiting a very small error
range. This enables us to employ this model in the
V and d ranges of 10 to 50kV and 1.9 to 8cm,
respectively.

In addition, the validation of the two-variable
quadratic model demonstrates its precision and
feasibility.
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Fig. 10: Variation of Iy against d and V (4
to 12kV) obtained experimentally and with the
two-variable quadratic mathematical model where r =
0.15 mm for the three materials.
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Fig. 11: Variation of Iy against d and V (18
to 84kV) obtained experimentally and with the
two-variable quadratic mathematical model where r =
0.15 mm for the three materials.

B. Two-variable quadratic model on V and
d ranges of 10 to 50kV and 1.9 to 8 cm,
respectively

The variation of I, against d and V obtained
from the two-variable quadratic mathematical model
(Eq. (7)) for the three materials is presented in
Table 3, where d varies between 1.9 and 8cm and
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Table 3: Variation of Iy against d and V', for V and d ranges of 10 to 50kV and 1.9 to 8 cm, respectively,
for the three materials obtained from the two-variable quadratic mathematical model.

Parameter ‘ Value
V (kV) 10 15 20 30 38 40 42 44 46 48 50
d (cm) 1.9 2 3 4 4.5 5 5.5 6 6.5 7 8
Iy of the silicone: Ipgy (nA) 211.08(235.34| 305.1 |467.32|520.76{610.55 [689.62|721.18|770.56 | 805.09 | 868.45
I of the porcelain: Ipp (1A) 286.67(310.27(322.03 | 543.55|595.45 | 681.88 | 766.21 | 795.35|841.57 | 876.69 | 948.58
I of the heat tempered glass: Iyg (pA)|258.78|286.42(310.70(515.19(569.73 |657.34 | 730.20 | 766.81 | 813.96 | 848.58 |914.12
V between 10 and 50kV, with r set to 0.15 mm. of the maximum discharge current variation can be
Table 3 indicates that for » = 0.15mm and justified by a change in two variables. This is why

the three materials under study (silicone, porcelain,
and heat tempered glass) in V' and d ranges of 10
to 50kV and 1.9 to 8cm, respectively, the silicone
insulators have the smallest discharge current (the
electric discharges are small), whatever the V' and its
corresponding d.

4. CONCLUSION

In this paper, the discharge current was studied
experimentally for three types of insulating materials,
namely silicone, porcelain, and heat tempered glass.
The discharge current is strongly influenced by the
permittivity of the solid insulator, which is higher
for the insulators with high permittivity (porcelain
and heat tempered glass). However, the surface
discharges are even shorter and less ramified when the
dielectric permittivity is lower (the silicone insulator
presents better performance than porcelain and heat
tempered glass). In addition, the pre-breakdown
currents are higher when the applied voltage is higher
and the inter-electrode distance is smaller. Besides,
the discharges are highly dependent, increasing with
the decrease in the curvature radius of the tip.

The benefit of modeling the current by a polyno-
mial lies in the researcher’s ability to calculate all
the responses of the domain of study without being
complied to perform experiments. However, the
proposed regression models of the electric discharge
current (monovariable and two-variable quadratic)
provide a precise and reasonable estimate of the
optimal currents against the three variables applied,
namely voltage, inter-electrode distance, and cur-
vature radius. The two models offer two major
advantages. Firstly, they have great representation
capacity, and can successfully yield the different re-
lations of the variables with respect to the maximum
electric discharge Iy, with no change in structure
required. Secondly, the related optimization problem
is easy to solve, subsequently optimizing the precision
and computing speed.

Moreover, the two-variable quadratic model can
provide information about the influence of the two
variables, voltage and distance, on the -electric
discharge at the same time. The determination
coefficient Ridj is around 0.99, revealing that 99%

we validated the two-variable quadratic model and

applied it to the voltage and distance ranges of 10 to

50kV and 1.9 to 8 cm, respectively.

Finally, this study provides us with new applicable
knowledge concerning the triple-junction effect on
electrical insulation with recommendations for opti-
mizing its design for superior performance.

In perspective, we recommend:

1. An increase in the current leakage path of the
electric insulator.

2. An increase in the curvature radius of the triple
junction on an electric insulator.

3. The selection of an appropriate type of insulator.
Indeed, silicone has the highest dielectric perfor-
mance for application in the industrial field.

4. Simulation of the results found by COMSOL
software.

5. Experimental characterization of the same gas
(air), metal, and solid insulators under direct
current.

6. Experimental characterization of other types of
material in the presence of different gases and
mixtures (ecological) under alternating, direct and
impulsive currents.

7. Quantitative charge distribution on the insulator
starting from the triple junction through the
application of numerical approaches such as the
“inverse method”.
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