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1. INTRODUCTION

Insulating barriers are widely used in many high voltage devices, especially in circuit breakers,
disconnectors and insulation bushings. Their primary function is to improve insulation performance and
increase the breakdown voltage of air or oil-filled gaps [1]-[4]. The presence of an insulating barrier between
two electrodes changes the initial gap into a stratified system made up of two dielectric media (air or liquid
and the barrier material) that has higher dielectric strength. This improvement in dielectric strength depends
on the position of the barrier, its dimensions (thickness and width) and its material.

Indeed, given the resulting elongation of the channel of the electric discharge in such systems,
the distribution of the electric field is also strongly modified [1]-[5]. Several experimental and theoretical
investigations have been carried out to improve the understanding of the mechanisms governing the
breakdown phenomenon and electrical discharges in non-uniform field systems [6] and [7], especially in
rod-barrier-plane systems [1]-[5], [8]-[30]. These studies noted that the breakdown voltage is a function of
the distance between the electrodes and their shape, the dimensions, the nature and position of the barrier and
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the applied voltage type [12], [26]. The investigations were conducted using three types of voltage:
DC voltage [16], [18], [24]-[26], AC voltage [1], [15], [17], [26] and impulse [8]-[10], [19]. The maximum
disruption voltage is often obtained when the barrier is placed close to the sharp electrode (up to 25% of the
studied interval length) [1], [8], [11], [26]. Bako [2] showed that, in oil, the nature and thickness of the
insulating barrier, the applied voltage, the polarity of the electrodes and the pressure play an important role in
the generation, propagation and general form of the electrical discharge. He also noted that the final length of
discharge increases linearly with applied voltage and barrier permittivity and decreases with increasing
thickness. The final discharge length is significantly higher under AC compared with the cases of impulse
and direct voltages (for the same voltage magnitude) and, therefore, the flashover voltage is higher under AC.
Polytechnique [26] further indicated that breakdown voltage increases under AC and DC voltage due to the
elongation of the discharge channel, emphasizing the role of width. However, an increase in the barrier
thickness does not lead to the elongation of the discharge channel. Guerbas et al. [31] confirmed that the
discharge can present two forms: (i) discharge that originates from the rod electrode terminating the edge of
the barrier and then progressing onto the plane electrode, and (ii) discharge that initiates at the rod towards
the center of the barrier slides on its surface towards the edge before finally jumping to the plane electrode.

For polluted barriers having a surface conductivity of 1.6 pS, the discharge develops in two steps
similar to a metal barrier: it advances from the rod to the center of the polluted barrier and then from the edge
of the barrier towards the plane. To estimate the optimal position of the barrier [8], they presented a model
that takes into account the surface charge density on both sides of the barrier. Fofana et al. [11] have
established an analytical model to describe the experimental observations in a rod insulating barrier-plane
system, for large air gaps under positive lightning impulse voltage. The developed model reproduces the
experimental observations but does not simulate well barriers placed near the rod. It is important to
emphasize that sliding electrical discharges on the surface of the barrier were not considered in this model.

All previously cited studies, regarding the influence of the insertion of an insulating barrier in a rod-
plane electrode system, assessed the dielectric strength and noted that the trajectory of the electrical discharge
is highly dependent on dimensions, nature and position of the barrier. In addition, it was demonstrated that
the increase in the breakdown voltage is closely related to the elongation of the principal discharge channel.
Nevertheless, the authors did not dwell on the arc shape obtained and the number of channels that can appear
during the discharge as well as the possibility of formation of multiple arcs. Modeling and numerical
simulation, an essential complement to experimental investigations, play an important part in the analysis of
electrical discharge phenomena as described in [8], [10], [11], [13], [20], [21], [23], [32].

This work is a contribution to enhance the flashover voltage prediction by proposing a new approach
aiming to reproduce random electric arc propagation throughout the rod- insulating barrier-plane system.
In fact, a new concept of numerical simulation based on the effect of electric field magnitude is proposed to
predict the different electrical discharge forms and steps in atmospheric air. The rod electrode is subjected to
direct high voltage of AC and lightning impulse voltage. Indeed, it considers that the discharge develops
from the rod where the electric field magnitude is highest and then progresses randomly towards the
neighbouring points. In addition, this model considers the electro-geometric parameters of the system
(gap distance, rod electrode radius, width, thickness, nature and position of the barrier). The shape of
discharges obtained by simulation, using the established model represents in a very satisfactory way these
observed during the tests.

2. EXPERIMENTAL TECHNIQUE

The experimental model in Figure 1, consists of a rod-plane gap using brass electrodes, the gap
length is d. The rod electrode is obtained by machining a rod of 1.2 cm diameter and 1.5 cm long to obtain a
sharp shape having a 45° angle finished with a half-sphere radius rp=500 pm. The rod is then connected to
the high voltage through a threaded longer cylindrical conductor rod, which also allows adjusting the vertical
inter-electrode distance. The plane electrode is a 15 mm thick circular plate of 90 mm diameter and having a
Rogowski electrode profile. The plane electrode fixed to the test bench and grounded to the experiment earth
point. The insulating barrier, which inserted between these two electrodes at a position x from the rod
electrode, is of a circular shape having a radius Lb/2, a thickness e, and a relative permittivity er. For the
experiments conducted in this work, the silicone rubber barriers were manufactured in the laboratory by
mixing a base resin host matrix (600 A), a hardener (600 B) using in-house molding, and vacuum casting
facilities. The physical properties and dimensions of these studied barriers are summarized in Table 1.

The tests were carried out at Cardiff University’s High Voltage Laboratory using two types of
voltage sources: a 50 Hz transformer for AC tests (50 kV, 2.5 kVA, 50 Hz) and a lightning impulse generator
(2.2/50 ps, 300 kV maximum peak voltage). To measure the breakdown voltage, AC voltage was applied
with a ramp of 2 kV/s whilst, for the lightning impulse, the up and down method with 30 tests was adopted.
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The barriers were checked and cleaned with isopropyl alcohol after each discharge, after each test in AC
voltage and after each series of 30 tests for the impulse voltage. The shape of the discharge is recorded using
a fast camera (lightning RDT 16,000 color playback type). The images representing the discharges are
extracted from the obtained film. The test circuit used for experimental tests is illustrated in Figure 2.

Barrier

Figure 1. Electrodes configuration

Table 1. Physical properties and geometry of the studied systems

Material e Lbcm) D(m) E(mm) x/d(%)
Silicone rubber 2.9 2 5 2 0
29 4 5 4 0.2
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Figure 2. Schematic of an experimental laboratory set up

3. EXPERIMENTAL RESULTS: FORM OF ELECTRIC DISCHARGE
3.1. Rod-plane electrode system (without barrier)

Figure 3 displays discharges recorded for an air rod-plane electrode system with a gap length of
d=5 cm. Specifically, Figures 3(a) to 3(d) depict discharges recorded under AC voltage, while Figure 3(e)
illustrate discharges under lightning impulse. As can be seen on the pictures, irrespective of voltage type, the
discharge appears to start from the rod and propagates randomly with a tortuous path to a point near the
center of the plane. The number of channels is, however, dependent upon the type of applied voltage. For the
lightning impulse, the discharge has a single channel as can be observed in Figure 3(e). In contrast, under AC
voltage, up to three channels can be created, as captured in Figure 3(d). From this result, it is inferred that the
type of voltage application is a dominant factor in determining the shape of the discharge. For the lightning
impulse, the discharge starts from the rod electrode and stops only if it reaches the plane electrode. In AC, the
time being longer than the impulse, the discharge starts from the rod and can evolve into several channels.

Arc extinction and re-ignition phases may also appear in AC.
Roj Rod
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Figure 3. Electrical discharges forms for a rod-plane electrode system with d=5 cm: (a) AC voltage,
(b) AC voltage, (c) AC voltage, (d) AC voltage and (e) lightning impulse voltage
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3.2. Rod-insulating barrier-plane electrode system

The introduction of a barrier within the gap between the rod and plane electrodes induces changes in
the electrical discharge shape depending on the position, width of the barrier. Furthermore, it is noteworthy that
both the gap length and applied voltage serve as influential factors in shaping the observed discharges. The
interactions between these parameters contribute to the nuanced behavior of the discharge phenomenon in the
rod-plane electrode system.

3.2.1. Influence of the insulating barrier position
A. Under alternating voltage

A silicone rubber barrier characterized by a width (Lb=6 cm) and a thickness (e=4 mm) is investigated
for different positions, as illustrated in Figure 4. For insulating barrier positioned in contact with the rod
electrode, the electric discharge slides over the barrier surface to reach the plane electrode Figure 4(a). When the
barrier is moved away from the rod electrode, the electric discharge takes a new orientation. It can be a sliding
discharge for (x=20%) Figure 4(b) or a diagonal arc which starts from the rod and goes straight to the barrier
edge for (x=40%, x=50%, and x=80%), corresponding to Figures 4(c) to 4(e) respectively. For a barrier sitting
on the plane electrode, two trajectories of the discharge can be seen occurring simultaneously (multiple
discharges) sliding and diagonal Figure 4(f). The discharge shapes can progress in a single or two arc channels,
starting from the initiation point (rod electrode) or at other positions along the arc.

| " "1 . y } Balﬁ
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Figure 4. Electric discharges forms (silicone rubber, Lb=6 cm, e=4 mm and d=5 cm) AC voltage, x: relative
position: () x=0%, (b) x=20%, (c) x=40%, (d) x=50%, (e) x=80%, and (f) x=100%

(@)

B. Under lightning impulse voltage

The results for the silicone barriers at different positions in a 5 cm gap are illustrated on Figure 5 as
can be observed, the discharge shape depends on the barrier position. For a barrier close to the rod, the
discharge slides on the barrier surface to reach the edge before jumping to the ground electrode edge
Figure 5(a). For a barrier placed at 20%, the discharge advances towards the barrier edge then onto the plane
Figure 5(b). For x=50%, the discharge progresses towards the barrier center then slides on its surface to the
edge, a second discharge onset from the barrier low center Figure 5(c). For a position further away from the
rod x=100% of the gap distance, the discharge advances towards barrier edge then onto the plane electrode
Figure 5(d).

Plane

@ (b) (©) (d)

Figure 5. Electric discharges forms (silicone rubber, Lb=4 cm, e=4 mm, d=5 cm) lightning impulse voltage x:
relative position: (a) x=0%, (b) Xx=20%, (c) x=50%, and (d) x=100%

3.2.2. Influence of insulating barrier width

Figures 6-8 reproduce records of discharge shapes obtained for silicone rubber barrier, using
different widths of barrier thicknesses and positions under AC and lightning impulse voltage. In these
experiments, a gap distance of 5cm is used. Investigating diverse parameters, notably the dimensions of the
barrier, offers valuable insights into the discharge behavior within the rod-plane electrode system.
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A. Under alternating voltage

Figures 6 and 7 subjected to alternating voltage, the discharge develops from the rod electrode and
advances towards the center of the barrier, then slides over its surface towards the edge of the plane electrode
Figures 6(a), 6(b), 6(c), and 7(a). Or jumps diagonally towards the barrier edge then into the plane electrode
Figures 7(b) and 7(c). The records showed that the electric discharge advances in 1 or in multipath, up to 4

channels.
(b) (©

(@)

Figure 6. Electric discharges forms (silicone rubber, e=4 mm and d=5 cm, x=0%) AC voltage, Lb: width:
(a) Lb=4 cm, (b) Lb=6 cm, and (c) Lb=8 cm

Figure 7. Electric discharges forms (silicone rubber, e=4 mm and d=5 cm, x=40%) AC voltage, Lb: width:
() Lb=4 cm, (b) Lb=6 cm, and (c) Lb=8 cm

B. Under lightning impulse voltage

For lightning impulse voltage applications using a silicone rubber barrier Figure 8, the discharge is
seen to propagate in a single channel, and it develops directly from the rod towards the barrier edge and then
onto the plane electrode using a barrier diameter of Lb=4 cm and 6 cm as illustrated in Figures 8(a) and 8(b)
respectively. Otherwise, it occasionally slides over the surface of the barrier to reach the plane electrode for a
barrier width Lb=8 cm Figure 8(c). These results prove that the distribution of the electric field between the
rod electrode and the insulating barrier plays an important role in the behavior of the electric discharge. The
electric field between the barriers tends to become uniform as reported by Béroual and Boubakeur [8].

Barrier
Barrier
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(b) (©)

Figure 8. Electric discharges forms (silicone rubber, e=4 mm and d=5 cm, x=40%) lightning impulse voltage,
Lb: width: (a) Lb=4 cm, (b) Lb=6 cm, and (c) Lb=8 cm

3.3. Rod-polluted barrier-plane electrode system

In the purpose to investigate condensation effects on the dielectric performance, the barrier was
sprayed with tap water. The utilized barrier, with thickness e=2 mm and width Lb=6 cm, was setting at
position x=50%. Noted that AC voltage was applied and the tests were repeated three times, as illustrated in
Figure 9. The electrical discharge was observed to always to propagate of the barrier surface. The presence of
water droplets causes electric field enhancement, creating a preferred discharge path. This is seen as

Electrical discharge reproduction in rod-barrier-plane system (Benharat Samira)
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disconnections in the electric discharge path as illustrated in Figure 9(a) and 9(b) first and second test
respectively. In third test Figure 9(c), the electric discharge propagates from the rod electrode to the edge of
the barrier then onto the plane electrode. Under these conditions, several channels were recorded. This result
is in agreement with that obtained for insulating barriers.

\

Barrier (

Barrier s
Plane

Plane Plane

(@) (b) ©

Figure 9. Electric discharges forms (polluted silicone rubber, e=2 mm, Lb=6 cm and d=5 cm, x=50%) AC
voltage: (a) first test, (b) second test, and (c) third test

4. MODELLING OF THE DISCHARGE

A model is generated to reproduce the discharge shape. A number of assumptions were considered in
this model. The discharge is assumed to initiate at the rod electrode and progresses towards the plane electrode.
In addition to being random in its development, its progression is always taken as moving from the highest field
points towards the points of lower potential. Assuming that the discharge channel is a good conductor (the
whole charge is accumulated in the channel), the drop voltage between the ends of the channel is zero.

The discharge is assumed to develop steps towards 5 possible points Figure (10): D (right), C
(center), G (left), DH (horizontal right) and GH (horizontal left). The discharge completes its path when the E
field condition in (1) is satisfied:

Etarget 2 Emax-6 (1)

where: Erger: designates the field at the targeted point (D or C or G or DH or GH), Emax: the maximum field
calculated at each stage of development, 8: random variable generated by the uniform law (random). It varies
between 0 and 1.

When dealing with applications involving extra low-frequency AC (at 50/60 Hz) or DC voltages,
challenges can be approached as an electrostatic field issue. In this context, the electric and magnetic field
components are often examined independently, allowing calculations based on static field principles.
Maxwell’s equations govern other electromagnetic fields, while in electrostatic (and quasi-static) scenarios,
these equations, along with constitutive equations, simplify to the following form.

VxE =0 @)
V.D=p 3)
D =¢E 4

Where E is the electric field intensity, D is the electric displacement, p is the space charge density, € is the
dielectric permittivity of the material. Based on (2), electric field intensity is introduced by the negative
gradient of the electric scalar potential V in (5).

E=-W (5)

By substituting in (4) and (5) into (3) and considering a homogenous material, poisson’s scalar equation is
obtained in (6):

-V (SVV) = -V. (sosr VV) =p (6)

where g is vaccum permittivity, er = er is the relative permittivity and p is the space charge density. For a
homogenous material permittivity € is constant and the (6) becomes:

vy = av = -/, )
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For space devoid of charge (p = 0), the field is defined by Laplace’s as in (8):
AV =0 ®)

V: is the electric potential.

Once the condition is satisfied, a line joining the two points (the considered point and the targeted
point) is achieved. These points, in turn, become new points from which the discharge can advance. It results
in the potential difference between the ends of the channel to be zero [32]. The electric field is computed
using the FEMM software [33] under the MATLAB environment considering a Neumann boundary
condition 6V/0n=0 on a rectangular border surrounding the system [34]. After each evolution, the electric
field is recalculated taking into account the newly formed discharge channels. Figure 10 illustrates a sketch
of the resulting arc path.

Plane Electrode

Figure 10. The discharge progression

5. MODELLING RESULTS

Figures 11-14 show a comparison between experimental and simulated discharges for different
configurations. In all the cases examined, it can be seen that the discharges obtained by simulation of the
established model reproduce faithfully the discharges recorded during the experimental tests thus confirming
the important role of the electric field in the initiation and propagation of the electric discharge. Figure 11
shows compare experiment Figure 11(a) and model results Figure 11(b) with the rod-plane electrode system
without barriers. From the figure, it can be observed that the discharge starts from the rod electrode and
advances directly towards the plane center. The introduction of an insulating barrier changes the electric
discharge shape and path. For an insulating barrier close to the rod electrode, a sliding discharge on the
surface is seen as illustrated in Figure 12 shows (experimental results Figure 12(a) and model results
Figure 12(b)) shows. When the barrier is placed at x=50%, the discharge starts at the rod electrode and heads
for the barrier edge and then to the plane electrode Figure 13(a) and 13(b). It can also end up at a point near
the barrier edge to extend along the barrier surface before finishing at the plane electrode Figure 13(c) and
13(d). For a barrier in contact with the plane electrode, case shown in Figure 13 for d=5 cm, this discharge
can develop as a single channel Figure 14(a) and 14(b), 2 paths Figure 14(c), 14(d) or 3 paths Figure 14(e)
and Figure 14(f). The simulated electric discharges forms are consistent with those obtained experimentally.
The agreement obtained between the experimental and modelling results helps to validate the developed
model, which takes into account the system geometry (gap length, rod electrode radius), the barrier
dimensions (width and thickness) and its position.

LE D

@ (b)

(@)
Figure 11. Comparison of predicted model arc Figure 12. Comparison of predicted model arc
shapes with arcs recorded during tests, without shapes with arcs recorded during tests, x=0%,
barrier, d=5 cm (a) experimental results and e=2 mm, Lb=4 cm, d=5 cm (a) experimental results
(b) their simulation results respectively and (b) simulation results

Electrical discharge reproduction in rod-barrier-plane system (Benharat Samira)
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Figure 13. Comparison of predicted model arc shapes with arcs recorded during tests, x=50%, e=2 mm,
Lb=4 cm, d=5 cm: (a) experimental result, (b) its simulation result, (c) experimental result, and
(d) its simulation result

(d) () (f)

Figure 14. Comparison of predicted model arc shapes with arcs recorded during tests, x=100%, e=2 mm,
Lb=4 cm, d=5 cm: (a) experimental result, (b)its simulation result, (c) experimental result, (d) its simulation
result, (e) experimental result, and (f) its simulation result

(b)

6. CONCLUSION

In this work, the influence of the Silicone rubber insulating barrier in a rod-plane air gap was
investigated under lightning impulse (1.2/50 ps) and AC voltages (50 Hz) to determine its effects on the
electrical discharge propagation and shape. Furthermore, a numerical model, reproducing satisfactorily the
electrical discharge shapes in the rod-barrier-plane system, was developed. From the obtained shapes under AC
voltage, the generated discharges are distinguished by the formation of a multiple-channel arc. In contrast, under
lightning impulse voltage the discharge progresses in a single channel whatever the position and dimensions of
the barrier, with clean and polluted barrier. These discharges were recorded, and various paths are found as
follow: i) diagonal discharge advances from the rod electrode to the barrier edge and then onto the plane;
ii) discharge advances from the rod towards the barrier center then propagates on its surface to finish on the
plane electrode especially at x=0%; iii) diagonal and sliding discharge at the same time in the case of AC
voltages; iv) discontinuous discharge; for a wetted barrier with some tap water droplets, the discharge is always
along the surface and the presence of water droplets on the barrier surface causes disconnections in the electrical
discharge. The electric field repartition plays an important role in the initiation and propagation of electrical
discharge. In the presence of an insulating barrier, the distribution of the electric field between barrier and plane
electrode is almost uniform. The distribution of the electric field between the rod electrode and the insulating
barrier guides the discharge in its evolution therefore impose its shape. The developed model reproduces
satisfactorily the discharges shapes recorded during the experimental tests. This model takes into account the
geometry of the system (gap length), the dimensions of the barrier (width and thickness) and its position. Finley,
this study can be useful for various applications, we recommend utilizing our model to study and assess the
electrical discharge behavior of high-voltage transformers, current transformer, power transformer, circuit
breakers and disconnect switch, with full credibility.

ACKNOWLEDGEMENTS

The authors would like to thank the Algerian Ministry of Higher Education and Scientific Research
and the Directorate General for Scientific Research and Technological Development who provided the
scholarship for visiting the high voltage laboratory at the School of Engineering at Cardiff University.

REFERENCES

[1] A. Kara, E. Onal, O. Kalenderli, and K. Mardikyan, “The effect of insulating barriers on AC breakdown voltage in
inhomogeneous field,” in Proceedings of the Mediterranean Electrotechnical Conference - MELECON, 2006, vol. 2006,
pp. 1206-1208, doi: 10.1109/melcon.2006.1653318.

[2]  A. Bako, “Critical thinking skills of physics teachers for inquiry based learning practices,” International Journal of Psychosocial
Rehabilitation, vol. 24, no. 5, pp. 486-496, Mar. 2020, doi: 10.37200/ijpr/v24i5/pr201713.

[3] D. Pylarinos and L. Pellas, “Investigation of an insulator flashunder in an 150 kV OTL of the power system of crete,” Engineering,
Technology and Applied Science Research, vol. 9, no. 5, pp. 4851-4858, Oct. 2019, doi: 10.48084/etasr.3198.

Indonesian J Elec Eng & Comp Sci, Vol. 34, No. 1, April 2024: 1-10



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 9

[4]

[5]

[6]

[71
(8]
[9]
[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]
[31]

[32]

[33]

[34]

M. Dimitropoulou, D. Pylarinos, K. Siderakis, E. Thalassinakis, and M. Danikas, “Comparative investigation of pollution
accumulation and natural cleaning for different HV insulators,” Engineering, Technology & Applied Science Research, vol. 5,
no. 2, pp. 764774, Apr. 2015, doi: 10.48084/etasr.545.

A. Boubakeur, “Influence of barriers on the priming of peak-planar air-interval media (in France: influence des barrieres sur
I’amorgage des moyens intervalles d’air pointe—plan),” Rozprawy Elektryczene (Polish Academy of Sciences), vol. 27, no. 3,
pp.729-744, 1981.

D. Khelil, S. Bouazabia, and P. N. Mikropoulos, “A fractal model of discharge interception probability of a vertical grounded rod
in the presence of a neighboring object,” Journal of Electrostatics, vol. 95, pp. 42-52, Oct. 2018, doi:
10.1016/j.elstat.2018.08.005.

D. Amarasinghe, U. Sonnadara, M. Berg, and V. Cooray, “Fractal dimension of long electrical discharges,” Journal of
Electrostatics, vol. 73, pp. 33-37, Feb. 2015, doi: 10.1016/j.elstat.2014.10.015.

A. Béroual and A. Boubakeur, “Influence of barriers on the lightning and switching impulse strength of mean air gaps in
point/plane arrangements,” IEEE Transactions on Electrical Insulation, vol. 26, no. 6, 1991, doi: 10.1109/14.108150.

F. V. Topalis and L. A. Stathopulos, “Barrier effect on electrical breakdown in non uniform small and medium air gaps,” IEE
Conference Publication, no. 363, pp. 439-442, 1992.

Topalis, F. V., and L. A. Stathopulos, “Barrier effect one electrical breakdown air gaps: has theoretical approach,” in International
Symposium one High Voltage Engineering (9th ISH), session, 1995, pp. 1-4.

I. Fofana, A. Beroual, and A. Boubakeur, “Influence of insulating barriers on positive long air gaps in divergent field,” IEE
Conference Publication, vol. 3, no. 467, 1999, doi: 10.1049/cp:19990764.

S. A. Sebo et al., “Effect of insulating sheets (barriers) in various gaps - the study of AC breakdown voltages and barrier factors,”
IEE Conference Publication, vol. 3, no. 467, 1999, doi: 10.1049/cp:19990720.

A. Boubakeur, L. Mokhnache, S. Boukhtache, and A. Feliachi, “Theoretical investigation on barrier effect on point-plane air gap
breakdown voltage based on streamers criterion,” IEE Proceedings: Science, Measurement and Technology, vol. 151, no. 3, pp.
167-174, May 2004, doi: 10.1049/ip-smt:20040155.

S. M. Lebedev, O. S. Gefle, and Y. P. Pokholkov, “The barrier effect in dielectrics: the role of interfaces in the breakdown of
inhomogeneous dielectrics,” IEEE Transactions on Dielectrics and Electrical Insulation, vol. 12, no. 3, pp. 537-555, Jun. 2005,
doi: 10.1109/TDEI.2005.1453459.

S. Mouhoubi and A. Boubakeur, “Electric field measurement in point-plane air gap with insulating barrier under AC voltage,”
IEEE International Conference on Systems, 2005, p. 9973.

A. Kara, O. Kalenderli, and K. Mardikyan, “DC breakdown voltage characteristics of small air gaps with insulating barriers in
non-uniform field,” 2010 International Conference on High Voltage Engineering and Application, ICHVE 2010, pp. 425-428,
2010, doi: 10.1109/ICHVE.2010.5640737.

R. Boudissa, N. Harid, and R. Bérsch, “Optimisation of the dielectric strength of a non-uniform air gap under AC voltage by
insertion of multiple barriers,” International Symposium on High Voltage Engineering - ISH, pp. 1-6, 2011.

S. Merabet, R. Boudissa, S. Slimani, and A. Bayadi, “Optimisation of the dielectric strength of a non-uniform electric field
electrode system under positive DC voltage by insertion of multiple barriers,” IEEE Transactions on Dielectrics and Electrical
Insulation, vol. 21, no. 1, pp. 74-79, Feh. 2014, doi: 10.1109/TDEI.2013.003800.

F. Topalis and M. Danikas, “Breakdown in air gaps with solid insulating barrier under impulse voltage stress,” Facta universitatis
- series: Electronics and Energetics, vol. 18, no. 1, pp. 87-104, 2005, doi: 10.2298/fuee0501087t.

A. Rouini and D. Mahi, “Modelling of the AC breakdown voltage of point-plane air gaps with insulating barrier,” International
Journal of Electrical and Computer Engineering, vol. 5, no. 3, pp. 391-402, 2015, doi: 10.11591/ijece.v5i3.pp391-402.

A. L. Maglaras and L. A. Maglaras, “Numerical modeling and analysis of electric field distribution in rod — plate air gaps , with or
without barrier, stressed by breakdown voltages,” 1st IC-EpsMsO, no. 1, pp. 6-9, 2005.

A. Maglaras and L. Maglaras, “Experimental investigation along with simulation analysis of small rod—plate air gaps with or
without a barrier. the ground effect,” Proceedings of the 5th WSEAS/IASME, no. 1, pp. 1-7, 2005, doi:
10.5555/1373616.1373650.

A. Maglaras, L. Maglaras, 1. Drigojias, and T. E. L. Larissa, “Modeling and analysis along with experimental investigation of the
ground effect in rod - plate air gaps with or without barrier,” WSEAS MMACTEE, vol. 2005, pp. 286—293, 2005.

R. Boudissa, S. Merabet, S. Iouknane, and A. Bayadi, “Effect of isolation mode and surface condition of an insulating barrier on
the performance of a non-uniform field electrode system under positive DC voltage,” |IEEE Transactions on Dielectrics and
Electrical Insulation, vol. 20, no. 5, pp. 1523-1529, Oct. 2013, doi: 10.1109/TDEI.2013.6633679.

T. B. L. Ming, “Barrier effects air insulates systems under DC voltage,” 8th International Symposium of High Voltage Eng. (ISH),
pp. 1-4, 1993.

E. N. Polytechnique, “Study of the influence of a barrier in a tip-plane gap, by measuring breakdown voltage, electric field and
partial discharges (in France: efude de !’influence d’une barriére dans unintervalle pointe — plan, par la mesure de la tension
disruptive, du champ électrique et des décharges partielles),” PhD thesis, Ecole Nationale Polytechnique, Algeria, 2008.

A. Boubakeur, “Influence of barriers on the priming of planar tip air gap means (in France: influence des barriéres sur I’amorgage
des moyens intervalles d’air pointe plan),” Phd thesis, EP Varsovie, Pologne, 1979.

A. Boubakeur, “Discharge phenomena in long air gaps with insulation screen,” 4th International Conference on High Voltage
Engineering, Athens, Greece, 1983, pp. 44-05.

J. L. Jakubowski and A. Boubakeur, “Dielectric strength of air gap means in barrier-tipped planar insulating systems (in France:
rigidité diélectrique des moyens intervalles d’air dans les systémes isolant pointe-plan avec barriere),” bulletin de ’académie
Polonaise des Sciences, session des sciences techniques, vol. 28, no. 9-10, pp. 141-146, 1980.

S. Benharat, S. Bouazabia, and A. Haddad, “Modelling of the effectiveness index in rod-plane electrode configurations with the
presence of insulating barriers,” The International Journal of Power and Energy Systems, vol. 41, 2021. doi:10.2316/].2021.203-0251.
F. Guerbas, M. Zitouni, A. Boubakeur, and A. Beroual, “Barrier effect on breakdown of point-plane oil gaps under alternating
current voltage,” IET Generation, Transmission and Distribution, vol. 4, no. 11, 2010, doi: 10.1049/iet-gtd.2010.0231.

D. Doufene, S. Bouazabia, S. Benharat, and S. A. Bessedik, “Hybrid grey wolf and finite element method (GWO-FEM) algorithm
for enhancing high voltage insulator string performance in wet pollution conditions,” Engineering, Technology and Applied
Science Research, vol. 12, no. 3, pp. 8765-8771, Jun. 2022, doi: 10.48084/etasr.4978.

D. Khelil, S. Bouazabia, L. Aggoune, and S. Haddou, “Characteristics of electrical discharge evolving in an environment
protected by a vertical rod,” 2010 International Conference on High Voltage Engineering and Application, ICHVE 2010, pp. 224—
227, 2010, doi: 10.1109/ICHVE.2010.5640823.

M. David, “Finite element method magnetics: octaveFEMM,” User’s Manual, 2010.

Electrical discharge reproduction in rod-barrier-plane system (Benharat Samira)



10

a

ISSN: 2502-4752

BIOGRAPHIES OF AUTHORS

Benharat Samira g 2 graduated in 2008 from the University of Science and
Technology Houari Boumediene (USTHB), Algeria with a degree of “Ingeneieur d’Etat” and
then obtained the “Magister” degree from USTHB, Algeria in 2010 and then his Ph.D. degree
in High Voltage Engineering in 2021. She is now a senior researcher in the research centre in
industrial technologies CRTI. Her research areas are mainly on high-voltage technology,
dielectric insulation, and electrical discharges. She can be contacted at email:
s.benharat@crti.dz.

Belgacem Leila R{EE graduated in 2007 from the University of Saad Dahleb Blida,
Algeria with a degree of “Ingeneieur d’Etat” and then obtained the “Magister” degree from
Saad Dahleb Blida, Algeria in 2010 and then his Ph.D. degree in Mechanical Engineering from
University of Abdelhamid Ben Badis Mostaganem, Algeria. in 2018. She is now a senior
researcher in the research centre in industrial technologies CRTI. She can be contacted at
email: l.belgacem@crti.dz.

Doufene Dyhia EEC graduated in 2008 from the University of Science and Technology
Houari Boumédienne (USTHB), Algeria with a degree of “Ingeneieur d’Etat” and then
obtained the “Magister” degree from USTHB, Algeria in 2010 and then his Ph.D. degree in
High Voltage Engineering in 2019. Her research areas are mainly on high voltage technology,
dielectric insulation, and electrical discharges. She can be contacted at email:
doufenedyhia@yahoo.fr.

Bouazabia Slimane Bd 2 was born in 1964 in Algeria. He received his Ph.D. in
Polytechnic School of Algiers, Algeria in 2006. His interest domains are high-voltage
technology, electrical discharges and electric field calculation. Since 1988, he has assumed the
role of Professor (teaching and research) at the University of Science and
technology Houari Boumedienne (USTHB), Algeria. He can be contacted at email:
slimane.bouazabia@usthb.edu.dz.

Haddad Abderrahmane © Ed 12 obtained his first degree in Electrical Engineering in
1985 and then his Ph.D. degree in High Voltage Engineering in 1990. He is now a Professor at
Cardiff University. His research interests are in overvoltage protection, insulation systems,
insulation coordination and earthing systems. He has published an IET-Power Series Book on
Advances in High Voltage Engineering. He is a member of CIGRE working groups and a
member of BSI PEL1/2, IEC TC37. He serves on the scientific committees of several
international conferences. He is a fellow of the IET and a fellow of the Learned Society of
Wales. He can be contacted at email: haddad@cardiff.ac.uk.

Sakmeche Mounir © £ B3 © currently works as a University Lecturer A at the Department
of Hydrocarbons and Renewables Energies, Ahmed Draia Africain University, and as a
researcher at the Laboratory of Catalytic Materials and Industrial Processes (LMPCI). 2018:
Ph.D. in chemical engineering obtained from the University of Sciences and Technology of
Oran 2012: Master in Chemical Engineering obtained from the University of Mostaganem
2007: Baccalaureate in the science of nature and life Mounir does research in the synthesis, and
functionalization characterization of porous materials for various applications in catalysis,
adsorption, and conversion like wastewater treatment, conversion of hydrocarbons, gas
reduction, refining, and gas treatment. He can be contacted at email: mounir.sakmeche@univ-
adrar.edu.dz.

Indonesian J Elec Eng & Comp Sci, Vol. 34, No. 1, April 2024: 1-10


mailto:Email:%20s.benharat@crti.dz
mailto:l.belgacem@crti.dz
mailto:doufenedyhia@yahoo.fr
mailto:slimane.bouazabia@usthb.edu.dz
mailto:haddad@cardiff.ac.uk
https://orcid.org/0000-0002-9103-6118
https://scholar.google.com/citations?hl=fr&user=kMKV6m8AAAAJ
https://orcid.org/0009-0002-2006-9665
https://orcid.org/0000-0001-8512-7403
https://scholar.google.com/citations?hl=fr&user=Y3VhBqAAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57200435834
https://orcid.org/0000-0003-3231-7259
https://scholar.google.fr/citations?user=6mcrWK0AAAAJ&hl=fr
https://orcid.org/0009-0002-3299-9309
https://orcid.org/0000-0003-0859-9700
https://scholar.google.com/citations?user=2rZuupkAAAAJ&hl=id&oi=ao

