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Abstract: Creeping discharges over insulator surfaces have been related to the presence of
triple junctions in compressed gas insulated systems. The performance of dielectric materials
frequently utilised in gaseous insulating high voltage applications, stressed under triple junction
conditions, has been an interesting topic approached through many different physical perspectives.
Presented research outcomes have contributed to the understanding of the mechanisms behind
the related phenomena, macroscopically and microscopically. This paper deals with the electrical
detection of creeping discharges over disc-shaped insulator samples of different dielectric materials
(polytetrafluoroethylene (PTFE), epoxy resin and silicone rubber) using atmospheric gases (dry air,
N2 and CO2) as insulation medium in a point-plane electrode arrangement and under AC voltage
application. The entire approach implementation is described in detail, from the initial numerical field
simulations of the electrode configuration to the sensing and recording devices specifications and
applications. The obtained results demonstrate the dependence of the generated discharge activity
on the geometrical and material properties of the dielectric and the solid/atmospheric gas interface.
The current work will be further extended as part of a future extensive research programme.

Keywords: creeping discharge; AC voltage; point-plane; atmospheric gases; flashover voltage;
polytetrafluoroethylene (PTFE); epoxy resin; silicone rubber

1. Introduction

In gaseous insulation applications, triple junctions are defined as points where the gaseous
medium, dielectric material and electrode meet leading to local electric field enhancements. When a
certain electric field level is reached, the initiation of discharge activity is possible. In the case of their
appearance, such phenomena become present at voltages below the optimised rated operating and
withstand levels of the affected apparatus, introducing additional concerns in the overall effort of
designing effective and reliable insulating systems. Some significant examples of triple junctions
are incorporated into the design of Gas Insulated Lines (GIL), Gas Insulating Switchgear (GIS),
transformer bushings and Gas Circuit Breakers (GCB).

The most common discharge phenomenon linked with enhanced electric fields in the vicinity of
solid dielectric-gas interface is the streamer creeping discharge. Over the years, major contributions
have been published, approaching the development and propagation of streamers over dielectric
surfaces from several different experimental and computational perspectives. Characteristics of single
streamer events in homogenous electric field arrangements have been reported [1,2] where the

Energies 2019, 12, 2970; doi:10.3390/en12152970 www.mdpi.com/journal/energies

http://www.mdpi.com/journal/energies
http://www.mdpi.com
https://orcid.org/0000-0003-2862-4539
https://orcid.org/0000-0002-0662-8590
https://orcid.org/0000-0002-1489-0986
https://orcid.org/0000-0003-4153-6146
http://dx.doi.org/10.3390/en12152970
http://www.mdpi.com/journal/energies


Energies 2019, 12, 2970 2 of 15

dependence of the propagation velocity and associated electric field over the dielectric material
is described. In [3], the effect of the dielectric permittivity on streamer propagation along insulating
surfaces using electrical and optical techniques is reported. The morphology and propagation length
of creeping discharges and their dependence on voltage waveform, voltage levels, dielectric material
and gaseous medium have been extensively studied in more recent works [4–7]. Reported works using
dust figure [8] and Pockels effect methods [9] always constitute very interesting optical approaches.
Another very important aspect, related to the phenomena described above, is the surface charge
accumulation and its impact on the flashover voltage [10,11] and degradation of solid insulators under
tests [12].

This paper examines the development of creeping discharge over disc-shaped insulator samples
of different dielectric materials, namely polytetrafluoroethylene (PTFE), epoxy resin and silicone
rubber, which are frequently utilised in high voltage technology applications. These samples are also
insulated by a gaseous medium of either dry air, nitrogen (N2) or carbon dioxide (CO2). A needle-plane
electrode configuration is employed with a strongly non-uniform electric field at 50 Hz AC voltage
applied to the needle electrode, in order to replicate triple junction conditions. The implementation
of the test procedure is described from the early stages of the numerical field simulation process of
the electrodes arrangement using a Finite Element Solver (FEM) software package. The aim of the
accurate modeling of the electrode geometry is the optimisation of the electric field distribution along
the insulator surface. Detection of surface discharges is performed by means of sensing associated
currents using a high-sensitivity, high frequency current transformer (HFCT) ranging from a few
kHz up to several MHz bandwidth. The current transformer sensing technique provides several
performance advantages over other techniques implementing different physical principles [13], such as
low power loss, high accuracy and no need for further amplification of the output. Additionally,
the overall convenience of a HFCT installation, together with the provided electrical isolation between
the system under test and the high-cost recording devices, make the technique a very practical choice
for laboratory-based high voltage testing.

2. Design and Implementation of the Test Procedure

2.1. Electrodes Configuration Simulation and Electric Field Computation

As mentioned in the previous section, the aim of the test procedure is to replicate triple junction
conditions in the vicinity of a dielectric insulator surface surrounded by a gaseous insulating medium.
For that reason, a needle-plane electrode configuration is employed. A two-dimensional illustration
along with an actual picture of the electrode configuration, showing the disc-shaped insulator sample
under test conditions are shown in Figure 1.
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4

(a) (b)
Figure 1. Needle-plane electrode configuration with a disc-shaped insulator sample: (a) Two-dimensional
illustration of the configuration with the following numbered features: 1-needle electrode, 2-plane
electrode, 3-disc-shaped insulator sample and 4-needle holder; (b) Actual picture of the practical test
configuration as set-up inside the pressure vessel.
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The needle is made of tungsten with a high-precision tip diameter of 20± 0.5µm, 0.51 mm shaft
diameter and a length of 32 mm. It is attached to a stainless-steel needle holder placed perpendicularly
and in close proximity to the insulator sample disc center. The plane electrode incorporates a dull
polished stainless-steel planar surface of 150 mm diameter and 15 mm thickness and is electrically
separated from the rest of the mounting system with a nylon threaded rod. The entire configuration is
placed vertically and centered inside a cylindrical 90 l dull polished stainless-steel pressure vessel rated
up to 10 bars operational gauge pressure, which has a diameter of 480 mm and a height of 500 mm.

The described design is further examined from the numerical electric field perspective using a
Finite Element Method (FEM) simulation model. The detailed geometry is transferred to COMSOL
Multiphysics R© through its integrated three-dimensional geometry builder, with some geometry
simplifications that can improve significantly the computational time without affecting the quality
and reliability of the generated result. As the design is largely symmetrical around the central axis
of the entire configuration, only half of the geometry needs to be computationally solved without
affecting the accuracy of the computed results. It is expected that the maximum electric field stress will
appear at the needle tip because of its small diameter and short distance from the zero potential plane
electrode. Figure 2 shows the simulated full geometry of the test system, as designed within COMSOL
Multiphysics R©, together with a generated illustration of the three-dimensional equipotential surfaces
(isosurfaces) after solving the simulation model. For the example shown in Figure 2b, the considered
insulator sample is made of PTFE with a 4 mm thickness; the insulating gaseous medium being air at
standard atmospheric conditions. The applied voltage is set to 1 V.

(a) (b)
Figure 2. Finite Element Method (FEM) simulation model: (a) Full geometry including electrodes
arrangement and surrounding volume; (b) Three-dimensional equipotential surfaces (isosurfaces)
within the half symmetrical volume of the initial geometry.

The distribution of the electric field on the surface of the insulator sample is of great significance
as the possibility of large irregularities may lead to inaccurate observations. In a broad sense, in case
of discharge activity appearance, it will initiate from the sharp needle tip and will have equal chance
of propagating in any direction towards the edges of the disc insulator. Figure 3 shows the computed
electric field distribution along the diameter of the insulator sample top surface. The presented electric
field values are normalised to the maximum surface electric field that appears at the point with the
shortest distance from the needle tip.
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Figure 3. Electric field distribution along insulator surface. Here, 0 mm represents the center of the top
surface of the insulator sample while ±50 mm the edges of it. The presented values are normalised
based on the maximum computed value.

2.2. Experimental Set-Up

Figure 4 summarises the main parts of the experimental configuration used for the purposes of
this work. For the AC voltage application, a 50 kV/3.75 kVA transformer is used, which is controlled
through an isolating transformer and a voltage regulator with adjustment of the voltage level on the
low-voltage side. An RC voltage divider of ratio 3750:1 is used to scale down the generated voltage to
safe measurable levels. Voltage is applied to the pressure vessel through a bushing rated up to 39 kV
AC rms. As described previously, the electrodes configuration, together with the insulator samples
under test, are vertically and horizontally centered inside the cylindrical stainless-steel dull polished
chamber. The side apertures are covered with stainless-steel blanking plates, preventing ambient light
entering into the pressure vessel.

Figure 4. Experimental set-up for AC voltage application to the needle-plane configuration and
insulator samples.
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The insulator samples tested are disc-shaped with a diameter of 100 mm and thicknesses of 4 and
6 mm. Three different materials are considered namely polytetrafluoroethylene (PTFE), silicone rubber
and epoxy resin with relative permittivities (εr) of 2.1, 2.9 and 3.5, respectively. The PTFE and epoxy
resin samples surfaces were polished with sandpaper of 800 grit gradually increasing up to 7000 grit
size. The silicone rubber samples were vacuum casted using a highly polished stainless-steel mold,
followed by at least 24 h curing at 50 ◦C. For all cases, arithmetical mean height (Ra) is maintained
between 0.6–0.8µm. The insulator samples are cleaned with high-purity isopropyl alcohol and dried
for at least 4 h at 50 ◦C. Between drying and placing the samples inside the final test set-up, a brief time
interval of 30 min is kept allowing the samples to return to room temperature levels. After each test
series, each insulator is examined for traces, indicating degradation/damage, and if any is observed
on the surface, it is replaced with a new unused one. As described previously, the needles are made
of pure tungsten, a material well-known for its high melting temperature, allowing for a sufficiently
large number of tests without degradation of the needle tip quality. During the creeping discharge
detection tests, a maximum of twenty voltage applications are made before the needle is replaced. For
the case of flashover tests, the needle is used for a maximum of ten attempts prior to being replaced,
assuming that no abrupt deviations in the readings of successive attempts occur which would indicate
a damaged needle. For the purposes of the presented work, the test vessel housing the test electrode
configuration is filled and tested using three different atmospheric gases, respectively: dry air, nitrogen
(N2) and carbon dioxide (CO2) at 1 bar absolute pressure. Preceding gas injection, the pressure vessel
is vacuumed for 30 min after a vacuum level of −1000 mbar gauge pressure is reached. This additional
vacuum is held in an attempt to maintain low humidity levels inside the test chamber.

Two different, although similar, patterns for the AC voltage application are followed. For flashover
tests, the applied voltage is manually increased with a rate of 1 kV/s until flashover occurs. A lower
sensitivity, 0.1 V/A, current transformer is used for triggering the recording device. The last full
AC-cycle recorded, preceding the flashover event, corresponds to the measured rms flashover
voltage. Ten flashover tests are performed for each insulator sample/gaseous medium combination.
The arithmetic mean value and standard deviation for the flashover voltage for each case are specified
as implied from the relevant standards [14]. For creeping discharge detection tests, test voltages are
specified as a percentage of the flashover voltage for each case study. Following that, the test voltage is
gradually reached with an increment of 2% per second resulting in a ramp duration of 50 s for each
case. After that, the voltage level is maintained for a maximum of 10 s in order to avoid overstress
of the insulator sample and the utilised needle. Between two successive voltage applications, a time
interval of at least 2 min is maintained.

2.3. Current Sensing & Recording

Several methods have been reported for the detection of electrical phenomena within the
high-frequency (HF), very-high-frequency (VHF) and ultra-high-frequency (UHF) regions, including
acoustic, optical, chemical and electrical methods. These methods find wide application in the detection
of partial discharges [15–19]. In this work, direct measurement of the currents associated with creeping
discharge is performed using a high-sensitivity 5 V/A, high frequency current transformer (HFCT)
ranging from 4.8 kHz up to 400 MHz. Considering that the test configuration is installed inside a
grounded metal fabricated pressure vessel, it is important that the generating signals will exit the test
chamber and, consequently, reach the sensing device undistorted and unattenuated. For that purpose,
a flange mount SMA connector is installed at the bottom side of the plane electrode of Figure 1. A 50 Ω
RG-405 coaxial cable connects the plane electrode with a pre-installed high-pressure rated coaxial
feedthrough. A coaxial cable connected to the low-pressure side of the feedthrough is then connected
to the configuration shown in Figure 5, similar implementations of which were presented in [20,21].
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Figure 5. HFCT enclosure configuration.

Two SMA connectors are mounted on the top and bottom of a C101 alloy copper rod. The diameter
of this central conductor was calculated based on the 50 Ω coaxial characteristic impedance principle
using Equation (1) [15],

Z0 =
138√

εair
log

(
d1

d2

)
(1)

where, Z0 is the characteristic impedance, d1 the diameter of the HFCT aperture, d2 the diameter of
the copper conductor and εair the relative permittivity of atmospheric air. The entire configuration is
enclosed in an EMI/RFI shielded aluminium enclosure. The scattering parameters of the configuration
were measured using an R&S R© ZVL Vector Network Analyzer (9 kHz− 6 GHz), following a 50 Ω
two-port calibration, and the results are presented in Figure 6. As shown, the upper cut-off frequency
is measured at 359.46 MHz, which is quite close to the bandwidth rating of the HFCT. The output
side is terminated through a short-circuited 20 dB/50 W, DC-8.5 GHz, high-power fixed attenuator,
preventing possible reflections reaching the sensing configuration.
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Figure 6. S-parameters of the configuration shown in Figure 5, for the frequency range corresponding
to the rating of the used HFCT.

The recording of the voltage waveform and associated currents was performed in two different
stages: high-resolution single trigger recordings were made using a Teledyne LeCroy HDO6104, 1 GHz,
2.5 GS/s, 12-bit oscilloscope while, for multiple successive trigger events, a large buffer PicoScope R©

5000 series, 200 MHz, 250 MS/s, 12-bit was used.
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3. Experimental Results and Discussion

3.1. Flashover Tests

A series of flashover tests were performed using all the solid dielectric-insulating gas combinations
considered in this work. Ten flashover events were recorded for each case. These tests were
implemented in order to quantify the equivalent threshold voltage level for creeping discharges
as a percentage of the corresponding mean flashover voltages of each case. The obtained results are
summarised in Figure 7. For the case of the 6 mm thick PTFE sample in dry air, no flashover events
were recorded within the allowed application voltage levels up to 39 kV rms, hence, it is not included
in the graph.

PTFE 4mm PTFE 6mm ER 4mm ER 6mm SR 4mm SR 6mm
Insulator Sample Type
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Figure 7. Flashover voltage (FOV) test results for six different insulator samples in dry air, nitrogen (N2)
and carbon dioxide (CO2), all at 1 bar absolute pressure. Here, arithmetic mean values are depicted
together with the corresponding standard deviations after 10 voltage applications. ER stands for epoxy
resin while SR for silicone rubber.

For all the different sample types, dry air showed the best insulating performance as compared
to the two other gaseous mediums. Additionally, pure CO2 showed a better performance compared
to pure nitrogen, with the difference in FOVs being larger for 4 mm samples compared to those of
6 mm thickness. Focusing on the calculated standard deviations, N2 showed a more stable insulating
behaviour for thinner samples, for all the materials compared to thicker ones insulated with the same
gas, while CO2 seemed to have on average the lowest standard deviations. The electrode system
with PTFE (εPTFE = 2.1) had the highest resistance to flashover for all gaseous mediums and sample
thicknesses considered. Despite the results of the other two materials being close, the configuration
with silicone rubber (εSR = 2.9) seemed to have a slightly higher withstand voltage compared to
that with epoxy resin (εER = 3.5). Figure 8 shows the dependence of the computed electric field and
measured flashover voltages on the different values of dielectric permittivity. The values of each
curve are normalised to the, computed or measured, corresponding value for PTFE. It is obvious that,
as the dielectric permittivity increases, the electric field on the center of the disc insulator sample also
increases, while, the flashover voltage levels decrease for all the cases considered. Such an observation
can be correlated with results reported in research works [5] where the stopping length of creeping
discharges is examined, showing that insulator discs made of higher dielectric permittivity materials
are responsible for the propagation of longer streamer channels on their surface for both N2 and CO2,
but also for SF6. AC breakdown test results of point-plane arrangements for different gap distances,
presented in [7], also showed that the insulating performance of CO2 is better when compared to N2,
without a dielectric material between the electrodes.
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Figure 8. Computed electric field (black curves) and measured flashover voltages over dielectric
permittivity variation. All the curves are normalised over the corresponding value of εr = 2.1 for PTFE.

3.2. High-Resolution Recordings

High-resolution recordings were obtained through single trigger events of the recording device
at dual-channel, sampling at 1.25 GS/s rate. Two signals of 40 ms duration each were captured,
corresponding to two full AC-cycles. The applied voltage levels considered for each case correspond
to 85% of the flashover levels presented in previous section. That way, it is possible to compare
between the different cases, where the variations in the FOVs do not allow the application of the
same test voltage levels. Additionally, a 15% safety margin from flashover events was maintained,
avoiding unwanted stress of the test configuration in case of flashover. Figure 9 shows the obtained
recordings for PTFE of 4 mm thickness in dry air, nitrogen (N2) and carbon dioxide (CO2) at 1 bar
absolute pressure. Because similar patterns were observed for the remaining insulator samples types,
only the above selected results were shown here.
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Figure 9. PTFE of 4 mm thickness in (a) dry air at 1 bar absolute pressure and 31.74 kV rms applied
voltage, (b) N2 at 1 bar absolute pressure and 17.74 kV rms applied voltage and (c) CO2 at 1 bar absolute
pressure and 21.61 kV rms applied voltage.
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For the case of dry air in Figure 9a, a high density of positive and negative polarity current
pulses is observed. It is obvious that positive polarity current peaks amplitudes dominate over the
negative spikes. However, significant differences in the current pulse characteristics were observed.
For nitrogen (N2), as shown in Figure 9b, a very different behaviour is observed when compared to
dry air. During the positive AC half cycle of the applied voltage, a small number of positive current
pulses, although quite high in amplitude, were detected while absence of activity during the negative
half cycle is obvious. Finally in Figure 9c, the behaviour of carbon dioxide (CO2) differs significantly
from both dry air and N2. Low amplitude positive current pulses were detected during the positive
half cycle of the applied voltage while, during the negative half cycle, higher amplitude but less dense
negative polarity current pulses were observed.

Wide bandwidth sensing and recording devices combined with high sampling rates allow the
capturing of current pulses corresponding to creeping discharge events. For the presented test results,
applied voltages were very close to the FOVs and most of the recordings consist of superimposed
pulses, indicating multiple discharge events occurring in very fast time frames on the surface of the
insulator sample. Single streamer current pulses are also present however, less frequent. Current pulses
are classified into two different categories: those having the same polarity as the applied voltage and
those with opposite polarity. Positive polarity pulses during the positive half cycle of the AC voltage
application are present for all the cases with varying amplitudes and characteristics. Examples of
positive polarity pulses exported from the recordings in Figure 9 are shown in Figure 10 with their
time resolved characteristics being summarised in Table 1. Negative polarity current pulses are also
detected, the recordings of which are shown in Figure 11, with their corresponding characteristics
summarised in Table 2. Similar pulse shapes were observed for all the insulator sample materials.
The apparent charge, which is also depicted, was calculated by integrating the recorded pulse over the
corresponding time domain.
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Figure 10. Positive polarity current pulses and calculated apparent charge for PTFE of 4 mm thickness
in: (a) dry air, (b) nitrogen (N2) and (c) carbon dioxide (CO2).
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Table 1. Positive polarity current pulses characteristics.

Gaseous Medium Current Peak (mA) Rise Time (ns) Fall Time (ns) Width (ns) Duration (ns)

Dry air 37.07 28.49 263.42 110.26 326.21
N2 46.14 274.25 662.93 192.94 975.02

CO2 17.35 13.77 49.06 35.54 73.08
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Figure 11. Negative polarity current pulses and calculated apparent charge for PTFE of 4 mm thickness
in: (a) dry air, (b) nitrogen (N2) and (c) carbon dioxide (CO2).

Table 2. Negative polarity current pulses characteristics.

Gaseous Medium Current Peak (mA) Rise Time (ns) Fall Time (ns) Width (ns) Duration (ns)

Dry air −23.19 51.81 7.95 16.14 65.00
N2 −32.23 41.63 5.76 12.94 52.04

CO2 −31.63 232.38 8.53 38.58 247.65

Significant differences in the measured rise and fall times are observed. For all the tests performed
for the purposes of the presented work, the fastest rise and fall times, for these kinds of pulses,
were observed in carbon dioxide (CO2) while the slowest were seen in nitrogen (N2). The calculated
apparent charge appears to be dependent and proportional to these values, with the highest charge
being observed for the case of N2 in Figure 10b. In [22], the authors describe the correlation between rise
and fall times with the electron avalanche process during partial discharge (PD) and electron drift after
the full extension of the discharge activity. For the single double-exponential shaped pulses, such an
approach can provide valuable information. Figure 11 includes captures of negative polarity current
pulses during the negative half cycle of the AC applied voltage for dry air and CO2, while for nitrogen
the negative polarity current pulse appears during the positive AC half cycle. Pulses of opposite
polarity to that of the applied voltage were observed in all measurements. Similar findings, using the
Pockels effect optical method, were reported in [9] and identified as back-discharges. Following the
provided description for the negative discharges during positive polarity of the applied voltage,
the negative charge expands uniformly on the positively charged surface neutralizing the positive
charges. The opposite process occurs for positive discharges during the negative half cycles.
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3.3. Current Peaks Density Recordings

High resolution recordings, within the GS/s sampling rate levels, usually do not allow capturing
of multiple trigger events which are able to demonstrate the repeatability of the generated phenomena,
during the same applied voltage test. For that purpose, a lower sampling rate, larger buffer size,
fast-triggering device was employed. In this way, the quick recording of multiple full AC-cycle
trigger events for the same applied voltage attempt was possible without overstressing the test object.
Post-processing of these recordings involves isolating the peak values of the current pulses within
the time domain and incorporate them in a concatenating plot where colour grading was applied
based on the density of these peaks. The colour identification was normalised over the total number of
detected peaks based on their polarity. Figures 12–14 illustrate part of the results using the described
technique for the cases of 4 mm thickness insulator samples while Figure 15 includes selected datasets
for 6 mm thick samples. Here, 25 trigger events of 20 ms duration each are considered, resulting in
a total duration of 500 ms for each case. For all the presented measurements, the applied voltage is
approximately equal to the 85% of the corresponding FOV.
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Figure 12. Current peaks densities for 4 mm thickness insulator samples in dry air at 1 bar absolute
pressure: (a) PTFE, (b) epoxy resin and (c) silicone rubber.

In Figure 12, for samples in dry air, 4 mm thickness samples of PTFE and silicone rubber have
fairly similar behaviour while epoxy resin shows a higher density of discharge activity during the
positive half cycle of the applied voltage. For samples of the same thickness in N2 in Figure 13,
negative polarity pulses during the negative half cycle were not detected. For silicone rubber, a high
density of low amplitude positive polarity discharges was found during the positive half cycles while,
for epoxy resin samples, very high positive peaks were captured, possibly indicating that any increase
in the applied voltage could have resulted in a flashover. PTFE shows a well distributed activity
within the first quarter of the applied voltage waveform. It could be said that CO2 in Figure 14 shows
the most stable behaviour. PTFE and silicone rubber once again are very similar while PTFE shows
less dense activity during the negative polarity of the applied voltage. For tests with the epoxy resin
sample, no detectable pulses were recorded during the second half of the AC waveform for that specific
applied voltage level. Tests with thicker samples in Figure 15 show that PTFE in CO2 shows decreased
peak amplitudes during the negative half cycle, while epoxy resin in N2 shows considerably lower
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peaks and high repeatability for the 6 mm samples compared to the 4 mm. Silicone rubber of 6 mm
thickness in dry air shows increased resistance to creeping discharge activity in comparison with the
4 mm sample of the same material, especially when the polarity of the applied voltage is positive.
Overall, the dependence of the insulator sample thickness is visible for the presented cases. For tests
with epoxy resin of 4 mm thickness in CO2, the applied voltage margin for occurrence of the discharge
activity in the negative half cycle until flashover is small. Results of N2 combined with 4 mm thickness
samples need further investigation, especially for the case of epoxy resin.
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Figure 13. Current peaks densities for 4 mm thickness insulator samples in nitrogen (N2) at 1 bar
absolute pressure: (a) PTFE, (b) epoxy resin and (c) silicone rubber.
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Figure 14. Current peaks densities for 4 mm thickness insulator samples in carbon dioxide (CO2) at
1 bar absolute pressure: (a) PTFE, (b) epoxy resin and (c) silicone rubber.
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Figure 15. Current peaks densities for 6 mm thickness insulator samples: (a) PTFE in CO2 at 1 bar
absolute pressure, (b) epoxy resin in N2 at 1 bar absolute pressure and (c) silicone rubber in dry air at
1 bar absolute pressure.

4. Conclusions

In this paper, electrical detection of creeping discharge under AC voltage application was presented.
The complete procedure, starting from the numerical simulation of the electrode configuration until
the final test implementation was described in detail. Emphasis was given to the selection of current
sensing and recording devices so that their cut-off frequency is kept as high as possible.

Flashover tests results showed that, for the examined electric field distribution and for all the
examined insulating gaseous media (dry air, CO2 and N2), lower flashover voltages were measured
for electrode configurations with insulating materials having higher relative permittivity. Furthermore,
high-frequency recordings of the current pulses associated with creeping discharges clearly indicated
that there is more significant electrical discharge activity when the relative permittivity of the insulating
material is higher. For lower permittivity insulator sample materials, fewer current pulses were
detected however, the activity was spread greatly within a range corresponding to relatively higher
amplitudes. It could be said that, the higher the difference between the relative permittivities of the
insulator sample material and the insulating gaseous medium, the stronger the detected creeping
discharge events are, especially for the cases of dry air and N2. For the case of CO2, the higher the
relative permittivity of the insulator material the narrower the margin between creeping discharge and
flashover is. Back-discharges were detected for all the cases tested in this investigation.

Future research will extend the current work and further explore the presented scenario using
different physical perspectives and detection techniques.
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