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Abstract—Low pressure environments, situate insulation systems in a challenging position since partial discharges 

(PDs), corona and arc tracking are more likely to develop. Therefore, specific solutions are required to detect such 
harmful phenomena before major failure occurrence. This paper deals with three low-cost and small-size sensing 
methods, i.e., a single loop antenna, a visible-UV imaging sensor and the measurement of the leakage current to detect 
corona in the early stage, thus anticipating the appearance of severer effects such as arc tracking or disruptive 
breakdown. The three studied methods can be applied for an on-line monitoring of corona activity under low pressure 
environments, thus being compatible with predictive maintenance approaches. This on-line monitoring can be used 
to develop improved electrical protection devices able to detect such effects in an initial stage, thus improving current 
solutions which are unable to do so. All three studied sensors give consistent linear responses within the studied 
pressure range, i.e., 10-100 kPa, with almost no drift. The sensitivity of the visible-UV imaging sensor is slightly lower 
than that of the others, but it has the advantage of directly locating the discharge points. Results presented in this 
paper can be very useful for the more electrical aircraft (MEA), which is forcing electrical distribution systems to 
operate at higher voltage levels. Due to the little experience and scarcity of published data, the experimental results 
presented in this paper can be valuable for a better understanding of the combined action of high voltage and low 
pressure environments. 
 

Index Terms— Partial discharge, corona effect, high-voltage, antenna sensor, ultraviolet, imaging sensor, sensor low 
pressure, leakage current. 
 

 

I.  INTRODUCTION 

HERE is a growing interest in understanding and quantifying 
the combined effects of low pressure and high-voltage due 

to the progressive development of the next generation of more 
electrical aircrafts (MEA). The MEA concept involves 
increasing overall aircraft efficiency while reducing greenhouse 
gas emissions, by replacing onboard mechanic, hydraulic and 
pneumatic systems [1] by lighter electrical ones, thus requiring 
increased levels of electrical power than conventional aircrafts 
[2]. Aircraft electrification offers other appealing features, since 
it allows reducing the overall weight of the aircraft [1], fuel 
consumption, system complexity or operation and maintenance 
costs. Due to weight constraints, this more intensive use of 
electrical power forces aircraft electrical transmission systems 
operating at increased voltages [3], [4]. Conventional cruising 
altitudes of commercial jet aircrafts are in the range 10-13 km, 
private jets can fly at altitudes below 15 km, and some military 
aircrafts can fly beyond 15 km. This broad range of altitudes 
implies a pressure interval from 100% to 15% of the 
atmospheric pressure at sea level. Aircrafts operate under 
extreme environmental conditions [5], and some electrical and 
electronic circuits are unpressurized areas. The combined effect 
of extreme environmental conditions and the higher electric 
stress resulting from the increased voltage levels [1], [6] poses 
insulations systems in a challenging situation. Some aircraft 
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manufacturers are planning electrical distribution systems 
working above 1 kV, and even in the 1.5 - 4.5 kV range, thus 
promoting partial discharges (PDs), corona and arc tracking 
inception conditions [7]. Since the NASA missions of the 
1960s, it is known that partial PDs are more likely to occur in 
electrical and electronic systems operating at lower pressures 
[6], [8], so spark breakdown, PD and corona inception voltage 
values found in low pressure environments are considerably 
lower when compared to those found at sea level [1]. Other 
factors found in aeronautic applications, such as moisture 
condensation [9], or other contaminants such as liquids, salts or 
conductive dusts [10] can also play an important role. As a 
consequence, due to reliability and safety considerations, it is 
mandatory to limit the risk of PD, corona and arcing occurrence, 
this being a challenging task for power system and wiring 
designers, due to the strict compactness and lightness 
requirements of aircraft power systems [1]. By limiting the risk 
of such harmful effects, the reliability of electrical, electronic 
and wiring systems can be increased, thus limiting failure 
occurrence and facilitating the application of predictive 
maintenance plans [8],  together with an overall increase of the 
aircraft safety. Therefore, the continuous monitoring of the 
corona activity allows predictive maintenance plans to be 
applied, so corrective actions can be taken before the 
development of major dielectric failures [11] can lead to 
catastrophic consequences. 
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A deep knowledge about corona inception conditions is 
needed to design power system components minimizing 
electrical discharge occurrence under low pressure conditions. 
Accurate prediction of inception conditions under low pressure 
environments, requires extensive testing and experimental data. 
Therefore, it is required to develop inexpensive and small size 
sensors to detect corona activity to safeguard the integrity and 
long-term behavior of insulation materials and systems for low 
pressure applications. This strategy is focused to detect 
discharge related issues in the very early stage, thus preventing 
the development of major failures, since corona activity 
unavoidably weakens electrical and mechanical properties of 
insulation materials with the consequent threat to the safety of 
the aircraft as well as to its electrical and electronic systems 
[12]. However, there are few works systematically investigating 
PD or corona behavior under low pressure  conditions (10-100 
kPa) [13], since most of them analyze arcing [14] or disruptive 
breakdown conditions [15]–[17], i.e., when the effects of the 
electrical discharges are very advanced, thus increasing the 
likelihood of catastrophic faults.  This paper makes a 
contribution in the area of early corona detection under low 
pressure conditions, i.e., 100% to 10% of the standard pressure. 
To this end, corona discharges of a point-to-plane gap are 
detected by means of three sensing methods, including a single 
loop antenna, a visible-UV imaging sensor and by measuring 
the leakage current due to the discharges. The three analyzed 
methods can be applied for an on-line detection and monitoring 
of corona activity in the very early stage, thus allowing to apply 
corrective actions and preventing the development of major 
damages and critical failures. This paper is also focused to 
prevent and anticipate arc tracking occurrence and thus the 
related hazards, in wiring and electrical and electronic 
insulation systems. This is of special importance as current 
commercial protections such as arc fault circuit breakers or 
solid state power controllers cannot detect arc tracking activity 
in the early stage because of the low level of the initial leakage 
current, which is below the detection limit of conventional 
circuit breakers. This problem can remain invisible to the 
protections, although the induced overheating in the insulation 
due to this hidden effect increases with time. The proposed 
approach can be very useful to track the evolution of the 
discharges, thus allowing to apply predictive maintenance plans 
and trip the circuit breakers when required. 

II. PRESSURE EFFECT ON ELECTRICAL BREAKDOWN, 
PARTIAL DISCHARGES AND CORONA 

Partial discharges (PDs) are low intensity electrical 
discharges which partly bridge the insulation of 
electric/electronic equipment exposed to intense electric field 
stress [18]. Corona discharges, a type of PDs, are generated in 
gaseous dielectrics under a non-uniform electric field 
conditions, producing an incomplete electrical breakdown of 
the gaseous gap between electrodes, since the electric field 
strength is not sufficient to produce complete electrical 
breakdown [19]. Discharge activity deteriorate electrical and 
mechanical properties of the insulation material because of the 
induced chemical reactions [12] that that tend to change the 
chemical nature and erode insulation materials [20], thus 
eventually leading to arc tracking or complete breakdown [4]. 
Tracking deteriorates the dielectric properties of the insulation 

material because of the overheating generated by a 
bombardment of the electrons generated by the discharge and 
accelerated by the intense electric field [14], hence creating 
conductive carbon paths along the surface. As a result, micro 
electrical arcs can grow, which sustain and propagate, thus 
further damaging the solid insulation [21]. Therefore, arc 
tracking poses a critical risk for the safety of solid insulation 
materials of aeronautics electrical/electronic systems [4].  

Corona inception voltage (CIV) is the lowest voltage value 
at which continuous corona activity occurs when gradually 
increasing the applied voltage. Corona extinction voltage 
(CEV) is the highest value of the voltage at which the 
continuous corona discharge disappears when gradually 
reducing the applied voltage from an initial voltage value that 
generates corona. This work deals with the CEV instead of the 
CIV value, since the former is lower than the latter, representing 
the lowest voltage level that generates corona activity. CIV, 
CEV and flashover inception voltages decrease with pressure 
[3], [5]. There are few scientific works analyzing in detail PD 
or corona and specifically, arc tracking effects in low pressure 
aeronautic applications [4], in part due to the specificity of such 
application, and in part due to the difficulty to characterize and 
reproduce arc tracking under laboratory conditions [22]. PD 
measuring systems in accordance with the IEC 60270 standard 
[23], which also allow detecting corona, usually include a 
coupling device, transmission system (optical link or 
connecting cable) and a measuring instrument. According to the 
IEC 60270, PD and corona can be detected by means of several 
methods taking advantage of the acoustic, electromagnetic, 
optical, or chemical reactions produced [23]. PDs and corona 
are usually detected by utilizing specific instruments, including 
PD detectors, optical spectrophotometers [24], acoustic sensors 
[25], radio interference voltage detectors, or radio frequency, 
VHF and UHF sensors [26], among others, although most of 
these methods do not allow a direct localization of the discharge 
points. Table I summarizes most of the existing methods to 
detect PD and corona occurrence. 

TABLE I 
PD AND CORONA SENSORS FOR DIFFERENT APPLICATIONS [23], [27], [28] 

Sensing type Applications 

Electrical methods 
Radio disturbance  meters Insulators, connectors, transformers, cables 

UHF sensors 
Power transformers, power cables, gas 
insulated substations (GIS) 

HF/VHF sensors  
Power cables, power transformers, corona 
discharges 

Inductive methods 
Rotating machines, oil filled transformers, 
shielded cables  

Capacitive methods Switchgear, dry type transformers 

Low inductive resistors 
Leakage current measurement due to surface 
and corona discharges 

Non electrical methods 

Acoustic sensors 
 

Gas insulated switchgear or oil immersed 
equipment such as transformers, unshielded 
cables 

Optical sensors 
Power transformers, GIS, surface and corona 
discharges in connectors, splices, cables, 
insulators, etc. 

UV sensors Surface discharges and corona 
Chemical sensors (ozone, 
hydrogen) 

Oil- or gas-insulated devices, surface 
discharges like corona 
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This paper compares three sensors to monitor corona 
occurrence, i.e., by monitoring the leakage current, which is 
directly related to the ionization produced by the discharges [3], 
the generated electromagnetic waves and the visual and 
ultraviolet (UV) light emitted by the discharges. These sensing 
methods have been selected since they require simple, low-cost, 
small-size and lightweight sensors, while being compatible 
with aircraft environments.  

The analysis of leakage current (LC) has been effectively 
applied to detect and characterize partial discharges in glass 
insulators under AC supply [29] and also to analyze and 
monitor the flashover behavior of ice-covered ceramic 
suspension insulators [30]. It is known that under discharge 
activity, the LC undergoes different stages, thus changing the 
shape of the current waveform and its harmonic content [12].  

Different types of antennas as sensors have been used to 
detect PD occurrence and also to localize the source of such 
discharges, although in the latter case, to accurately measure 
time differences of arrival (TDOA) of the PD signals required 
for an accurate localization of the source, the UHF band can be 
analyzed [31], [32]. Antennas to detect PD activity have 
appealing features since they allow a non-invasive, continuous, 
and non-expensive monitoring of PD activity  [11]. Radio 
frequency (RF) antennas can be applied for condition 
monitoring of HV insulation systems through PD detection. 
However, monitoring and localization accuracy tend to be 
adversely affected because of noises and interferences 
superimposed with the RF signals, so there is a need to apply 
denoising algorithms [33]. RF antennas have been used to 
detect electromagnetic waves generated by corona and PD from 
transmission lines [34], switchgear [35], cables or transformers 
[36], among others. By using specific antenna array 
configurations can also locate the discharge points [18] by 
measuring the attenuation of the radio frequency signals [35].  

Corona detection methods based on visible light are 
becoming attractive due to the advances in photoelectric 
detection methods because the colorimetric information 
informs about the spatial distribution and the status of the 
discharge [37]. In [38] a micro Si photomultiplier sensor, 
sensitive to the visible and UV spectra, is used to detect PDs in 
SF6 gas. In [39] an optical fiber sensor is applied in gas-
insulated-switchgear to detect the acoustic emission generated 
by PD activity, while [40] provides a method for identifying and 
classifying partial discharges using frequency domain signal 
processing of acoustic emission samples. 

Relative air density (RAD), which depends on atmospheric 
pressure P and thus on the altitude h above sea level, highly 
influences CEV and critical breakdown voltage values [41], 
[42]. In a lesser extent, other factors such as debris, moisture, 
vapors, fumes, conductive smoke, or extreme temperatures can 
also influence CEV and critical breakdown voltage values [43].  
The standard atmosphere [44] provides h-RAD and h-P 
relationships, which are summarized in Table I in the range 0-
17000 m above sea level, since this interval covers the typical 
altitudes of commercial and military aircrafts [3].  

Paschen’s curves [45] are commonly used to analyze the 
relationship between the critical disruptive voltage at 
breakdown and the pd product, i.e., the product of air pressure 
and the length of the gap. However, Paschen’s curves are only 
applicable to uniform electric field gaps, i.e., between two 

parallel plates, and they are not valid for pre-arc conditions, i.e., 
under early PD or corona occurrence. Fig. 1 displays the 
Paschen’s curve for air at 20ºC, from where it can be deduced 
that for a constant air gap length under uniform field conditions, 
the minimum breakdown voltage increases with pressure, 
although at very low pressure, it also growths rapidly. From Fig. 
1 it is also deduced that the dielectric strength of air greatly 
diminishes with the atmospheric pressure, so for a given voltage 
value, disruptive discharges are more likely to occur at higher 
altitudes. 

TABLE I 
STANDARD ATMOSPHERE ACCORDING TO ISO 2533:1975 

h [m] T [ºC] P [Pa] RAD [-] 

0 15.0 101325.0 1.000000 
1000 8.5 89874.6 0.907463 
2000 2.0 79495.2 0.821625 
3000 -4.5 70108.5 0.742140 
4000 -11.0 61640.2 0.668677 
5000 -17.5 54019.9 0.600911 
6000 -24.0 47181.0 0.538528 
7000 -30.5 41060.7 0.481225 
8000 -37.0 35599.8 0.428709 
9000 -43.5 30742.5 0.380692 
10000 -50.0 26436.3 0.336904 
11000 -56.5 22632.1 0.297076 
12000 -56.5 19330.4 0.253737 
13000 -56.5 16510.4 0.216721 
14000 -56.5 14101.8 0.185104 
15000 -56.5 12044.6 0.158101 
16000 -56.5 10287.5 0.135037 
17000 -56.5 8786.7 0.115337 
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Fig. 1. Paschen’s curve obtained for air gaps at 20ºC with uniform 
electric field generated between two parallel plates [46][47].  

However, since most practical air gaps are non-uniform to 
some extent, Paschen’s curves cannot be directly applied in 
such cases, whereas PD or corona activity can be generated at 
lower voltages than those required to form a disruptive 
discharge [48].  Most of the studies related to PD or corona 
inception values in low pressure environments are related to 
HVAC and HVDC transmission lines operating in high altitude 
regions in countries such as China, Nepal, Bhutan, India or Peru 
[42]. However, the pressure range analyzed in such studies is 
insufficient to understand the behavior of the discharges under 
typical aircraft environments, requiring broader pressure range. 
For example, in [49], a 5 cm point-to-plane gap was analyzed 
in the pressure range 100-70 kPa, finding a decrease of the CIV 
value from 21.0 kV to 16.0 kV, respectively. In [50] the 100-50 
kPa interval was analyzed, concluding that important 
parameters such as electron, positive ions and negative ions 
particle density increase obviously due to the pressure decrease. 
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In [51] the DC corona behavior of transmission lines bundle 
conductors operating at a pressure range 100-65 kPa was 
analyzed using an ultraviolet corona camera, concluding that 
the CIV decreases by around 9% for every 1000 m altitude 
increase. A similar study for two-bundle conductors [52] 
proved that the CIV reduces from 170 kV to 120 kV when the 
pressure drops from 98.7 kPa to 58.7 kPa. In [6] a needle-plane 
gap under 400 Hz supply was analyzed in the pressure range 
100-33 kPa, showing that the CIV value decreases from 2.35 
kV to 1.45 kV. In [53] was shown by means of long exposure 
photographs that the CIV of insulated wires fed at 400 Hz 
decreases from 3.7 kV to 1.3 kV when the pressure decreases 
from 100 kPa to 10 kPa. Similarly, in [3], a sphere-plane gap 
was studied under positive DC supply by means of visible-UV 
photographs, showing that the CEV decreases from 15.7 kV to 
4.2 kV when reducing the pressure from 100 kPa to 20 kPa. 

III. EXPERIMENTAL SETUP 

This paper studies the corona onset voltage pattern of a point-
to-plane air gap as a function of atmospheric pressure. The 
analyzed pressures are in the 100-10 kPa range, i.e. between sea 
level and 16000 m altitude, respectively, according to the 
Standard Atmosphere [44], to be compatible with aircraft 
environments. 

A cylindrical chamber made of 18/10 stainless steel was used 
to reduce the pressure. It has an inner diameter of 26 cm and a 
height of 37.5 cm, which is enough to fit the electrical and 
electronic components required to produce and detect the 
electrical discharges. A single stage Bacoeng BA-1 vacuum 
pump (1/4 HP, 0.085 m3/minute; 0.8 Pa ultimate vacuum 
pressure) was used to reduce the pressure inside the low 
pressure chamber. Due to safety considerations, i.e., to protect 
both the operators and the electrical and electronic equipment 
of unwanted contacts with the high-voltage supply, the low 
pressure chamber is located inside a box-like metallic Faraday 
cage which is connected to ground, as shown in Fig. 2. 

An adjustable voltage source (Tecnolab RD-6 10 kVRMS, 50 
mARMS, 600 VA max output power) was used to supply the high 
voltage to the test sample. The output voltage was measured by 
means of a resistive 1000:1 voltage divider using a calibrated 
Velleman DVM892 Digital multimeter. The leakage current 
was measured by means of a calibrated Fluke 289 True RMS 
Digital multimeter, as well as with an oscilloscope probe by 
monitoring the voltage drop across a 620 Ω 1% low inductive 
resistor connected in series with the circuit [54]. A Tektronix 
MDO3024 oscilloscope (four channels, 200 MHz, 2.5 
Gsamples/s) was used to acquire the discharge patterns. Both, 
the voltage measured by the antenna sensor and across the 
resistor used to measure the leakage current measured with the 
oscilloscope by means of two voltage probes (Tektronix 
TPP0250, bandwidth 250 MHz, input impedance 3.9 pF//10 
MΩ). 

The point-to-plane electrode is composed of a vertical tin-
plated 16 AWG aluminum conductor, with the tip placed 10 
mm above a grounded flat copper plane, as shown in Fig. 3. 
Point-to-plane gaps have been extensively studied in the 
literature, being considered as reference air gaps [55]. This 
specific electrode geometry was used to ensure corona activity 
in the range 1-3 kV, the distribution voltage for next generation 

hybrid MEA aircrafts, while being compatible with the 
dimensions of the low pressure chamber. 
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Fig. 2. a) Sketch of the experimental setup and the used 
instrumentation. b) Actual detail of the Faraday cage in which the 
experiments are carried out together with the stainless steel vacuum 
chamber, the single stage vacuum pump, the high-voltage source and 
the used instrumentation. 
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Fig. 3. Detail of the point-to-plane electrode. The tip of the cable is at 
10 mm above the solid copper ground plane. 

A 48 MP high resolution and high sensitivity imaging sensor 
(Sony IMX586 backlit stacked CMOS sensor, resolution 
8000×6000 pixels, sensor size 8.0 mm, unit cell size 0.80 μm, 
lens with focal 1.79) was used to acquire visible-UV corona 
images. Fig. 4 shows the used sensor within its enclosure as 
well as its bare die version. The corona effect was recorded by 
means of 32 s long exposure photographs using ISO 400 
sensitivity, automatic white balance and manual focus modes.  

8 mm

 
Fig. 4. Detail of the Sony IMX586 backlit stacked CMOS imaging 
sensor. On the left, the mounted sensor in its enclosure. On the right, 
the bare die of the sensor. 

Faraday cage 
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A 95 mm diameter single loop antenna sensor made of 
enameled wire of 1.2 mm diameter, was built to measure the 
radio frequency interference due to the electrical discharges, 
which is shown in Fig. 5. The perimeter of the loop corresponds 
to one tenth of the wavelength associated to 20 MHz, the 
approximate cutting frequency of such antenna [56]. The loop 
antenna was selected due to several advantages, including 
reduced dimensions, light weight, simple and compact structure 
and low cost. 

 
Fig. 5. Single loop antenna (antenna diameter 95 mm, wire diameter 
1.2 mm, bandwidth 20 MHz corresponding to 2:1 VSWR, voltage 
standing wave ratio, using a 50 Ohm termination at the oscilloscope 
input) used for radio frequency corona detection. 

IV. EXPERIMENTAL RESULTS 

This section summarizes the laboratory results obtained by 
using the experimental setup described in Section IV. The tests 
were developed in the low pressure chamber with the point-to-
plane air gap geometry using the three aforementioned sensing 
methods (LC, antenna and digital camera) by following the next 
steps: (a) Starting at 0 V, the voltage is gradually increased at 
an approximate rate of 1 kV/s up to a voltage level where 
stabilized discharges are formed. The response of the three 
sensors are used to verify the occurrence of discharge activity. 
(b) Decrease the applied voltage while verifying the presence 
of discharge activity until the CEV value is attained, i.e., the 
voltage level at which discharge activity disappears.  

Fig. 6 shows oscilloscope acquisitions of the electrical 
discharges under AC supply as recorded by the single loop 
antenna and the leakage current probe. When increasing the 
applied voltage, negative corona usually appears before 
positive corona [55]. However, for a sufficient applied voltage, 
corona is generated in both semi periods. It is noted that the 
RMS value of the waveform results almost unchanged because 
of the low amplitude of the discharges. 

a) 

b) 

c) 
Fig. 6.  Partial discharge pulses recorded by the digital oscilloscope at 
100 kPa and 3.79 kV. The yellow and magenta traces correspond, 
respectively, to the leakage current and the pulse induced at the single 
loop antenna. a) Full waveforms. b) Detail of a partial discharge during 
the negative semi period of the sinewave. c) Detail of a partial discharge 
during the positive semi period of the sinewave.  

Fig. 7 shows the corona discharges recorded by the 48 MP 
Sony IMX586 backlit imaging sensor, where it is seen that the 
discharge points can be directly identified and located. 

       
a)         b)        c) 

Fig. 7. Localization of the corona discharge points by means of long 
exposure photographs under AC supply. a) 40 kPa and 2.11 kV. b) 10 
kPa and 0.95 kV. c) Incipient discharge at 90 kPa and 3.12 kV. 

Figs. 8 summarizes the results attained with the three sensing 
systems over the pressure range 0-100 kPa following the 
procedure detailed in this section. 

LC 

Antenna 
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Fig. 8. a) Experimental corona extinction voltage against ambient 
pressure determined by the digital imaging sensor, the RF antenna and 
by measuring the leakage current. b) Experimental leakage current 
against ambient pressure at the corona extinction voltage according to 
the three sensing methods under CEV conditions. 

Results presented in Figs. 8 show, as expected, an obvious 
decrease of both the CEV (measured with the three sensing 
systems, i.e., digital imaging sensor, RF antenna and leakage 
current) and leakage current values when decreasing the 
pressure. They also show that the sensing methods based on the 
RF antenna and the measurement of the LC provide identical 
sensitivity, whereas the sensitivity of the imaging sensor is 
almost the same. The last method offers the advantage of 
locating the discharge areas, as shown in Fig. 7, while providing 
more immunity to external noise and interference. These results 
also show a quite linear behavior of the CEV values against air 
pressure.  

Table 2 and Table 3 show the main parameters of the linear 
regressions CEV-P and LC-P. As seen, such relationships 
exhibit a quite linear behavior, so it is easy to predict the CEV 
and LC values at different pressures from a measurement in 
single pressure point. 

TABLE 2 
 MAIN PARAMETERS OF THE CEV VERSUS AIR PRESSURE 

LINEAR REGRESSION  
  Imaging sensor  Antenna & LC 
 Slope (kV/kPa) 0.0254 0.0251 

Parameters Intercept (kV) 0.7767 0.7227 
 R2 0.9923 0.9935 

 

TABLE 3 
 MAIN PARAMETERS OF THE LC VERSUS AIR PRESSURE 

LINEAR REGRESSION  
  Imaging sensor  Antenna & LC 
 Slope (µA/kPa) 1.2921 1.2685 

Parameters Intercept (µA) 44.133 41.533 
 R2 0.9937 0.9930 

 
Finally, Fig. 9 compares the Paschen’s curve found in [47] 

for air with the experimental results obtained with the three 
sensing methods. Data summarized in Fig. 9 evidences that for 
large values of the product p·d, the CEV value is much below 
the critical disruptive voltage at breakdown, although, for a 
given air gap distance d, this difference vanishes when reducing 
the pressure. Therefore, when progressively reducing the 
pressure, it is more difficult distinguishing between corona and 
a complete breakdown of the air gap.   
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Fig. 9. Comparison between Paschen’s curve and the experimental 
corona curves obtained in this work. Both curves converge at very low 
pressures, where the corona appearance and the disruptive breakdown 
become almost undistinguishable. 

Fig. 9 has been included for comparison purposes, since 
Paschen’s curve is only valid for uniform field gaps under 
disruptive breakdown conditions, whereas the results presented 
in this paper are related to non-uniform fields under corona 
conditions. Due to its popularity, some manufacturers still refer 
to Paschen’s curve when analyzing the behavior of low pressure 
air gaps. Fig. 9 evidences that the data presented in this work 
are much more limiting than those from Paschen’s curve. 

The results from the experiments sustain the fact that the 
studied sensors are perfectly capable and usable for an on-line 
corona monitoring and detection within aeronautic pressure 
ranges. The corona leakage based monitoring method presents 
the same detection capabilities as the ones observed with the RF 
single loop antenna, whereas the visible-UV imaging sensor 
detection capability is slightly offsetted. The average difference 
between the CEV values provided by the visible-UV sensor 
differ by only 3.9% in average with respect those provided by 
the other sensing methods.  

The sensing methods based on the LC and the antenna 
provide immediate response when discharge activity is 
initiated, being the response time a function of the signal 
processing algorithm carried out to warn of such discharge 
events. On the contrary, the UV-sensitive imaging sensor 
requires a long exposure time (32 seconds in our experiments), 
although this is not a drawback, since insulation material 
degradation due to discharge activity is a relatively long term 
process. Moreover, the online monitoring and detection of 
corona using imaging sensors has the clear advantage of 
providing the physical localization of the discharge areas (see 
Fig. 7) although the sensor should be carefully located in the 
most likely place for corona activity, i.e. cable connections or 
elbows among others. Leakage current based detection as well 
as RF antenna detection, despite being simple and effective 
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detection methods, suffer from the obstacle of being affected by 
external inferences and noise which may be non-negligible in 
aircraft environments. This is why such sensors require the 
application of advanced signal processing algorithms targeting 
the isolation of discharge events from the rest of the inferring 
signals in order to raise a warn. 

V. CONCLUSION 

The early stage detection of partial discharge and corona 
activity in electrical and electronic systems becomes an 
imperative endeavor, especially in those systems found in safety 
critical applications such as the aircraft industry. Partial 
discharges, which aggravate with low pressures, are responsible 
of insulation material degradation, which may lead to 
catastrophic faults in the form of electric arc tracking, 
compromising the reliability and functionality of the systems and 
threatening aircraft safety. The aircraft industry is migrating 
towards the more electric aircraft (MEA) paradigm in which the 
electrical/electronic systems will play an even more important 
role, and due to the required increased voltage levels jointly with 
the low pressure environments, early discharge detection 
becomes a key instrument to detect and identify early fault 
modes.   

In this work, an experimental comparison of three methods for 
incipient corona detection under a wide range of pressure 
conditions compatible with aircraft environments has been 
presented. The first of the presented methods is based on an on-
line leakage current monitoring, which instantly reveals the 
appearance of corona discharge in the form of small amplitude 
and high frequency peaks over-imposed to the AC waveform. A 
single loop antenna for RF detection has also been used with 
promising results. In this case, this phenomenon is manifested in 
the form of high frequency pulses with decaying amplitude. The 
detection sensitivity for the single loop antenna is the same as the 
one seen for the leakage current monitoring. Lastly, a high end 
48 MP visible-UV imaging sensor has been to detect corona 
activity. This sensor allows corona detection with almost the 
same sensitivity as the two former methods plus the advantage of 
locating the physical corona inception point. The experiments 
carried out reveal that the three sensors present a strong linear 
dependence with respect to pressure in the 10-100 kPa range 
when determining both the CEV and leakage current as well as 
enough sensitivity for being used in on-line early corona 
detection in low pressure applications. 
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