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Performance Evaluation of Aeronautical Cables
in Semi-Coaxial Geometries: A Novel Test
Approach

Sofia P. Mavidou, Student Member, IEEE, David Clark, Member, IEEE, Michail Michelarakis, Member, IEEE,
Christopher Stone and A. Manu Haddad, Member, IEEE

Abstract— This study examines the Partial Discharge (PD)
performance of aircraft cables using a specially designed
test electrode. Electrode positioning was precisely
controlled within an atmospheric chamber to replicate
coaxial geometries. Long exposure imaging reveals useful
insights that enhance our understanding of PD behaviour at
varying atmospheric pressure. The research compares the
experimental data with existing mathematical models based
on the Paschen and Halleck equations revealing notable
inconsistencies, particularly at higher pressures. This work
contributes valuable insights into the complexities of PD
phenomena in aircraft cables and proposes a new model by
enhancing an existing predictive model and incorporating
the influence of an insulation barrier.

Index Terms— Aerospace applications, aircraft cabling,
coaxial geometries, EWIS, long exposure imaging, more-
electric aircraft, partial discharges.

|. INTRODUCTION

A s national and global economies strive for net-zero

carbon emissions, the aviation industry is experiencing
a significant transformation towards more-electric aircraft
(MEA). This electric transition not only supports the global
sustainability agenda but also introduces unique challenges,
particularly in the design and reliability of electrical systems
[1]-[3]. A crucial aspect of this challenge lies in understanding
and controlling Partial Discharge (PD) within aircraft electrical
systems, a phenomenon that can significantly impact the overall
safety and functionality of MEAs [4].

The increase of aircraft system voltages due to increasing
load electrification, coupled with the unique nature of the
aircraft environment characterized by confined spaces,
restricted access, and intricate cable routing, amplifies the
complexity of cable maintenance and repair procedures. This
complexity necessitates an examination of the PD performance
of cables, particularly considering that PDs occurring at low
pressures may exhibit harmful potential due to their higher
energy release [5]. PD events can be indicators of potential
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cable failures, emphasizing the importance of detection and
mitigation [6]. However, the presence of PD may be obscured
by the surrounding electrical noise, making their identification
a complex task.

This study focuses on approximating the conditions of
cables in trays or metal ductwork on aircraft using a geometry
that is comparatively straightforward to  analyse
mathematically. Coaxial cylinder geometries have been
investigated in the literature [7] - [10] and well - known models
have been derived such as Peek’s formulae.

In this study, three aeronautical grade cables are
methodically investigated for their PD performance: two with
extruded insulation and one with tape-wrapped insulation,
under varying pressures to simulate different flight altitudes.
The temperature is kept constant within the range of 20-21°C.
Focusing on aircraft cables exposed to high voltage in coaxial
geometries, the study conducts tests with varying separations
between the cable and a specially designed ground electrode.
The investigation primarily explores PD phenomenology in
semi-coaxial configurations, rather than addressing specific
operational stresses or application scenarios. The findings
reveal insights into the relationship between Partial Discharge
Inception Voltage (PDIV) and Partial Discharge Extinction
Voltage (PDEV), pressure, and voltage. The work also
highlights the challenges of applying current mathematical
models to predict PDIV in coaxial geometries and suggests a
model that incorporates the insulation thickness of the cable.

Il. METHODOLOGY

Details of the test electrode design and experimental setup
are presented in this section.

A. Test Electrode Design
The test electrode was designed to ensure coaxial field
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Fig. 1. Electrode schematic with different views and
dimensions, showing the two profiles, the cut point
locations, and the PEEK insulation barriers.
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distribution about the energized cable, while maintaining
visibility of the test for cameras and other optical measurement
systems. It allows for an investigation into the PD performance
of aerospace cables examining their behaviour as they deviate
from or approach the coaxial position.

A single billet of aluminium was machined, partitioned at
two locations, and reassembled with PEEK insulating sheets,
each with a thickness of 50um, laser cut to align with the
electrode profile, ensuring uninterrupted geometry. Fig. 1
illustrates the dimensions of the ground electrode and identifies
the two distinct Rogowski profiles used in its design, and the
specific cut points for partition of the electrode. The two end
sections of the electrode were directly grounded, while a
precision 50 Q shunt resistance was connected between the
middle section and ground to capture PD electrical signals.

The parameters for the profiles and the locations of the cut
points were determined following detailed simulations. The
electric field magnitude along Profile No2 is shown in Fig. 2.
Although the value decreases at the ends of the electrode, the
strategically placed cuts serve a crucial function, ensuring a
symmetric field distribution along the span of the sensing
electrode.

The Rogowski profile equations are given by (1) [11]:

x(u) = (E) *(u+ 1+ e" *cos(v))
s

. 1)
y(u) = (;) * (v + e * sin (v))

The values used for the two profiles are given in Table I.
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Fig. 2. Electric field magnitude along profile No2.
Simulations for conductor diameter 2mm and 2mm
offset from electrode energized at 2kV.
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Fig. 3. Experimental setup schematic.

B. Experimental Setup

A partial discharge test circuit was constructed to the
general guidelines of BS EN 60270 [12], as shown in Fig. 3.
The test voltage waveform was generated by a DAQ output
module and subsequently amplified by a high voltage amplifier,
achieving a gain of 3000 V/V. The applied voltage was
monitored using a voltage divider with a ratio of 1000:1 with a
capacitance of 8.3 pF. A low pass filter with cutoff frequency
of 88.4 kHz was formed by adding a series resistance of 1.8 kQ
between the high-voltage source and coupling capacitor of 1 nF.

The test configuration shown in Fig. 4 is placed inside a
vacuum rated controlled-atmosphere test chamber. Motorized
linear and vertical translation stages, with travel ranges of 50
and 20 mm respectively, were used to control the movement of
the electrode achieving different positions in relation to the
cable as shown in Fig. 5.

The grounded electrode was mounted on the stages and
fixed in position with reference to the cable. The voltage was
applied to the cable under test through a copper conductor with
a diameter roughly five times that of the cable, ensuring
sufficiently low magnitude electric field away from the test
object. The coupling between the copper conductor and the
edge of the cable specimen under test was performed through a
stainless-steel sphere of 50.8 cm diameter. In that way, a
sufficiently low electric field magnitude is achieved at this joint
point. The cable was securely fixed and tensioned between the
two spheres.

A 50Hz AC voltage was continuously applied and ramped



Fig. 4. Test configuration inside the atmospheric test
chamber: Cable under test tensioned between field
grading spheres and connected to the terminal of the HV
bushing. Electrode mounted on XZ motorised stage with
insulated supports. Inset: ground and shunt resistance
connections.

at 100 V/s for test voltages below 5 kV. For test voltages above
5kV, the rate of increase was adjusted to ensure the total test
times remained below 50 seconds. Specifically, the ramp rate
of the signal fed to the amplifier was increased to ensure that
the rise and fall of the test voltage occurred within the set time
of 50 seconds. In the absence of detailed testing methods from
international standards specific to aerospace applications and
PD testing, a maximum voltage application duration of 50
seconds was selected to ensure that the insulation would not be
excessively stressed. It should be noted that a sensitivity check
was conducted, and it was observed that, within the range of
rate-of-rise values examined, the PDIV value remained
unaffected. The voltage was raised until it met the condition
defined in the BS EN 3475 standard [13] as “the lowest voltage
at which continuous (steady state with a minimum of 1 detected
Partial Discharge per second for at least 10 seconds) partial
discharges occur as the applied voltage is increased.”

To ensure that the PD source in the tests was exclusively the
cable-electrode arrangement, the cable was initially arranged at
a sufficient distance from the electrode, ensuring that no PD
would occur. The voltage was gradually increased, and no PD
activity was detected under these conditions. Without altering
any other aspects of the setup, the cable was subsequently
moved closer to the electrode, and PD activity was observed.
This procedure ensured that the platform layout reliably
isolated the cable-electrode arrangement as the sole source of
PD, minimizing interference from external noise or other
discharge sources. A viewport on the side wall of the
atmospheric test chamber was used to capture long-exposure
images with a Nikon D7200 camera.

The experimental setup encompassed five distinct positions,
as illustrated in Fig. 5, each representing a different
configuration for the cable under test.

(@) (b)

Fig. 5. Different positions (a) schematic and (b) image
showing the positions of the cable in reference to the
electrode.
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Fig. 6. Comparison of B, C and D positions for T-
AWG20 and E-AWG20 for all pressures.

Position A is defined by the cable being attached directly to
the grounded electrode, having no offset from it.

Position B represents a 3 mm linear offset from the
grounded electrode, creating an air gap between the cable and
the electrode.

Positions C and D sit at 45° and 90° offsets along a circular
arc passing through Position B, maintaining a 3mm electrode
spacing.

Position E mimics true coaxial positioning, where the cable
and the grounded electrode half-circle share the same centre.

The positions B, C, and D were expected to yield equivalent
PDIV results due to consistent spacing between cable and
electrode, thereby validating both the design and the precision
movement of the system.

The movements of both the linear and vertical translation
stages were remotely controlled from a PC outside the cage.
This approach eliminates the need to interfere with the
experimental setup, ensuring that all test conditions remained
consistent throughout the testing process.

I1l. RESULTS AND DISCUSSION

In the plots presented in this work, the type of insulation is
designated as 'E' for extruded and 'T' for tape-wrapped. The
AWG specification is included in the identifier of each cable.

The key dimensions of the tested cables are as follows:

e E-AWG20: t4=0.18 mm, d. =1.01 mm
o E-AWG22:t3=0.18 mm, d; =0.81 mm
e T-AWG20: tg =0.185 mm, d. = 0.97 mm
Where tqis the insulation thickness and d. is the core diameter.
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Fig. 7. PDIV values with trendlines based on minimum
values for varying pressure for all cables for position (a)
A, (b) Band (c) E.

A. PD Evaluation

As the first step in validating the system's accuracy, two
cables were tested at positions B, C, and D, all with the same
offset from the ground electrode. The selected cables had
identical AWG specification; one featured extruded insulation,
and the other had tape-wrapped insulation. As expected, the
PDIV for each of the cables, tested in three different positions,
showed consistent results, as depicted in Fig. 6. This indicates
that the behaviour of each cable was uniform across all tested
positions. Five tests were conducted for each case, and the
standard deviation of these results is also depicted in the plots.
Tests were conducted at pressures of 1000, 500, and 200 mbar,
corresponding to different flying altitudes. The larger standard
deviations observed at 500 mbar could be attributed to the
inherent PD variability observed at low pressures due to the
largen mean electron free path and may be mitigated with a
higher number of tests.
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Fig. 8. PDIV values with trendlines based on minimum
values for varying offset for all pressures for cables (a)
E-AWG20, (b) E-AWG22 and (c) T-AWG20.

After validating the accuracy of the measurement system, the
three cables were tested at pressures of 1000, 500, and 200 mbar
for positions A, B, and E, with the results presented in Fig. 7
()-(c). The mean PDIV value and standard deviation for these
tests is displayed in the plots, and fitted curves are also plotted
to illustrate the trend of the results, facilitating easier
comparison with established equations in the next section. It
should be noted that the fitted curves in Figures 7, 8, and 9 are
based on minimum values rather than averages to highlight that
the lower error bounds are not significantly different from the
minimum values. The results clearly show a linear trend for all
cables, with the PDIV increasing as the pressure rises. As
expected and is previously shown in [14], the cables with
extruded insulation exhibit better PDIV performance.

The results presented in Fig. 8 are for the different positions
examined varying pressure levels for all three cables. This time,
an increase in offset results in PDIV values following a
different trend, that is a logarithmic one. This observed trend
may be attributed to the coaxial geometry involved in the
experiment, compared with a simpler geometry such as a plane
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electrode and a cable at varying air gaps.

Another observation that can be made from the results
shown in Fig. 9 indicates that different positions exhibit
different sensitivities to pressure. When the cable is placed at
Position E, increasing pressure results in a bigger increment in
the PDIV value compared to when the cable rests on the
electrode, i.e. when it is at Position A. Another statement for
the same observation could be that, at higher pressures, the
distance from the ground electrode has a bigger impact on
PDIV compared with lower pressure. Proximity to the electrode
(Position A) might result in a more distorted field, making
PDIV less sensitive to pressure changes.

From Figures 7-9, it can be concluded that increasing
pressure and increasing offset both lead to an increase in PDIV.
However, two distinct trends, linear and a logarithmic, are
evident for each variable within this specific geometry.
Therefore, these trends may necessitate separate examinations.

PDEV was also evaluated. After the voltage was increased
to the maximum test voltage and PDIV was obtained, the
voltage was decreased at the same rate and PDEV was
determined. Representative results are presented in Table Il for
a pressure level of 200 mbar, concerning two cables at three
different positions. The observed PDEV values are lower than
their corresponding PDIV values in all cases. This phenomenon
is potentially hazardous to the system as there is a risk for
sustained PD which can degrade insulation over time, leading
to premature failure.

B. Long Exposure Imaging

Long exposure images of the E-AWG22 cable tests were
captured using a Nikon D7200 camera, with settings of 25
seconds exposure, 1SO 2000, and an aperture of f/5.6. Having
determined the PDIV for each combination of position and
pressure, additional tests were performed at PDIV and
PDIV+20%, with the voltage held constant over the duration of
the camera exposure. Fig. 10 illustrates the initial images
captured for positions A and E at PDIV + 20% levels and 200
mbar. A bright field image is also included for reference. While
these images demonstrate that PD can be optically detected
from this perspective, they also reveal substantial reflection
within the grounded electrode’s channel, resulting in an image
that is not entirely clear. Nevertheless, these images are
significant as they confirm that the cut points on the electrode

)]

TABLE |l
PDIV AND PDEV VALUES FOR DIFFERENT POSITIONS AT
200 MBAR
E-AWG20 | T-AWG20
PDIV PDEV PDIV PDEV

(kV) (kV) (kV) (kV)

Position A 1.33 0.78 0.82 0.70

Position B 3.11 2.95 3.06 3.02

Position E 4,02 3.96 4.22 3.92

©
Initial images captured showing (a) cable-
electrode configuration and long exposure images for 200
mbar and PDIV +20% at position (b) A and (c) E.

Fig. 10.

do not disrupt the geometry and, consequently, the electric field
distribution.

The remaining long exposure images, depicted in Fig. 11,
Fig. 13 - Fig. 16 were captured from a different angle to
eliminate reflection. The bright field image is included for
reference, illustrating the PD activity during the exposure time.
To enhance clarity, a very low opacity overlay of the bright field
image was placed on the long exposure images.

The Nikon D7200 captures images within the visible
spectrum, which is suitable for visualizing PD activity.
However, PD phenomena often emit ultraviolet (UV) and
infrared radiation (IR), which can provide more sensitive
detection. Future studies utilizing UV or IR imaging could
enhance detection accuracy and reveal additional insights,
particularly for early-stage PD detection, which is critical for
system reliability.

Fig. 11 displays the activity of PD at Position A for varying
pressures with the same applied voltage. It is observed that
reduced pressure levels result in increased energy levels, hence
amore illuminated area adjacent to the cable. This phenomenon
is further discussed later. It should be noted that for 1000 mbar,
even though no activity was visually captured by the camera,
partial discharges were indeed detected by the electrical
detection method. An example of these pulses undetected by the
camera can be seen in Fig. 12. The figure presents pulses
captured using segmented triggering, which are sequential in
acquisition but not in real time. While the pulses are plotted
adjacent to each other, the x-axis represents segments rather
than actual time. The time window for these acquisitions was
set at 2 ps, denoted as ts. A more sensitive optical system could
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Fig. 11. Position A (a) bright field image and long exposure
images for 1900V and pressures (b) 1000 mbar, (b) 500

mbar and (c) 200 mbar.
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Fig. 12. Plot for cable E-AWG22, position A, 1900 V, and
1000 mbar showing the first 10 acquired segments
containing the PD pulses with s = 2 us time window.
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Fig. 13. Position A - brightfield (a) and long exposure

images:

1000 mbar at (b) PDIV, (c) PDIV+20%,
500 mbar at (d) PDIV, (e) PDIV+20%,
200 mbar at (f) PDIV, (g) PDIV+20%.

possibly accurately detect such pulses but in this case the DSLR
camera was used to pinpoint the location of the discharges and
their spatial distribution rather than their occurrence.

Fig. 13 — Fig. 15 present the images captured at PDIV and
PDIV +20%, across varying pressures and positions. The

® @
Fig. 14. Position B - brightfield (a) and long exposure
images:
1000 mbar at (b) PDIV, (c) PDIV+20%,
500 mbar at (d) PDIV, (e) PDIV+20%,
200 mbar at (f) PDIV, (g) PDIV+20%.
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Fig. 15. Position E - brightfield (a) and long exposure

images:

1000 mbar at (b) PDIV, (c) PDIV+20%,
500 mbar at (d) PDIV, (e) PDIV+20%,
200 mbar at (f) PDIV, (g) PDIV+20%.

observations indicate an intriguing relationship: even though
the value of PDIV at lower pressures is lower than that at higher
pressures, the captured light intensity is greater. This higher
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Fig. 16. Position E (a) bright field image and long
exposure images for 200 mbar and (b) PDIV, (c) PDIV +
25% and (c) PDIV + 60%.

intensity suggests more energetic discharges or higher
repetition rate, pointing to a potentially more harmful effect on
the system. The analysis of this study indicates that PD pulses
captured at lower pressures exhibit longer durations, and higher
mean PD current suggesting increased energy levels. The pulse
repetition rate was slightly increased with decreasing pressure.
This can be attributed to the extension of the mean free path of
electrons in low-pressure environments, which leads to a
reduced frequency of collisions between electrons and gas
molecules. Consequently, this decrease in collisional
interactions enables an increase in the Kkinetic energy of
electrons. It should be noted that a more pronounced difference
in repetition rate might emerge if voltages of higher frequencies
were applied, as seen in [15]. From the figures, it is also
observed that a 20% increase in voltage further intensifies the
activity, a result that aligns with expectations. These findings
agree with the work in [16] and contribute to a nuanced
understanding of how pressure and voltage levels interact with
partial discharge behaviour, with important implications for
system safety and reliability.

Adjusting the cable offset from the ground electrode leads
to evident differences in behaviour, as demonstrated when
moving from position B to the coaxial position E for identical
pressure levels. In Fig. 14 (g), the activity between the cable
and the electrode appears to almost bridge the air gap, a
phenomenon not observed in Fig. 15 (g). This observation is
highly significant, as it highlights the potential impact that
different positions of a cable within a channel might have on
partial discharges. Understanding this effect is critical,
especially in the context of complex configurations like cable
bundles, where interactions may be more multifaceted.
Therefore, replicating these tests with a bundle would be an
important next step in exploring these interactions more
thoroughly.

Upon subjecting the cable to higher voltages, a significant
amount of light emitted from partial discharges was captured by
the camera, as illustrated in Fig. 16. The PD activity at PDIV
level, as well as at PDIV + 25% and PDIV + 60%, can be
observed. Further analysis of the images shown in Fig. 11 and
Fig. 16 reveals how the pixel intensity escalates with a decrease
in pressure (Fig. 17) or an increase in voltage (Fig. 18). The
values are normalized based on the maximum value observed
across the three cases examined.

C. Comparison with Established Equations

The Paschen curve, as depicted in Fig. 19 and given by (2)
[17], serves as a crucial criterion for determining cable
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Fig. 17. Pixel intensity plots for position A, 1900 V and
ressures: (a) 1000 mbar, (b) 500 mbar and (c) 200mbar.
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Fig. 18. Pixel intensity plots for position E, 200 mbar and
(a) PDIV, (b) PDIV + 25% and (c) PDIV + 60%.

clearances [18] within the aircraft power system, particularly
for uniform electric field distributions. This concept, grounded
in the Paschen law, illustrates the relationship between the
electric breakdown voltage and pressure-distance product in a
gas, and has profound implications for insulation design in
high-voltage systems.

Bxp=xd

Axpx*d (2
In——"—="—

In(1+ %/}

Where p represents the pressure of the gas, d signifies the
distance between the energized and the grounded electrode and
coefficients A and B are experimentally obtained and vary for
different gases. In air, the commonly accepted values found in
literature are A=12 Torr-1cm-1 and B=365 Vcm-1. The factor
v depends on the electrode material and its value is also
calculated experimentally. In literature, it is often taken as
v=1072 for aluminium [19].

Fig. 20 presents curves derived from Halleck's proposed
formula given by (3) [20] to predict PDIV, a method that has
been widely utilized in various works [20] - [24] for cable
performance assessment and insulation systems in general.

Vb =
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Where V is the corona-starting voltage, Vs is the spark
breakdown voltage for the air gap d and B represents the ratio
d/eq, where g4 is the dielectric constant of the material under
test. Indeed, a comparable methodology is employed in
Aerospace Standard [26] for determining the appropriate
insulation thickness of aircraft wiring.

In this section, the applicability of these equations for
predicting PDIV will be thoroughly explored for the specific
cables tested in this work, particularly focusing on coaxial
geometries. The aim is to ascertain whether these generalized
models can accurately represent the complex interplay of
factors affecting PDIV in the coaxial geometry and conditions
of the studied cables.

It was shown in section I11-A that the cables exhibit different
values in each case, reflecting distinct performance
characteristics. However, they all follow the same trend,
whether by varying only the pressure while keeping the offset
from the electrode constant, or by maintaining constant pressure
while altering the position.

Fig. 21 illustrates the average values with their
corresponding standard deviations and the fitted curve derived
from the minimum values obtained for Position B while varying
the pressure. In the same plot, the Paschen curve is drawn for a
fixed distance that corresponds to the same air gap created by
Position B (3 mm). The Halleck curve is also plotted, taking
into consideration the same variables, as well as factoring in a
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Fig. 21. E-AWG20 fit curve for position B - Comparison
with Paschen and Halleck curves for dielectric constant
2.1 and thickness=0.18mm.

dielectric constant of 2.1 and an insulation thickness of 0.18
mm. These parameters correspond to the actual values for the
E-AWG20 cable, making the comparison more precise and
contextually relevant. This comparison supports a deeper
understanding of the cable's behaviour in relation to established
models, providing insights that may guide further research and
practical applications.

This offers a clear illustration of how the actual PDIV
values, the Paschen curve and the Halleck curve interact at
different pressure levels. Specifically, at lower pressures such
as 200 mbar, the curves almost coincide. However, as the
pressure increases, a noticeable offset between the curves
appears, with the actual PDIV values falling significantly below
those predicted by the Paschen and Halleck formulae. This
divergence suggests that the traditional Paschen and Halleck
equations do not fully capture the complex behaviours
exhibited by the cables at higher pressure levels in coaxial
geometries.

D. Derivation of Empirical Formula for Critical Voltage

Working from the reference Fig. 22 (a), for a dielectric
thickness of Omm (bare wire) the electric potential is given at
all points in the space by:

¢(r) = —E(r)rin(r) + ¢, (4)

Integrating (4) between the limits (b and a), at the critical
electric field in air E,,. the critical applied voltage is:

talolid)] O

Upon including a dielectric layer as in Fig. 22 (b), the
surface potential at the interface between the dielectric and the
air is calculated by considering the electric field at the radial
distance r=a+tq, where tq is the dielectric thickness. The surface
potential ¢osaiS then derived as:

$(a+tq) = —E@rep(at+ta) in(a+tyd) +do  (6)

This potential, denoted as Vst When evaluated at r=a+t,
gives the critical surface voltage Vsur cr.

d U]
Vsurg er = Ecr(ta +a)In (1 + ty + a)
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Fig. 22. Reference coaxial geometry with (a) inner
conductor radius a, outer condor radius b and (b),
conductor radius a insulation thickness tq, and offset
from electrode surface d.

The surface potential is related to the conductor voltage by
integrating the electric field from the outer conductor toward
the centre. The ratio of the conductor voltage to the surface
potential is given by k, which is a dimensionless factor
accounting for the logarithmic potential distribution across the
dielectric layer and the air gap:

L 1 In (1 + %d) (®)

ot~ )
d

Where ¢, is the dielectric constant.

Finally, the critical applied voltage is determined by
multiplying the critical surface voltage by the correction factor
k:

Ver = k- Viurs cr ©)

The critical field Ec1 is obtained using Peek’s formula [27]
0.3
Eqq1=30-6 [1 + - a) 1/2] (10)
If an equivalent radius of a+tq is assumed, E¢r is obtained.
This adjustment assumes that corona discharge will initiate in
the air, so the effective radius of the conductor is increased by
the presence of the insulation. Hence the formula becomes:

0.3
Eqp =306 |1+ —m—— 11
v (6 (a+ty) 1/zl (11)
Where § is the relative air density and given by:
_ P 273+T, (12)
TPy 273+4T

With Py typically being 1013 mbar and T, the standard
temperature of 20°C.

Using this empirical approach, the values of the critical
applied voltages Vi1 and V2 at different pressures, specifically
at 1000, 500, and 200 mbar, are compared with the established
Paschen and Halleck curves, as well as with experimental data
in Fig. 23.

It is noteworthy to mention that alongside the empirical
method, an attempt was made to utilize a first-principles
approach to compute the field enhancement factor, which

-------- Verl 1000 mbar
Verl 500 mbar
| |ssases: Verl 200 mbar
20 Ver2 1000 mbar
Ver2 500 mbar
Ver2 200 mbar
= = —Paschen Curves
++++===+ Halleck Curves

R | T

0 1 2 3 4 5 6 7
Offset (mm)

Fig. 23. Comparison of proposed models for different

pressures with experimental data of E-AWG20 cable and

Paschen and Halleck curves for offset being the air gap,

dielectric constant 2.1 and thickness=0.18mm.

lin

would then be applied in conjunction with the Paschen law to
estimate the critical voltage. However, the results obtained from
the first-principles method did not yield a satisfactory
correlation with the empirical findings, indicating that the
formula provided by Peek remains a more reliable predictor in
this context.

The deviation between the fitted curves and the formulae
provided by Paschen and Halleck is apparent. The divergence
between the curves becomes more pronounced as the pressure
increases. The proposed models demonstrate a significantly
closer correlation to the experimental data. Future research
could focus on conducting a sensitivity analysis of the models
to explore its performance across varying material properties
and thicknesses. This would not only broaden the understanding
of the model's applicability but also contribute to refining its
accuracy through the aggregation of additional data.

IV. CONCLUSION

This study has investigated and clarified the complexities of
aeronautical cable performance in coaxial geometries under
various pressure and positional conditions. Findings have
highlighted significant deviations from traditional predictive
models such as Paschen's curve and Halleck's method,
prompting the proposal of a new model. The investigation
revealed that both increased pressure and offset lead to a rise in
PDIV, with distinct linear and logarithmic trends observed for
each factor. Furthermore, the use of long-exposure imaging has
unveiled the potential effects of cable positioning within a
channel on partial discharge phenomena. These insights
necessitate a nuanced examination of each variable's impact
within this specialized geometry, paving the way for future
research to enhance the predictive accuracy and reliability of
aeronautical cable systems.
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