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Abstract- Technological evolutions in aircraft networks let us

foresee an increase of the DC voltage up to several kilovolts while
keeping minimal insulation thickness. This trend results in a
strong increase of the electric field in the insulations and space
charge can become an issue for the reliability of the systems.
Indeed, space charge accumulation modifies the electric field
distribution and may lead to a premature aging of the dielectric.
Besides, the field distribution in complex structures such as
multilayers cannot be anticipated under DC as easily as under
AC because conductivity is more difficult to estimate and varies
much more than permittivity.
In this paper, we present the first results obtained on
aeronautical cables. For this, it was necessary to develop a
deconvolution strategy adapted to aeronautical cables to obtain
electric field and charge density profiles in a part of the
insulation thickness.

I. INTRODUCTION

The increase in the power of electrical systems of future
aircraft goes with an increase of the AC and DC voltages of
power networks. For DC systems, the phenomenon of partial
discharges, well-known in case of AC voltage, is actively
studied [1] with much less consequences as under AC as the
frequency of occurrence is strongly reduced. However, other
effects, such as space charge accumulation, are to be
considered. For the insulation of terrestrial or submarine
HVDC energy cable systems, with voltages of several
hundreds of kV, the problem of space charge is known and
deeply investigated for long.

Even if the voltage levels in aeronautics are much lower, an
increase of the DC buses beyond 3 kV is foreseen while the
insulation thickness is minimized to optimize the mass of the
aeronautical network. This means that a significant increase in
the electric field in the insulations could occur, possibly to
levels where space charges could be accumulated and the field
threshold for non-linear conduction be reached. Therefore,
space charge effects must be investigated, mastered and taken
into account in future technologies.

To meet these challenges, our objective is to develop a test
bench to measure space charge distributions on aeronautical
cables and to estimate the evolution of the electric field
distribution in particular in multilayer arrangements of cable
insulation and to identify the stress regimes where these
phenomena occur.

Il. PEA METHOD APPLIED TO AN AERONAUTICAL CABLE

A. PEA method

For the first time in the 90’s, a PEA system was introduced
for the measurement of the space charge on cable for high
voltage energy transmission [2, 3]. The method consists in
applying a voltage pulse to the sample, producing oscillation
of the charges around their equilibrium positions, thus
generating acoustic waves. The acoustic waves are then
converted into an electrical signal through a piezoelectric
sensor and this signal is amplified and digitally processed by a
deconvolution algorithm (Fig.1).

Resorting to PEA device for cables, various variants were
produced, depending on the way the voltage pulse is applied:
through a capacitor connected to cable conductor, or on a part
of the cable sample having its outer sheath separated from that
at the measurement point, or even with pulse application
directly on the measurement cell [4]. As often in aeronautic
domain, the samples had no outer sheath. Therefore, the most
convenient way to apply the voltage pulses was with using a
different cable as decoupling capacitor.

B. Aeronautical cable

The aeronautical cable studied here is a typical example of
an aircraft cable section in which the insulation is wound on
the multi-stranded copper conductor of 3.47 mm radius,
designed to avoid skin effect in the conductor. A polyimide
(P1) layer is usually wound directly onto the conductor and is
used because of its high mechanical strength and its dielectric
insulation and thermal properties. The outer tape of the cable
is a polytetrafluoroethylene (PTFE) which limits fire and arc
tracking problems. The insulation system has a total thickness
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Fig. 1. Schematic diagram PEA method



Fig. 2. Section of aircraft cable with copper alloy (a), with focus on
insulator layers (b).

of approximately 360 um (Fig. 2.a). In Fig. 2.b, we can see
that on each face of the PI ribbons are layers of fluorinated
ethylene propylene (FEP) with a thickness of about 16 pm.
This FEP layer is introduced to improve the adhesion between
Pl layers and between Pl and PTFE layers.

C. Protocol and calibration

The protocol used for present PEA measurements is shown
in Fig. 3. It consists of two steps, a first step called calibration
where a voltage of 1 kV is applied which is to be used to
evaluate the transfer function of the system [5]. Then in a
second step, so-called test phase, a voltage of 9 kV is applied
for 120 min with a relaxation phase lasting 120 min. The step
is repeated with a reverse possibility (-9 kV for 120 min
followed by a relaxation phase of 120 min). Fig. 4 shows a
PEA signal during the calibration phase. When a voltage of 1
kV is applied, a first peak appears at around 75 ns which
corresponds to the capacitive charge at the ground electrode.
From 215 ns on, a multitude of peaks are observed very close
together. This is presumably due to the difference in
permittivity between the Pl and FEP layers (¢,=2.4 and 2.1 for
Pl and FEP, respectively), which generates a signal at the
interface of the two materials [6]. Furthermore, due to the low
thicknesses of Pl and FEP, multiple reflections are picked up
by the piezoelectric sensor [7]. Further, with considering an
obvious dispersion of the signal, then the different signals
merge and overlap as the signal corresponding to the inner
electrode (cable conductor) is approached. Ultimately, it is not
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Fig. 3. Calibration and test protocol
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Fig. 4. PEA measurement in the calibration phase

possible to distinguish the different signals necessary to
evaluate the attenuation and dispersion factors during the
deconvolution step. Indeed, in previous PEA measurements on
samples with cylindrical geometry, the attenuation and
dispersion spectra were determined considering that the
acoustic signal generated at the inner interface (at cable
conductor) due to capacitive charges is modified during its
propagation. As in the present case the signal due to internal
charges is spoiled, the method for space charge recovery had
to be modified as depicted below.

D. Deconvolution method

In the calibration signal, an acoustic response is produced due
to the difference in permittivity between Pl and FEP. It leads
to complexity with the response due to the capacitive charge at
the conductor as well as the multiple reflections generated.
Consequently, the information on attenuation and dispersion
can not be retrieved from this calibration signal. The strategy
addressed to be able to proceed to deconvolution was to
characterize the outer layer of PTFE insulation for acoustic
properties. As shown in Fig. 5, a calibration measurement is
first performed on a flat PTFE sample without charges to
recover attenuation and dispersion information.
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Fig. 5. Deconvolution synoptic for a multilayer insulation cable

Next, we perform a measurement on an aeronautical cable in
the calibration stage to allow us to have the transfer function
of the PEA cell. Thus, by multiplying the attenuation and
dispersion information with the transfer function of the cell,
we can have the transfer function of the system. By carrying
out the convolution product between a PEA signal carried out
on an aeronautical cable and the transfer function of the
system, the evolution of the charge density and the evolution
of the electric field on the outer layer of the PTFE insulation
can be followed.

Il. RESULTS

Preliminary space charge measurements have been achieved
following the protocol shown in Fig. 3. Our deconvolution
method allows us to evaluate the electric field as well as the
charge density in the PTFE insulation layer, which represents
the major part of the insulation thickness (see Fig.2). In
Fig. 6.a we have represented a mapping of the electric field
over the depth of the outer layer of cable insulation (232 pmin
thickness) along the established protocol duration. Fig. 6.b
shows the variation of the electric field at the lower electrode
as a function of the protocol duration. The geometrical electric
field calculated at the outer radius, taking into account the
multilayer dielectric, for a voltage of 9 kV is 24 kV/mm.
During the entire application of the 9 kV voltage, the
measured electric field decreases from about 30 kV/mm to 23
kV/mm. Moreover, during the relaxation phase a residual
electric field of opposite sign appears and decreases over time.

When a voltage of -9 kV is applied, the field distribution is
symmetrical: it varies from about -30 kV/mm to -23 kV/mm
as a function of time. During the relaxation phase, an electric
field of the opposite sign also appears and decreases in the
course of time. The decrease of the electric field, and the
appearance of an electric field of opposite sign during the
relaxation phase reflect the formation of image charges [8].

The appearance of image charge at the outer electrode of the
cable is due to the presence of space charge in the cable
insulation volume. In Fig.7.a the charge density profile at 1 kV
during the calibration step is represented. It gives an
illustration on the way a capacitive charge is pictured by the
system used. The image charge peak width at half-maximum
is about 20 pum.

In Fig.7.b, we have represented the charge density profiles
under an applied voltage of 9 kV at different application times.
At the lower electrode, we notice a decrease of the image
charge density in the course of time. We believe that the origin
of this space charge is related to the Maxell-Wagner effect [9]:
because of the presence of multilayers of different materials, a
field redistribution may occur due to the difference in
electrical conductivity in the different materials. The
formation of these space charges corresponds to the
redistribution of the electric field over the entire thickness of
the insulation. In another respect, the oscillations found near
the outer electrode are probably related to the fact that the
insulation is wrapped: an imperfect propagation of acoustic
waves when crossing the different PTFE layers may induce
spurious effects on the signal.
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Fig. 6. (a) Mapping of electric field as a function of time and radius (b)
Electric field as a function of time at the bottom electrode

IV. CONCLUSION

Preliminary space charge measurements results obtained by
PEA method on aeronautical cable were presented. These
measurements revealed that the acoustic signals generated by
the difference in permittivity between the Pl and FEP
multilayers, that issued from multiple reflections at the
internal interfaces, and the signal generated by the influence
charges on the conductor, are merging. As a result, the origins
of the different signals near the cable conductor can no longer
be distinguished and the information on the dispersion and
attenuation cannot be recovered. This is why we concentrated
on the outer layer of insulation.

For this purpose, we carried out measurements on PTFE
plane samples to recover the attenuation and dispersion
information. We then carried out measurements on
aeronautical cables and then traced back to the electric field
information. During our tests at 9 kV and -9 kV, we noted a
decrease in time of the electric field at the outer part of the
cable presumably due to the Maxwell-Wagner effect in the
multilayer insulation of the cable. This results in a
redistribution of the electric field.
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