
  

 

Open Archive TOULOUSE Archive Ouverte (OATAO)  
OATAO is an open access repository that collects the work of Toulouse researchers and 

makes it freely available over the web where possible.  

This is an author-deposited version published in : http://oatao.univ-toulouse.fr/  

Eprints ID : 18251 

To link to this article : DOI: 10.1109/ICPADM.2015.7295260 

URL : http://dx.doi.org/10.1109/ICPADM.2015.7295260 

To cite this version : Lebey, Thierry and Cella, Benjamin and Billard, Thibaut 

and Abadie, Cédric Partial Discharges in Aeronautics: The last frontier? 

(2015) In: ICPADM 2015 (11th International Conference on the Properties and 

Applications of Dielectric Materials), 11 February 2015 - 16 February 2015 

(Orlando, United States). 

Any correspondence concerning this service should be sent to the repository 

administrator: staff-oatao@listes-diff.inp-toulouse.fr 

http://oatao.univ-toulouse.fr/
http://dx.doi.org/10.1109/ICPADM.2015.7295260
mailto:staff-oatao@listes-diff.inp-toulouse.fr


Partial Discharges in Aeronautics:  
The last frontier ? 

 

Thierry Lebey 
LAPLACE, Université de Toulouse  

118 route de Narbonne 
31062 Toulouse, France 

thierry.lebey@laplace.univ-tlse.fr 

Benjamin Cella 
Liebherr Elektronik GmbH 

Peter-Dornier-Straße 11 
88131 Lindau, Germany 

benjamin.cella@liebherr.com 
 

Thibaut Billard, Cédric Abadie 
IRT Saint Exupéry 

118 route de Narbonne 
31432 Toulouse, France 

thibaut.billard@irt-saintexupery.com 
cedric.abadie@irt-saintexupery.com 

 
Abstract— This paper presents the recent advances made in 

the field of Partial Discharges detection and analysis in the field 
of aeronautics. More particularly, it intends to present the 
influence of the voltage waveform on the type of detection 
method, the role of the assembly process on the PD Inception 
Voltage and finally an on line PD detection under PWM voltage.  
The influence of the pressure on the type and nature of the 
discharges is also discussed. 
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I.  INTRODUCTION  
At the dawn of this new millennium, the increasing 

development of aerial mass transportation, as with 
sustainability concerns, have driven the main airplane 
manufacturers to change their design paradigms. In a first step, 
a particular attention has been drawn to the non-propulsive 
power systems. The main idea is to replace the combination of 
hydraulic, pneumatic, electrical and mechanical power by a 
More (and “All” in the future) Electrical Airplane philosophy 
consisting in an increasing use of power electronics and 
electric power conversion systems. Such systems are mainly 
constituted by Power Electronics converters (whose 
technology has made tremendous breakthroughs over the past 
decade) and actuation such as electromechanical actuators 
(EMA), electro-hydrostatic actuators (EHA), fault-tolerant 
electric motor/generators… “Bleedlesss” and “Hydraulicless” 
airplanes are already flying in commercial operations. This 
increasing demand for more electrical power “on board” (up to 
and sometimes higher than 1 MW) led to an increase of the 
voltage magnitude and/or to change its distribution logic on 
board (from AC to DC for e.g).  

In the future, advanced studies predict the development of 
the use of electrical power for the propulsion itself. It appears 
therefore particularly important to focus our attention on 
insulating materials appearing as the weakest link for the 
reliability of these systems.  

The aim of this paper is to draw a picture of the different 
works in progress in our laboratory in this field, taking into 
account aeronautic specificities. The first one, presenting 
commonalities with a large number of other applications like 
electric vehicle, or industrial applications, is the use of an 

electric powertrain. This one is constituted of an inverter 
generating, for example, a Pulse Width Modulated (PWM) 
Voltage whose magnitude may range (depending on a lot of 
parameters) from the DC Bus and up to 2 times the DC Bus 
[1], a cable whose length may vary from few centimeters to 
tens of meters, and of an electrical motor, usually manually 
wound. This last one may have successfully passed current in-
house validation and qualification tests as well as conventional 
procedures to assess insulation performance. Nonetheless, the 
motor may still fail prematurely in service.  

On one hand, these conventional testing procedures using 
sinusoidal or unipolar surge voltage are not suited to qualify 
motor fed by an inverter drive. They may not be representative 
enough of the real electrical, mechanical and thermal stresses 

On the other hand, electric motors, like other components, 
are designed in a cost-efficient way and often result in the 
choice of random-wound motors. Nevertheless, since there is 
no direct physics relating insulation materials properties and 
their performance under electrical stresses, most of design 
rules are based on experience, trial and errors. 

The second specificity of aeronautics systems is associated 
to the environment: pressure may vary from atmospheric to as 
low as 100 mbars while the temperature may range from 
around -60°C and up to 300°C (and more) [2]. Such harsh 
environment conditions are depending on the location of the 
system.  

In summary, the technological locks here are the ability to 
safely and accurately measure partial discharge inception 
voltage in machines fed by inverters under operating 
conditions. These operating conditions may totally change the 
nature of the involved mechanisms, ie partial discharge (PD). 
In the first part of this paper, the methods to detect PD under 
the different possible voltage waveforms (AC, DC and PWM) 
are presented. Since the whole powertrain chain must be 
claimed « PD Free » to guarantee its reliability, it is necessary 
to test all the single equipments and - when possible - their 
constituents and finally their components to determine the 
manufacturing and assembly problems that may occur during 
industrial processes. These samples will also be presented in 
this part. In the second part, the results obtained at the 
different levels are summarized. Then, the detection on real 
systems is presented. Finally, the problems associated to the 
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