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1 Foreword
Research groups from different disciplines at KU Leuven are working on topics in aviation research
and related research domains as well as on valorisation activities.
One of the objectives of the Leuven centre for Aero & Space Science, Technology and Applications
(LASA, https://set.kuleuven.be/lasa) is to enable and enforce contacts between those research
groups and also to present the expertise as a consolidated portfolio to the aviation industry sector in
Flanders.
This booklet is thus intended to provide the aviation industry in Flanders and beyond a concise
overview on recent research activities to potentially enable further collaborations. The document will
be updated on a regular base, and it will be available at different websites and distributed by e-mail.
This publication is a result of the Aviation@KU Leuven workshop at the 19th of October 2015 that was
organised together with the Flemish Aerospace Group (FLAG) for facilitating contacts between
academia and aviation industry. The target was to present research results and expertise, to report
on running commercialisation activities, to inspire new opportunities as well as to enable a free
debate about the general situation of aviation research in Flanders.

Dr. Helge Pfeiffer
IOF Manager

Prof. Dirk Vandepitte
Chairman LASA
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2 Acoustics and Vibration
2.1 Noise, vibration, and harshness (NVH)
The KU Leuven Noise and Vibration Research Group of the division PMA (Production engineering,
Machine design and Automation) of the Department of Mechanical Engineering
(www.mech.kuleuven.be/mod) is headed by Prof. Wim Desmet and counts 6 permanent staff
members (including a dedicated valorisation manager), 14 senior post-doc and 52 PhD researchers.
The Group has a longstanding history and internationally highly recognized expertise in the fields of
numerical modelling, engineering dynamics, automotive and aeronautics engineering, mechatronic
analysis and design, vibro-acoustic analysis and lightweight structure design and analysis. A full list of
research projects is available at http://www.mech.kuleuven.be/en/pma/research/mod/projects

The Noise and Vibration Research Group is also
internationally recognized for its yearly Acoustics (ISAAC)
and Modal Analysis (ISMA) courses and for organizing
the biennial ISMA Noise and Vibration Engineering
Conference.
The Group is a core partner the Flanders Make research
center (www.flandersmake.be) and the Group’s head,
Prof. Wim Desmet, acts as director of the Flanders Make
Virtual Department 2 “Mechatronics & Design Methods”
which tackles research priorities on advanced sensor
technology, autonomous systems, model based design
and smart&lightweight structures. The Group has a close
collaboration with leading mechatronic, transport vehicle
and machine-building companies in Flanders and
beyond.

Acoustic and Vibration research for Aeronautics - Innovations in Testing, Simulation and Material
design
During the last years, the KU Leuven Noise and Vibration research group has been focusing on the
development of key innovations in testing, simulation and material design for improved noise and
vibration product and process behaviour. This presentation tackles four of those innovations.
A first innovation comprises the
acoustic characterization of flow
duct
systems
and
their
components using on a two multiport
formulations.
This
characterization technique, based
on pressure measurements with
flush-mounted transducers in the
inlet and outlet ducts, fully
describes the linear transmission,
absorption
and
reflection
properties of the component in the
plane wave regime and has
recently been extended to also
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handle higher frequencies through the so-called multi-port formulation. The two-port and multi-port
approach also allow for indirect material characterization, by comparing characteristics to a model
for the test section. Researchers recently developed such an impedance procedure for locally
reacting liners, using an analytical model for a duct with one lined wall.
Secondly, the group develops innovative approaches in fields of numerical simulation of vibroacoustic and aero-acoustic problems in which it is very active in many regional and European funded
research projects, where it is often sought as an expert knowledge center for NVH simulation. For
acoustics and vibro-acoustics, novel wave based simulation techniques as well as acceleration
methods for element based techniques are developed and validated in view of efficient simulations
over the full audio frequency range that enable to account for the effects of uncertainty and
variability and that allow an efficient integration into an industrial CAE cycle. Coupling strategies are
explored to allow the efficient and effective integration of these models into system-level
multiphysics models, where disparate length, time and energy scales come together. Prime example
are aero-acoustic problems where hybrid simulation strategies are adopted with particular focus on
the acoustic propagation side and the aerodynamic source input. Focus is put on numerical solution
strategies and conservative integration schemes for linearized Euler and Navier-Stokes equations,
stochastic turbulence reconstruction approaches, aerodynamic/acoustic splitting procedures and
active multi-port modelling.
Thirdly, the group develops advanced dynamic test approaches. Traditional vibration tests are
performed by sequentially applying uniaxial excitation to test articles along three orthogonal axes,
using a linear shaker and rotating the test load after each test. This procedure may not excite all the
critical modes of the test object concurrently and therefore may fail to detect defective design. It has
been shown that tri-axial excitation can cause approximately twice the fatigue damage as similar test
levels and duration in single axis testing. It is accepted that multi-axial testing excites all modes of the
test object and induces a more realistic vibrational stress-loading condition. KU Leuven is equipped
with the CUBE, a high-frequency 6 DOF (multi-axial) hydraulic shaker table from Team Corporation. It
is capable of reproducing operational vibration and load conditions by using translations along the x,
y and z axes as well as rotations around these axes, simultaneously. KU Leuven CUBE is mainly used
for multi DOF random vibration control and road reproduction, highly dynamic multi-axial testing of
vehicle components, full vehicle testing under quasi-operational loading condition, accelerated lifetime prediction and durability testing of different components, structure-born road noise
investigation, system identification of nonlinear components. Complementary to the above multidimensional vibration testing, KU Leuven is also researching advanced (virtual) test approaches for
analysis and identification purposes in multi-physical systems such as electromechanical drivetrains
and vibro-acoustic test-boxes for dedicated lightweight panels and structures enabling outsidestandard characterization.
Acoustic resonant metamaterials are a fourth innovation the KU Leuven Group is developing. In noise
control engineering, the mass of conventional panels and structures drives their acoustic insulation
performance: silence comes typically with heavy constructions, but conflicts with the emerging
tendency towards lightweight design. Resonant metamaterials comes to the fore as an innovative
noise control concept, which complies with the challenging and apparently conflicting requirements
of good noise and vibration behavior, and low mass and compact volume. A key element in this
concept is that vibro-acoustic stopband behavior, meaning that waves in certain frequency zones
cannot propagate, can be invoked in a structure by incorporating structural resonator elements of
sub-wavelength sizes, i.e. features that are actually smaller than the wavelength of the waves to be
affected. KU Leuven developed a patent pending concept of honeycomb based metamaterials with
embedded resonator structures that exhibits vibro-acoustic stopband behavior. As a result, superb
noise insulation performance and/or vibration reduction can be obtained in the a priori tunable
currently very-hard-to-address lower frequency ranges that match the typical operational ranges of
6

noise disturbance in many applications: the interested reader can witness him/herself the superb
acoustic insulation performance obtained by watching and listening to the youtube movie at
http://youtu.be/hMCfRHshjXc. Currently KU Leuven is further investigation this concept and focusing
on themes such as: manufacturability, development of design tools and integration in industrial
application.
Industrial partners in aviation supply chain:
various national and international SME and
LE in aviation industry with which
cooperation is set up in various programs,
see:
http://www.mech.kuleuven.be/en/pma/res
earch/mod/projects
Contact: Dr. Bert Pluymers
bert.pluymers@kuleuven.be
+32/16/32 24 25 29
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2.2 Acoustic study of noise at airports
See chapter 6.2, Photo-acoustics and Photothermal technologies for materials characterisation and
structural health monitoring
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3 AIR TRAFFIC MANAGEMENT
3.1 Air cargo selection and weight balancing
Department of Computer Science, CODeS (iMinds)
A few hours before take-off, weight and balance engineers face the highly complex task of selecting
and positioning payload inside aircraft. Payload needs to be maximized while considering its effect on
fuel consumption and safety regulations.
B.Rekencentra has developed a software system for `weight and balance' decision support, called
SABLE. A joint research project between B.Rekencentra and KU Leuven (supported by IWT) resulted
in an optimization algorithm, determining both the cargo to be selected for shipment and its
arrangement within the plane. Safety constraints are different for each plane. Additionally, the
centre of gravity dynamically moves as a function of the aircraft's flight conditions.

The weight and balance problem was modelled as a mixed integer linear program. Instead of
linearizing the non-linear constraints, which would severely impact computation times, the research
consortium investigated an alternative model. The non-linear constraints were replaced by an
additional objective: to minimize, throughout the entire flight, the distance between the centre of
gravity and its ideal position.
The resulting algorithm optimizes payload, minimizes longitudinal and lateral imbalance and thus
yields huge fuel cost reductions for the airlines.
Industrial partners in aviation supply
chain
 B.Rekencentra
Contact: Prof. Greet Vanden Berghe
greet.vanden.berghe@kuleuven.be
+32/9/265 87 03
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3.2 Radars and Communication systems
Department of Electrical Engineering, Unit Telecommunications and Microwaves: Radars and
Communication systems - Indispensable tools for reliable Air Traffic Management.

A few realizations are presented:

1. The design of a power divider and cables for an SSR antenna to
insure the ICAO sidelobe levels of -24 dB .
2. The determination of the excitation coefficients of the antenna
without having to stop the rotation of the antenna.
3. The reduction of the beamwidth (before mode S) of the SSR antenna
(beam sharpening).
4. Simulations of the effects of wind turbines and large objects on
radar systems.
5. The simulations and measurements of the influence of disturbances
due to terrestrial traffic on aeronautical communication systems.

Contact: Prof. Emmanuel Vanlil
emmanuel.vanlil@kuleuven.be
+32/16/32 11 13
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4 Unmanned Aerial Vehicles (UAV’s)
4.1 VertiKUL
In a time when the internet has made the automated distribution of
information-on-demand a default expectation, the incentive to
approximate a similar system for the physical world is there.
Challenges in design, control and automatic landing of unmanned aerial vehicles capable of vertical
take-off and landing (VTOL ), are addressed at KU Leuven, Department of Mechanical Engineering,
Machine Design and Automation Section. Speed, endurance and payload capacity are optimized for
designs with a combination of wings and propellers for lift and thrust generation. In the summer of
2014, the ‘VertiKUL’, a first proof of
concept, proved to have double speed
and
efficiency
compared
to
conventional designs. Following two
years, the design optimization is
extended to include larger wind
robustness while the control is
extended to greater reliability and
autonomy.
Aiming
at
further
commercialization,
a
concept
demonstration of fully automated
aerial transportation concludes the
project.

Contact: Prof. Joris De Schutter
joris.deschutter@kuleuven.be
+32/16/32 24 79
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4.2 ICT for UAV’s
ICT for UAV’s is a research topic in multiple LICT (Leuven Centre on Information and Communication
technology – www.kuleuven.be/LICT) research groups. Activities relate to on-board processing
hardware, communications, software and computer vision.
Some examples are given below.
4.2.1 UAV adapted processing hardware
Autonomously flying UAVs require large computational workload on the UAV for ego-motion
estimation, object avoidance, localization, path planning, etc. Current CPUs are not fast enough to
provide such real time processing. GPUs are more powerful, but often come with power budgets well
beyond 25Watt. This is unaffordable for small drones, where the embedded sensor processing
payload is constrained in terms of energy and weight. Within ESAT-MICAS we focus on custom
processor design, where C-programmable processors are optimized for efficient close-to-the-camera
raw image processing. Image-optimised memory architectures, customized instruction sets, and
highly parallel data paths bring up to 100x performance and efficiency improvements. Currently
designs and chips for object detection, and dense optical flow have been demonstrated.
Contact: Prof. Marian Verhelst
marian.verhelst@kuleuven.be
+32/16/32 86 17
4.2.2 Communications for UAV’s
The popularity of Unmanned Aerial Vehicles has exploded over the last
few years, urgently demanding solutions to transfer large amounts of data
from the UAV to the ground. Conversely, a control channel to the UAV is
desired, in order to safely operate these vehicles remotely. The success of
UAVs will largely depend on the availability of high-throughput, reliable
and low-latency wireless communication to and from UAVs. ESATTELEMIC has expertise modeling and measuring the aerial
performance of today’s wireless technology, and is working on novel
technologies for future aerial communication. Scenarios are the
provision of internet in remote areas to high-throughput UAV video
surveillance, all relying on a good wireless link. Technologies range from
cellular, to WLAN to novel bands and technologies.
Contact: Prof. Sofie Pollin
sofie.pollin@kuleuven.be
+32/16/ 32 10 51
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4.2.3 Software for Safe and Autonomous Drones
The iMinds-DistriNet research group focuses on the development of software for UAVs driven by 4
basic research questions:
 How to develop in a structured way the complex software of UAVs such that the different
aspects can be integrated in a reliable and manageable way?
 How to develop UAV-software where safety-aspects are not hidden somewhere in the
software implementation, but are specified, controlled and verified explicitly, allowing to
deploy UAVs in a safe way without any danger for people and buildings?
 How to provide autonomy in UAVs, ranging from autonomy for stabilization of the UAV to
the autonomous planning of complex tasks?
 How to make UAVs cooperate such that they can operate in a coordinated way, can
distribute tasks, can construct a common planning, etc. This for operations where multiple or
even a swarm of drones can perform better than a single UAV, like e.g. for the inspection of
large energy-infrastructures or the continuous monitoring of a terrain to detect intruders
etc.?
Contact: : Prof. Tom Holvoet
tom.holvoet@kuleuven.be
+32/16/32 76 38

4.2.4 Computer Vision for UAV’s
Cameras and vision technology have a great potential in the domain of UAVs especially for improving
their autonomy. On-board cameras allow to build (3D-) maps of (formerly unknown) environments,
localize where the UAV is flying, avoid obstacles and detect, recognize and track persons and objects.
For this they need to be extended with vision technology like SLAM (Simultaneous Localisation and
Mapping) and Object Detection. Within the EAVISE group both technologies are researched. Some
example projects where vision technology is applied in a UAV setting are “CAMETRON” &
“Autonomous Orchard Inspection”.
The CAMETRON project focuses on the development of a robotic
flying camera man as part of a system that with minimal human
intervention produces high quality audiovisual productions. A UAV
porting a PTZ camera and microphone, is robotized such that it
totally autonomously can gather video of an event, based on high
abstraction level instructions from a virtual director. These
instructions are no more detailed than framing a certain (set of)
actor(s) in a certain cinematographic shot composition (long shot, shoulder shot, mid shot, close-up,
extreme close-up, etc.). Challenges relate to real-time actor detection and tracking, topological
localization, and image-based visual servoing and motion planning.
Within the Autonomous Orchard Inspection project (see below for more information) advanced
image processing is exploited to automatically inspect the number of flowers, the fruit quantity, the
fruit ripeness and diseases from UAV camera images.
Contact: Prof. Toon Goedemé
toon.goedeme@kuleuven.be
+32/ 16/32 10 90

13

4.2.5

UAV ‘s for Autonomous Orchard Inspection
Several times during the growing season of fruit orchards, European
wide estimations are made of the harvest yield. These estimations
are performed by manually counting a row of fruit trees and
multiplying them with the number of rows. This course and time
consuming method leads to estimations that are up to 25% off from
actual harvest yield affecting auctions, stocking and most of all
prices leading to millions of Euros lost. A more accurate harvest
yield method is envisioned by using an autonomous rotary UAV
flying through the orchards in between the trees using camera’s and advanced image processing
techniques to count the fruit individually and estimate their size. A doctoral research is underway
that addresses the challenges of a unique UAV design for narrow corridors robust against outdoor
windy conditions and developing advanced automation methodologies to enable this.
Contact: Prof. Joris De Schutter
joris.deschutter@kuleuven.be
+32/16/32 24 79

14

5 NEW MATERIALS
5.1 Structural Composites
The research group “Composite Materials” is part of the research division SCALINT (Structural
Composites and Alloys, Integrity and Non-destructive Testing) of the Department of Metallurgy and
Materials Engineering of the KU Leuven. The research group (founded in 1982 by Prof Ignaas
Verpoest) is coordinated by Prof Stepan Lomov and leaders of five research lines: Processing and
product development (Prof. Jan Ivens, Prof Frederik Desplentere), Composites on micro- and nanolevel (Dr Larissa Gorbatikh), Composites on meso- and macro-level (Prof Stepan Lomov), Physical
chemistry of composites (Prof. David Seveno), Natural and bio-composites (Prof. Aart Willem Van
Vuure).
The Composite Materials Group works with a wide variety of advanced fibrous reinforcements: 3D
and multi-axial woven, braided, knitted, stitched, NCF, non-woven, random fibres…, answering with
theoretical and experimental studies important questions:






Can the mechanical properties of textiles and textile composites be predicted? The group
develops models of internal geometry, deformability, permeability of textiles and connect
them, through the processing conditions, with
the mechanical properties of the formed
composites, including elastic properties,
damage and fatigue.
How to deliver the knowledge to researchers
and engineers? The group develops integrated
simulation tools, which implement the models
in user-friendly software. The WiseTex – virtual
textile and textile composites software – is
3D carbon reinforcement for fan blades of an aircraft
recognised as a state-of-the-art tool for these
engine (SAFRAN)
tasks
How to investigate experimentally and
adequately describe behaviour of textiles (deformation, permeability…) and textile
composites (mechanical properties, strength, fatigue…)? The group develops well-defined
experimental procedures and carries out thorough studies of different classes of materials
for their mechanical behaviour and damage in static, fatigue and impact loading.

The next level of improvement of composite properties requests “engineering” on the micro- and
nano-levels. The challenge of researchers in the Composite Materials Group is to find innovative
concepts to bring superior properties of nano-reinforcements from the nano-level to macro-level.
The research work within the theme “Composites on the micro- and nano-level” falls into the
following categories:






Nano-engineered fiber-reinforced composites
Cellular nanocomposites
Hybrid composites
Ductile steel fiber composites
Mechanics of hierarchical materials

The final characteristics of a composite part are, to a large extent, determined by the intrinsic
physical and chemical properties of its constituents, the fibres, the matrix, and their interface. In the
group, both experimental and nanoscale modelling techniques are used to characterize and modify
15

on demand the interface. It is now e.g. possible to measure the contact angles on single Carbon
fibres. Using complementary experimental and modelling techniques is fundamental to improve the
knowledge about the properties of composite materials.
Environmentally friendly composites, based on natural resources,
are an important part of the research in the Composite Materials
Group. Important drivers for bio-based composite materials are
environment related (renewability, low Carbon footprint,
sometimes biodegradability), but there are also other potential
benefits. For the natural fibres particularly these are often low
cost, low abrasiveness (also giving potential health and safety
benefits), good specific mechanical properties (on a weight basis,
MicroCT image of carbon fibre non-crimp
composite

so very light designs are possible) and sometimes specific
properties like good acoustic or vibrational damping and low CTE
(coefficient of thermal expansion).

Important focal points of the research on bio-composites are optimization of fibre-matrix adhesion
through an integrated physical-chemical-micromechanical approach and improvement of durability.
The latter includes improvement of moisture sensitivity and other aspects related to the long term
reliability of these materials.
Research on polymer composites inevitably is
related to the manufacturing of the final part, as
the composite performance is strongly
dependent on it. The development of a
composite part often requires development and
optimization of the manufacturing process and
of the constituting materials. This has resulted in
specific research on manufacturing and
application development of composites, for
which a large amount of manufacturing
equipment was acquired or developed.
The goal of the research is to enhance the
WiseTex model and photo of a hybrid carbon fibre/CURV
applicability of composite materials by the
composite reinforcement
concurrent development and optimization of
composite materials, products and their manufacturing processes.
Industrial partners in aviation
supply chain:
 ASCO
 SABCA
 Snecma
 Toray
Contact: Prof. Stepan Lomov
stepan.lomov@kuleuven.be
+32/16/32 12 10
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5.2 Additive manufacturing
Additive manufacturing (AM), also called 3D printing, refers to a group of production techniques in
which parts are made from 3D model data by joining materials layer by layer. AM has the ability to
evoke a true revolution in manufacturing in general due to its almost unlimited design freedom
enabling unprecedented levels of functional integration and its capability to produce personalized
parts locally and with efficient material use. Recently the aerospace sector has recognized the large
valorization opportunities for AM as AM parts can be produced with reduced weight and reduced
material waste, hence reduced fuel costs. As a result, organizations like Boeing, Airbus, GE, Rolls
Royce, MTU, ESA, NASA, etc. are all looking to implement AM.
AM research was initiated at KU Leuven by Prof. Jean-Pierre Kruth
as early as 1990. Initially, research focused on the production of
polymer parts for rapid prototyping purposes. This led to the
foundation of the company ‘Materialise’, which is known today as
one of the key players in AM of polymers and software
development for AM.
Already in 1991, the AM-group at KU Leuven started investigating
the possibilities to manufacture metallic parts by means of laserbased processes such as Selective Laser Melting (SLM). Various
metals such as (rapid)steels, hardmetals, Ti, etc. were studied and
successfully manufactured. To facilitate process optimization, the
AM-group designed and built their own SLM apparatus. Over the
years, this unique equipment was further improved and later also
An Al nozzle with internal lattice structure
(Design LayerWise - 3D printed at KU
equipped with a real-time process monitoring system. These
Leuven)
developments were commercialized in a second spin-off company
‘LayerWise’, now part of 3D Systems, which is purely focusing on the production of metal SLM parts.
At present, the AM-group is continuing and extending their research activities in different areas
related to laser-based AM:
 Broadening the materials palette for AM (ceramics, ferro and non-ferro metals, polymers,
biomaterials, …)
 Relating process conditions to static and dynamic mechanical properties via analysis of
microstructure, texture, porosity, thermal stresses, …
 Machine design and process optimization (software and hardware)
 Quality control (X-ray CT, post-build treatments), monitoring and control
One of the strengths of the KU Leuven AM group is the close collaboration between researchers from
the Department of Mechanical Engineering with researchers from the Department of Chemical
Engineering (CIT) and the Department of Materials Engineering (MTM). This is definitely an important
factor for past successes and it gives a promising outlook for future developments.
AM research topics at KU Leuven that are of high relevance for the aerospace sector are: the
development of light and high-strength Al and Ti-alloys, fatigue studies of SLM-produced parts and
in-process and post-process quality control.
Contact: Dr. Ann Witvrouw
ann.witvrouw@kuleuven.be
+32/16/32 71 59
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5.3 Metamaterials
See also chapter 2.1 – The KU Leuven Noise and Vibration Research Group is developing innovative
acoustic resonant metamaterials. In noise control engineering, the mass of conventional panels and
structures drives their acoustic insulation performance: silence comes typically with heavy
constructions, but conflicts with the emerging tendency towards lightweight design. Resonant
metamaterials comes to the fore as an innovative noise control concept, which complies with the
challenging and apparently conflicting requirements of good noise and vibration behaviour, and low
mass and compact volume. A key element in this concept is that vibro-acoustic stopband behaviour,
meaning that waves in certain frequency zones cannot propagate, can be invoked in a structure by
incorporating structural resonator elements of sub-wavelength sizes, i.e. features that are actually
smaller than the wavelength of the waves to be affected. KU Leuven developed a patent pending
concept of honeycomb based metamaterials with embedded resonator structures that exhibits vibroacoustic stopband behaviour. As a result, superb noise insulation performance and/or vibration
reduction can be obtained in the a priori tuneable currently very-hard-to-address lower frequency
ranges that match the typical operational ranges of noise disturbance in many applications: the
interested reader can witness him/herself the superb acoustic insulation performance obtained by
watching and listening to the youtube movie at http://youtu.be/hMCfRHshjXc. Currently KU Leuven
is further investigation this concept and focusing on themes such as: manufacturability, development
of design tools and integration in industrial application.
Industrial partners in aviation supply chain:
various national and international SME and
LE in aviation industry with which
cooperation is set up in various programs,
see
http://www.mech.kuleuven.be/en/pma/re
search/mod/projects
Contact: Dr. Bert Pluymers
bert.pluymers@kuleuven.be
+32/16/32 24 25 29
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6 Materials Testing
6.1 Structural Health Monitoring (SHM) by optical fibres, acoustic
emission, eddy current and guided ultrasonic waves
The group “Materials performance and nondestructive testing” is part of the research
division SCALINT (Structural Composites and
Alloys, Integrity and Non-destructive Testing)
of the Department of Metallurgy and
Materials Engineering of the KU Leuven,
coordinated by Prof. Martine Wevers in
collaboration
with
two
post-doctoral
researchers.
Their activities address the ‘long-term’
material behaviour, such in the FP6 project
“Aircraft
Integrated
Structural
Health
Assessment (AISHA)” and the FP7 project
Sensor array in helicopter tailboom
AISHA II, as well as in the LuFo project
“Monitoring systems for high pressure tubing in aircraft”. The
corrosion behaviour of materials as well as the damage development during mechanical or thermal
loading is studied. The modelling of this behaviour using NDT-data is subject of the fundamental
approach.
To monitor the damage development in materials, a number of non-destructive and advanced
monitoring techniques are used: acoustic emission, real-time microfocus radiography, nano- and
micro-computed tomography, eddy currents, ultrasound, optical fibre sensors etc.
New techniques to evaluate the nano-, micro and macro-scale damage (multiscale analysis) in
polymers, ceramics, semiconductors, metals and their composites or cellular variants are used (high
resolution X-ray computer tomography, the acousto-optic technique, optical fibres as smart
materials...).
The research group ‘Materials performance and non-destructive testing’ has since many years
performed research into techniques which exhibit large potential for SHM. At first the research has
mainly been focussed on the acoustic emission technique, a technique which since the 1980s has
been used for the detection and assessment of growing damage in materials. Over the years, there
has been a gradual evolution from traditional parameter based acoustic emission testing to AE wave
exploration techniques and new AE sensors based on
optical fibres. The research on optical fibres for damage
Selected Industrial partners in aviation
supply chain
detection in composite materials and the use of
 Lufthansa-Technik
advanced techniques for the analysis of the detected
 Brussels Airlines
signals resulted in a simple and robust amplitude
 PFW Aerospace
modulated sensor for the detection of transient acoustic
 ASCO Industries
emission signals.
Now special efforts are devoted to the development of
Contact: Dr. Helge Pfeiffer
new tools (read prototyping including sensors) for in-situ
helge.pfeiffer@kuleuven.be
quality control during production, process monitoring
+32/16/32 12 32
and structural health monitoring.
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6.2 Photo-acoustics and Photothermal technologies for
materials characterisation and structural health monitoring
The Division Acoustics and Thermal Physics at Department of Physics and Astronomy,
was part of the FP7 aviation project AISHSA II (Aircraft Integrated Structural Health
Assessment). A significant part of the research efforts can be situated in the field of
photoacoustic and photothermal techniques and their implementation for nondestructive testing applications. These are coordinated by Prof. Christ Glorieux, in
collaboration with 3 PhD students, 1 post-doctoral researcher and 2 senior research
fellows. The core expertises in the field of NDT and thermal and elastic material characterization are:










Acoustic study of noise at airports.
Development of structural health monitoring systems based on ultrasonic waves excited by
piezoelectric transducers
Semi-analytical and finite difference modelling of linear and nonlinear SAW/Lamb wave defect interaction.
Experimental laser vibrometric scanning detection and stroboscopic
interferometric imaging of linear and nonlinear acoustic interaction
between guided acoustic waves or vibration patterns and defects (mode
conversion, reflection, transmission, diffraction), for non-destructive
testing and monitoring.
Photothermal, photoacoustic (laser ultrasonics and other all-optical
techniques) and conventional technique based characterization of
thermal and elastic material properties.
Modelling and characterization of acoustic and thermal behaviour of materials and
structures in the framework of room and building acoustics.
Thermal conductivity determination of insulating materials for cryogenic applications using
guarded hot plate method.
High resolution calorimetry for characterization of materials exhibiting phase transitions for
fundamental research, purity determination, molecular diagnostics.

Industrial partners in aviation supply
chain
 ASCO Industries
Contact: Christ Glorieux
christ.glorieux@fys.kuleuven.be
+32/16/ 32 72 01
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6.3 Nonlinear Elastic Wave Spectroscopy for damage detection

The research group "Nonlinear Elastic Wave Spectroscopy (NEWS)"
at the KU Leuven Campus Kortrijk was founded by Prof. Koen Van
Den Abeele and has its long term main research expertise in the
field of nonlinear acoustics in solids, more precisely in the
theoretical modelling and experimental verification of nonlinear
wave propagation phenomena in solid media, and their applications
to non-destructive evaluation, damage detection and monitoring,
and quality control in industrial materials. The NEWS laboratory at
KU Leuven Campus Kortrijk specializes in developing new diagnostic
and localization techniques based on nonlinear ultrasonic wave
propagation using sparse array tomography and time reversal techniques. The development of
experimental methods is supported by numerical simulations in view of optimisation of the
techniques.
A second - more recent - line of research concerns the investigation of nonlinear acoustic
phenomena in liquids and tissues, more specifically by developing models, experiments and
applications of interactions of sound with soft media: ultrasonic shear wave monitoring of
crystallization processes, ultrasonic detection of flocculation of algae, ultrasound mediated
destruction of algae, ultrasonic investigation of the effects of ionizing radiation on nanoparticles, etc.
The NEWS research unit has been coordinator for the EU-FP6 AST3-CT-2003-502927 AERONEWS
project, and is currently involved in three other FP7 EU funded projects concerning aerospace
applications involving ultrasonics based structural health monitoring (SARISTU, ALAMSA, STIRSCAN).
Contact: Prof. Koen Van den Abeele
Koen.VanDenAbeele@kuleuven-kulak.be
+32/56 24 62 56
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6.4 Non-Contact Ultrasound
The Lab NCU (Non-Contact Ultrasound) was a multidisciplinary lab of the
department Industrial Technology and Sciences of the VIVES University
College located at Kortrijk. The research group was coordinated by Prof.
Erik Blomme in collaboration with a team engineers electronics/material
science.
The work has focussed on the development of air-coupled ultrasonic
techniques to examine flat or simply shaped materials by means of noncontact ultrasound at frequencies up to 2 MHz or even higher. Various
non-contact configurations are studied with respect to a large variety of
materials. To that purpose specific types of air-coupled transducers and
related electronics and GUI’s are being developed. Not only material errors and impurities can be
detected but also bad bondings and other deviations from quality requirements.
In collaboration with other groups at KU Leuven, the
development will continue to develop a modular air-coupled
ultrasonic multichannel system (MCS) in close cooperation
with the Lab Ecorea at the Technology Campus in Ostend, a
division of KU Leuven. The system is aimed for the non-contact
evaluation of (mainly) flat materials during or after the
industrial production process, such as plastic and composite
plates, laminates, textiles, metal or wood plates etc. The system is able to detect a large variety of
internal quality errors such as density variations in non-wovens, delaminations in composite plates,
bad bondings in laminates, artefacts in plastics or metal plates, i.e. errors which remain invisible at
optical control of the surface. The system is suitable for in-line quality control and to that purpose a
fast FPGA (Field Programmable Gate Array) based platform with parallel processing of a large
number of data streams is implemented in the modules of the MCS. In spite of the fact that all
measurements are performed in ambient air, the operational ultrasonic frequency is rather high ( 1
MHz) , but lower frequencies are also possible.
Contact: Dr. Helge Pfeiffer
helge.pfeiffer@kuleuven.be
+32/16/32 12 32
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6.5 Digital Image Correlation - Contactless 3D measurement of
deformations
Department of Materials Engineering, Materials Technology TC Gent and Aalst, more specifically
MatchID, a new spin-off company of KULeuven, offers solutions in strain measurement, automated
identification of mechanical material properties and validation of numerical models. As a
measurement tool, Digital Image Correlation (DIC) is gradually becoming an accepted technique in
both industry and academia. DIC allows full field, contactless 3D measurement of deformations at
the surface of any type of material and under arbitrary loading. The technique combines ease-of-use
with a high flexibility:





From microscale (SEM, AFM) to very large fields of view (> 100 m)
From low-speed quasi-static testing to ultra-high-speed imaging (1MHz)
From deformations at the small strain level (~ 50µm/m) up to the highest strains
encountered in plasticity and hyperelasticity

Nowadays, DIC is still too often used in a qualitative
manner rather than as a metrological tool, e.g. to detect
strain localization, to detect crack formation or to
visualize some deformation pattern. One of the reasons
for this is that the post-processing of the images can be a
daunting task for the less experienced user, yielding
incorrect strain fields when not done properly. Still, when
used wisely, DIC is a very accurate and quantitative
measurement tool.
It is exactly on this aspect that MatchID improves; the
tagline of MatchID is “Metrology beyond colors”, offering
the DIC system of the future where the main focus lies on the metrological aspects of the system:
Interpretation of results in a quantitative way focusing on resolution and spatial resolution with
integrated error assessment. Enabling direct comparison to numerical models: seamless validation of
simulations (e.g. bird impact on composite blades, connection
performances under huge pressures, …) Optimal test setups and
processing: patterns, experimental tools and automated postprocessing Customized application development In-depth training:
annual courses by experts in the field

While the MatchID platform can be used simply as a measurement
tool, it expands on this by systematically seamless integrating virtual fields methodologies which
allow the direct identification of mechanical properties (elasticity, hyperelasticity, plasticity,…) from
the captured DIC images. This is done without the need for coupling to external FE software or timeconsuming updating algorithms. Online automatic identification of e.g. the orthotropic properties of
composite panels used in aircrafts has already been demonstrated.

Our developed strategies can deal with large deformations, high strain-rates, localized phenomena,
crack initiation and propagation, … Extremely useful when one tends to improve computational
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models or material performances. Moreover, MatchID’s adopted procedures involve less material
testing compared to more traditional techniques. Nevertheless a higher accuracy on the final results
is obtained. A clear benefit from both an economical and environmental perspective!
In summary, MatchID can support all stages in the engineering process from determination of
material properties towards extended model validation. http://www.matchidmbc.com

Selected industrial partners in aviation
supply chain
 Brussels Airlines
Contact: Prof. Dimitri Debruyne
dimitri.debruyne@kuleuven.be
+32/9/265 87 12
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6.6 Vibro-acoustic material testing
The KU Leuven Noise and Vibration Research Group of the Department of Mechanical Engineering
headed by Prof. Wim Desmet (see also section 2.1) has key expertise and facilities for the vibroacoustic characterisation and testing of materials and structures.
The group specialises in testing materials and structures in operational or close to operational
conditions, focussing on the dynamic (acoustic and vibration) characteristics. For this purpose,
amongst others, dedicated test rigs such as an open wind tunnel for flow-acoustic testing and a
dedicated small cabin environment for both airborne and structure borne vibration testing and for
acoustic material damping characterisation (impedance and absorption values – grazing and normal
directions) are used.
Furthermore, the group is also researching advanced (virtual) test approaches for analysis and
identification purposes in material systems to measure material parameters which cannot be
measured using conventional approaches. This is done by exploiting knowledge coming from physical
numerical models and merging it with test data.

Industrial partners in aviation supply chain:
various national and international SME and
LE in aviation industry with which
cooperation is set up in various programs,
see:
http://www.mech.kuleuven.be/en/pma/res
earch/mod/projects
Contact: Dr. Bert Pluymers
bert.pluymers@kuleuven.be
+32/16/32 24 25 29
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7 MAINTENANCE, REPAIR AND OVERHAUL (MRO)
7.1 Logistic process optimization
We, the Unit Research Centre for Operations Management at the Faculty of
Economics and Business present here an overview of our current research on
algorithms for building optimal aircraft maintenance personnel rosters. We
distinguish between two different scenarios. In the first scenario, all flights
arrive exactly on time according to the flight schedule. For this deterministic
scenario, we propose a Tabu Search heuristic and a Mixed Integer
Programming Model. In the second scenario, we recognize that aircraft do not
always fly on schedule and sometimes arrive with a delay. To cope with
stochastic aircraft arrival times, a Model Enhancement technique is proposed
to obtain robust aircraft maintenance personnel rosters that minimize the total
labour costs.
Furthermore, we also incorporate skills and training into the personnel planning problem and
investigate how all flights can be maintained in time with the available workers and their respective
skills. As a first step, we make a trade-off between cheaper rosters that require higher skilled workers
and the training costs to obtain this higher skilled workforce. In the second step, we design an
optimal training schedule to obtain the optimal skill mix with minimal costs.
This research is inspired by the real-life problems at Sabena Aerospace, a large aircraft maintenance
company located at Brussels Airport in Belgium.
Industrial partners in aviation supply chain
 Sabena Aerospace (former Sabena
Technics)
Contact:
Prof. Erik Demeulemeester
erik.demeulemeester@kuleuven.be
+32/16/32 69 72
Philippe De Bruecker
Philippe.debruecker@kuleuven.be
+32 16 32 67 57

Relevant publications:
[1-3]
De Bruecker, P., Van den Bergh, J., Belien, J., Demeulemeester, E. (2014). A tabu search heuristic for building
aircraft maintenance personnel rosters. FEB Research Report KBI_1409, 29 pp. Leuven (Belgium): KU Leuven Faculty of Economics and Business.

26

7.2 Leakage detection in aircraft operations
(See also 6.1, Structural Health Monitoring (SHM) by optical fibres, acoustic emission, eddy current
and guided ultrasonic waves)
An important task in maintenance operation is the detection of diverse malfunctions occurring in
operations. This requirement is important for enabling further fast maintenance activities, such as
materials investigation and repair. An important focus in this context related to in aircraft safety is
the integrity of tubings and the tightness of diverse sealings and fitting. An interesting option is thus
to detect the presence of liquids that give indication on materials damage or damaged isolations.
Materials in aircraft that are e.g. prone to corrosion need to be protected from a wet environment.
But as a result of the intensive use of aircraft, respective coatings and seals can be damaged and
aqueous liquids arising from spillage, condensation or rain can enter the confined spaces causing
heavy corrosion of the respective structures. The presented SHM solution is intended to predict and
eventually prevent corrosion by indicating the presence of corrosive liquids in those respective
confined spaces.
A sensor was developed and implemented in
operational airliners for detecting aqueous liquids
that is interrogated in time intervals of app. 100 flight
hours. The functionality of the sensor is based on the
collapse of the percolation conductivity in an organoceramic composite containing a conducting
compound which is embedded in a hydrophilic matrix
[4]. A typical sharp increase of resistance due to the
ingress of liquids can be monitored in different ways,
and it is even possible to read out the data during line
maintenance using a simple ohmmeter.
The sensor is based on the collapse of percolation conductivity in electrically conducting composites
[5]. Such composites contain conducting particles that are embedded in a liquid-absorbing matrix.
Percolation means the inter-connectivity of conducting particles in certain lattice structures and a
prominent example of such composites are conductive polymers, i.e. materials used for conducting
glues or adhesives. Conducting composites are usually made of graphite or metal powders
embedded in appropriate polymer matrices
(epoxy and other compounds).
Since April 2011, three operational airliners from
Lufthansa were equipped with those percolation
sensor networks (Boeing 737-500, Boeing 747400) protecting the floor structure below galley
and service doors areas Pfeiffer [6]. Already now,
results are so convincing that Lufthansa-Technik
was able to adapt maintenance procedures for
floor structures. Moreover, first results also
indicate that those sensor networks could
essentially help reducing the maintenance and
repair costs.
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8 HUMAN FACTORS AND LEGAL ISSUES
8.1 Air Law - Rights in Aircraft
At the Centre for Methodology of Law, Dieter J. De Troij is preparing a PhD-thesis on the issues
surrounding rights in aircraft (promotor: Prof. Dr. B. Tilleman).
When an aircraft is sold or leased, it is often burdened with
security rights of various parties. Banks, lessors, export credit
agencies and other creditors have rights to the aircraft, issued
under the law of the State in which the respective credit or leasing
contracts were signed.
Security rights are of course not unique to the aircraft industry, but
are generally used with regards to objects of all sorts in order to
insure that the creditor is repaid or that the leased object is
returned to the lessor. However, due to three characteristics of the aircraft (market), the role of
security rights in the aviation sector is unique. Aircraft (1) are highly valuable mobile assets that (2)
constantly cross borders of different legal jurisdictions while (3) often spending only a limited
amount of time on the ground. Because security rights are only enforceable if recognized by the
State in which the aircraft is located, it is clear that the mobile character of aircraft gives little
comfort to creditors. In the event of a default in payment by the debtor, the creditor must await the
return of the aircraft to a jurisdiction which recognizes its rights and act quickly in order to seize the
aircraft before it is back in the air.
To illustrate with an example: a Boeing 737-800 is sold by Boeing to ABC Airlines. ABC buys the
aircraft with an asset-backed loan from Bank X in the form of a mortgage on the aircraft pursuant to
English law. Belgium, which has not enacted a law allowing a company to mortgage an aircraft, would
in principle not enforce the mortgage of Bank X should ABC Airlines go into bankruptcy while the
Boeing 737-800 is parked on Brussels Airport.1As a consequence Bank X loses its guarantees to have
its loans paid back.
The international community undertook numerous initiatives to curb this issue of the international
enforceability of aircraft rights. The most recent project was the 2001 UNIDROIT Cape Town
Convention, which, albeit still not ratified by many Western aviation markets, marked a leap forward
in the international enforceability of rights in aircraft. The Convention has introduced an
international aircraft rights register, has provided a list of security rights which all member-states
must recognize and presents rules to assign the competent state in the event of a conflict over rights
in aircraft.
The research question on the enforceability of rights in aircraft
financing of aircraft engines (what happens to security rights
in engines when the latter are installed on aircraft? Do they
become part of the aircraft?) and the detention rights of
public institutions such as EUROCONTROL upon non-payment
of taxes and fees (e.g. navigation fees, landing taxes, …).

includes the issue of the separate
Dieter J. De Troij
+32 16 37 43 60
dieter.detroij@law.kuleuven.be

1

The facts of this example would not amount to a legal issue in reality, given that Belgium, pressured by airline
companies and other states, has recently passed an Act to recognize foreign mortgages on aircraft. Still, pursuant
to Belgian law, it remains impossible to establish mortgage rights on aircraft. Ships, on the other hand, are
amenable to mortgages.
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9 EDUCATION
9.1 Master Course on Aeronautics and Astronautics
KU Leuven is offering different courses on Aeronautics and Astronautics in the frame of the Master of
Mechanical Engineering.
The courses comprise topics such as:
 Aerodynamics
 Aircraft Performance and Stability
 Spacecraft Technology and Space Environment
 Aircraft Engines
 Aerospace Technology; Advanced Machining and Production Technology
 Aircraft Materials
 Aircraft Materials and Processing Technology for Composites
 Aircraft Systems, Instrumentation and Navigation
 Avionics – Telecommunication
 Aircraft Structures
 Noise Abatement in Machines, Vehicles and Aircraft
 Aircraft MRO, Maintenance, Repair and Overhaul
 Helicopters
 Aerospace Technology
For more information, please contact the programme director or have a look at the website under
Electives and Options:
https://onderwijsaanbod.kuleuven.be/opleidingen/v/e/SC_51016928.htm
Prof. Dirk Vandepitte
+32 16 32 86 05
dirk.vandepitte@kuleuven.be

9.2 Bachelor programme for pilots and Aeronautical Engineering
Besides the academic courses in Leuven, there is a successful bachelor programme at VIVES Nord in
Oostende for “aspirant airline pilots” and on “Aeronautical Engineering” which is developed around
the EASA Part66 standard. The aeronautical engineering programme contains courses on:





Aircraft systems, Structures & Maintenance
Aircraft piston & turbine engines & Maintenance
Aircraft Avionics & Cockpit Operations
Unmanned Aircraft

For more information, please contact the programme director or have a look at the website:
https://www.vives.be/opleidingen/industriële-wetenschappen-en-technologie/luchtvaarttechnologie
https://www.vives.be/opleidingen/industriële-wetenschappen-en-technologie/aspirant-lijnpiloot
Prof. Ivan Becuwe
+32 59 30 81 50
ivan.becuwe@vives.be
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