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Chapter 2 features portraits of NLR personnel, in which they discuss their 

working ambitions and motivations. “Research is teamwork”
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A spirit of confidence and enthusiasm prevailed at our New Year’s reception for 2007. Our sense of social 
cohesion grew stronger in 2006. A key factor in this regard were the Open Days we held around mid-year, 
which attracted family and friends in large numbers. The National Aerospace Laboratory (NLR) presented 
itself as an organization we all look upon with pride. Family and friends gained better insight into what 
we are capable of – something many of our business partners have been aware of for quite some time. In 
2006, our key ministries once again showed that they recognize and acknowledge the leading role that NLR 
plays in the national and international knowledge infrastructure. On top of that, the American Institute for 
Aeronautics and Astronautics awarded a fellowship to General Director Fred Abbink – an accolade that 
also radiates to NLR, of course. In short, we are in great form, internally and externally, nationally and 
internationally.

With unanimous approval of those responsible, the NLR governance structure was fundamentally altered in 
2006, adjusting to the demands of the 21st century. Similar reforms are taking place at comparable institutes 
in the Netherlands and elsewhere. But what has changed? In the past, a sizable Board was in charge of deter-
mining NLR strategy while the Board of Directors was responsible for its implementation. Within the new 
structure, executive responsibility is borne by the Board of Directors, which now formulates strategy and 
implements it together with staff. A six-strong Supervisory Board advises, monitors and serves as a sounding 
board for the Board of Directors. Are things running smoothly? Is the Board of Directors doing a good job? 
Are we responding adequately to new developments? Is the Board of Directors finding suitable solutions for 
the challenges of today and tomorrow? The decision to transfer executive responsibility from the Board to 
the Board of Directors is actually a very logical step, because the latter are far more closely involved in day-
to-day affairs. Flexibility and a greater degree of freedom better reflect contemporary needs and demands.

In 2006, NLR and other major Dutch technological institutes decided to form an association. Executives 
from these institutes now meet periodically to address common issues. One of these relates to large facilities, 
such as flight simulators. A facility enabling pilots to test more silent and even safer landings at Schiphol. We 
need to join hands and negotiate national and international agreements on such large and costly facilities. 
Who does what? And who has what? These are questions we are asking ourselves, but also posing to politics. 
After all, we need political support to reach agreements in the broader European arena. In short, cooperation 
is the key to success.

I have now been with NLR for more than two years, initially as Chairman of the Board and now as Chair-
man of the Supervisory Board. I am deeply intrigued by the field of research explored by NLR. In executive 
and political circles, I maintain contacts that are important to NLR. These contacts tell me that NLR has 
become more “visible” than it was before. This has not just happened of its own accord; it is the result of 
a concerted effort from management and staff. I have great confidence that this positive development will 
continue in 2007.

Amsterdam, June 2007

Arie Kraaijeveld
Chairman

FOREWORD

NLR has become more “visible” 
ARIE KRAAIJEVELD - CHAIRMAN
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A DECISIVE ORGANIZATION
2006 was a great year for NLR. Our financial results were positive and we were successful in all key areas of 

activity: aerospace, defense, and air transport. We owe our success to the efforts of our entire workforce 

– around 700 highly motivated NLR employees.

INTRODUC TION

In 2006, NLR further refined its policy of demand-
driven research, as recommended by the Dutch 
cabinet in 2004, based on the report issued by  
the Wijffels Committee. Working in consultation 
with the ministries most closely allied to NLR 
(Transport, Public Works & Water Management; 
Defense; Economic Affairs; and Education, Culture 
& Science), we reviewed policy fields and adjusted 
our research programs accordingly. We mapped 
out demand-driven, four-year programs to ensure 
development of the required expertise and facilities. 
This new work method has further enhanced our 
cooperation with the ministries.

HIGHLIGHTS OF 2006 
NLR saw a series of international highlights in 
2006. We supported our national aviation industry’s 
contribution to acquire the type certification of the  
Airbus A380. We were also involved in the develop-
ment of the Lockheed Martin F-35 Lightning II (the 
JSF), that completed its first flight in 2006. And in 
the development of the NH90 helicopter, of which 
the first three were delivered to the German defense 
force. We also assisted the Dutch aviation industry in 
the production of sections of the A380, using the new 
fiber-metal laminate Glare. We helped develop the 
composite J-nose for the wing of the A380, and the 
composite tail of the NH90. We were also involved 
in the wiring and Prognostic Health Management  
System of the F-35. NLR supported medium-sized 
and smaller businesses participating in these projects.

2006 was also an important year for the Ministry of 
Defense and the Dutch armed forces. In preparation 
for the peacekeeping mission in Afghanistan, NLR 
advised on issues such as protection against new 

‘Be good, get even better’
FRED ABBINK — GENERAL DIRECTOR

threats, flight safety, incident research, vision systems, 
and operations. We advised the defense force on the  
F-35, both in the Netherlands and at the Joint Program 
Office in Washington, DC. Our recommendations 
extended not only to procurement of the aircraft, but 
also to the far-reaching consequences that the intro-
duction of this new fighter jet will have, for instance 
on the training of fighter pilots and maintenance  
personnel. Once again, we made good use of our ex-
tensive experience with the F-16 in the areas of main-
tenance, operations, lifespan monitoring, certification, 
and training. The defense force also commissioned 
NLR to conduct studies of Unmanned Aerial Vehicles  
(UAVs), which may present a valuable alternative,  
supplementing manned fighter aircraft. We also 
examined what requirements should be imposed on 
UAVs operating in civilian airspace. And we contribu-
ted to the SPADES project, teaming up with industry 
to develop a parachute equipped with GPS and an  
automatic steering system, which can drop a 1,000-
kilo load within 100 meters of a given target.

“New technology is 
required to ensure that 
Schiphol can continue to 
grow within the prescri-
bed environmental and 
safety limits”

In the not too distant future, Amsterdam Airport  
Schiphol will reach the growth limits laid down in  
existing environmental and external safety restrictions. 
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New technology is required to ensure that Schip-
hol can continue to grow within the prescribed 
environmental and safety limits. At the request 
of the government, NLR formulated a wide range 
of improvement proposals. Many of these were  
incorporated into the Dutch cabinet’s position on 
these issues, published in April 2006. 

In the field of space research and development, 
NLR played an important role in the development 
of Galileo, the new European satellite naviga-
tion system. We developed systems and procedu-
res for testing Galileo’s receivers and several key  
elements of the ground segment. In so doing, NLR 
provided a firm foundation for the validation and 
certification of Galileo.

STRATEGIC COOPERATION
Established 30 years ago by NLR and our coun-
terpart the German Aerospace Center (DLR), the 
German-Dutch Wind Tunnels (DNW) foundation 
has long served as an example of successful interna-
tional cooperation in European aviation research. 
In 2006, we celebrated the fact that Airbus has for 
the past 25 years been using DNW facilities for 
the development of its successful commercial air-
liners. In 2006, DNW and its French counterpart  
ONERA decided to establish the Aero Testing  
Alliance (ATA), comprising 19 wind tunnels in 
three countries, which coordinates the technical 
development of these facilities.

“When you actively 
pursue cooperation, 
you inevitably develop 
stronger and broader 
ties”

other’s expertise and facilities as effectively and  
efficiently as possible. The Framework Programs of 
the European Union play an important part in this 
process. The EU’s “Vision 2020” report states that 
the aviation industry must be substantially cleaner, 
quieter, safer and more efficient by the year 2020. 
At the same time, air traffic capacity must be dou-
bled, and the airspace above EU member states must 
be merged into a Single European Sky. NLR has 
joined hands with aviation industry partners in the  
Netherlands and Europe to conduct a wide array of 
joint research programs that will contribute to the 
realization of EU objectives.

This has led to intensified cooperation within AT- 
One, a cooperative venture for air traffic manage- 
ment initiated by NLR and DLR. A similar deve- 
lopment has taken place within the association of 
European Research Establishments in Aeronautics 
(EREA). This organization, which includes 11  
European aerospace laboratories, is chaired by 
NLR in 2006 and 2007. Another key cooperative 
venture in 2006 was that between Airbus and the 
Netherlands aviation cluster, involving a joint 
strategic research program. NLR and its French 
counterpart ONERA have also taken preparatory 
steps to intensify cooperative research in the fields 
of aerodynamics and structural engineering.

When you actively pursue cooperation, you inevita-
bly develop stronger and broader ties. The need for 
international cooperation has become increasingly 
clear as globalization has increased in the aerospace 
industry and new players have entered the arena. 
Cooperation is an absolute must if we are to ensure 
our survival.

INVESTING IN KNOWLEDGE AND 
FACILITIES
There is a growing need to research new products 
and applications, technologies and procedures for 
airborne and ground systems. This need also ex-
tends to research into the efficacy and safety of the 
user-system interface, as well as research into silent 
aircraft approach procedures and the prevention of 
terrorist attacks aboard aircraft and on the ground. ‘Cooperation is an absolute must  

if we are to ensure our survival’

LEO ESSELMAN — FINANCIAL DIRECTOR

NLR continually seeks to engage in constructive 
cooperation with allied institutions, universities 
and industries, in the Netherlands and beyond. The 
key objective in this regard is to make use of each 
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Knowledge and facilities are vital in this regard. 
NLR plays a key role in European research, owing 
to its integrated network of flight simulators, air 
traffic control simulators, and laboratory aircraft. 
In 2006, we extended these facilities with Fighter 
Four-Ship, in which four separate flight simulators 
are interconnected to form a single network. We 
also decided to upgrade the research capabilities 
of our GFORCE military flight simulator with a 
helmet-mounted display, which allows pilots to 
determine their position in relation to the ground. 
In addition, we substantially improved the display 
systems for GFORCE and our NARSIM tower 
simulator.

In April, NLR saw the festive opening of a new  
testing facility for wing and tail sections. The  
ribbon was cut by Mr. Sjoerd S. Vollebregt, Chief 
Executive Officer of Stork. In addition, we acquired 
a new five-axis milling machine that will allow 
wind-tunnel models to be produced more swiftly 
and with even greater precision.

“To meet the demands 
of tomorrow, we must 
invest today – in the  
expertise of our people”

our customers who we are, where they can find 
us, and what we do for them. But we also want to 
demonstrate and explain the importance of what 
we do to the general public. NLR has therefore 
begun seeking publicity more actively. We attrac-
ted a great deal of media attention with our winter 
exercise Snowwhite, which saw KLM Royal Dutch 
Airlines, Air Traffic Control the Netherlands, and 
Amsterdam Airport Schiphol preparing for winter 
weather at the NLR facilities. The media were also 
out in force when King Abdullah II and Queen  
Rania of Jordan and Queen Beatrix of the Nether- 
lands visited the NLR/German-Dutch Wind- 
Tunnel facilities. NLR also welcomed various  
high-ranking officials, including the Minister of 
Finance Gerrit Zalm, the State Secretary of Defense 
Cees van der Knaap, and the Chief and Vice-Chief 
of the Netherlands Armed Forces, General Dick 
Berlijn and Lieutenant-General Hans Sonneveld.

NLR advises authorities in the Netherlands and 
abroad on safety management. This is exemplified 
by our support of the Swiss government in the  
development of an integral safety management  
system for the entire Swiss civil aviation sector. This 
was one of the reasons why we decided to establish 
the NLR Air Transport Safety Institute in 2006, 
clustering our expertise and resources in the field of 
air safety. This provides potential customers with 
clearer insight into what we have to offer.

EVEN BETTER IN 2007
Thanks to the efforts of all NLR employees, we 
achieved a positive operating result in 2006. The 
implementation of demand-driven programs is 
progressing well. We have greatly extended our 
visibility in political circles and among the broader 
public. NLR is a widely acknowledged natural 
knowledge partner for industry and government, 
nationally and internationally.

But we could do even better. How? By gaining 
even better insight into the needs and wishes of 
our customers in all sectors. By offering even  

better quality at competitive rates. But also by  
better showcasing our high-grade aerospace ex-
pertise and by more actively publicizing the social  
relevance of that expertise. We want to take  
optimum advantage of the knowledge available at 
universities and colleges, and we want to provide 
part-time professors and facilitate traineeships. 
NLR is also making a concerted effort to make 
its costly facilities available for studies initiated at 
universities. One excellent example is the Cessna 
Citation II laboratory aircraft that NLR and the 
Delft University of Technology are jointly utilizing 
for their research. 

NLR also aims to be an attractive employer, by pay-
ing greater attention to the personal development of 
staff, and by emphasizing the fact that NLR is at 
the forefront of technological innovation.

“NLR also aims to be an 
attractive employer”

To meet the demands of tomorrow, we must invest 
today – in the expertise of our people, in facilities 
that foster their knowledge and insight, and in buil-
dings to accommodate them. A great deal of money 
is required to achieve this. It will also feed innova-
tion and employment opportunities. In short, the 
return on this investment is huge.

COMMUNICATION AND 
PRESENTATION
NLR has a mission to support and strengthen the 
innovative capabilities of government and indus-
try in the Netherlands. To do so, we need to tell 

NLR will continually strive to attract investment 
for existing and new research facilities. The year 
2006 was good, but 2007 will be even better. And 
the year will have added color, because we will be 
celebrating 50 years of space travel, as well as the 
50th anniversary of our facilities in Flevoland!

The Board of Directors
Fred Abbink
Leo Esselman
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Royal visit for NLR . . .
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NLR IN DIALOGUE WITH
OFFICIALS AND POLITICIANS

In 2006, NLR pursued its policy to actively streng-
then its ties with officials and national and Europe-
an politicians. We welcomed representatives from 
political parties (CDA, VVD) and members of the 
third Dutch cabinet under Jan-Peter Balkenende.

On various occasions, NLR also presented its vision  
and recommendations on Amsterdam Airport 
Schiphol. In August, NLR participated in a sum-
mit meeting with representatives of NV Schiphol, 
KLM Royal Dutch Airlines, and Air Traffic Con-
trol the Netherlands. We also hosted meetings of the 
Schiphol Regional Review Board (CROS) and the 
“KennisKring Amsterdam”, a think tank consisting 
of entrepreneurs, officials and policy-makers from 
the greater Amsterdam region, who discussed the 
topic “Green Mainport: Growing Within the Boun-
daries Through Innovation.” Futhermore, NLR 
was heard at a special parliamentary hearing orga-
nized by the Ministry of Traffic, Public Works & 
Water Management to ascertain the Dutch cabinet’s  
policy on Schiphol. NLR also consulted with 
various employers’ associations and trade unions 
(VNO, NCW, FME-CWM, FNV, CNV) regarding 
the importance of the Netherlands’ participation in 
the program to replace the F-16.

Among the visitors were:

Queen Beatrix of the Netherlands, and King 

Abdullah II and Queen Rania of Jordan

Mr. C van der Knaap

State Secretary of Defense (Balkenende III)

Mr. G. Zalm

Minister of Finance (Balkenende III)

General D.L. Berlijn

Commander of the Dutch Armed Forces

Ms. A. Jorritsma- Lebbink

Board member of “KennisKring Amsterdam”

Mr. L. van Nistelrooij

Member of the European Parliament (CDA)
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NLR in the media

MEDIA SPOTLIGHT

NLR again attracted a great deal of media attention in 2006. We featured in many different television 
programs, including TweeVandaag, Zembla, NOS-Sportjournaal, and Hart van Nederland. But we 
reached the broadest audience with a program on NLR simulators that was broadcast in six European 
countries in the spring of 2006, as part of the Discovery Channel series Test Case. Another media 
highlight took place in November when Queen Beatrix of the Netherlands visited the DNW/NLR 
together with King Abdullah II and Queen Rania of Jordan. This visit was even televised in Germany 
and Belgium.

NLR also featured in six radio broadcasts and was mentioned in 366 articles in newspapers such as De 
Telegraaf, Algemeen Dagblad, NRC, Trouw, and Het Parool. Feature articles on NLR activities were 
also published in magazines such as Elsevier, Quest, and various trade journals.

The topics covered included wind-tunnel tests (e.g. for the new racing bike designed for World 
Champion Theo Bos), noise measurement, gliding approaches, anti-terror measures, and new aircraft 
materials such as Glare and composites. And finally, towards the end of the year, the spotlight fell on 
the winter exercise Snowwhite, in which NLR’s flight and ATC simulators were used to train for winter 
weather at Schiphol.

Radio BNR interviews a fighter pilot 
about the JSF Cockpit Demonstrator

Radio TV Noord-Holland reporting 
on the winter exercise Sowwhite

The four-man bobsleigh in the wind tunnel

Footage is filmed for the National Science Quiz. 
The question was: “The cyclist in second place 
expends less energy than he would if he were 

cycling alone. But does the cyclist in front also 
benefit from the situation?

International media swarmed to document the visit
 to DNW/NLR by Queen Beatrix of the Netherlands 

and King Abdullah II and Queen Rania of Jordan
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JOB CREATION Ultramodern radar aircraft 
in wind tunnel

Engine monitoring 
systems for wind-tunnel 
models

Simulating tens of 
thousands of flights

Dutch innovations 
for the JSF

Smart resin injection

Robot places carbon 
fibers

JOB CREATION

The Netherlands is a prosperous country. To maintain 

our high standard of living, we need high-grade 

job opportunities. Dutch products must retain their 

distinctive quality in years to come.
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Hawkeye wind-tunnel model

Northrop Grumman/NAVAIR DNW

Engine Monitoring System

ULTRAMODERN RADAR AIRCRAFT IN WIND TUNNEL

One of the most complex 

aircraft models ever created by 

NLR is being tested in our wind 

tunnels in Flevoland.

NLR produced a wind-tunnel model of the E-2D Advanced  
Hawkeye, a marine radar aircraft that plays a key role in surveillance 
for the US Navy. The aircraft can track numerous objects simultane-
ously and can direct numerous intercepting aircraft at the same time. 
With their highly advanced antennae, radar and communications 
systems, these aircraft are the new eyes of the fleet. The Advan-
ced Hawkeye is a fully upgraded version of the existing Hawkeye, 
the only radar aircraft in the world that can operate off an aircraft  
carrier.

One of the Hawkeye’s most striking features is the large radar dish 
mounted on top of the fuselage. This dish produces complex airflows 
around the aircraft. 

Because the Hawkeye is designed to operate off aircraft car-
riers, the aircraft must meet strict stability and steering require-
ments. In view of these requirements and the unusual shape of 
the aircraft, extensive wind-tunnel tests were required. A highly  
detailed model was therefore produced, which can be used to research 
more factors than are currently being studied. Even the smallest  
antennae, control surfaces and protrusions have been replicated. The 
model’s control surfaces can all be adjusted. The model was also equip-
ped with 300 pressure taps, to measure the detailed airflows on the 
aircraft.

18

The tail section was created by 
model makers at the French re-
search institute ONERA. This 
intensive cooperation with our 
French counterparts helped re-
duce production time.

We also designed a new force 
balance integrated in the model  
support in the wind tunnel. The 
balance is located at the point of 
application of the resulting for-
ces exerted on the aircraft.  The 
balance measures all the overall 
forces consisting of aerodynamic 
forces and propellers thrust. The 
balance measures subtle varia-
tions in forces.

During military operations, the 
Hawkeye’s engines must gene-
rate sufficient power to take off 
from a ship, considering that the 
aircraft is packed with electronic 
equipment. The wind-tunnel 
tests therefore also assessed and 
compared the performance of 
different propeller designs. The 
major parts of the tests, however, 
focusses on the new propellers of 
the Advanced Hawkeye. These 
propellers have eight blades 
made of composite material rein-
forced with carbon fiber. NLR 
is one of the few institutes in the 
world that can produce propeller  
models allowing such high- 
precision wind-tunnel tests.

NAVAIR Public Release 07-401
Distribution: Statement A – 
“Approved for public release; 
distribution is unlimited.”

ENGINE MONITORING SYSTEMS FOR  
WIND-TUNNEL MODELS

The miniature engines used in wind-tunnel tests are pushed to the 

limits of performance. Advanced engine monitoring systems are  

required to prevent damage.

Huge quantities of power are concentrated within a small volume 
when replicating aircraft engine performance in scale models. In fact, 
the size of the scale model is determined by the extent to which power 
can be concentrated. There is often little space left for cables, com-
pressed air ducts, and structural reinforcements. Consequently, the 
designers who built the model of the Advanced Hawkeye (scale 1:7) 
had to fight for every cubic millimeter around the engine.

Engine control and monitoring also impose special demands, because 
technical performance is pushed to the limit. A new engine monitoring 
system was therefore developed to check whether these limits were 
being exceeded. If so, the engine can be turned off immediately to 
prevent damage. The system monitors temperature, rotational speed, 
vibration levels, and various other engine data.

The new monitoring system is fully software-based. This in contrast 
to earlier monitoring systems that required special electronic equip-
ment. Modern computer processors can now operate at speeds high 
enough to track rapid changes in signals. The software system offers 
greater flexibility, functionality and reliability, and gives the operator 
a better overview of readings. Because the new system is more flexible 
and user-friendly, it ensures that complex wind-tunnel tests, such as 
those for the Advanced Hawkeye, can be conducted better, faster and 
safer.

© nav-mil
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SIMULATING TENS OF THOUSANDS OF FLIGHTS

Before the prototype of any new aircraft takes to the air, all of its components must be rigorously 

tested to see whether they can withstand the forces exerted during flight.

Lockheed Martin

Joint Strike Fighter

Before it takes to the air, an aircraft will have 
completed tens of thousands of flights in test faci-
lities such as those operated by NLR. Our testing  
program for 2006 included various components of 
the latest business jet F7X designed by Dassault  
Aviation. Stork Fokker AESP designed and produces 
the wing flaps, the aileron for this aircraft and com-
missioned NLR to test these crucial components. 

The tests were required to ascertain the airworthi-
ness of the design. Prescribed validation and certi-
fication tests are conducted to prove that the design 
meets the latest airworthiness requirements. The 
tests also reveal whether the values for strength 
and lifespan were accurately calculated during the 
design phase. 

During the tests, the wing flaps are subjected to 
the same interplay of forces that are exerted during 
takeoff, flight and landing. The influence of air 
pressure, the impact on landing and the forces at 
play during braking are all accurately simulated. 
Hydraulic cylinders and various other force trans-
mission devices ensure accurate simulation of all 
forces exerted, flight after flight.

Complex motion control systems were required to 
test the wing flaps – more specifically, the aileron 
and spoiler. These components are adjusted throu-
ghout the flight, which alters the airflow and rela-
ted interplay of forces. During flight, an aircraft’s 
wings are deformed, causing additional pressure 

on the flaps. The aileron is largely made of carbon 
composite, and the spoiler has a metal-honeycomb 
structure. Each material responds differently to the 
forces exerted upon it.

A special motion system was required to conduct 
these complex tests. This system controls a hydrau-
lic-mechanical rig. A wide variety of transmission 
devices ensure that the forces are precisely and 
evenly distributed across the wing section, thus 
preventing overload.

With the aid of this test rig, NLR was able to demon-
strate that the wing flaps of the Dassault Aviation 
business jet had a lifespan that was at least double 
that of the aircraft itself. After the wing flaps had 
flown more than a double lifespan in the test hall, 
they were intentionally damaged, simulating real-
life circumstances, where damage may be caused by 
a technician dropping a hammer, for example. Sub-
sequent tests revealed how long the aircraft could 
continue flying after damage had occurred.

In designing the motion control system, NLR coo-
perated closely with MOOG/FCS, a company that 
develops control computers and software. All the 
tests were conducted in the new NLR test facility 
in Flevoland, which offers the very latest control 
and measurement systems and inspection methods. 
Thanks to this test facility, Dutch industry is ca-
pable of producing high-tech aircraft components 
that meet all international requirements.

Stork Fokker AESP

Testing Dassault F7X components

DUTCH INNOVATIONS FOR THE JSF

The F-35 Lightning II – the Joint Strike Fighter (JSF) – features a number of key innovations based on tech- 

nology developed in the Netherlands. Government and industry have invested substantially in new  

technology, which has now been applied in the JSF.

Dutch industry has contributed significantly to the 
current System Development and Demonstration 
(SDD-) phase. The governments participating in 
the JSF program have now signed a memorandum 
of understanding for the Production, Sustainment 
and Follow-On Development (PSFD-) phase, esta- 
blishing the cooperative framework for the acquisi-
tion and support of the JSF throughout its lifespan. 
Lockheed Martin and the propulsion systems  
manufacturers will be in charge of activities during 
these phases. Owing to their early involvement in 
the program, Dutch government, industry and 
knowledge institutes stand a good chance of obtai-
ning related contracts during the coming 30 years.

The Netherlands has positioned itself for strong 
involvement in the sustainment phase. An impor-
tant aspect is to help define a European node in the 
JSF Global Support network, which may well be 
located in the Netherlands. This could offer excel-
lent opportunities for innovation and employment 
in the Netherlands and Europe. To ensure effective 
and efficient sustainment, NLR is already involved 
in defining the maintenance and training processes, 
and in the development of solutions. The tools un-
der development will form part of the Autonomic 
Logistics and Global Support system. During the 
sustainment phase, this will be the backbone of the 
Global Support infrastructure that will be used by 
support personnel worldwide.

In addition, NLR has conducted wind-tunnel 
tests for the Short Take Off and Vertical Landing 
(STOVL) version of the JSF. 

Personnel from Lockheed Martin, British Aerospace, 
NLR and DNW teamed up to devise a number of  
innovative and efficient solutions to deal with interfe-
rence resulting from the recirculation of jet exhausts 
with the flow around the aircraft. NLR was also  
sub-contracted by Fokker Elmo to handle various 
activities surrounding the JSF’s electrical wiring 
systems. This included the qualification of dozens of 
kilometers of wiring that supply power to and relay 
data between aircraft systems. This wiring is desig-
ned to function correctly even under the most chal-
lenging conditions. NLR specified the certification 
basis and executed a number of environmental qua-
lification tests. Lockheed Martin has acknowledged 
Fokker Elmo for the quality of the work delivered.

It is likely that the advanced fighter pilot training 
– developed by Dutch Space and NLR in close 
cooperation with the Royal Netherlands Air Force 
– will be incorporated into the JSF program. Simu-
lation and software technology developed by Dutch 
Space and NLR will be used in the development of 
embedded training for the JSF. This ensures that 
all JSF users, including the Netherlands, will have 
more effective pilot training as part of the standard 
JSF program. Thanks to early participation in the 
program, practices developed in the Netherlands 
and Europe can be easily integrated.

Meanwhile, Dutch government, industry and 
knowledge institutes are contributing scientific and 

 
technological expertise 

for future updates in the JSF 
program. Annual block updates 

will  allow the implementation of 
new functionality or technology that is more 

effective or cost-efficient. One example is the pos-
sible use of composite materials in the airframe or 
engine components.
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ROBOT PLACES CARBON FIBERS

Fiber-reinforced composite materials are used to 
make even stronger and lighter aircraft compo-
nents. When these components are manufactured, 
the fibers are usually applied by hand. This method 
is relatively imprecise and restricts the options to 
vary the pattern of the fibers. 

There is automated technology to braid fibers into 
cylinder-shaped forms. The quality of materials 
produced in this manner is stable and can be easily 
monitored. However, this technology lacks flexibi-
lity, because the number of fibers per layer is the 
same throughout the material. That means the site 
where maximum strength is required determines 
the overall fiber density. As a result, some parts 
are actually stronger and therefore heavier than is 
strictly necessary. NLR’s robot technology allows 
fiber density to be optimized. The robot can place 
strips of fiber in varying patterns, allowing some 
areas to be reinforced with additional fibers.

Only robots are capable of placing carbon fibers with the required precision. They ensure that strength is 

added in places where it is required most.

Using this technology, we manufactured a num-
ber of cylinders that vary in strength from place 
to place. A cylindrical shape is ideal, because the 
robot can easily wind the fibers around it. More-
over, many aircraft components have a more or less 
cylindrical shape. If the shape is carefully designed, 
it can be used to produce doors and hatches, among 
other things. 

NLR also developed computer simulations that can 
be used to ascertain which fiber pattern can best 
withstand the forces exerted on the component. 
This ensures that the desired strength can be ap-
plied wherever it is required. This computer pro-
gram is still under development and will ultimately 
be suitable for complex geometries, such as double-
curved surfaces.

Tailored Composite StructuresSmart Moulds

NIVR

A new resin injection method 

has put an end to unpredictable 

variations in the manufacture 

of composite aircraft 

components. This ensures that 

the requirements of the aviation 

industry can be better met.

SMART RESIN INJECTION

In recent years, resin injection has become increasingly important in 
the manufacture of composite aircraft components. Composite fibers 
are impregnated with resin under high pressure, producing lightweight 
but highly durable components. But because injection is usually done 
by hand, the quality of the components varies. NLR has now deve-
loped smart moulds that automatically regulate the injection process, 
ensuring that quality levels are more stable and easier to monitor. 

In the past, NLR used these materials and methods to produce lan-
ding gear components for the F-16 and NH90 military helicopter. In 
military aircraft, weight is a key factor in operational performance. 
But the civil aviation industry has also discovered the benefits of these 
materials, which make aircraft lighter, allowing them to carry more 
payload. The new Airbus A350, for instance, will also feature carbon-
reinforced composite components. Other areas of application include 
ship building.

Air bubbles are a major problem when it comes to injecting resin.  
During the process, air may be trapped in the composite material, 
resulting in cavities that may go unnoticed. A computer simulation of 
the resin flow is used to set process parameters in advance, but inclu-
sions often result from slight variations that are difficult to predict. 
NLR researchers have now automated the resin injection process, 
ensuring far more consistent quality levels. Sensors in the mould are 
used to detect any air that may be trapped. These sensors are placed in 
the most inaccessible corners and in places where resin flows converge, 
monitoring the process in the mould, which can now be followed live 
on screen. The computer uses the sensor data to automatically shut off 
the resin flow at precisely the right moment.

The smart injection mould has been built into the automated injection 
machine previously designed by NLR. This technology, developed in 
close cooperation with Stork, is important to industry, because stable 
quality levels make it easier to certify components for application in 
aircraft. This makes impregnated composites a more viable alternative 
for aircraft designers, with obvious advantages for manufacturers of 
high-tech materials in the Netherlands.



MOBILITY

An endless stream of goods and people passes to, 

from and through the Netherlands each day – also via 

airports. Ours is an accessible country. But accessibility 

is easily endangered and demands constant attention. 

For instance, by studying efficient landing procedures 

and accurate positioning systems. 

Landing more efficiently, 
silently and punctually

Cheaper, more precise 
aircraft tracking

Comfort on board

Special landing 
procedures for rotorcraft

MOBILIT Y
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The approach and landing of aircraft has long been 
managed by air traffic controllers at airports. But 
could pilots approach and land more efficiently, 
silently and punctually if they were given greater 
control over these procedures?

Every aircraft’s position, altitude, orientation and 
speed is determined by the aircraft itself. This in-
formation is transmitted to air traffic control via a 
wireless data link, but can also be broadcast to air-
craft in the vicinity. This system, called Automatic 
Dependent Surveillance – Broadcast (ADS-B), has 
already been installed in various aircraft. A couple 
of years from now, this system will transmit flight 
data to air traffic controllers on the ground, who 
can use it to supplement radar data. In the more 
distant future, aircraft in the direct vicinity will 
also be able to receive this information. A second 
system has also been taken into operation. The 
Airborne Separation Assistance System (ASAS) 
uses flight data from other aircraft to ascertain and 
maintain separation distances or intervals.

NLR studied the application of ASAS and ADS-B 
during approach and landing. In March 2006, two 
NLR laboratory aircraft covered a 80-kilometer 

New technology to exchange flight data enables pilots to more precisely ascertain and maintain  

separation distances between their aircraft. This system enables pilots to land more efficiently,  

silently and punctually.

LANDING MORE EFFICIENTLY, SILENTLY AND PUNCTUALLY

MOBILITY
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Wide-Area Multilateration

CHEAPER, MORE PRECISE AIRCRAFT TRACKING

Wide-Area Multilateration allows aircraft to be tracked more precisely, and at lower costs. 

NLR is working on its introduction.

Congestion is mounting in European airspace. To 
utilize the available space more efficiently, Euro-
control has joined hands with air traffic control 
authorities in ECAC member states to ensure more 
precise tracking of aircraft. Wide-Area Multilatera-
tion (WAM) presents an attractive means to achieve 
this objective. It is cheap, precise, robust, widely 
deployable, and imposes no additional burden on 
the radio spectrum. The latter feature is important, 
because existing surveillance technology, such as 
radio beacons, radar and transponders, have laid 
claim to a large proportion of the available capacity. 

Multilateration systems make use of ground-based 
receivers that register signals transmitted by exi-
sting surveillance systems. If an aircraft is within 
range of four receivers, the system can accurately 
ascertain its position and altitude, based on the dif-
ferences in time at which the signals are received. 
The further the aircraft is from the receiver, the 
longer the signal will take to arrive.

Multilateration is already being applied on a small 
scale around various European airports. The 
technology is undergoing rapid development and 
can now be used to cover much larger areas. That  
means aircraft can also be tracked en route and as 

they approach the airport. The added value of WAM 
systems is that they are only half as expensive as  
radar systems, and maintenance costs are lower. Their 
precision increases safety levels in countries like the 
Netherlands, where flight density is high, and their 
flexibility is a major benefit in mountainous regions. 

In 2005, Eurocontrol commissioned NLR to  
research the feasibility of these WAM systems. And 
in 2006, NLR was commissioned to assess how 
these systems could be integrated with existing 
surveillance systems used by European air traffic 
control bodies. Both of these studies were conduc-
ted in cooperation with Netherlands-based HITT 
Traffic and UK-based Roke Manor Research.

WAM systems can be combined with other surveil-
lance systems, such as radar and satellite naviga-
tion. The different signals are then used to produce 
a single position reading, which appears on the air 
traffic controller’s screen. The signals are combined 
with the aid of a tracker program. ATM Surveil-
lance Tracker and Server (ARTAS) is a commonly 
used tracker system in Europe. NLR has develo-
ped a “tracker core” for ARTAS. We assessed how  
ARTAS should be adapted so that it could also pro-
cess data from WAM systems. 

route several times, maintaining a set separation 
distance. The route was covered at various altitudes 
and speeds, and included various types of turns. 
Each test ended with a landing. Both aircraft were 
equipped with the ADS-B and ASAS systems. 

During two test days at Groningen Airport, the 
two aircraft flew the same route ten times. The 
second aircraft was able to accurately maintain 
the required separation distance from the leading 
aircraft. The deviation was less than two seconds. 
And the ADS-B and ASAS systems performed as 
expected during approach and landing.

The test results for the ADS-B and ASAS systems 
are especially promising in terms of ensuring more 
silent landings. This would, for instance, allow 
more aircraft to land at Schiphol during the day, 
without increasing noise levels. At present, aircraft 
descend in steps, as directed by air traffic control-
lers at Schiphol. However, a stepped descent requi-
res more power and generates more noise nuisance 
than a continuous descent. 
 

MOBILITY
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Optimum landing procedures 
for helicopters

MOBILITY
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The European Union

FACE

SPECIAL LANDING PROCEDURES FOR ROTORCRAFT

NLR is developing special landing procedures for helicopters and tilt-rotor aircraft. 

These procedures will not only help decongest standard approach paths for aircraft at 

airports, but will also reduce noise impact and ensure greater comfort for passengers. 

Airports will be handling more and more rotorcraft 
in the future. Airports can increase their capacity 
for this category of air traffic by developing special 
landing approach procedures. Helicopters current-
ly approach on standard flight paths, but because 
they fly at lower speeds, they will hold up other 
fixed-wing air traffic. Specific landing procedures 
for helicopters, via alternative routes that take their 
maneuverability and steep descent capabilities into 
account, would create space for other aircraft and 
reduce impact on the surrounding area.

Owing to their steep descent capabilities, rotorcraft 
can remain at higher altitudes as they approach. 
This reduces noise impact on the ground. Moreover, 
a steep descent is more comfortable for passengers. 
Existing approach paths see aircraft descending at a 
gradient of around 3°. This causes annoying vibra-
tions onboard, as the rotor blades cut through their 
own wake, which also increases noise levels.

The number of tilt-rotor aircraft, in particular, 
is expected to increase sharply. These rotorcraft, 
which take off and land like helicopters, but fly 
like fixed-wing aircraft, are ideal for shorter flights 
of up to 500 kilometers. They can land directly 
on a platform. With the aid of satellite navigation 

systems – supported by a Ground-Based Augmenta-
tion System (GBAS) that transmits corrective signals 
– landings can be executed without the Instrument 
Landing Systems (ILS) for conventional runways. 
This greatly increases operational freedom.

NLR conducted an extended series of simulations 
in 2006, to ascertain which criteria the alternative 
approach procedures would have to meet. The 
operational burden on the pilot should be kept to a  
minimum and the approach path should be followed 
with great precision to avoid hindrance to other air 
traffic. A number of test and civilian pilots “flew” 
NLR’s Helicopter Pilot Station (HPS) and carried 
out a number of landing procedures. This included 
descent gradients of up to 10° and various different 
turns in the landing phase. Throughout these pro-
cedures, deviations from the flight path as well as 
pilot workload were precisely registered.

This study of helicopter flight procedures will con-
tinue in 2007. The simulations will be extended to 
include and assess communications with air traffic 
control and interaction with other air traffic at a 
typical busy mainport like Schiphol.

COMFORT ON BOARD

Low noise levels and good air conditioning are two factors that contribute to comfort aboard aircraft. NLR 

conducted measurements and data analyses ensuring that these factors are better taken into account 

during aircraft design.

Passenger comfort is largely determined by the 
level of engine noise perceived in the cabin. Air 
conditioning is also a key factor for comfort.  Both 
of these factors were studied in the EU project 
FACE (Friendly Aircraft Cabin Environment). A 
consortium of 30 European institutes and compa-
nies is participating in FACE, measuring and ana-
lyzing factors to ensure that new aircraft designs 
take better account of passenger comfort. Another 
key factor is the use of composites in airframe 
construction, because these new materials have dif-
ferent acoustic characteristics.

NLR developed a computer model than can accura-
tely predict acoustic transmission through the fuse-
lage shell. To validate this model, NLR conducted 
acoustic measurements on panels in its reverberati-
on chamber. Speaker units generate a diffuse sound 
field in the reverberation chamber. On the other 
side of the panel, a sound intensity probe (with two 
microphones) measures the intensity of the sound 
transmitted through the panel. Measurements were 
also conducted on a fuselage segment of a business 
jet. Noise was generated inside the fuselage and 
measured roundabout on the outside, using an  
array of 64 microphones that could be moved along 
the length of the barrel to take readings across a 
representative section of the outer shell.

NLR also modeled the onboard air conditioning 
process. The air circulation was calculated for a 
section of the aircraft corresponding to the length 
of a single row of seats. Fresh air was supplied 
through the air-conditioning nozzles and sucked 
out through floor-level ducts at the sides of the 
cabin. A thermoregulation model of the human 
body was applied to calculate the mutual effect of 
passengers and cabin environment. Body warmth 
causes an upward flow of air around the legs. This 
flow absorbs warmth and moisture. Breathing 
also introduces warmth and moisture into the 
cabin environment. Passenger comfort is not only  
determined by onboard temperature, but also by 
the temperature gradient along the body, humidity, 
air flows, cold radiating from the outer shell of the 
aircraft, and direct sunlight shining through the 
windows.

The European Union
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Independent study 
of Reykjavik Airport

Second opinion on 
Zurich plans

Safely integrating 
UAVs into airspace

Conflict detection at 
airports

Automatic test system for 
fuel management system

SAFETY

The aviation industry has strict safety regulations. 

You could fill an entire library with the international 

codes for aircraft. And rightly so, passengers should 

feel safe on board.

SAFETY
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Reykjavik Airport

SECOND OPINION ON ZURICH PLANS

NLR was asked to evaluate new route and runway designs for Zurich Airport. A fresh and independent eye 

helps to ensure greater safety.

an experienced air traffic controller and an expe-
rienced NLR pilot, who carefully studied each 
of the scenarios, considering them from various 
perspectives to pinpoint possible complications. 
Unanticipated risks were identified in this man-
ner, and we put forward various recommendations 
to reduce these risks. The study, rounded off in 
November, helped improve the designs for the 
19 scenarios, and offered better insight into their 
respective safety features. The scenarios were  
presented in Switzerland in early December. It is 
now up to the authorities to select the best one.

Zurich Airport is a hot issue in Switzerland. The 
airport handled 19 million passengers and 270,000 
flights in 2006, and – as is the case at Schiphol –  
projected growth has raised questions regarding 
capacity, the environment, and safety. NLR was 
asked to offer a second opinion on the safety risks 
relating to a wide variety of development scenarios 
outlined for the airport. Many of these plans fea-
tured extended or new runways.

It is impossible for designers of new route and run-
way combinations to identify all of the hidden risks 
in their own designs. A fresh eye and independent 
perspective therefore makes a valuable contribution 
to safety. One aspect of NLR’s analysis involved 
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Zurich Airport

INDEPENDENT STUDY OF REYKJAVIK AIRPORT

Airport development often fuels public and political controversy. In 2006, NLR was commissioned to 

conduct an independent study of Reykjavik Airport in Iceland.

Reykjavik Airport is situated between the Icelandic 
capital and the sea. Because the city needs new buil-
ding land, the municipal council has for many years 
been urging the airport to downsize. In fact, one of 
Reykjavik’s prime suburbs has already been built 
near one of the runways. However, this regional 
airport serves an important purpose in a country 
where domestic air travel is essential due to the lack 
of roads. The Icelandic government therefore wants 
to retain the airport. In December 2005, NLR was 
approached to shed light on this controversy, which 
has dragged on for the past 20 years. NLR has 
gained extensive experience in this field, assisting 
Schiphol and numerous other European airports. 
The question we had to answer was: in which com-
pact form does Reykjavik Airport have a future? 
NLR sought an answer together with NACO, a 
Dutch consultancy specialized in airport design.

In early 2006, we began compiling an inven-
tory of facts and standpoints via brainstorming  
sessions and interviews. A subsequent analysis of 
geographical and climatological data allowed us to 
weed out the less feasible ideas. For instance, we 
concluded that the airport would have no chance 
of survival if it had only one runway. Because  
Reykjavik Airport is often buffeted by strong winds 

from constantly changing directions, the airport 
would frequently be forced to suspend operations.
NLR assessed the different interests surrounding 
Reykjavik Airport, which serves as an alternate 
airport when flights are diverted from Keflavik 
Airport, Iceland’s international airport, located  
55 kilometers from the capital. If Reykjavik Air-
port were to be closed, this would increase opera-
ting costs for local international airline Icelandair,  
because its aircraft would have to carry extra fuel. 
Furthermore, Reykjavik Airport offers a great 
many job opportunities. 

NLR produced around 30 different designs for 
runway systems, many of which had runways that 
were either partly or entirely located at sea. For 
each design, NLR calculated availability under 
different wind conditions, as well as the risks and 
noise impact for the city. Based on this first report, 
a selection was made by NLR in consultation with 
an Icelandic steering group. Four options were cho-
sen and further elaborated, with NLR producing 
sound contours and external risk analyses, while 
NACO detailed the airport layout, with terminals 
and taxiways. This allowed assessment of the eco-
nomics of each plan, as well as the spatial benefits 
for the city, and a comparison of risks.
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OUTCAST 

Netherlands Ministry of Defense 

SAFELY INTEGRATING UAVS INTO AIRSPACE

NLR developed a detect-and-avoid demonstration system for unmanned aerial vehicles (UAVs), allowing 

them to be safely integrated into airspace.

34

UAVs serve a wide range of military and civilian 
purposes. Military UAVs can be deployed for ope-
rations that are too risky or lengthy for manned 
aircraft, while useful civilian applications include 
the inspection of pipelines, environmental and 
coastal surveillance, and the detection of wildfires. 

At present, UAVs have only limited access to air-
space, owing to safety restrictions. More specifi-
cally, they are only allowed to fly in areas where 
there is little or no other air traffic. This will remain 
an obstacle for the broader deployment of UAVs in 
future. The ultimate aim is to safely integrate UAVs 
into airspace, allowing them to operate alongside 
other air traffic.

NLR is working on a detect-and-avoid system for 
UAVs, to ensure that they can operate safely among 
other air traffic. We are seeking a technological 
solution that should be feasible as early as the year 
2010. The primary objective is to develop insight 
into the safe integration of mid-sized UAVs (about 
the size of a business jet) into airspace at an altitude 
of between 5 and 10 kilometers. The production 
of an industrial prototype of the system will 
take a lot longer.

However, NLR did develop a demonstration  
system in 2006, which was subjected to operational 
tests. This detect-and-avoid system combined two 
existing systems: the Traffic alert and Collision 
Avoidance System (TCAS), commonly used in civil 
aviation, and the optical and infrared camera sy-
stem that is a standard feature of UAVs.

TCAS helps pilots prevent collisions with other  
aircraft, independent of air traffic control. TCAS 
transmits radio signals that are received by other  
aircraft in 
the vicinity. 
These 
aircraft 
send back 
a radio signal via a radar transponder. 
In effect, an aircraft equipped 

with TCAS “probes” its surroundings to assess 
which aircraft are nearby, and where they are. As of 
2008, new regulations will prescribe that all aircraft 
must be equipped with a transponder. These regula-
tions will apply for a large proportion of airspace.

The UAV’s optical and infrared cameras are nor-
mally used to conduct the inspections for which the 
unmanned aircraft is designed. The basic idea is to 
use these same sensors to scan surrounding airspace 
for other aircraft, and not just monitor the ground.

NLR copied a section of a UAV ground station, and 
installed  it in the rear 

section 
of the 

TUD/
NLR’s laboratory aircraft Cessna

Citation. In addition, an optical and 

infrared camera system for UAVs was installed in 
the nose of the aircraft. This test rig was qualified, 
so that the laboratory aircraft met all airworthiness 
requirements. This meant Cessna Citation could 
be flown like an unmanned aircraft, although there 
was a pilot on board.

The first tests were positive. Together, TCAS and 
the UAV’s visual control system could detect air-
craft in the vicinity more quickly than the pilots 
could.

The demonstration system was fully developed in 
2006. A second flight test is scheduled to take place 
in 2007. This test will assess how well the Cessna 
Citation (in UAV format) is able to detect and avoid 
three different types of aircraft. Namely, the small 
Pilatus PC7, the mid-sized Fokker 60, and the  
super-fast F-16 jet fighter.
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NH90 Fuel Management Test
 System (FTS)

Autoflug GmbH / Heli-One Components BV

AUTOMATIC TEST SYSTEM FOR FUEL MANAGEMENT SYSTEM

NLR developed a system that automatically runs a full test of the fuel management system of the NH90 

transport helicopter.

37NLR Annual Report 2006

A helicopter’s fuel management system is a lot more 
complicated than a simple meter indicating how 
much fuel is left. The reason being that the fuel 
shifts each time the helicopter moves. The fuel is 
divided across various tanks that are connected by 
an advanced pump and valve system. An intelligent 
fuel management system is required to ensure that 
fuel supply runs smoothly.

The new NH90 transport helicopter has a fuel 
management system consisting of three parts. The 
Cockpit Fuel Panel (CFP) provides the pilot with 
fuel data; the External Fuel Panel (EFP) provides 
data for ground personnel refueling the helicopter; 
and the Fuel Management Controller (FMC) auto-
matically controls fuel supply, coordinating pump 
and valve activity. 

In 2006, NLR developed a test system for the 
NH90 that automatically runs a full test of the fuel  
management system and compiles a test report. To 
do so, the test system simulates the environment of 
the fuel management system, including fuel-level 
sensors, pumps, and valves. Autoflug GmbH uses 
the system to test all sections of the fuel manage-
ment system. The test system is also used to conduct  
acceptance tests for three different sections of the 
fuel management system. In this way, the test sy-
stem supports the production of CFPs and EFPs by 
the Dutch company Heli-One Components BV.

Development was rounded off in 2006 and the 
system has now been taken into operation, to full 
satisfaction. The automation of these tests saves a 
lot of time and money. Whereas manual testing of a 
single FMC took around 90 minutes,  the automatic 
system can run a test in just 30 minutes. 
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CONFLICT DETECTION AT AIRPORTS

NLR used its ATC tower simulator to conduct real-time simulations of conflict detection for departing and 

arriving aircraft at Milan’s Malpensa Airport.

At an airport, each runway is closely monitored 
from the tower by its own runway controller, who 
has the important task of preventing collisions.  
Meanwhile, ground controllers monitor the taxiways 
from the tower. Surveillance takes place visually and 
by radar.

A European research project is currently assessing 
various issues for airports in Paris, Prague, Milan 
and Toulouse: How can surveillance of runways and 
taxiways be improved? How can conflict be averted 
on these runways? And can more aircraft land, take 
off and taxi, without jeopardizing safety standards.

Some airports have begun tracking aircraft by means 
of a multilateration system on top of their surface 
movement radar (see also page 27). For air traffic 
controllers, the main advantage of multilateration 
is that aircraft can transmit their identity as well 
as other data, such as their type code, altitude and 
speed. This allows the aircraft’s radar plot and other 
information to be automatically linked with the  
relevant flight information.

Simulations conducted by NLR in 2006 revealed 
that the automatic coupling of the radar plot with 
flight data helps to offer a good overview of the 
traffic situation. Air traffic controllers were more 
swiftly alerted to possible conflicts, especially 
when visibility was poor. The combined data also 
gives ground controllers greater certainty, allowing 
them to guide more aircraft over taxiways during a 
given period of time.

The real-time simulations in NLR’s ATC tower 
simulator were performed for Malpensa Air-
port in Milan, Italy. They were part of a broader  
European research project on advanced airport 
technologies, which is being headed by our  
German counterpart DLR. At Malpensa, aircraft 
taxiing to and from the gate often have to cross  
runways that are in use. In low visibility conditions, 
at night or in bad weather, this can be very dange-
rous. One of the objectives of the simulations was 
to assess when exactly a warning or alarm should 
be given if a conflict is imminent on the runway 
system.



ENVIRONMENT

With 16 million people inhabiting a mere 35,000 

square kilometers, the Netherlands is one of the 

most densely populated countries in the world. It is 

therefore hardly surprising that we are among the 

frontrunners in the development of environmental 

policy. This is exemplified by the balanced allocation 

of runways at Schiphol and the reliable measurement 

of aircraft emissions.

Choosing the right 
runway

Islands of Silence

Pinpointing engine 
noise sources

Measuring aircraft 
exhaust emissions

ENVIRONMENT
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The Netherlands Society for Nature and Environment 

Runway Allocation Advice System
for Basel

French Air Traffic Control (DNSA)

CHOOSING THE RIGHT RUNWAY

When choosing a runway, air traffic controllers take into account technical as well as social factors. A  

Runway Allocation Advice System helps them make difficult decisions. Schiphol already has such a  

system, which is now set to be implemented at Basel Airport.

Basel Airport is located on French soil, close to the 
Swiss and German borders. Surrounding communi-
ties in three countries have a say in fair distribution 
of noise impact and risks. This makes runway allo-
cation a complex business for the air traffic control 
supervisor, requiring a decision that takes both 
technical factors and political requirements into  
account. From mid-2007, Basel will begin using one 
of its runways in both directions. The airport wants 
to implement a Runway Allocation Advice System 
to simplify this process and make choices more 
transparent. In 2006, a feasibility study was conduc-
ted by NLR, which is the only institute in the world 
that has experience in this field, having developed a 
system of this kind for Schiphol Airport.

Wind, visibility, maintenance activity and availabi-
lity of instrument landing systems are all factors that 
determine the choice of runway. Air traffic control-
lers prefer to use runways where taxiing times are 
shortest. Schiphol is the first airport in the world that 
also takes into account noise restrictions and their 
distribution across the surrounding communities. 

ISLANDS OF SILENCE

Silence is scarce in the Netherlands. There is always a murmur in the background, and aircraft pass over 

nature reserves too. Research has revealed that things could be quieter.

The Netherlands Society for Nature and Environ-
ment (Stichting Natuur en Milieu) has designated 
several areas where silence is important for the 
well-being and enjoyment of the natural environ-
ment. NLR conducted a study of air traffic over 
two of these areas: the Northern and Southern  
Veluwe. The study aimed to establish the exact 
routes followed by aircraft and the resulting noise 
impact on the ground. This was the first time air-
craft noise impact was assessed in areas located at 
great distances from the airport.

Air traffic was charted with the aid of radar data, 
which revealed that many flights pass over the Ve-
luwe. During peak periods, the flyover frequency is 
as high as one aircraft per minute. Half of this traf-
fic originates from Schiphol. Outside peak periods, 
however, traffic to and from Schiphol constitutes a 
minority.

NLR also calculated noise impact originating from 
Schiphol traffic by collating radar data with in-
formation about aircraft types. However, existing 

noise impact models have certain limitations. They 
are designed for areas in the immediate vicinity 
of airports, where aircraft fly at lower altitudes. 
Further from the airport, impact is not only spread 
over a larger area, but wind and atmospheric con-
ditions play an important role. Consequently, exi-
sting models only allowed us to approximate noise 
impact. Our estimates for the Veluwe indicated that 
noise levels in excess of 55 dB(A) do occur, with 
aircraft noise clearly discernible in many places.

Radar data also indicate that certain measures 
could ensure greater silence. Certain parts of the 
Veluwe could become quieter if the traffic were 
clustered along the northern and southern reaches 
of the nature reserve. This would have far-reaching 
consequences for air traffic, because aircraft speeds 
and separation distances would have to be more 
uniform than they are now. This would also result 
in greater noise impact in areas where flights are 
clustered. In short, silence in the Netherlands en-
tails difficult decisions.

Schiphol’s Runway Allocation Advice System col-
lates all available data and requirements to produce 
one clear recommendation. Runway use is evalu-
ated every month, and preferential runway use is 
adjusted, if necessary, to ensure equal distribution 
of flights across different runways.

The system’s graphic display offers the air traffic 
control supervisor a good overview of alternatives, 
for instance if the wind is gaining strength. If he 
decides to ignore the system’s recommendation, 
he is asked to motivate his decision. This ensures 
transparency on the reasoning underlying all choi-
ces.

In the spring of 2006, air traffic controllers from 
Basel Airport visited NLR and Schiphol to see the 
system in action. Communities surrounding Basel 
Airport were consulted to give them a say in runway 
allocation. NLR subsequently developed a demo 
version of the Runway Allocation Advice System 
for Basel. NLR will implement a fully operational 
system in Basel in 2007.
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Noise measurement inside an engine

Rolls-Royce

There is a growing need for more silent aircraft engines. At the request 

of Rolls-Royce, NLR used new technology to pinpoint the origin of 

noise in a jet engine inlet. 

Aircraft noise is a hot issue around most airports. Manufacturers 
therefore invest extensively in the development of more silent aircraft 
engines. Studies to pinpoint the source of noise are a key aspect of 
the development process. In recent years, NLR has contributed by 
measuring noise with the aid of microphones placed in the engine. 

In 2006, tests were conducted at the Rolls-Royce facilities, using a 
circular array of 100 miniature microphones installed in a scale model 
of an aircraft engine. The microphones were used to measure and map 
out oscillations and shockwaves along the engine walls. This study 
offered designers a great deal of useful information on how specific 
tones originate in engine noise. In the past, measurements could only 
be taken outside the engine.

By making subtle adjustments to the engine design, many unwan-
ted peaks could be removed from the acoustic spectrum, making 
the engines more silent. The remaining noise is largely determined 
by the sonorous background noise of the engine, particularly at low 
revolutions. This noise is caused by the rotor and stator blades. In 
2006, NLR managed for the first time to pinpoint the exact location 
of hotspots on the blades, by probing deep within the engine using a 
circular microphone array. This technique was used several years ago 
to study noise emanating from wind turbines.

By calculating phase differences between the 100 microphones, the 
shape of the sound waves emanating from the depths of the engine 
inlet can be ascertained. The mapping of acoustic contours allows the 
noise source to be located with great precision. This technique, which 

MEASURING AIRCRAFT EXHAUST EMISSIONS

Little is known about the exact composition of aircraft emissions. NLR joined forces with several partners 

to develop technology that can measure emissions swiftly and reliably. 

The exhaust emissions of engines are never measu-
red during the lifespan of an aircraft. This is hardly 
surprising considering how difficult it is to conduct 
such measurements. Manufacturers only measure 
engine emissions during the certification process. 
The engine is allowed to run at various speeds, and 
a gas sampling probe is used to collect samples of 
exhaust emissions. However, this form of measure-
ment affects flow patterns and is therefore inaccu-
rate. Inhomogeneities in the gas flow go unnoticed, 
while these localized variations are a key factor in 
the formation of NOx emissions and other pollu-
tants. It is also unknown whether an engine’s emis-
sions deviate from factory specifications during the 
course of its lifespan.

NLR studied two measurement methods that 
do not affect gas flow while assessing composi-
tion. This study was conducted in cooperation 
with engine manufacturer Snecma, the Clausthal  
University of Technology (Germany), and our  
German and French counterparts, DLR and 
ONERA. The team also included Norsk Elektro 
Optikk of Norway, which intends to market this 
technology.

This team set about testing the methods, which are 
based on laser technology and infrared spectro-
scopy. This allows gas composition to be ascertained 
at a distance. When a laser beam passes through 

the gas flow, different types of molecules absorb 
and scatter the light in different ways. The com-
position of the gas is ascertained via spectroscopic 
measurements of this absorption and scattering. By 
using ultra-short laser pulses, lasting no more than 
several picoseconds, the exact location of the gas 
molecules can be pinpointed. However, these ultra-
short pulses do complicate measurement, because 
the concentration of pollutants in a gas flow may 
be very low. The measurement methods were tested 
on the ground, using an NLR laboratory aircraft. 
The scattering method we developed also allows 
inflight measurements to be conducted, but this has 
yet to be tested.

To ascertain the exact quantity of emissions, it 
is necessary to determine the total mass of the 
gas flow. This may be deduced from the speed at 
which the gas flows. We therefore also studied and  
developed several optical techniques to measure 
this gas flow speed.

This international research program demonstra-
ted that it is possible to accurately measure low 
concentrations of pollutants in exhaust emissions. 
To conduct routine measurements, the measuring 
range of the sensors will have to be extended so that 
a wider variety of substances in emissions can be 
measured.

PINPOINTING ENGINE NOISE SOURCES
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requires highly precise registration and processing 
of noise data, also allows accurate and simul-
taneous mapping of acoustic contours for 
the stator, which is stationary, 
as well as the rotor, which 
turns at 5,000 rpm. 
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DEFENSE & 
PEACEKEEPING MISSIONS

Times are changing – and this certainly applies for the 

Dutch armed forces. More often than not, Dutch troops 

operate far beyond NATO territory, in Afghanistan 

and Iraq. These peacekeeping missions impose new 

demands on personnel, but also on their equipment.

Extensive data exchange 
during operations

Improved fatigue life 
assessment capability 
for F-16

Tactical fighter simulation

Safe desert landing

DEFENSE & 
PEACEKEEPING MISSIONS
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EXTENSIVE DATA EXCHANGE DURING OPERATIONS

ICT is becoming an increasingly important factor in military operations. Personnel in the air and on the 

ground must have the best possible overview of the situation. Interoperability is therefore an important 

field of defense research.

Military operations are now also digital operations. Data flows have become a decisive factor in the safety 
and success of missions. During airborne operations, the pilot and aircraft are in contact with operations 
control and with troops on the ground. Data and information are exchanged to ensure that all personnel 
are optimally informed of the position of their own units and threats from the air or ground. The Dutch 
defense force is protecting military convoys in Afghanistan with F-16s. Pilots are supplied with positioning 
data to ensure that they do not shoot at friendly vehicles. The digital exchange of data also plays a key role 
before and after operations, during logistics and mission planning, as well as evaluation. Interoperability 
will be a keyword in the years ahead.

The Dutch defense force is building integrated mobile networks that will merge data flows and  
process them in a structured manner. In 2006, NLR was involved in various levels of interoperability  
research, from operational to strategic. The key question was which architecture, networks, protocols  
and standards the defense force should adopt. A prerequisite was that all units of the defense force should 
be able to communicate with each other. The data links used by the air force, army and navy have to  
be interconnected, so that a combined operational overview can be compiled during joint operations.  
Furthermore, the selected protocols should also be suitable for international exchange, because the  

Netherlands is also involved in various peacekeeping coalitions with defense forces from other countries.

Fortunately, NLR has the broad strategic and practical expertise to offer 
recommendations on technical choices of this kind. In 2006, NLR 
provided techni- cal support for mission planning with Apache 
helicopters  during an international operation. We also 
researched how F-16 pilots in Afghanistan could be provided 
with an onboard satellite phone.

AELEV-MIL

IMPROVED FATIGUE LIFE ASSESSMENT CAPABILITY FOR F-16

NLR has developed a procedure to efficiently predict the loads acting on the structure of on an F-16 during 

a mission. This will allow the aircraft’s remaining life to be more accurately determined.

The fatigue life of an F-16 fighter jet is largely 
determined by the manner in which the aircraft is 
deployed. A straight-line flight from A to B is far 
less strenuous than a mission involving numerous 
changes in direction, altitude and speed. To assess 
the fatigue life of an aircraft and to ascertain how 
often it should be inspected, the loads acting on the 
aircraft structure must be determined as accurately 
as possible from mission data. This information is 
vital in terms of costs as well as safety.

NLR carried out a three-year project to develop a 
calculation method, based on simulations, to effi-
ciently predict the loads acting on the structure of 
an F-16 during a mission. The outcome can be used 
to assess how future deployment will affect the 
anticipated fatigue life of the aircraft. The methods 
underlying the procedure are complex, because the 
structural loads are affected by many parameters. 
Apart from mission details such as altitude, speed 
and acceleration, the calculation model must take 
into account factors such as fuel weight, the distri-
bution and weight of stores carried, and turbulence. 
There are several hundred different stores configu-
rations for the aircraft, each results in a different 
loading characteristic on the aircraft structure.

The aim of the project was to demonstrate that the 
general calculation method worked. If the method 
is satisfactory for one configuration, it will also be 
satisfactory for other configurations. NLR carried 
out thousands of calculations representing various 
load cases for the selected configuration. Each of 
these is based on specific variables for altitude, 

speed, acceleration, fuel weight, etc. The results of 
all these calculations are stored in a large database.

The loads acting on the aircraft structure during 
any mission can now be calculated with the aid 
of this database. To do so, each mission is divided 
into sub-phases. The information in the database 
is then used to reconstruct the loads on the aircraft 
structure during that sub-phase of the mission. The 
sequence of stresses occurring during each of these 
sub-phases is input for fatigue analyses. During the 
course of the project, NLR also improved the un-
derlying calculation models for the airloads and for 
assessing loads anywhere on the aircraft structure.

The computed loads were successfully validated 
against measured data recorded during F-16 mis-
sions. In future, the database can be easily extended 
with other combinations of mission parameters.

The project was completed at the end of 2006. The 
most important finding was that the new loads 
prediction method for fatigue life assessment is 
accurate. Prior to this project, NLR was able to 
accurately determine crack propagation under spe-
cific loading conditions, but was unable to assess 
how future deployment of the aircraft might affect 
crack propagation and hence the fatigue life of the 
aircraft. In future, this newly developed method 
of fatigue life calculation can be used to assess in 
advance what effect various types of deployment 
will have on the fatigue life of an F-16. The method 
can also be used for activities regarding fatigue life 
management of the whole F-16 fleet.

 Netherlands Ministry of Defense 
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Fighter Four-Ship

TACTICAL FIGHTER SIMULATION

Fighter Four-Ship simulates the combined tactical operations of two or four fighter aircraft. This platform 

constitutes an important extension and improvement of NLR’s research facilities.

During military operations, jet fighters usually 
operate in teams of two or four. Group operations 
of this kind have tactical advantages. These teams 
often form part of a larger airborne operation in-
volving other aircraft.

NLR already had its GFORCE simulator, which 
replicates the real cockpit and operational features 
of a single F-16 fighter. Since the 1990s, NLR has 
been using GFORCE and other NLR simulators to  
simulate combined operations with multiple fighter  
aircraft. The new Fighter Four-Ship platform  
refines things further, integrating four fighter  
simulators into a dedicated research platform. This 
allows even closer scrutiny of operational teamwork 
between pilots, with a view to improving tactical 
team training. The new platform is mobile, flexible, 
easy to maintain, and therefore cost-effective.

Imagine four F-16s operating a joint mission.  
Having arrived at the target area they split into 
two teams that must cooperate effectively. This is 

Certification of Helmet-Mounted
 Display

Netherlands Ministry of Defense 

SAFE DESERT LANDING

NLR supported the Royal Netherlands Air Force (RNLAF) by improving the Helmet-

Mounted Display used by helicopter pilots, ensuring that they can land safely 

when the rotor kicks up desert sand.

Clouds of desert sand are just one example of situations in which 
helicopter pilots are faced with poor visibility. Under these 
unfavorable conditions, there is greater risk that a 
pilot will inaccurately assess true speed and acce-
leration on landing. He must therefore consult 
his cockpit dials more frequently, which adds 
to his workload. This raised the question as to 
whether technology might be developed that 
would allow pilots to land more 
safely and reduce workload when 
visibility is poor. 

Seeking to optimally equip its pilots, 
RNLAF purchased helmet-mounted displays for 
all its Cougar helicopters. The key feature of a Helmet-
Mounted Display is a transparent lens that is mounted on 
the pilot’s helmet or night-vision goggles. When visibility 
is poor, the pilot can flip the lens into place, in front of his 
right eye. The lens displays key flight data that also appear 
on the cockpit instruments. The standard display also fea-
tures several parameters that give the helicopter’s position 
in relation to the ground. The lens allows the pilot to keep  
his eyes on the outside world longer, reducing workload and 
increasing safety margins.

But what is the best way to present the required data? At the behest 
of RNLAF, NLR conducted tests with two helicopter pilots, assesing 
different ways to present the information on the Helmet-Mounted  
Displays. The idea was to use a moving arrow to indicate speed as well as acceleration. 
The initial position of the arrow indicates the helicopter’s speed in relation to the ground, 
while the length of the arrow indicates acceleration in relation to the ground – the longer the 
arrow, the greater the acceleration. The length of the arrow for each acceleration is a question 
of choice.

The challenge was to scale the arrow – and its dynamics during acceleration – in such a way that the pilot 
could gain optimum benefit from the information conveyed. Simulator tests proved that the arrow helped 
pilots land their helicopter more safely. The next step is to test the displays in practice.

one of the many scenarios that can be studied with 
Fighter Four-Ship. The new platform can simulate 
an entire mission, including planning, briefing, and 
debriefing. And, with a few adjustments, it can also 
be used to simulate other aircraft, such as the F-35 
Lightning II (JSF).

Fighter Four-Ship consists of the four cockpit 
seats, each placed before a large projection screen. 
The pilots use a touch screen to operate the virtual 
aircraft via the same instruments they would use in 
their real fighter. Take off, flight and landing in any 
given tactical environment can be simulated.

Fighter Four-Ship is a research platform, not a 
training facility. Its purpose is to answer questions: 
How can pilots best be trained for various tactical 
operations? And how does the interconnection of 
simulators affect the realism of the simulation itself? 
The first research projects have been launched in 
cooperation with the Dutch Ministry of Defense.

DEFENSE & PEACEKEEPING MISSIONS DEFENSE & PEACEKEEPING MISSIONS

Commissioned by



Testing gas turbine seals

Getting to grips 
with Galileo

Cooperating to design 
aircraft more efficiently

The overture to 
Geo Valley

INNOVATION

Fundamental research is the basic substrate for 

technological development. The more we know, the 

better the technology we develop – more economical, 

lighter, safer, and more eco-friendly.

INNOVATION
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Seal Test Rig

Pratt & Whitney / Sulzer Metco Turbine Components

Verification and validation Galileo

The European Union / ESA

NLR’s facility for testing dynamic seals in gas turbines is now fully 

operational. The test rig is capable of running at maximum revoluti-

ons and maximum temperature.

In 2006, NLR improved its new facility for testing gas turbine seals. 
The test conditions now fully replicate the actual conditions in turbine 
engines. This means manufacturers can test their seals under realistic 
conditions, to improve the efficiency of their gas turbines. 

The better the dynamic seal, the less air leakage, ensuring improved  
engine efficiency. Turbine manufacturers are working on new  
geometries and concepts to improve seal performance. Owing to 
the complex flow patterns in an engine, seals have to be tested under  
realistic circumstances. NLR’s Seal Test Rig can test dynamic seals 
at pressures up to 24 bar, temperatures up to 760°C, and speeds of 
up to 1,315 km/h. Owing to this combination of factors, it is a major  
challenge to design a suitable test rig. Initially, thermal and mechanical 
expansion resulted in destabilization of the rig, causing vibrations and 
restricting rotational speed. The rotor design was therefore adjusted 
in such a way that rotational speed could be increased.

At present, the test rig is being used to study labyrinth seals; a classic 
concept that has been used for decades. In future, the test rig will be 
modified to allow the testing of brush seals and other varieties. With 
seals of this kind, geometric design and material characteristics are 
key factors.

NLR’s Seal Test Rig is the only one of its kind in the world. The faci-
lity was designed and constructed in close cooperation with industry, 
with a view to developing and validating innovative seals.

GETTING TO GRIPS WITH GALILEO

NLR aims to play a key leading role in developing applications for  

satellite navigation. We have gained fundamental and practical  

insight from a series of verification and validation projects for the  

European satellite system Galileo.

As of 2011, Europe aims to have its own satellite navigation system. 
Galileo is set to be more modern, accurate and reliable than the Ame-
rican system GPS, providing a basis for many new navigation applica-
tions for government, industry and the general public. NLR aims to 
be closely involved in the verification and validation of Galileo, so that 
it can help manufacturers  develop reliable applications. Thanks to its  
testing activities for Galileo, NLR will know exactly what the new 
navigation system has to offer in terms of services, features and  
capabilities. In the coming years, navigation systems will play an in-
creasingly important role in logistics. Reliable systems based on satel-
lite navigation are an integral part of new air traffic control concepts,  
such as “Free Flight,” but also for traffic on roads (road pricing),  
waterways and railways. NLR is teaming up with national and  
European partners to develop and implement an independent system  
to monitor Galileo’s performance. NLR will be able to use this  
system, together with its growing expertise on Galileo, to offer  
independent advice in the event of disputes.

In 2005, the European Space Agency (ESA) launched GIOVE-A, the 
first test satellite for Galileo. NLR receives the signals transmitted by 
GIOVE-A. GIOVE-B will follow during the course of 2007. In recent 
years, NLR was involved in testing Galileo’s predecessor, EGNOS, 
and in 2006 we formulated plans for testing the first Galileo receivers.  
These will be built by French-based Thales Navigation for testing 
purposes. NLR will be testing them extensively in 2008, aboard a car, 
a train, and an aircraft, among other things. Owing to the Doppler 
Effect, Galileo’s satellite signal is different when received in a train 
or aircraft, than when it is received by a stationary unit. NLR is also 
involved in the development of the Galileo ground stations. We sup-
ply testing equipment for vital system elements, including the Mis-
sion Uplink and Control Facility, which is being developed by Thales 
Alenia Space. This facility coordinates the information flows between 
the different ground stations and the 30 Galileo satellites. NLR is also 
testing the Precise Timing Facility, which handles the highly critical 
time registration for Galileo, and the Message Generation Facility, 
which compiles the messages distributed by the Galileo satellites.

NLR is partnered with TNO, Logica CMG and Dutch Space in the 
Netherlands Navigation Usage Initiative, which aims to establish a 
Galileo User Center to support the development of satellite navigation 
applications.

TESTING GAS TURBINE SEALS
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Vivace

The European Union

INNOVATION
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COOPERATING TO DESIGN 
AIRCRAFT MORE EFFICIENTLY

More than sixty different companies are parti- 
cipating in the EU-research project VIVACE (Value  
Improvement through a Virtual Aeronautical  
Collaborative Enterprise) project. NLR is par-
ticipating in a sub-project involving engine 
construction. During a trial project in October 
2006, NLR joined Rolls-Royce (Germany), Volvo 
Aircraft (Sweden), Avio (Italy), MTU (Germany) 
and several other partners in jointly designing an  
engine component. The trial saw designers in various 
parts of Europe making use of the same design data.  
Together they improved the lifespan of a disk in the 
high-pressure section of an engine turbine. MTU 
conducted an aerodynamic analysis using its own 
software, while Rolls-Royce and NLR analyzed 
mechanical features, working at two different sites. 
All of the participants had direct access to each 
other’s results, which enabled them to immediately 
start work on design improvements.

The main advantage of this approach is that no data 
have to be exchanged manually. Everyone works on 
the same design, which means there is no confusion 
when changes are made. Also, the context of all  
calculations is immediately clear. To achieve this, 
the participants had to give each other remote ac-
cess to their computer systems and digital tools. 
This is a rather sensitive issue, because today’s 
partner could be tomorrow’s rival. Within  
VIVACE, special technology ensures that access 
is properly managed, so that other information is 

not divulged. Special applications were developed 
that offer access straight through firewalls, without 
jeopardizing computer security. These applications 
were approved by security experts at all of the par-
ticipating companies.

A special polling technique was used to make ab-
solutely sure that no other restricted information 
is divulged. The guest user is only supplied with 
the data requested. All other data remain within the 
central security perimeter. This means the company 
divulging data has full control over the process.

The advantage of this approach is that an exchange 
of documents is only required if extensive chan-
ges are made. This speeds up the implementation 
of minor improvements. This also allows smaller, 
specialized suppliers to gain easier access to coo-
perative ventures, without excessive overheads 
ensuing from formal agreements. This is especially 
important for the Netherlands, which has many 
of these smaller, specialized companies. This new 
technology enables them to play an integral part in 
engine design or in the development of other air-
craft components.

Via NLR, various Dutch companies are now par-
ticipating in VIVACE, including Stork Fokker 
AESP, Eldim, ADSE, Nedtech, and several others. 
In this way, NLR ensures that innovations ensuing 
from the program are applied in Dutch industry.

Geomatics Business Park

THE OVERTURE TO GEO VALLEY

The Geomatics Business Park is developing into a Geo Valley; a key European center for the production, 

analysis and supply of geo-information.

In April 2006, the renovated Geomatics Business 
Park (GBP) near Marknesse in Flevoland was 
reopened. In recent years, the GBP has doubled 
in size, boasting 20 companies and more than  
120 FTEs. The central, shared facilities had to be 
extended and general renovations were required. 
Around 2,500 m2 of office space were added, as well 
as 800 m2 of archive space, a new convention area, 
and an auditorium for 150 people. 

GBP was established in 2000 on the initiative of 
NLR. At the park, small and medium-sized com-
panies work in partnership with NLR to develop 
and apply expertise on earth observation. Together, 
NLR and GBP are evolving into a commercial 
service center, where clients such as government 
bodies can obtain strategically important geo- 
information. This cooperative venture has now been 
joined by WL Delft Hydraulics and the scientific 
institute TNO. GBP is supported by the Ministry 
of Economic Affairs, the Province of Flevoland, 
and the Noordoostpolder Municipality. One of 
our key clients is the Ministry of Transport, Public 
Works & Water Management and its inspectorates.

As it grows and develops, the park will become a 
Geo Valley; a key European center for the produc-
tion, analysis and supply of geo-information. Earth 
observation images contribute to better manage-
ment of our living environment. Satellite images 

and aerial photos can, for instance, be used to ana-
lyze air and water quality and support agricultural 
and water management.

A study conducted by the U.S. Department of 
Employment in 2004 concluded that geomatics – as 
well as biotechnology and nanotechnology – are 
important growth sectors. It is estimated that, as 
GBP evolves into a Geo Valley, the workforce will 
increase to 250 FTEs. One of the challenges for the 
coming years is to make potential clients aware of 
what GBP has to offer.

A successful project undertaken by several com-
panies at GBP involved the monitoring of water 
plants. This is an important aspect of water quality 
management. Water plants can be a hindrance for 
water sports enthusiasts as well as shipping. It is 
therefore handy to map out where water plants 
are located and how they spread. For instance, the 
project monitors where blue algae contamination is 
likely to occur, and in which direction it is likely to 
spread. In the past, this process was monitored by 
inspecting the water using boats. The pilot project 
revealed that these inspections can be conducted 
more efficiently with the aid of aerial photos and 
satellite images. Owing to the success of this pro-
ject, the client is considering adopting this form of 
monitoring as its standard.
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Companies are never keen to share 

their design tools. However, a broad 

European project has succeeded in 

establishing a new and intensive 

mode of cooperation between 

companies.
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Chapter 2: 

PEOPLE,
FACTS & 
FIGURES
This chapter features a series of portraits of NLR 

personnel, in which they discuss their working 

ambitions and motivations. You will also find 

information on NLR’s organizational structure 

and on the composition of our workforce and 

Supervisory Board. The chapter ends with a 

summary of our financial results for 2006.
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NLR personnel
“RESEARCH IS TEAMWORK AROUND HERE”
Ludmila ‘t Hoen-Velterop, R&D engineer – Structures Technology

 
I studied geology. My doctoral thesis in Delft was on the segregation of metal alloys. If you look at an 
alloy through a microscope, you see a complex structure containing all sorts of inclusions. It’s an exciting 
challenge to work out how that structure relates to material characteristics. What should a material look 
like inside to ensure that it is strong and not brittle? That makes for interesting research. NLR gives me all 
the freedom to do just that.

But NLR also gives me direction. You always know what you’re working for. And you do things together: 
research is teamwork around here. That certainly wasn’t the case in Delft, where I did everything on my 
own. I now cooperate closely with technicians and laboratory staff. They
conduct part of my research for me. I enjoy the interpersonal contact. 
I tell them what I want to know, and get them involved in my quest.
I learn a lot from them, and it’s fun for them to know what they’re 
working on. I’m sure it’s an incentive to do even better.

We start by looking at things together. We discuss the best 
approach. After that, they phone me if they run into any-
thing unexpected. And when the results are in, I usually 
say: ‘That’s interesting!’ or ‘That’s a surprise!’ Then we 
discuss things, and they give me their opinion. Thanks to 
their expertise, I’m able to combine a wide range of research 
methods. An airline wanted to know whether a specific  
deposit on a tail section was corrosion. We took a fragment out 
of the plating, mounted it in plastic, and sawed it open. We 
examined the cut surface with our optical microscope, 
and then used our electron microscope to study the 
details. Finally, we used a method called EDX  
to ascertain the chemical composition of the 
deposit. That way you get very concrete 
answers.

Portraits of
“I WANT MORE ENGINEERS WHO CAN FLY”
Christophe Hermans, manager – Helicopters & Aeroacoustics

I need people who know what it feels like to fly a helicopter. If you expect test pilots to push the edge of the 
envelope, you need practical experience as well as theoretical insight. What’s it like to make an approach in 
turbulent conditions? That’s why I urge staff at the helicopter technology unit to take up flying, if they’re 
keen on the idea. In some instances, NLR is prepared to pay for lessons and will help finance some of the 
costs and time involved in maintaining flight experience. People are enthusiastic and are prepared to devote 
a great deal of their private time as well.

And those who don’t do their own flying can gain experience in our helicopter simulator. That’s quite 
exciting, especially for new staff. I think it’s important to challenge staff. I tend to couple new staff with 
older hands, and I always try to assign people to projects where they can develop their expertise in areas 
that interest them most. You shouldn’t try to force them into a straitjacket. Enthusiastic people are more 
productive. It also makes it a lot easier to ask them to do jobs that are less fun or challenging now and 
then.

We attracted all sorts of challenging projects from Korea in 2006. We’ll be doing test flights – far away in 
Asia – in 2007. The preparations are in full swing, and everyone is enthusiastic. One of our experienced 
staff spent months breaking the ice for these projects. Internally, we managed to convince NLR that these 
things take time in Asia, and that it is important to develop a solid local network. Our patience paid off, 
resulting in two major commissions for NLR after the summer – and one very proud and satisfied team. 
What a great moment that was!
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“THEY DON’T LOOK OVER YOUR SHOULDER HERE”
Rombout Wever, safety adviser and accident analyst – Air Transport Safety Institute 

 
This is not the kind of place where people look over your shoulder constantly. They generally expect you 
to work based on your own initiative and insight. They give you the freedom you need to do research. 
When I’m preparing a test flight, I go and consult our pilots. What speed? What altitude? What are the  
possibilities and what are the dangers? You learn fast that way. Once I’ve worked out a test flight at 
my desk, it’s very satisfying to sit aboard the aircraft and see the immediate results of my work. That’s  
important to me: I need to see what I’m working for.

I don’t see myself working for a telecom or IT company. That wouldn’t allow me to feed my fascination 
for a wide range of topics. The broad scope at NLR really suits me. I do more technical projects, but also 
project management and market reconnaissance. We work with customers in the Netherlands, but also 
elsewhere in Europe and America. I’m at liberty to say which projects I like and don’t like. For instance, 
flight data analysis is something I don’t like. But I am very interested in accident investigation. And my 
preferences are taken into account.

I’ve been interested in air crashes from an early age. I’m intrigued by that puzzle with all those pieces: 
the technology, the role played by air traffic control, the pilot, weather conditions, procedures and rules. 
Almost every accident has a technical and a human aspect. NLR has offered me an opportunity to become 
an accident analyst. Out in the field, in my boots and white suit – that really appeals to me, however 
strange that may sound.

NLR personnelPortraits of
“I THROW THEM IN AT THE DEEP END”
Harm Slot, manager – Avionics Development & Qualification

I throw my people in at the deep end. That’s what happened to me when I joined NLR 26 years ago, and I 
learned a lot from it. At the time, a colleague and I developed and installed the instrumentation electronics 
for the low-speed wind tunnel in Flevoland. We later did the same for the Indonesian low-speed wind  
tunnel, as part of a development cooperation project. Those were great days. We had almost absolute 
freedom and the challenges were massive. Under those circumstances, you discover that you’re capable of 
more than you ever imagined.

My department consists of 30 people. We develop avionics – electronics 
for aerospace systems – that have to work under all circumstances. 

You have to be very critical to do this job. You need to ask the right 
questions. And you have to be pragmatic. I have no use for people 

who need supervision day in and day out. If there’s a problem, they 
usually solve it together. And if a deadline is looming, it’s a question 

of shut up and get on with it. My people tend to develop solid ties 
with customers, which means they don’t want to disappoint them.

 I have faith in those 30 people. Of course you’ll find perspiration on 
my forehead at times, but it always works out in the end. They 

have my trust and I support their ambitions. One of my 
staff wanted to get ahead. He had completed 

higher vocational training, but wanted to 
graduate from university. So we drafted a 
development plan and NLR gave him the 

financial support to complete his study. Which 
means I now have an academic with extensive 

practical experience. And it’s spreading like 
wildfire – several other colleagues now want 
to pursue their studies. There are numerous 

projects we are proud of. We developed elec-
tronics for the International Space Station 

and for the Sloshat research satellite. We’re 
heading an EU project on lighting strike on 

aircraft. Perhaps we should celebrate our 
milestones more often. But I suppose that’s 

not really our thing. In electronics, we’re 
more inclined to say: act normal, that’s 

strange enough.
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II) NLR STAFF ON DECEMBER 31, 2006

Number of staff

(total = 688)

Academic level of staff

(excluding DNW)

Gender division

(excluding DNW)

Age breakdown

(excluding DNW)

FTEs breakdown

(excluding DNW)

I) ORGANIZATIONAL STRUCTURE

Avionics Development & Qualification

Flight Test Systems & Applications

Avionics Systems

Military Operations Research

Space

Air Transport Safety Institute

Air Traffic Management & Airports

Air Traffic Systems Technology

Training, Human Factors & 
Cockpit Operations

Environment & Policy Support

Gas Turbines & Structural Integrity

Flight Physics & Loads

Helicopters & Aeroacoustics

Collaborative Engineering Systems

Structures Technology

Engineering & Technical Services

Structures Testing & Evaluation

Aerospace Systems 
& Applications

Air Transport

Aerospace Vehicles

German-Dutch 
Wind Tunnels

NLR

DNW

[WO]
Master degree

[HBO]
Bachelor degree 

Other

MEN

WOMEN

AGE RANGE
 20 - 29
 30 - 39
 40 - 49
 50 - 59
 60 - 64

DIVISIONS  
 Aerospace Systems & Applications
 Air Transport
 Aerospace Vehicles
 Support Services
 Board of Directors & Support Staff

Board of Directors Strategy & Policy

Personnel & Organisation

Other Staff & 
Supporting Services
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III) THE SUPERVISORY BOARD ON DECEMBER 31, 2006

Drs. A. Kraaijeveld 

Drs. A. de Ruiter

Prof.dr.ir. M.P.C. Weijnen

Ir. C.A.M. de Koning

Mr. A. Schot R.A.

Mr. P.M. van der Struis SBN (ret.)

• Chairman

6 (8%)
19

(24%)
17

(22%)
36

(46%)
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0
76

20
(26%)

56
(74%)

IV) FINANCIAL DATA

Turnover in 2006

Breakdown across sectors

Civil Aviation Civil & Military 
Aircraft 

Development

Military 
Aviation

Space 
Technology

(in millions of euros)

* Excluding  € 2.1 million investment contribution

Turnover in 
2006

Government   
 contribution*

Contracts

(in millions of euros)

6 (8%)
20

(26%)
17

(22%)
33

(44%)

National Aerospace Laboratory NLR

Anthony Fokkerweg 2
1059 CM Amsterdam
P.O. Box 90502
1006 BM Amsterdam
The Netherlands

Telephone:  +31 (0)20 511 31 13
Fax:   +31 (0)20 511 32 10

www.nlr.nl

ADDITIONAL INFORMATION

Please contact NLR Corporate Communication

Frank Vos (left)
External Communication
dfvos@nlr.nl
+31 (0)20 511 31 33

Jolanda van Santen (middle)
Public Relations
vansanten@nlr.nl
+31 (0)20 511 30 66

Raymond van der Meer (right)
Public Affairs & Corporate Communication
rhmeer@nlr.nl
+31 (0)20 511 30 26

WHAT IS NLR?

• The National Aerospace Laboratory (NLR) is the 

key center of expertise for aerospace technology 

in the Netherlands;

• NLR employs around 700 people, including 299 

with a Master degree and 136 with a Bachelor 

degree;

• NLR’s facilities include wind tunnels (for testing 

aircraft produced by Airbus, Lockheed Martin and 

others), simulators (for testing the safety of new 

flight procedures, among other things), and a 

laboratory aircraft;

• NLR’s revenue amount to € 76 million, with 

contracts accounting for € 56 million;

• 75% of our contract work is directly or indirectly 

government-funded.




