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1. EXECUTIVE SUMMARY

Air transport is an essential sector in the more and more globalized world meeting the needs
societies by giving means to connect markets and people. It has been continuously growing these las
years and it is expected to continue over the next 20 years.

The European aviation industry is currently world leading and contributes very positively tc
European economic welfare. To reinforce this position it is therefore vitally important to betoeadet
future major economical and societal challenges. Industrial competition is fierce and increasingy not or
from established regions but also from new and strong challengers. Protecting the environment and ensu
safety and security are other key challenges. Hence, the entire sector must irsguevi@itance in order
to maintain its global leadership and meet the needs of citizens. Top level objectives of European aviat
LQGXVWU\ DUH DGGUHVVHG LQ WKH YLVLFhQOGlREOARH%IQ&REh@J}C@rBJ K\
DOVR FRPH WRJHWKHU WR GHYHORS WKH 36WUDWHJILF 5HVHDU
Both these documents define the civil aviation policy in which the GARTEUR action is placed. At presen
the aeronautic community is involved in the process of the update of this SRIA.

Research, technology and innovation are essential catalysts for a competitive and sustainable fut
and efforts have to be pursued to remain effective. Aviation operates on long timescales for erptditati
technology and innovation both because of the complexity of the systems involved and because of
necessary safety requirements and certification processes. This leads to the need for a long term rese
plan to initiate research on new promising technologies in time.

Likewise, the European Military Aircraft Industrial base has been and is very strorgg\aamel Air
Power Systems are being taken into service as well as being upgraded. Many dirtbl¢ges developed
for these programmes have also been the basis for the successful commercial aircraft industry and o
industrial sectors. Conversely, technologies developed for civil aviation are more and more beneficial
military aviation.

The declining defence budgets mean that it is no longer economically viable to retain non-controll
redundant development capabilities in Europe. This necessitates a harmonised approach betw
Governments, their agencies, industry and research institutions, to enable European Governments to |
access to affordable European Air Power solutions, meeting future defence and security requiremel
Through various European collaboration projects and studies European countries are pavingdhéheay f
next generation of Future Air Systems (manned and unmanned).

More generally, the GARTEUR Council is a unique forum of R&T aeronautical experts from
relevant government ministries and research establishments. The Groups of Responsables (GoR),
scientific management bodies and think-tank of GARTEUR, are composed of representatives fro
government departments, national research establishments and industry.

! ACARE: Advisory Council for Aviation Research and innovation imdpe
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GARTEUR is the only framework for both civil and military R&T collaboration in Europe. It has
been working successfully for numerous projects over the past decades and has continuously adapted to
new challenges. This Annual Report includes a summary overview of GARTEUR projects (Action Group:
as well as new topics under consideration. The activities and projects of the Groups of Responsables
described in more detail in a separate report (GARTEUR X/D 52 - Annexes to the Annual Report 201"
These annexes, which can also be downloaded from the GARTEUR website, well demonstrate the ad
value of the cooperation to improve the technology base of the contributing actors.

Beyond that, GARTEUR can take advantage and stimulate R&T activities in the aeronautic:
framework programmes at both national and European levels. Several examples show that GARTE!
projects are often continued in more application-orientated EU-funded projects, complementing natior
R&T efforts.

Regarding the EU funded ERA-Net AirfNbroject, for which GARTEUR was the initiator, the
activities are now pursued in the AirTN NextGen project, which will end in September 2016. The AirTN
team has successfully established and maintained an extensive network of European aeronautics stakeh
groups that include ACARE and GARTEUR along with universities and research institutes.

The reports on national situations in aeronautics, in both civil and military domains, are presented
each GARTEUR Council meeting, reflect the changing situation and show that the Governments of t
GARTEUR countries are closely following and adapting to the developments described above. Over the p
years some of the GARTEUR countries have formulated new national strategy plans and R&T programm
These are made available at the GARTEUR website.

Members of the GARTEUR Council are involved with several other European organizations so th
GARTEUR Council meetings act as an effective forum for information exchange. Semntificior
technical managers from large aerospace companies are invited to give specific presentations at each Co
meeting to pursue contacts with the industry.

In the aeronautic community the development of autonomous vehicles and related technologies
well as the growth of cybersecurity technologies are becoming increasingly important toptbss Feason
a GoR on Aviation Security was created in 2014. The GARTEUR White Paper on AviatimitySepic,
which was published in 2015, outlines four initial topics of strong interest and acts as a guide for futu
research. The industrial partners who are involved in this field were invited in November 2015 to join tf
GoR discussions and activities.

France has been the GARTEUR Chair Country from January 2013 to December 2015 and has han
the GARTEUR Chairmanship over to the United Kingdom for 2016-2017.

Hervé Consigny
GARTEUR Council
Chairman
(2013-2015)

2 AirTN: Air Transport Net
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2. INTRODUCTION

The GARTEUR Annual Report 2015 has been prepared by the Executive Committee fof' the 6(
Council meeting held in Stockholm March 17-18, 2016.

The Report provides a summary of all the ongoing activities at scientific and technical levels as we
as at the management level, according to the Action Plan agreed by the Council in March 2015.

All matters directly connected to Council activities or decisions are addressed in the next chapter
GARTEUR Council.

Chapter 4 provides an overview of the European aeronautics RTD environment, within whic
GARTEUR nations continue to account for the vast majority of aeronautical activities.

The GARTEUR scientific and technical activities are summarised in Chapter 5, where ongoin
activities are presented as one page posters. More details about the scientific and technical aetivities
presented in a separate report prepared by the Groups of Responsables (GARTEUR X/D 52 - Annexes tc
Annual Report 2015). These annexes can also be downloaded from the GARTEUR website. Data :
statistics for GARTEUR activities are provided in the Appendices to this report.
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3. GARTEUR COUNCIL

3.1. Chairmanship and membership

Following the transfer of the GARTEUR Chairmanship from Sweden®odafuary 2013, France
chaied GARTEUR for a 3-year period ending on°@ecember 2015.

During this period Dr. Hervé Consigny was the Chairman of the Council, Dr. Olivier Vasseur the
Chairman of the Executive Committee (XC) and Mrs Anne-Laure Delot the GARTEUR Secretarfy, all
them being employed by ONERA, the French Aerospace Lab.

Several changes to the national delegations took place in 2015:

- in the Dutch DelegatiorM. van Weelderen (from the Ministry of Defence of The Netherlands
succeeded to T. de Lizas the Head of Delegatipn

- in the ltalian Delegation L. Paparone (CIRA) replaced M. Amato as the Executive Committe
representative for ltaly;

- in the Swedish Delegation A. Blom (from FOI and formealyvlember of the Swedish Delegation)
replaced G. Hult (FHS) as Head of Delegation, E. Bernhardsdotter (FMV) replaced B. Jonsson as
Executive Committee representative for Sweden, E. Lindegren (VINNOVA) succeeded tc
E. Lindencrona as a member of the Swedish Delegation and J. Stjernfalk (FMV) completed tt
Delegation;

- in the Delegation of the United Kingdom L. Barson (BIS) became the Head of Delegation (ir
replacement of R. Kingcombe who retired in September 2014), M. Scott (ATI) was appointed Executi\
Committee representative for the UK, S. Weeks and S. Pendry (both from ATI) being the other membe
of the British Delegation.

The composition of the GARTEUR Council at the end of December 2015 is presented in Figure 11
Appendix 1.

3.2. Meetings

3.2.1. General points

The GARTEUR Council met twice in 2015
- C58 meeting in Stockholm, Spain on 19-20 March 2015,
- C59 meeting in Sevilla, Spain on 19-20 November 2015.

The Council meetings followed the usual meeting agenda with the main focus on recurring agen
topics i.e. the GoR chairpersons report about the activities in the Action/Exploratory Groups onbtheir 3
years rolling plans and the XC Chairman reports about the status of ongoing and planned GARTEUR actit
with respect to the GARTEUR Action Plan.

Furthermore a meaningful point on the Council meeting agendas is the reports on the natior
situations in aeronautics, on both civil and military sidedditionally, members of the GARTEUR Council
are involvedin several other European organisations and hence the GARTEUR Council meetings act as
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effective forum for exchange of information. Several member countries have published strategy docume
on aeronautics, the public versions of which are included on the GARTEUR website.

6LQFH ODUFK 3R S Hhaye Baex prEpvset i @ agendas of the Council meetings sc
that Council members informally exchange opinions about current programs and questions arising in Eur
and brainstorm on how to further develop GARTEUR to be a good instrument for coordinated actions.
2015 Council members shared ideas on topics such as:
- How to run across the Valley of Death,
- Future EDA and EC projects in the field of defence or dual-use technologies,
- Place of GARTEUR in the evolution of the aerospace market,
- Critical technology in aerospace,
- Impact of Big Data revolution in the Aeronautics R&T community,
- Mid-Term Review of Horizon 2020.

The Executive Committee (XC) met twice in 2015:
- XC155 meeting in Bonn, Germany ofi Bebruary 2015,
- XC156 meeting in Cranfield, UK on 22September 2015.

In addition the Executive Committee held short meetings together with GoR chairpersons in tt
morning before the Council meetings.

The latest version of GARTEUR Basic documents is available on the GARTEUR website. The mo
recent alteration to the GARTEUR Basic documents was made at the Council meeting of November 2C
with the addition of the GoR on Aviation Security in the list of Groups of Responsables.

3.2.2. White Paper on Aviation Security: meetings with EC representatives & contacts with industry

Aviation Security represents a growing challenge to the aerospace industry (cf
$&$5( 65,9 &KDOOHQJH DQG DV VXFK D QHZ *$57(85 *URXS RI
was formed in March 2014 with the purpose of actively contributing ideas and developing technologies tt
will assist in making aviation more secure. This GoR has worked on analysing the field of aviation secur
and has identified important fields of research activities such as Cybersecurity, CBE (Chemicailcaiolog
and Explosive) detection, Dazzling and Malevolent use of RPAS, as described GARIEEUR White
Paper on Aviation Securifyublished in 2015.

Meetings with EC representatvesURP WKH 36HFXUH 6R FDRDG WAMEVan8 the JU I
S$YLDWLRQ 6HFDGQUNMOVE Bd¢pd hald ob ¥2October 2015 to inforrthe European Commission
about the GARTEUR initiative on Aviation Security and to get a better knowledge of the EC organizati
regarding 3Aviation Security. The meetings showed that security topics are scattered in several differen
European initiativesThe AS-GoR could take advantage of the knowledge of these different initiatives.

In November 2015 the GARTEUR Council sent an official letter to potential partners from
institutions and industrial companies to invite them to support and participate @raiye of Responsables
RQ 2$YLDWLR @ dhelérséierd Mitial topics outlined in tBARTEURWhite Paper on Aviation
Security This letter raised a significant interest and allowed to identify interested industrial partners that a
potential IPoCs for thAS-GoR. An AS-GoR meeting involving industrial partners will be organised at the
beginning of 2016.
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3.2.3. Contacts with EREA

In order to discuss and coordinate common strategy issues between EREA and GARTEUR t
GARTEUR Chairman was invited at the EREA Board meeting in December 2015. During that meetin
Hervé Consigny gave the EREA Board an overview of activities taking place in GARTEUR, tackling
research achievements in the fields of military aviation as well as purely civil aviation. He informexl on th
recently created GARTEUR Group of Responsables on Aviation Security and highlighted that GARTEU
prepared aVhite Paperon this matter. The GARTEUR Chairman pointed out that EREA and GARTEUR
could exchange on the Aviation Security topic. He added that the GARTEUR French Chairmangtip
end in December 2015 and that the next GARTEUR Chairmanship would be under UK responsibility. F
highlighted that specific presentations about GARTEUR were given during international conferences (AIA
SciTech 2014 and CEAS 2015) and that GARTEUR activities were quoted ACARREER RN O MW R (
years of Research & Innovation Success Stories

3.2.4. Contacts with industry

In order to strengthen the links with industry, top level representatives from aeronautical industrie
and interest groups are regularly invited to attend the Council meetings to give presentations on th
organisations and activities.

At the Council 58 meeting in Stockholm in March 2015, H. Runnemalm (Research DaeGtoN)
was invited to give a specific presentation about GKN, focusing on engine activities, from R&D, innovatio
up to market. During his presentation H. Runnemalm informed GARTEUR members about the GKl
Research and Innovation strategy and gave examples of novel technologies currently studied at Gt
innovative propulsion concepts (build of th& dpen rotor in CleanSky) and different types of additive
manufacturing techniques.

Additionally S. Andersson, Program Manager Future Combat Air System at SAAB, was irvited ¢
the Council 58 meetingV R JLYH D S UHVH @UWUDEVZarbet AR QysSteriARQJ THUP 6 W XG
his presentation S. Andersson gave an overview of the SAAB FCAS program and roadmap, before provid
information about the FCAS System-of-System and about the FCAS Work Breakdown Structure at
activities.

At the Council 59 meeting in Sevilla in November 2015, S. Calvo (Head of Development Flight Tes
department and Head of Acceptance and Delivery Flight Test department of Airbuswa&®)vited to
give a presentation on Airbus Defense & Space. In her presentation S. Calvo gave infoabnatiothe
RTD strategy of Airbus D&S and pointed out that activities were oriented towards mainstream and lov
TRLs technologies. Additionally she provided information on different Research & Developments topic
such as C295 firefighter, Green Regional Aircraft (GRA) cockpit demonstrator (participation of Airbus D&S
in Clean Sky with activities up to TRL 5), FT4B (Future Turboprop Transport Technological Test Bench
and the Collaboration program AERION.

Finally a visit of the A400M FAL (Final Assembly Line) was arranged in Sevilla at thefetit
Council 59 meeting.
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Figure 1 Visit of the A400M Final Assembly Line in Sevilla at the end of the Council 59 meeting.

3.2.5. European Commission

The Strategic Research and Innovation Agenda (SRIA) - a roadmap for aviation researc
development and innovation developed by ACARE - was published in 2012 (more in Chapter 4). Th
agenda was very useful to launch the Aviation Security initiative and to determine the prelimadsyme
this field.

On 20 October 2015 ACARE call for an update of the Strategic Research and Innovation Agenda
(SRIA) it published in 2012. The Target Date for tAéeglition of the SRIA is the 30 June 2017.

The budget line for3Aeronautics/Aviation L¥RQWDLQHG X Qréed land 6rireDrait&d
WUDQVSRUW™ ZLWKLQ 2+RUL]JRQ ’

3.2.6. Strategy discussions

At eachCouncil meeting the status for ongoing and planned GARTEUR actions with respect to th
GARTEUR Action Plans discussed. A specific time slot is systematically devoted to strategic discussion
with the aim to strengthen the role of GARTEUR projects within the European R&T environment.

A key asset of GARTEUR is its unique collaboration mechanism which can be used for both civ
and military, as well as for dual-use projects. Hence, this provides a straightforward mechanism to incre:
collaboration on dual use projects without introducing new procedures. Partners with either civil or militar
funding can therefore easily work together.

The Groups of Responsables (GoRs) are the key bodies for GARTEUR success. The enthusiasm
competence of GoOR members and GoR chairs are essential for the set up of new GARTEUR Action Grot
It is an important role for Council to facilitate and stimulate the process, which has been the focus of some
the 2015 GARTEUR activities.
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There is an increased focus on dual use in light of growing budget pressures. In this castext it

noted that GARTEUR projects are of different types:

1. Benchmarking of codes and methods;

2. Experimental data for validation of codes and criteria;

3. Initial studies of new technologies with potential for future applications in aeronautics. This type
of projects implies a potential special role for GARTEUR since lower TRL projects have
difficulties to fit within EU-FP projects as well as within applied military projects. Henarultic
be a good role for GARTEUR to make sure that these needed projects are performed.

3.3. External communication

The contacts and relations to other European fora are followed up at all GARTEUR Counc
meetings:
- in the field of civil aeronautics: contacts with EU, ACARE, EREA, JTI and AirTN NextGen;
- in the field of defence related organizations: contacts with EDA, ETAP, ASD, NATD/&nd
NATO/IST.

An overview of GARTEUR activities was presedtat the CEAS conference in Delft, The
Netherlands, in September 2016 (see paragraph 3.3.3 for details).

3.3.1. GARTEUR Website and archive

Concerning the GARTEUR websitewyw.garteur.ory) dedicated pages to the five Groups of
Responsables present information on the technical programme of each GoR, current Action and Explorat
Groups and a list of all issued GARTEUR Technical Reports. These pages are regulddy apdathe
AnnualReports from the GoRs are also included.

3*$57 (8 3pen” Technical Reports are available on the website after 3 years if not otherwise
specified by the Action Group.

Some national strategy documents on aeronautics are included or linked from the GARTEU
website.

Additional documents can be found on the GARTEUR website such as the GARTEUR brochur:
GARTEUR presentations given during conferences or special events (ICAS 2004, Aerodays 2011, 2C
AIAA SciTech conference, 2015 CEAS conference, etc) or links on specific websites dedicated to speci
GARTEUR Actions Groups.

3.3.2. AirTN NextGen

The AIrTN third phase started in December 2013 with the new EU project: AirTN NextGen.

The Air Transport Network, AirTN NextGen, a CSA (Coordination and Support Action) funded
under FP7, creates a platform of networking and communication between regional, national al
governmental organizations supporting research and innovation in the EU Member States and Associg
Countries to the EU Framework Program in the field of Aviation.

10
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The aim is to stimulate transnational cooperation in the aviation field for: RTD and innovation
research infrastructures related activities, education related activities.

Activities aiming at supporting transnational cooperation under H2020 and better understanding
the new ERA-NET instrument have been implemented. In this context, AirTN reports on the opportunitie
offered by the SME instrument and by the ERA-NET Cofund instrument, both under Horizon 2020, al
available orhttp://airtn.eu/programmes-calls/programniregurope/

The Research Infrastructures Catalog, established under AirTN FP7, has been updated with n
information gttp://airtn.eu/catalogues/research-facilifies/

3.3.3. GARTEUR papers and presentations at the CEAS 2015 Conference

The GARTEUR Council Chairman presented a paper at the CEAS 2015 conference in Delft, Tt
Netherlands, in September 2015, in a specific session dedicated to international collaboration. In |
presentation he provided an overview of collaboration in aeronautics between European countries
stimulated in GARTEUR and highlighted the fields of scientific and technical activities covered by the
different GoRs.

Three additional GARTEUR-related papers were presented at the CEAS 2015 conference:
- AD/AG-46 (Highly Integrated Subsonic Air Intakes) by T. Berens, AIRBUS Defense & Space,
Germany;
- HC/AG-16 (Rigid Body and Aeroelastic Rotorcraft-Pilot Coupling (RPPrediction Tools and Means
for Preventiof by O. Dieterich, Airbus Helicopter, Germany;
-  SM/AG-32 (Damage growth in composites) by A. Riccio, Seconda Universita degli Studi di Napoli.

11
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3.4. GARTEUR Certificates 2015

GARTEUR Certificates were in 2015 awarded to the following persons:

France
Mrs. Blanche Demaret HC-GoR Member, leavingh October 2015 ONERA
Mr. Elio Zoppitelli HC-GoR Member, leaving in 2015 Eurocopter Group
Dr. Patrick Ghemmi Chairman of AD/AG-48 ISL
Germany
Mr. Walter Zink SM-GoR Member, leaving in 2015 Airbus
Italy
Dr. Marcello Amato Executive Committee representative, leaving CIRA
March 2015
Mr. Lorenzo Notarnicola HC-GoR Chair, leaving 2015 CIRA
Eng. Umberto Mercurio SM-GoR Member, leaving 2015 CIRA
The Netherlands
Col dr. T.W.G. (Theo) de Laa Council member, leaving in October 2015 Ministry of Defence
of The Netherlands
Mr. Bimo Premata AD-GoR Member, leaving 2015 NLR
Mr. C.P. Groenendijk Chairman de SM/AG-33 NLR
Spain
Mr. José Maroto Sanchez SM-GoR Member, leaving in 2015 INTA
Sweden
Prof. Gunnar Hult Council member, leaving orf'Danuary 2015 FHS
Mr. Bjorn Jonsson Executive Committee representative, leaving FMV
1% January 2015
Dr. Eva Lindencrona Council member, leaving orf*Danuary 2015 VINNOVA
Mr. Fredrik Karlsson FM-GoR Member, leavingn October 2015 SAAB AB
Dr. Séren Nilsson SM-GoR Member, leaving in 2015 Swerea SICOMP

United Kingdom
Ms. Michelle Willows Chairperson of SM/AG-30 Imperial College

Table 1: GARTEUR Certificates 2015

12
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4. THE EUROPEAN AERONAUTICS RTD ENVIRONMENT

A short overview of the total European aeronautics RTD environment is presented in two sectiol
below, Civil Aeronautics and Military Aeronautics, respectively.

4.1. Civil aeronautics

For the past two decades civil aeronautics research and technology development (RTD) in Eurc
has been increasingly focused around the research performed within the European FramewaonknBsogra
jointly financed via EC. This has given a strong momentum to European collaboration and excellence
civil aeronautics RTD.

The Vision 2020 documehfrom 2001 and the follow on Strategic Research Agéd@902 and
2004) have been the foundation stones to direct and focus European RTD and collaboration for ci
aeronautics. Furthermore, in the past years national agendas and platforms aligned to the ACARE SRA
been developed in several member states, and European aeronautics has made greah progkess
together to reach the common goals.

$ QHZ YLVLRQ 3)OLOKWRSIHWK 9LVLRQ IRU $Y9idD MetoBa@s 2D i S L
Madrid. The follow up Strategic Resear&hlnnovation Agenda (SRIA) was publisHeith 2012 and the
(XURSHDQ )UDPHZRUN 3URJUDPPH 33mRAB]JRQ " ZDV SUHSDUHG

At the ACARE General Assembly at AerodagsOctober 2015 ACARE cal for an update the
Strategic Research Innovation Agenda (SRIA) in 2016. Additionally the preparation of the next European
JUDPHZRUN 3 URY Wib$Rartlh 2016.

4.1.1. Flightpath 2050 -( XURSHfV 9LVLRQ IRU $YLDWLRQ

7KH )OLJKWSDWK YLVLRQ DGGUHVVHYV WZR SDUDOOHO R
more efficient and environmentally friendly air transport; and secondly, to maintain global leadership fc
Europe in this sector with a competitive supply chain including large companies and small and medium s
enterprises.

The vision set out in this document stresses the need for an innovation friendly environment relyir
on strong, sustainable and coherent investment in research and innovation and enhanced governe
funding and financing structures. Research, technology and innovation are essential catalysts fol
competitive and sustainable future and Europe needs to start quickly in order to reach the goals for 2050.

% European Commission (2001) European Aeronadtic$ 9LVLRQ IRU OHHWLQJ VRFLHW\TKLGHH(
Report of the Group of Personalities.

* ACARE (2002) Strategic Research Agenda 1. Volume 1 and Volume 2.

®> ACARE (2004) Strategic Research Agenda 2. Volume 1 and Volume 2.

6 EuropeDQ &RPPLVVLRQ ODUFK - AORBKWE DM KLRQ IRU $YLDWLRQ™ 5HSRUW
Aviation Research.

" ACARE (2012) Strategic Research & Innovation Agenda (SRIA).
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This document setting out a European vision for the future of aviation emphasizes where tho
working in aviation see the priorities for the relevant policy, research and innovation instruments. It is
high-level vision of Europe leadership with a competitive aviation industry that is clean, competitive, sal
and secure.

To meet the ambitious goals set by Flightpath 2050, the Advisory Council for Aviation Research ar
Innovation in Europe (ACARE) developed a new Strategic Research and Innovation Agenda (SRIA).

The SRIA document is focused around five key challenges. For each of these challengestshe tarc
by 2050 and the key action areas are described. ACARE looks into the entire aviation seetanaetias
and air transport and includes Innovation in addition to research and the work to prepare the SRIA involv
all stakeholders.

4.1.2. Strategic Research and Innovation Agenda (SRIA)

The document serves as the guideline for civil RTD in Europe for years to come. Below is copied tf
SRIA recommendations and the five challenges with Targets by 2050 and the Key action areas.

SRIA RECOMMENDATIONS

To achieve the Flightpath 2050 goals for European Aviation, Europe must:

- Lead the development of an integrated resilient European air transport systerthat will meet the
mobility needs of European citizens as well as the market needs.

- Maintain global leadership for a sector that is highly advanced and anticipated to grow.

- Establish efficient and effective policy and regulatory frameworks which ensure a global lev
playing field and allow European industry to prosper and compete fairly under market condit
order tostimulate research, technology and innovation

- Put in place incentives, which are accompanieddmg-term programmes with continuity across
R&T efforts over many years This requires developing mechanisms that provide public s
investment both at European and national level, complemented by public/private partnerships.

- Champion sustainable growthso that noise and greenhouse gas emissions can be further redu
innovative, affordable, alternative energy sources can be developed.

- ODLQWDLQ WKH VHFWRU§Q GV H QDEOW MRFONXWHRRYGWR LQFRL
LQT WR IXWXUH GHVLJQV

- Provide long term thinking to develop state of the art infrastructure, integrated platforms for full-
demonstration and meet the critical need for a qualified and skilled workforce for today and the f
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4.1.2.1. Challenge 1: Meeting societal and market needs
Targets by 2050
- European citizens are able to make informed mobility choices.
- 90% of travellers within Europe are able to complete their journey,tdatwer within 4 hours.
- A coherent ground infrastructure is developed.
- Flights land within 1 minute of the planned arrival time.
- An air traffic management system is in place that provides a range of services to handle at leashZkgmitl a
year of all types of vehicles.

Key action areas

The following enablers are needed to achieve the goals:

1. Design of a customer-centric intermodal transportation system: including, foplexaknowing future
customer profiles and expectations as well as market and societal opportunities ataheeckctors,
identifying the benefits and implementation issues of new mobility system condegign of the total
transport system architecture, mobility performance assessment and forecast as welovative
infrastructure planning methodologies.

2. Travel process management: to provide the customer a single ticket foritegoemhey as well as travel
information capable of delivering robust, relevant, complete and unbiased travel cloieeabd during a
journey. This will also involve enhancing crisis management to mitigaterihects of serious disruption
by providing customers with a robust management and recovery mechanism as weléamgrtheir
rights and interests.

3. Integrated air transport: offering customers a vastly improved seamless travétregentegrating the
points of arrival and departure of all types of air vehicles with atimtes of transport, mitigating their
impact on their neighbours, strategic and tactical air traffic management andtisgppdiormation,
communication, navigation and surveillance infrastructure, and delivering systeltigence and
autonomy.

4.1.2.2. Challenge 2Maintaining and extending industrial leadership
Targets by 2050

- The whole European aviation industry is strongly competitive, delivers the best graddcservices worldwide
and has a share of more than 40% of its global market.

- Europe has retained leading edge design, manufacturing and system integratiortycapdhjtibs supported by
high profile, strategic, flagship projects and programmes which covewstibke innovation process from basic
research to full-scale demonstrators.

- Streamlined systems of engineering, design, manufacturing, certification and upgrade progessaddressed
complexity and significantly decreased development costs (including a 50% reduckiercost of certification).
A leading new generation of standards is created.

Key action areas

The following enablers are needed to achieve the goals:

1. Continuous development of new technologies, new vehicles and their demonstration and flight test.

2. Efficient development and manufacturing process featuring seamless integration of dadign
manufacturing capabilities.

A fair and balanced set of global regulations and standards to create a global level playing field.
Innovative business models, regulations and incentives to accelerate innovation.
Efficient certification of aviation products.

ogkw
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4.1.2.3. Challenge 3 Protecting the environment and the energy supply
Targets by 2050

- CO, emissions per passenger kilometer have been reduced by 753%mnSions by 90% and perceived noise by
65%, all relative to the year 2000.

- Aircraft movements are emission-free when taxiing.

- Air vehicles are designed and manufactured to be recyclable.

- Europe is established as a centre of excellence on sustainable alternative fuels, ittobsdirfigr aviation, based
on a strong European energy policy.

- Europe is at the forefront of atmospheric research and takes the lead imaforgnal prioritised environmental
action plan and establishes global environmental standards.

Key action areas

The following enablers are needed to achieve the goals:

1. Dynamic allocation of targets between stakeholders, permanent survey of reseatsharesukgularly
updated research priorities.

2. Extraordinary technological effort to define the air vehicles of the future.

3. Improved air operations and traffic management, achieved initially through the deplopimase of
SESAR, allowing for short/medium-term traffic growth in Europe.

4. Improved airport environment (including heliports) which, being at the hedheointermodal transport
system, must deliver a service that meets the needs of passengers while mitigatimgronmental
impact.

5. Availability of affordable, sustainable, alternative energy sources for eoaish aviation which will
depend on liquid hydrocarbons for at least several decades.

6. ODVWHULQJ DYLDWLRQYV FOLPDWH L RS pdawhg\WdeepbrCafalR/zis Of Rhé L
formation/dissipation of contrails and induced cirrus clouds and their contributigloltal warming to
evaluate the actual environmental impact of a given flight and to optimise dliginaitions according to
atmospheric conditions.

7. Incentives and regulations that create the right framework to promote environmgigtadlly behavior as
a part of business-as usual throughout all lifecycle phases from new aircrgift @ledidevelopment, over
the whole operational period, up to aircraft end-of-life.

4.1.2.4. Challenge 4 Ensuring safety and security
Targets by 2050
- Overall, the European Air Transport System has less than one accident per ten million coraimeedidlights.
- Weather and other environmental hazards are precisely evaluated and risks are properly mitigated.
- Air Transport operates seamlessly through interoperable and networked sy&ternmg ahanned and unmanned
air vehicles to safely operate in the same airspace.
- Efficient boarding and security measures allow seamless security for gloksl fassengers and cargo pass
through security controls without intrusion.
- Air vehicles are resilient by design to current and predicted on-board ahé-gmeund security threat evolution,
internally and externally to the aircraft.
- The Air Transport System has a fully secured global high bandwidth data nehaodened and resilient by
design to cyber-attacks.
Key action areas
Enablers covering the following aspects are detailed to achieve the goals:
1. Expectations by society for levels of safety and security, the associated burdehe ardd to provide
privacy and dignity.
2. Air vehicle operations and traffic management particularly relating to dibeats and the integration of
autonomous vehicles into airspace.
3. Design, manufacturing and certification to include safety and security at all stages.
4. Human factors accounting for re-alignment of responsibility and the balarzcisfon making between
the human and the machine.
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4.1.2.5. Challenge 5 Prioritising research, testing capabilities and education
Targets by 2050

- European research and innovation strategies are jointly defined by all stakeholdecsapdbprivate, and
implemented in a coordinated way with individual responsibility. This invotliescomplete innovation chain
from blue sky research up to technology demonstration.

- A network of multi-disciplinary technology clusters has been created based on coltabbettiveen industry,
universities and research institutes.

- Strategic European aerospace test, simulation and development facilities areetjemi#intained and further
developed. The ground and airborne validation and certification processes are integrated where appropriate.

- Students are attracted to careers in aviation. Courses offered by European Wswdosidly match the needs of
the Aviation Industry, its research establishments and administrations and evolmeiamty as those needs
develop. Lifelong and continuous education in aviation is the norm.

Key action areas

The following enablers are needed to achieve the goals:

1. Optimisation of the research and innovation lifecycle: encompassing the full Europationasector,
defining research roadmaps which cover all the successive steps of the innovation cycle.

2. Modern infrastructure: high quality R&D infrastructure as a fundamental pfllefficient high-technology
research, ranging from wind tunnels to experimental aircraft, all organized irwarkéor use by all
stakeholders.

3. A skilled workforce: possessing the quality, skills and motivation ta mheechallenges of the future; and
being supported by a harmonised and balanced approach covering the entire scope: frarg tatesdt
over primary and secondary education to apprenticeship, academia and life-long professional developme

4.1.3. Update of the Strategic Research and Innovation Agenda (SRIA) in 2016

In October 2015 ACARE cat for an update of the Strategic Resea&hnnovation Agenda
(SRIA) in 2016, following a general decision at the ACARE General Assembly at Aerodays 2015 and
follow-up meeting with the European Commission in January 2016.

In order to update both volume 1 & 2 of the SRIA, different sessions are planned in 2016.

The Target Date for thd@edition of the SRIA is the 30June 2017.

4.1.4. Horizon 2020

The current EU Framework Programme for Research and Innov&tiamed Horizon 2020.
It runs from 2014 to 202 ZLWK D WRWDO EXGJHW RI DURXQG % ELOC
research and innovation:

- Excellence in the science basdhe aimis WR VW UHQJW K H-Qla¥¥ ExdelledfeVin 2drebo® By
developing talent within Europe and attracting leading researchers to Europe.

- Creating industrial leadership and competitive frameworks to support and promote business research
innovation in key enabling technologies; services and emerging sectors with a strong focus on leverag
private sector investment in R&D; and, to address SME-specific problems.

-  7KH WKL UTacking RdeidtaP challengésvill respond directly to the challenges identified in EU's
growth strategy Europe 2020. It supports activities across the entire spectrum from research to market

As key new features of Horizon 2020 it is stated that for the first time EU funding for research an
for innovation is put together into a truly integrated programme. The aim is to get more impactdrgm e
euro spent, and to radically simplify the complex landscape of funding programmes that previowesly exist
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Implementations simplified and standardized, with simplification covering both funding schemes and rules
Key aspects include: a rationalized set of funding schemes, a single set of rules, earlier projeut start
major externalization. In Horizon 2020 Aeronautics and Aviation are found under Transport under a gene
K H D G&nad, §reen and integrated transportZ K L F Ktolbbd3t\the competitiveness of the European
transport industries.

4.2. Military aeronautics

The European Military Aircraft Industrial base has been and is very strong, and several Air Pow
Systems are being taken into service as well as being upgraded. Many of the technoleipgedidar
these programmes have also been the basis for the successful Commercial Aircraft industry and o
industrial sectors.

Through various European collaboration projects and studies European countries have been pay
the way for the next generation of Future Air Systems (manned and unmanned). But the sector is fragmel
and the situation can be described as that five major European aerospace companies are rogeuggadlyne
three competing combat aircraft programmes and the same will be true for drones if no Europesgrisstrateg
put in place.

It can be noted that there are a number'dfygneration fighter programmes underway in different
parts of the world (US: F22, F35/JSF; Russia: T50 PAK-FA; China: J-20, J-31), while in Europe a joir
planning for the next generation is lacking. This and new operational requirements imply new challenges
defence related aeronautical R&T in Europe.

The declining defence budgets and a change in military priorities mean that it is no longe
economically viable to retain a redundant development capability in Europe. This necessitates a harmoni
approach between Governments, their agencies, industry and research institutions, to enable Euroy
Governments to have access to affordable European Air Power solutions, meeting future defence :
security demands.

Over the past decades a number of initiatives for enhanced collaboration have been taken on
government side like the six-nation initiative of 1998, the European Technology Acquisition Programm
(ETAP) and the European Defence Agency (EDA).

4.2.1. Six-nation initiative (LOI)

A first example on the governmental side was the six-nation initiative of 1998 between Franct
*HUPDQ\ ,WDO\ 6SDLQ 6ZHGHQ DQG WKH 8QLWHG .LQVYG/DE ALV
co-operative fram@ RUN WR IDFLOLWDWH WKH UHVWUXFWXULQJ RI (XUR
all GARTEUR member nations except The Netherlands. It should be noted that this initiative was betwe
nations with strong capabilities in military aeronautics, which implies a joint potential to take initiatives
regarding military aeronautics.

4.2.2. European Technology Acquisition Programme (ETAP)

A resulting initiative out of the LOIl-agreement was the European Technology Acquisition
Programme (ETAP) established as an initiative to support the cooperative development of Future Com
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Air Systems (FCAS). Encompassing both Technology Development Programmes and Technolo
Demonstration Vehicles, the agreement started in November 2001 when the Ministers of Defence of the
nations signed a Memorandum of Understanding underlining the importance of preparing for future fight
systems.

(7$3 LQFOXGHV D 3*ORED @oyvwddrPstialWy Wi\ the RIQ to define critical
technologies for FCAS from a cost and capability perspective. LOI nations except UK participate.

4.2.3. European Defence Agency (EDA)

The European Defence Agency (EDA) was established under a Joint Action of the Council c
Ministers on the 1% July 2004, to support the Member States and the Council in their effort to improve
European defence capabilities in the field of crisis management and to sustain the European Security
Defence Policy (ESDP). EDA is composed of 27 participating Member States (all EU Member State
except Denmark).

4.2.4. JIP-RPAS: EDA Research & Technology Joint Investment Programme

The Joint Investment Programme on Remotely Piloted Aircraft Systems (JIP-RPAS) addresses |
challenges of RPAS traffic insertion in the general airspace. EDA works in close coordination with ESA ar
the EC to achieve initial safe integration of RPAS in the European air space by 2016.

Launched in June 2012, JIP-RPAS aims at addressing the interlinked challenges of techmiblogy ¢
regulation needed to ensure this integration, focusing on the enhancement of military capabilitieskThe
is strongly coordinated with the integrated roadmaps of the EC, namely the Regulatory Roadmap led
EASA, the R&D roadmap led by the SESAR-JU and the legal and societal roadmap led by the EC.

JIP-RPAS, an umbrella program of the EDA, was signed by ten member Biat&3H, UK, FR, IT,

PL, ES, CZ, SE, AT); all GARTEUR nations except The Netherlands are involved.

Three projects are conducted under this framework: MIDCAS, DeSIRE and ERA.

x MIDCAS (MID-air Collision Avoidance Systa)
The project on demonstrating the sense and avoid function for RPAS was launched in 2009 with
Member States: Sweden (lead nation), France, Germany, Italy and Spain wittOa ®dGJHW R|
million.
The aim is to contribute to RPAS integration in civilian airspace by proposing a basaoietmins for
Unmanned Aircraft System Mid-air Collision Avoidance Function acceptable by manned aviation.
MIDCAS successfully completed after 6 years, the next step being to transform the achievements i
regulations and standards for Europe.

x ERA (Enhanced RPAS Autonomy)
ERA is an RPAS Enabler by developing automation functions that drive RPAS behavior when air traff
control is involved.
The objective is to establish the technological baseline for automatic take-off and landing, autota:
nominal/degraded mode automation functions and emergency recovery.
The project arrangement was signed by DE, IT, FR, PL, SE and the project launch was delaged due
contractual discussions.
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x DeSIRE (Demonstration of Satellites enabling the Insertion of RPAS in Europe)
DeSIREis an EDA-ESA collaboration to demonstrate secure C2 data links for RPAS using satellites:
o0 DeSIRE, launched 2012: demonstrations in Spain in Spring 2013 through several flights usir
RPAS Heron platform;
o DeSIRE Il, launched 2014: midterm development of RPAS independent satellite data-linl
service;
o DeSIRE Ill, launch 2017 (flight demonstration in 2018).
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5. SUMMARY OF GARTEUR TECHNICAL ACTIVITIES

The total volume of technical activities in the Action Groups was at a significantly higher order o
magnitude in 2015 than in 2014.

GoR-AD monitored 5 Action Groups during 2015. The final report of AD/AG-48 was completed in
March 2015. Another Action Group, AD/AG-55, sttin 2015. The activities of this GoR were the same in
2015 compared to 2014.

Since its creation in March 2014, the newly created AS-GoR has worked on further analysing ti
field of Aviation Security and has identified important R&T domains such as Cybersecurity, CBE detectiol
Dazzling and Malevolent use of RPAS. In 2015 the AS-GoR activity mainly focused on the redaction of t
White Paper to describe the GARTEUR position on Aviation Security. The next step will be to launc
Exploratory Groups and Actions Groups as in the other GoRs.

GoR-FM G L Gri@itdr any Action Group during 2015 but promising subjects are under discussion.

In 2015 the activities in the HC-GoR were at a high level with 6 Action Groups, one of thern
(HC/AG-24) starting upts activities in 2015. Two Action Groups, HC/AG-22 and HC/AG-23, sthitteir
activities at the end of 2014.

GoR-SM monitored 2 Action Groups during 2015. The activities of this GoR were at the same lev
than in 2014. One Action Group may start in 2016.

Some statistics for the activities are included in the Appendixes as follows:

- Appendix 2 shows an overview of GARTEUR Technical activities 2012-2017;

- Appendix 3 shows the participation in the Action Groups by nations/organizations in 2015;

- Appendix 4 shows the resources deployed within Action Groups;

- Appendix 5 lists the Technical Reports that were finalised in 2015. Furthermore a number ¢
conference presentation@®made by some of the Action Groups.

The following pages present the technical highlights from the five GoRs mainly as one page poste
for Action Groups active during 2015. The situation regarding Exploratory Groups and potential new topit
is also described.

Detailed reports of the GoR activities 2015 are included in a separate document (X/D 52 - Annexes
the Annual report 2015). These annexes are also available on the GARTEUR website.

In chapter 6 examples of GARTEUR success stories are included as well as a section illtistrating
links between GARTEUR and EU-projects.

21



5.1. Group of Responsables - Aerodynamics (AD)

The GoR AD initiates and organises basic and applied research in aerodynamics. Whilst in gene
term aerodynamics makes up the majority of the research done within the GoR, some of work ha:s
significant amount of multi-disciplinary content. This trend is driven by industrial interests, and is likely tc
increase in the future.

The current scope of the aerodynamic activities in the GoR covers the following:

- Aerodynamics,

- Aero-thermodynamics,

- Aero-acoustics,

- Aero-elasticity,

- Aerodynamic Shape optimum,

- Aerodynamics coupled to Flight Mechanics,

- Aerodynamic Systems Integration.

a) ZDES computation of a 3-element b) Lateral jets interactions at ¢) Transition in hypersonic flows for
aerofoil (AD/AG-49) supersonic speeds (AD/AG-48) sharp and blunt cones (AD/AG-51)

d) Experimental parametric study of e) CFD computations for a UAV f) Counter-measures aerodynamics
intake design (AD/AG-46) configuration (AD/AG-46) (AD/AG-55)

Figure 2: lllustrationsR1 WKH *URXS Rl 5HVSRQVDEOHY 3$HURG\QDPLF
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During 2015 GoR-AD monitored the following Action Groups:

- AD/AG-51 Effect of laminar-turbulent transition in hypersonic floys
AD/AG-52 Surrogate-Based Global Optimization methods in aerodynamic design
AD/AG-53 Receptivity and Transition Prediction: Effects of surface irregularity and inflow

perturbations,

- AD/AG- 3583 1-BES Interfacing for Hybrid and Embedded LES appr@ach
- AD/AG- Eountermeasure Aerodynamics

For the Action Group 49 (for which the Final Report was delivered in 2015) and Action Groups 51 t

55 a one page summary poster is included on the following pages.

The situation regarding GoRP Exploratory Groups under review was as follows at the end of

2015: three Exploratory Groups have been running throughout 2015.
- AD/EG- 330DVPD IRU $HURG\QDPLFV”’

- ADI/EG- 3 & R X SKEtiGDynamics and Flight Mechanics of Very Flexible Aircraft
CRQILIXUDWLRQV’

- AD/EG-73 Secondary Inlets and Exhausts

As several AD/AGs are close to finish it is important that the new Exploratory Groups develop int

Action Groups.

The membership of GoRD in 2015 is presented in the table below.

Chairman
Frank Ogilvie
Vice-Chairman

ATI

Harmen van der Ven (from Sept. 2015 on) NLR

Members
Norman Wood

Bimo Prenata (till Sept. 2015)

Eric Coustols

Giuseppe Mingione

Fernando Monge

Henning Rosemann
Geza SchraufHeribert Bieler

Per Weinerfelt
Torsten Berglind

Industrial Points of Contact

Thomas Berens
Nicola Ceresola
Michel Mallet
Didier Pagan

Luis P. Ruiz-Calavera

Chiis Newbold

Airbus Operations Ltd
NLR

ONERA

CIRA

INTA

DLR

Airbus Operations GmbH
SAAB

FOI

Airbus Defence & Space
Alenia

Dassault

MBDA

Airbus Defence & Space

QinetiQ

Table 2 Membership GoR-AD ia015
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United Kingdom

The Netherlands

United Kingdom
The Netherlands
France

Italy

Spain

Germany
Germany
Sweden
Sweden

Gemany

Italy

France

France

Spain

United Kingdom
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5.2. Group of Responsables - Aviation Security (AS)

8

The Group of Responsables on Aviation Security was created during the GARTEUR Counc
meeting in March 2014. GoR AS pursues to do research in the Aviation Security field dealing with bot
military and civil R&T.

The GoR-AS is responsible for research and development on aviation security subjects concerning
vehicles, airports, airfields, air transport management. It seeks to identify potential threats to the security
all components of aviation and to propose means to protect them from these threats. Four themes, wi
correspond a greater or lesser extent of activities, have been more specifically identifieG oS48 and
are listed below.

x Cybersecurity focuses on confidentiality, integrity and availability of data inside information
systems. The latest aircraft rely on interconnected systems to support their missions, devel
new cost efficient operations and maintenance procedures, and offer new revenue produci
savices. These systems extend off the aircraft to ground-based systems run by airline
airports and Aviation Service providers of various types. These evolutions make
cybersecurity an essential theme for aviation security.

x CBE detection (Chemical, Biological, Explosive): Both the criminal and the accidental
releases of chemical, biological and explosive substances represent a threat to cityi| secur
especially at public places like airports. It is thus necessary to study methods for earl
detection and identification of hazardous CBE substances at a distance. People and lugg:
shall be screened nearly instantaneously in a harmless way without any further disturbance
the passengers and by maintaining their integrity. In case of crisis management discrete a
reliable detection methods shall allow for an immediate initiating of counter measures an
thereby reduce the threat for people in general and first responders in particular.

x Dazzling: 6R FDOOHG 3ODVHU SRLQWHUV"™ ZLWXKofRNMIWaBXW SF
even more are widely distributed. Often they are misused to dazzle persons. When pointir
on aircraft during the landing procedure, especially during night times, pilots may be dazzle
severely. Depending on the effective intensity at the eye dazzling can lead tooé tloss
SLORWYV YLVLRQ IRU PDQ\ VHFRQGV XS WR PLQXWHV I
order to protect pilots from such attacks, laser radiation present on an aircraft has to |
detected and to be reported to the pilots to make them aware of the threat and to prep:
protection measures.

X Malevolent use of RPAS: Remotely Piloted Aircraft Systems and/or Unmanned Aerial
Systems (RPAS/UAS) are expected to become a reality in the airspace within the comir
years thanks to their (imminent) integration into non segregated airspace. This can pose a r

8 It is worth mentioning that the logo for the Aviation Security GoRnade from royalty-free images. On the other hand
GARTEUR has the property rights for the logos of the other GoRsRFADHC and SM).
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problem if used with criminal/malevolent intentions. It can be programmed to autonomously
fly against individual targets, passenger aircraft, or critical infrastructures such as Air Traffic
Management Assets or Airports. More effort in prevention has to be done. The objective il
GOR-AS is to precisely identify potential threats and propose adapted countermeasures.

a) Cybersecurity

b) CBE detection

c) Dazzling d)Malevolent use of RPAS

Figure3 ,OOXVWUDWLRQV RI WKH *URXS RI.5HVSRQVDEOHYV 38$YL

During 2015, GoR-AS has produced\Mhite Paper on Aviation Securitijat has been presented to
the European Commission in October and has been distributed to institutions and industrial companies
has raised a lot of interest among industrial partners. This white paper can be available upon request fromr
GOR-AS.

The membership of GORS in 2015 is presented in the table below.

Chairman

Virginie Wiels ONERA France
Vice-Chairman

Ingmar Ehrenpfordt DLR Germany
Members

Bernd Eberle Fraunhofer Germany
Anders Eriksson FOI Sweden
Francisco Munoz Sanz INTA Spain

René Wiegers NLR The Netherlands
Angela Vozella CIRA Italy

Table 3: Membership GoR-AS in 2015
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It is worth reminding that the GoR on Aviation Security was created in March 2014. The curren
work of this newly created GoR is to define Exploratory Groups for each of the R&T domains anc
subsequently to come up with proposals for Action Groups, as usually done in the other GoRs.
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5.3. Group of Responsables - Flight Mechanics, Systems and Integration (FM)

GoR-FM is active in the field of flight systems technology in general.

The GoR-FM is responsible for all research and development subjects concerning a chain starti
from the air vehicles and their flight mechanics, concerning embedded sensors, actuators, systems
information technology, cockpits, ground control and human integration issues, with reference to automati
for both inhabited and uninhabited aircraft, including, but not limited to:

- Aircraft multidisciplinary design aspects;

- Flight performance, stability, control and guidance;

- Aircraft navigation and mission management;

- Air traffic management and control;

- Integration of remotely piloted systems in the air spaces;

- Safety critical avionics functions and embedded systems;

- Scientific and technical expertise for air systems certification and regulatory aspects.

a) Flight desk b) Human system c) Air traffic management

d) ONERA SV4 vertical wind tunne
and associated dynamic simulatior e) Flexible Aircraft Modeling Methodologies (FM/AG-19)
test benches

Figure 4: lllustrationsRI WKH *URXS RI 5HVSRQVDEOHY 3)OLJKW OHFKDQLFV ¢
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Several FM-GoR members are facing significant budget reductions, preventing new ideas to grc
and Exploratory Groups to transition to Action Groups. NeverthelesENhR&0OR management has been
active and several discussions were held at FM GoR meetings to identify new topics which interest t
industry and on which to work within the GARTEUR framework.

In 2015, there were no Action Groups active.

Two Exploratory Groups have been under discussion in 2015:
x FM/EG-28 Non-linear flexible civil aircraft control methods evaluation benchrmark
x FM/EG-29 STrajectory V&V Methods: formal, automatic control and geometric methods

Within FM/EG-28, which was defined and started in 2013, there were difficulties on the technica
direction, the changes in participation and limited budget at interested parties.

FM/EG-29 showed no progress in 2015. The development of a pilot paper was not successful.
Several discussions were held at FM GoR meetings to discuss new topics. FM GoR agreed to revi

FlightPath2050 reports and Horizon 2020 rejected proposals for topics to start in FM GoR as EGs. It w
DJUHHG WR SUHSDUH D SLORW SDSHU RQ 23LORW :HDUDEOH $YlI

The membership of GoR-FM in 2015 is presented in the table below.

Chairman

Rob Ruigrok NLR The Netherlands
Vice-Chairman

Martin Hagstrom FOI Sweden
Members

Leopoldo Verde CIRA Italy
Bernd Korn DLR Germany
Philippe Mouyon ONERA France
Emmanuel Cortet Airbus France
Francisco Mufioz Sanz (resigned during 2015 INTA Spain
Industrial Points of Contact

Francisco Asensio Airbus Military Spain
Laurent Goerig Dassault France
Martin Hanel CASSIDIAN Germany
Fredrik Karlsson (resigned during 2015) SAAB Sweden

Table 4: Membership GoR-FM 2015
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5.4. Group of Responsables - Helicopters (HC)

The GoR-HC supports the advancement of civil and defence related rotorcraft technology |
European research establishments, universities and industries through collaborative research activities,
through identification of future projects for collaborative research.

The GoR-HC initiates, organises and monitors basic and applied, computational and experimen
multidisciplinary research in the following areas and in the context of application to rotorcraft (helicopter
and tilt rotor aircraft) vehicles and systems technology.

The field for exploration, analysis and defining requirements is wide. It covers knowledge of basi
phenomena of the whole rotorcraft platform in order to:

- Decrease costs (development and operation) through CFD and comprehensive calculation toc

validated with relevant tests campaigns;

- Increase operational efficiency (improve speed, range, payload, all weather capability, highl

efficient engines, ...);

- Increase security, safety:

f Security studies, UAVs, advanced technologies for surveillance, rescue and recovery,

f Flight mechanics, flight procedures, human factors, new commands and contro
technologies,

f Increase crashworthinessSEDOOLVWLF SURWHFWLRQ «

- Integrate rotorcraft better into the traffic (ATM, external noise, flight procedures,

requirements/regulations);

- Tackle environmental issues:

f *UHHQLQJ SROOXWLRQ «
f 1RLVH H[WHUQDO LQWHUQDO «

- Progress in pioneering: breakthrough capabilities.

Technical disciplines include, but are not limited to, aerodynamics, aeroelastics including stability
structural dynamics and vibration, flight mechanics, control and handling qualities, vehicle design synthe:
and optimisation, crew station and human factors, internal and external acoustics and environmental imp
flight testing, and simulation techniques and facilities for ground-based testing and simulation specific
rotorcratft.

A characteristic of helicopter and tilt rotor matters is the need for a multidisciplinary approach due t
the high level of interaction between the various technical disciplines for tackling the various issues f
rotorcraft improvement.

(copyright: (copyright:
Patrick PENNA) AgustaWestland)

Figure 5: lllustrationsRI WKH *URXS RI 5HVSRQVDEOHY 3+HOLFRSWHL
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Durlng 2015 GoR-HC monitored the following Action Groups:
HC/AG-19 Methods for Improvement of Structural Dynamic Finite Element Models using In-
Flight Test Data

- HC/AG-20 Cabin internal noise: simulation methods and experimental methods for new
solutions for internal noise reductign

- HC/AG- S5RWRUFUDIW 6LPXODWLRQ )LGHOLW\ $VVHVVPHQ
JLGHOLW\’

- HC/AG- B3)RUFHV RQ 2EVWDF O HING.uD is RoveRker 20K~ VWD

- HC/AG- 3:LQG WXUELQH ZDNH DQG Krtth@ wpFRiRN®Veidhder R0S4,U D W L F

- HC/AG- 8 +HOLFRSWHU )XVHODJH 6FDWWHULQJ (IIHFWV II
(starting up in January 2015).

For the Action Groups HC/AG-19, HC/AG-20, HC/AG-21, HC/AG-22, HC/AG-23 and HC/A@G-24
one page summary poster is included on the following pages.

The situation regarding Exploratory Groups and New Topics under review was as follows at the el
of 2015:
- GoRHC Exploratory Groups:
One Exploratory Group asrunningin 2015:
f HC/EG- Health & Usage Monitoring Systems - HUMS

- New Topics
The following topics are being considered for future Exploratory Groups:

f Conceptual Design of Helicopters;
f CFD based flow prediction for complete helicopters;
f Safety (Crash, Hums, Crew Workload, all weather operations);
f Noise external (passive, active rotors, flight procedures, atmospheric effects, shielding);
f Noise internal (Comfort, Costs, Weight fuel consumption);
f Synergies between Civil and Military operations;
f Sand/dust engine protection.
The membership of GORC in 2015 is presented in the table below.
Chairman
Mark White Uni of Liverpool United Kingdom
Vice-Chairman
Philippe Baumier (from Oct. 2015 on) ONERA France
Members and Industrial Points of Contact
Blanche Demaret (till Oct. 2015) ONERA France
Lorenzo Notarnicola CIRA Italy
Odile Parnet Airbus Helicopters  France
Antonio Antifora AgustaWestland Italy
Klausdieter Pahlke DLR Germany
Philipp Kramer ECD Germany
Joost Hakkaart NLR The Netherlands
Observer
Richard Markiewicz DSTL United Kingdom

Table 5: Membership GoREC in 2015
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5.5. Group of Responsables - Structures and Materials (SM)

The GoR SM is active in initiating and organising aeronautics oriented research on structure
structural dynamics, acoustics and materials in general. Materials oriented research is related to mate
systems primarily for the airframe but also for the landing gear and the engines; it includes specific aspe
of polymers, metals and various composite systems. Structural research is devoted to computatic
mechanics, loads and design methodology. Research on structural dynamics involves vibrations, respons
shock and impact loading, aeroelasticity, acoustic response and adaptive vibration suppression.

The group is active in theoretical and experimental fields of structures and materials to strength
development and improvement of methods and procedures. Of great importance is the mutual stimulatior
the diverse scientific approaches. Experiments give new insights into the mechanisms of structural behavi
that can be included in improved theoretical models. Finally, the theoretical results must be verified a
validated by comparison with results from suitable experiments or trials.

The activities within the Action Groups cover several aspects of new technologies, new structur
concepts and new design and verification criteria. Recent and current work is devoted to:

- High velocity impact;

- Fatigue and damage tolerance assessment of hybrid structures;

- Damage repair in composite and metal structures;

- Bonded and bolted joints;

- Additive layer manufacturing.

Computational modelling of bird strike an
experimental validation, from SM/AG-24 ¢
3%LUG V!

Figure 6: lllustrations of the Group of RVSRQVDEOHYV 36 WUXFWXUHY DQG ODWH

During 2015 GoR - SM monitored the following Action Groups:

- SM/AG- 3'DPDJH UHSDLU ZLWK FRPSRVLWHV’
This AG started in the second half of 2012 and is a result from SM/EG-40.

- SM/AG- 3)DWLJXH DQG 'DPDJH TROHUDQFH $VVHVVPHQW RI
This AG started in March 2012 and is a result from SM/EG-38.

For these two Action Groups one page summary posters are included on the following pages.

43



Two reports were finalised with the following Action Groups:

- SM/AG 30: High Velocity Impact (TP-183):
AG 30 finished in 2010;

- SM/AG-33: RTM material properties during curing (TP-184):
AG 33 finished in 2010.

The situation regarding Exploratory Groups and New Topics under review was as follows at the et

of 2015:

- GoR - SM Exploratory Groups:

f
f

SM/EG- 3'HVLJQ RI +LJK 9HORFLW\ ,PSDFW RQ 5HDOLVW
This EG could become an AG with a new coordinator.

SM/EG- 3*%RQGHG DQG EROWHG MRLQWV’

This EG has started at the end of 2013 and no meeting has been held yet.

This EG could continue with a new coordinator.

SM/EG-43: Development of additive layer manufacturing for aerospace applications. Thit
EG was formally started at the Fall 206M-GoR meeting and the first SE{>-43
meeting was held on the "L0f April 2015.

- New Topics:
The following topics for future Exploratory Groups are discussed:

~h ~h —h ~h ~h —H

Multi-functional Material;

Multi-scale dynamics of joints: modeling and testing;

New Methodologies for thermal-mechanical design of Supersonic and hypersonic
vehicles;

Composite Fire Behaviour;

Structural Uncertainties;

Aeroelasticity and aero-servo-elasticity.
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The membership of GoR-SM in 2015 is presented in the table below.

Chairman
Jean-Pierre Grisval

Vice-Chairman
Peter Wierach

Members

Umberto Mercurio (till April 2015)
Domenico Tescione (from May 2015 on)
Aniello Riccid®

Henri de Vries

Jose Maroto Sanchez (till January 2015)
Javier Sanmilan (from Febmya2015 on)
Tomas Ireman

Joakim Schon

Industrial Points of Contact
Caroline Petiot

Walter Zink (till July £, 2015)
Roland Lang

Massimo Riccio

Luc Hootsmans

Angel Barrio Céardaba

Hans Ansell

Séren Nilsson (till January*12015)
Renaud Gutkin (since January, 2015)
Andy Foreman

ONERA

DLR

CIRA

CIRA

Univ. Il Naples
NLR

INTA

INTA

SAAB

FOI

Airbus AGI
Airbus
Airbus DS
Alenia
Fokker
Airbus DS
SAAB
SICOMP
SICOMP

Qinetiq

Table 6: Membership GoBMin 2015

® Associated member
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France

Germany

Italy

ltaly

Italy

The Netherlands
Spain

Spain

Sweden

Sweden

France
Germany
Germany

ltaly

The Netherlands
Spain

Sweden

Sweden

Sweden

United Kingdom
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6. GARTEUR SUCCESS STORIES AND LINKS TO OTHER EUROPEAN PROGRAMMES

In this chapter examples of GARTEUR success stories are presented as well as the links betw
GARTEUR projects and other European Programmes.

6.1. GARTEUR success stories

Three examples are presented in more details on the following pa§jésty  QWDNHV $HUR
from the GoR AerodynamicsRigid Body and Aeroelastic Rotorcraft-Pilot-Coupling - Prediction Tools and
Means of Prevention |1U RhE GoR Helicopters and1RQOLQHDU $QDO\WLV DQG 6\Q\
$ L UFUD I WfrénRteMEoR_Fight Mechanics, Systems and Integration.

7KH ILUVW H[DPSOH 3$LU ,QGRRMUBR/ Addid) &t ExCeleRde F2013-2014)
illustrates how dedicated joint European efforts coordinated by GARTEUR Aerodynamics Action Group
led to the advancement of hybrid numerical simulation methods and an improved understanding of comp
instantaneous internal flow fields, thus preparing the basis for future time-accurate predictiorsd of vit
performance parameters, such as dynamic intake distortion and engine/intake compatibility, wétbyacc
levels meeting industrial requirements.

7KH VHFRQG H[DPSOH 35LJLG %R G-Pilbt@uplng U Rrédotbry Wwdld-arklR W
OHDQV RI 3UMXRIQURLAREJ of Excellence 2010-201dlearly illustrates how joint European
knowledge in mathematical modelling of helicopters, and in particular in modelling Rotorcraft-Pilot
Coupling phenomena, has largely been built up over the past decades through national efforts coordins
via GARTEUR Action Groups. There is no other organisation in Europe where such a collective effort w:
done for the specific topics of Rotorcraft modelling for prediction of performance, flying and handling
qualities.

The third example concerns the Action Group FM/AG-31RQOLQHDU $QDO\VLV
THFKQLTXHV IRU $Lwhicb 2tdived R BABTREOR Award of Excellence 2008-2009 and
UHVXOWHG LQ Dlingat[ VM QEDRRNLM MG 6\QWKHVLY 7HFKQLTXHV IR
Springer-Verlag in 2007.

Another success story regarding the GoR Structures and Materials can be found in GARTEL
Annual Report 2012. This success stoRyQD&mage Mechanics, Damage Tolerance, Bolted Joints in
&RPSRVLWH 0DW H Ulusbaied hewthedintvEXtdpean knowledge in this field had largely been
built up through national efforts coordinated via a series of GARTEUR Action Groups. The GARTEUF
activities led to other European projects within EU Framework and WEAG (now EDA) programmes.
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6.1.1. Intake Aerodynamics
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6.1.2. Rigid Body and Aeroelastic Rotorcraft-Pilot-Coupling - Prediction Tools and Means of Prevention
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6.1.3. Non-Linear Analysis and Synthesis Techniques for Aircraft Control

NONLINEAR ANALYSIS AND SYNTHESIS TECHNIQUES FOR AIRBRAFT C
A GARTEUR SUCCESHRST

Background

Despite many significant advances in the theory of nonlinear control in recent years, the majority of
control laws implemented in the European aerospace industry are still designed and analysed using
predominantly linear techniques applied to linearised models of the aircraft' dynamics. Given the continuous
increase in the complexity of aircraft control laws, and the corresponding increase in the demands on their
performance and reliability, industrial control law designers are highly motivated to explore the applicability of
new and more powerful methods for design and analysis.

Objectives

The overall objective of the Flight Mechanics Action Group 17 (FM/AG-17) was to explore new nonlinear
design and analysis methods that have the potential to reduce the time and cost involved with control law
development for new aerospace vehicles, while simultaneously increasing the performance, reliability and safety
of the resulting controller. This objective was to be achieved by investigating the full potential of nonlinear design
and analysis methods on demanding benchmarks developed within the project, in order to focus the research
effort on the issues of most relevance to industry.

Main achievements

x LFT*® modelling tools , including guidelines for LFT modelling, symbolic manipulations, model reduction
and nonlinear symbolic LFT modelling.

X On-ground benchmark modelling using LFT's , including aircraft dynamics, actuators saturations,
ground forces and time-varying dependencies such as ground velocity or nose-wheel deflection.

x LPV-AW' design methods . This parameter varying anti-windup synthesis is coupled with an on-line
estimator of the ground forces. Performance in the presence of saturations is guaranteed by design
using LMI*?s.

x Stability and performance robustness assessment for LTI  *3-uncertain and LTV ** nonlinear
systems . The method developed in this Action Group extends the use of Ranalysis to nonlinear
systems. In addition, the method allows systems which are dependent on both uncertain and time-
varying parameters to be considered. These results are based directly on the LFT modelling of
nonlinearities, uncertainties and time-varying parameters, showing here again the complementarity of the
works performed.

x Object oriented modelling . This offers the possibility for interactive modelling with reusable library and
easy connection of objects, including the development of specific blocks for the benchmark. Automatic
code generation then allows the integration of either a reduced or complete model into a design or
simulation environment such as Matlab-Simulink, Dymola or any flight simulation environment. This is of
particular interest in a design process requiring iterative loops between synthesis and evaluation.

X Symbolic inversion-based control design tools . These tools come with a proposed process for control
laws design and evaluation based on object-oriented modelling and simulation.

| FT: Linear Fractional Transformation

| PV-AW: Linear Parameter Varying-Anti Windup
2| MI: Linear Matrix Inequalities

3 LTI: Linear Time Invariant

¥ LTV: Linear Time Varying
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The programme

In September 2004, GARTEUR Flight Mechanics Action Group 17 (FM/AG-17) was established to conduct
U HV H D U Ré&v R@lysis and Synthesis Techniques for Aircraft Control” 7KH JURXS FRPSULVHG UHSUH
the European aerospace industry (EADS Military Aircraft, Airbus and Saab), research establishments (ONERA
France, FOI Sweden, DLR Germany, NLR Netherlands) and universities (Bristol, DeMontfort, Liverpool and Leicester).

To guarantee the industrial relevance of the project, two highly realistic simulation models were developed,
together with demanding design/analysis challenges. These benchmarks in themselves represent significant
achievements of the project, since there are still very few industrially relevant aircraft models, with realistic design and
analysis specifications, available in the open literature on which control theoreticians can test and validate new
techniques and algorithms. An additional benefit of the on-ground transport aircraft benchmark developed by Airbus
for the project is that it represents a non-standard control application (at least in the context of aerospace control!) and
thus adds another new and challenging set of problems to those traditionally addressed by flight control law designers.
Nine different approaches and techniques were applied to the benchmark problems.

Nonlinear symbolic LFT tools for modelling, analysis and design

Nonlinear LFT modelling for on-ground transport aircraft

On-ground aircraft control design using an LPV anti-windup approach

Rapid prototyping using inversion-based control and object-oriented modelling
Robustness analysis versus mixed LTI/LTV uncertainties for on-ground aircraft
An LPV Control Law Design and Evaluation for the ADMIRE Model

Block Backstepping For Nonlinear Flight Control Law Design

Optimisation-based flight control law clearance

Investigation of the ADMIRE Manoeuvring Capabilities Using Qualitative Methods

X X X X X X X X X

During the years several persons were involved in the project. These key persons, most of whom also
partiFLSDWHG LQ WK Nonlln€ab AalyditSaRdUSAhtBesis Techniques for Aircraft Control | Springer Verlag,
were: Declan G. Bates, Jean-Marc Biannic, Mikhail G. Goman, Martin Hagstrém, Markus Hogberg, Matthieu
Jeanneau, Fredrik Karlsson, Stephen Kendrick, Andrew V. Khramtsovsky, Evgeny N. Kolesnikov, Udo Korte, Gertjan
Looye, Mark Lowenberg, Andres Marcos, Jos Meijer, Prathyush P. Menon, Philip Perfect, lan Postlethwaite,
Christophe Prieur, Thomas Richardson, John W.C. Robinson, Clement Roos, Maria E. Sidoryuk, Sophie Tarbouriech,
Daniel J. Walker.

The Outcomes

The process of undertaking this research has been beneficial for all the participants, many of whom
have taken part in previous related Action Groups and have by now developed effect ive working
relationships. As usual, the information flow has been in both directions, with indu strial members providing
valuable insight into the real problems and challenges faced by control law designers, and academi c
researchers highlighting the potential (and potential shortcomings) of the latest nonlinear design and analysis
methods. The project has been particularly valuable for the doctoral students and p ost-doctoral researchers
who participated, since it allowed them access to truly challenging problems which are also of particular
interest to industry. In these respects, the Action Group has certainly demonstrated t he value of GARTEUR
research to the European aerospace industry - it has made a significant contribution both to narrowing the
WK H-préttice gap ©~ EHWZHHQ DFDGHPLFY DQG LQGXVWUY DQG WR HGXFDWLQJ V
control engineers.

Web: www.garteur.org ; Email: secretariat@garteur.org
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6.2. Links with other European Programmes

As illustrated in the examples on the previous page there have been strong links between GARTE!
projects and EU Framework projects since the early 1990-ies, when the Framework programmes started.

As there are no dedicated budgets available for GARTEUR projects it was logical that the GoRs lo

for possibilities for external funding from EU or other sources as illustrated in the figure below. The
members of the GoRs are involved in setting up cooperation projects within different European fora.

Figure 7: lllustration of how links are established between GARTEUR and othgodzur@rogrammes

The nature of many GARTEUR projects often concerns low TRL topics and benchmarking o
methods and the possibilities to get funding for this type of projects (Level 1 projects) within the Framewo
Programmes v over time.

However, as illustrated in the example on the previous pages the knowledge and methods develo
within the GARTEUR projects are the basis for participation also in projects on higher TRL levels.

Additional illustrations of the links between GARTEUR Action Groups and EU projects, as providec
by GoR Aerodynamics and GoR Helicopters, are included on the following pages.
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Figure 8: Links between EU-projects/proposals and GARTEUR ARVAGD/AG-46 and AD/AGH
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Figure 9: Links between EU-projects/proposals and GARTEUR AD/AG-50 and ARXAG
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Figure 10: Links between EU-projects and a number of GARTEUR HC/AGs
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10. APPENDIX 2: OVERVIEW OF GARTEUR TECHNICAL ACTIVITIES

The table below presents the 6 years rolling plan 2012-2017 of GARTEUR Action Groups
Regarding new Action Groups in preparation see chapter 5.

6 years rolling Plan for AD/AGs and AD/EGs

No Topic 2014 | 2015 | 2016 [ 2017
AD/AG-48 [Lateral Jet Interactions at Supersonic Speeds
AD/AG-49 [Scrutinizing Hybrid RANS-LES Methods for Aerodynamic Applications
AD/AG-51 |Laminar-Turbulent Transition in hypersonic flows
AD/AG-52 [Surrogate-based global optimization methods in Preliminary Aerodynamic Design
AD/AG-53 |Receptivity & Transition Prediction: Effects of surface irregularity and inflow
AD/AG-54 [RANS-LES Interfacing for hybrid and embedded LES approaches
AD/AG-55 |Countermeasure Aerodynamics

AD/EG-70 |Plasma for Aerodynamics
AD/EG-72 |Coupled fluid dynamics and flight mechanics simulation of very flexible aircraft configs
AD/EG-73 |Secondary Inlets and Exhausts

Aviation Security
No Topic 2012 2013 2014 2015 2016 2017

AS/EG-01 |Cybersecurity

AS/EG-02 [CBE

AS/EG-03 |Dazzling

AS/EG-04 [Malevolent use of RPAS

Flight, Mechanics, Systems and Integration

No Topic 2012 2013 2014 2015 2016 2017
FM/AG-18 [Towards Greater Autonomy in Multiple Unmanned Air Vehicles
FM/AG-19 [Flexible Aircraft Modeling Methodologies

Helicopters
No Topic

HC/AG-19 |Methods for Improvement of Structural Dynamic FE Models using In-Flight Test Data

HC/AG-20 [Simulation methods and experimental methods for new solutions for internal noise reduction

HC/AG-21 |Rotorcraft Simulation Fidelity Assessment

HC/AG-22 |Forces on Obstacles in Rotor Wake

HC/AG-23 |Wind Turbine Wake and the Effect on Helicopters
HC/AG-24 |Helicopter Fuselage Scattering Effects for Exterior/Interior Noise Reduction

2016 2017

Structures and Materials

No Topic 2012 2013 2014 2015 | 2016 2017
SM/AG-30 [High velocity impact Report issued
SM/AG-31 |Damage Management of Composite Structures ll
SM/AG-32 |Damage Growth in Composites
SM/AG-33 |RTM Materials Properties during Curing Report issued

SM/AG-34 |Damage repair with composites
SM/AG-35 [Fatigue and Damage Tolerance Assessment of Hybrid Structures
SM/AG-36 |Design for high velocity impact on realistic structure

IActive tlosed X Stopped

Extended Inactive
EGxx => EG number xx resulting into AG number yy

Table 7: GARTEUR Action Groups6 years rolling plan 2012-2017
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11.

APPENDIX

3:  PARTICIPATION
ORGANISATIONS IN 2015

IN  ACTIONS GROUPS BY NATIONS

Country

Participants

GoR (Number of Action Groups)

AD(5)

FM(0)

HC(6)

SM(2)

TOTAL(16)

France

ONERA

Industry

Academia

Germany

DLR

Industry

Academia

N[(NJOIN|O1|©

Italy

CIRA

=
o

Industry

Academia

The Netherlands

NLR

Industry

Academia

Spain

INTA

Industry

Academia

Sweden

FOI

Industry

Academia

United Kingdom

DSTL

Industry

WIOIN RO, (IN|WIW[FR|[O]N]N

Academia

WP IOIRPIN[AIFPININ[OC(O(N|C|IO|IARININIWIFL ™|~

[ele]lo] (o)} (o] o} (o] o] o} (o] lo] (o} (o) o] (ol (o] (o] (o] (o} [e]

il el (elle] (o] (o} (o} (af (SR _JIol [N ] (el iel ] ([ef )3 [é)]

P [PIOIFRPININ|IO|IO|IFR|C(O(FR|F|IO|IFR|IOC(O|FR]F|O|O

[ERN
=

GoR

AG number

Research
Establishments

Industry

Academic
Institutes

TOTAL

51

w

N

52

AD

53

[ecR Nool Ne)]

54

[ER
[EE

55

FM

/

19

20

HC

21

22

23

24

SM

34

wlo|h|h (WP ]JOIN(O ||

NICOC(O|WIR|IFP|IO|W|W[ININ|F-

AIN[AIBINIFPIWIOC|IOINININ

35

w

[EEN

o

AlOIN|O|O[O|OO|OT|O]O1

Table 8: Participation in Actions Groups by nations / organisations 520
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12. APPENDIX 4: RESOURCES DEPLOYED WITHIN ACTION GROUPS: PERSON-MONTHS
AND OTHER COSTS IN K Y4

GoR AG 2012 2013 2014 2015 2016 2017*
pm N % pm N % pm N % pm N %| pm N Y| pm N Ya
44 1 0
45 5 5 1 0
46 3 0 3 3 0 0
47 10 1 0 0 0
48 3 6 6 8 1 0
49 15 100 7 70
50 8 0 10 20
51 13 40 12 40 12 40 0 0 0 0 0 0
52 20 45 23 63 23 63 23 63 0 0
53 10 12 13 24 13 24 13 24 0 0
54 18 100 22 140 22 140 55 50
55 16 24 16 24 16 24
AD TOTAL 57 151 71 198 67 227 74| 251 74| 251 215 74
GoR AG 2012 2013 2014 2015 2016 2017*
pm N Y4 pm N Y4 pm N Y4 pm N Y4 pm N Va pm N Va
18 30 6 12 8
19 0 0
FM TOTAL 30 6 12 8 0 0 0 0 0 0 0 0
GoR AG 2012 2013 2014 2015 2016 2017*
pm N %) pm N %) pm N %) pm N %] pm N Y| pm N Ya
17 1 1
18 0 0
19 12 5 3 0
20 1 1 18 13 20 28 18 28
21 15,5 14,5 10 15 10
22 21,71 33,1] 185 33,3 15 20
23 14 1,6 22 18
24 30 66 25 48 22 34
HC TOTAL 14 7] 36,5 13] 345 38| 98,7| 138,7] 65,5| 81,3 55 54
GoR AG 2012 2013 2014 2015 2016 2017*
pm N % pm N ¥ pm N ¥ pm N %] pm N Y| pm N Ya
31 3
32 2
SM 33
34 6 0 50 49
35 1 1| 105 16 11| 415 10 35 10 35 10 35
SM TOTAL 12 1l 60,5 65 11| 415 10 35 10 35 10 35
| GRANDTOTAL | 113] 165| 180| 284| 112,5| 306,5] 182,7| 424,7] 1495] 367,3] 865 163

Table 9: Resources deployed within Action Groups: person-mdhfsG RWKHU FRVWYV LQ N

* NOTE: Several Action Groups are planned to end during 2016, while others are in preparation to be startedGi6
and 2017. Hence it is not meaningful at this stage to estimate resources for 2017.
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13. APPENDIX 5: LIST OF GARTEUR REPORTS ISSUED IN 2015

13.1. Technical Reports

. . Distribution
CARIEUR | seilon Natigal pate i Title Authors Classification
number Group reference | issue
Remarks
GARTEUR AD/AG-44 .
e .. | Compiled and
3
TP-179 | ADIAG-44 |/ Jan. 2015 | ‘Application of ransition| g o GARTEUR
criteria in Navier-Stokes : Open
. . T. Berglind
Computations Phase’ll
GARTEUR AD/AG-48 GARTEUR
TP-168 AD/AG-48 |/ March 2015| d.ateral Jet Interactions | P. Gnemmi et al o
. . Limited
at Supersonic Speeds
GARTEUR SM/AG-30 | L. lannucci, GARTEUR
TP-183 SMIAG-30 | / March 2015 High Velocity Impact | M. Willows et al Limited
GARTEUR SM/AG-33
TP-184 SMIAG-33 | NER-TR- May 2015 | RTM material properties C.P. Groenendijk GARTEUR
2015-030 : = Open
during curing
Tablel0: List of GARTEUR Technical Repo&615
13.2. Executive Committee and Council
Distribution
GARTEUR number Date of issue Title Classification
Remarks
X/D-49 June 2015 GARTEUR Annual Report 2014 S'S‘EJEUR
X/D-50 June 2015 GARTEUR Annexes to Annual Report 2014 8§§JEUR

Tablel1:

List of GARTEUR reports issued by Executive Committee and Council in 2015
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13.3. Conference Publicatins

The different Action Groups and GoRs did also make presentations at various technical conferenc
This is noted in the respective GoR chapters in the Annex report (also included on the GARTEUR website

13.4. Availability of technical reports

The GARTEUR Council decided the following regarding older GARTEUR technical reports:

- to make Open GARTEUR reports available on the website after 3 years;

- that the titles of all GARTEUR reports (also GARTEUR Limited) should be listed on the website;

- that most older reports should be declassified to GARTEUR Open and made available on t
website;

- to implement these decisions available older reports have been scanned. Some reports are
missing.

By the end of 2015 the number of reports available on the website was 162.
Another 50 reports are still GARTEUR Limited and kept by the secretariat.

14. APPENDIX 6: LIST OF ABBREVIATIONS

ACARE Advisory Council for Aviation Research and Innovation in Europe
AD Aerodynamics

AS Aviation Security

AG Action Group

AIrTN Air Transport Net

ASD Aerospace and Defence Industries Association of Europe
ASG Aircraft Sectorial Group (within ASD)

ATM Air Traffic Management

ATS Air Transport System

AVT Applied Vehicle Technology

BERR Department for Business, Enterprise and Regulatory Reform, UK
BMWi Federal Ministry of Economics and Technology, DE

BWB Federal Office of Defence Technology and Procurement, DE
CDTI Centre for the Development of Industrial Technology, ES
CFD Computational Fluid Dynamics

CIRA Italian Aerospace Research Center

DLR German Aerospace Centre

DSTL Defence Science and Technology Laboratory, UK

EADS European Aeronautics Defence and Space company

EASA European Aviation Safety Agency

EC European Commission

EDA European Defence Agency

EDTIB European Defence Technological and Industrial Base

EFAPS European Future Air Power Systems
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EG Exploratory Group

ERA European Research Area

ERF European Rotorcraft Forum

EREA (Association of) European Research Establishments in Aeronautics
ESDP European Security and Defence Policy

ESRP European Security Research Programme

ETAP European Technology Acquisition Programme
EU European Union

FAS Future Air Systems

FCAS Future Combat Air Systems

FE Finite Element

FM Flight Mechanics, Systems and Integration

FOI Swedish Defence Research Agency

FP Framework Programme

GARTEUR Group for Aeronautical Research and Technology in Europe
GMES Global Monitoring for Environment and Security
GoR Group of Responsables

HC Helicopters

IMG4 Industry Management Groups

INTA National Institute for Aerospace Technology, ES
ISMS Information Security Management System

JAR Joint Aviation Requirements

JTI Joint Technology Initiative

NLR National Aerospace Laboratory, NL

NS Navier-Stokes

ONERA Office National GBfudes et de Recherches Aérospatiales (The French Aerospace Lab)
PIO Pilot-In-the-loop Oscillations

PPP Public-Private Partnership

R&T(&D)  Research and Technology (and Development)
RE Research Establishment

STO Science & Technology Organization (NATO)
SCT Supersonic Civil Transport

SeNTRE Security Network for Technological Research in Europe
SESAR Single European Sky ATM Research

SM Structures and Materials

SME Small to Medium Enterprise

SRIA Strategic Research and Innovation Agenda
SSA Specific Support Action

TDP Technology Demonstration Programmes
UAV Unmanned Aerial Vehicle

XC GARTEUR Executive Committee
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