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FACTSHEET 
 

Name Clean Sky 2 Joint Undertaking 

 
 
Objectives 

a) To contribute to the finalisation of research activities initiated under Regulation (EC) No  
71/2008 and to the implementation of Regulation (EU) No 1291/2013, and in particular the 
Smart, Green and Integrated Transport Challenge under Part III τ Societal Challenges of 
Decision 2013/743/EU; 

b) To contribute to improving the environmental impact of aeronautical technologies, 
including those relating to small aviation, as well as to developing a strong and globally 
competitive aeronautical industry and supply chain in Europe.  

 
These can be realised through the speeding up of the development of cleaner air transport 
technologies for earliest possible deployment, and in particular the integration, demonstration 
and validation of technologies capable of: 
 

(i)  increasing aircraft fuel efficiency, thus reducing CO2 emissions by 20 to 30 % compared 
ǘƻ ΨǎǘŀǘŜ-of-the-ŀǊǘΩ ŀƛǊŎǊaft entering into service as from 2014; 

(ii) rŜŘǳŎƛƴƎ ŀƛǊŎǊŀŦǘ bhȄ ŀƴŘ ƴƻƛǎŜ ŜƳƛǎǎƛƻƴǎ ōȅ нл ǘƻ ол ҈ ŎƻƳǇŀǊŜŘ ǘƻ ΨǎǘŀǘŜ-of-the-ŀǊǘΩ 
aircraft entering into service as from 2014. 

Founding Legal Act Council Regulation (EU) No 558/2014 of 6 May 2014  

Executive Director 
Axel Krein, Executive Director, from 1 February 2019 
Tiit Jurimae, Interim Executive Director, from 16 September 2016 until 31 January 2019 
 

Governing Board 

Stéphane Cueille, Chairman (Safran) elected on 5 December 2018 
Composition of the Governing Board:  
European Commission + 16 Industrial Leaders (Airbus, Airbus Defence & Space SAU, Airbus 
Helicopters, Dassault Aviation, DLR, Evektor, Fraunhofer, Leonardo Aircraft, Leonardo 
Helicopters, Liebherr, MTU, Piaggio Aero Industries, Rolls-Royce, SAAB, Safran, Thales Avionics) 
+ Core Partners [Avio Aero, CIRA (representing two ITDs), Aernnova, United Technologies 
Research Center Ireland and GKN Fokker]. 
 

 
 

Other bodies 
States Representatives Group; Scientific Committee; ITD/IADP Steering Committees and TA 
Coordination Committees 

Staff 42 (40 posts filled by 31.12.2019) 

2019 Budget 
ϵ304.8 million commitment appropriations; ϵ340.4 million payment appropriations (Title V 
unused included) 

Budget 
implementation 

100% in commitment appropriations and 97.4% in payment appropriations (Title V not 
included) 

Grants 9 H2020 GAMs τ ǘƻǘŀƭ ǾŀƭǳŜ ϵн13.9 million; 135 H2020 GAPs τ ǘƻǘŀƭ ǾŀƭǳŜ ϵмооΦн ƳƛƭƭƛƻƴΦ 
 
 

Strategic Research 
Agenda 

See chapter 1 and related Annex 11 

Call implementation 

Number of calls launched in 2019:  one (CfP10) 
Number of proposals submitted (CfP09 and CfP10): 450 
Number of eligible proposals: 448 
Number of proposals retained: 114 
Global project portfolio (since the setting up): 5741 
Number and value of tenders (if any): one operational tender, for a value of ϵ0.58 million. 

Participation, 
including SMEs 

Total number of participations in funded projects: 17522 which consists of: 
29% SMEs (515 participations), 23% IND (397 participations), 
24% UNI (420 participations), 24% RES (420 participations) 

 

1 Not counting Leader actions and counting each funded proposal from Calls as one project.2 Participations in CfPs 
and CPWs. CfP010 included, assuming successful grant preparation of all retained proposals. 
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FOREWORD 
 
 

« Delivering on ambitious objectives » 
 

 

2019 was a significant year for Clean Sky 2 JU. The 
European Green Deal, outlined by the new European 
Commission in December 2019, has set an ambitious 
challenge for all European citizens ς it is our guiding north, 
illuminating the path towards climate neutrality by 2050.  
 
Innovations developed and supported by the Clean Sky 2 
programme will, when finally matured and implemented, 

already lower CO2 and NOx emissions from aircraft by up to 30%.  
 
Tackling climate-neutral aviation is an extremely complex task, and one that requires cooperation 
across the board, between public sector, private industry, researchers and entrepreneurs.  
 
Within this report, you will find the main developments of the Clean Sky 2 programme in 2019: a 
selection of our technologies under development, a look at our participation statistics and 
breakdown by country, our research output and impact, our vision for the future, and important 
details about the execution of the programme and overall management of the programme office. 
 
Moreover, you will  hear about the new efforts applied to creating synergies undertaken last year 
and a number of Memoranda of Understanding with various regions in Europe. Synergy label 
projects continued to grow, maximising cooperation and promoting synergies between European 
Structural & Investment Funds and Clean Sky. 
 
Clean Sky has successfully engaged 902 participants across the public and private sector from 30 
countries, of which 337 are SMEs, 110 are research centres and 151 are universities. To date, Clean 
Sky programmes have obtained 132 patents and have published 315 technical and peer-reviewed 
papers, including book chapters and theses written by PhD and Masters candidates. 
 
The commitment from all sides is set to continue. At Clean Sky, we are newly energised by the 
European Green Deal and the support of the European Parliament. In alignment with the European 
institutions, we will minimise the impact of aviation on the environment through the development 
and demonstration of innovative technologies and continue to contribute to the success of the 
European aviation ecosystem. 
 
 
 

Axel Krein 
Executive Director 
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EXECUTIVE SUMMARY 
 
The Clean Sky 2 Joint Undertaking is a public-private partnership (PPP) responsible for managing two 
major public aeronautic research programmes in the EU: the Clean Sky (CS) programme funded 
under FP7 which closed in 2017, and the Clean Sky 2 programme funded under the H2020 
framework programme which will run until 2024. Together, these constitute a public Union funding 
ōǳŘƎŜǘ ƻŦ Ƨǳǎǘ ƻǾŜǊ ϵнΦр ōƛƭƭƛƻƴ ŀƴŘ ŀƴ ŀǇǇǊƻȄƛƳŀǘŜ ƻǾŜǊŀƭƭ ǾŀƭǳŜ ƻŦ ŀŎǘƛǾƛǘƛŜǎ ƻǾŜǊ ǘǿƛŎŜ ǘƘƛǎ ŀƳƻǳƴǘΦ 
As such, the Clean Sky 2 JU is the largest EU research and innovation instrument in this field, 
engaging a wide array of participants spanning the full innovation chain from academia and (public) 
research organisations, through the tiered supply chain of industry up to and including the leading 
aircraft, engine and systems integrators. Thanks to this integrative and collaborative approach, small 
and medium-sized enterprises (SMEs) have participated in Clean Sky activities several hundreds of 
times. This integrates newcomers into the sector and can successfully expose large industrial 
participants to innovative approaches from SMEs.  
 
/ƭŜŀƴ {ƪȅΩǎ ŦƻŎǳǎ ƛǎ ƻƴ ǊŜŘǳŎƛƴƎ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ƻŦ ŀǾƛŀǘƛƻƴ ǿƘƛƭŜ ƳŀƛƴǘŀƛƴƛƴƎ ŀƴŘ ōǳƛƭŘƛƴƎ 
European competitiveness and mobility. The programme is ƳŀƴŀƎŜŘ ōȅ ǘƘŜ Wƻƛƴǘ ¦ƴŘŜǊǘŀƪƛƴƎΩǎ (JU) 
programme office in Brussels. The JU is an autonomous Union body set up under the legal 
framework of a Council Regulation (on the basis of Article 187 TFEU) and operating the grants it 
funds in accordance with the EU financial rules and the rules of Horizon 2020. The combination of 
EU and private industry funding provides a flexible means to ensure stability and long-term 
commitment from the European Union and stakeholders regarding the funding opportunities. 
 
The figure below highlights the objectives1 set for the Clean Sky 2 programme: 

 
 

/ƭŜŀƴ {ƪȅ н ǇǊƻƎǊŀƳƳŜΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǊŜǎǳƭǘǎ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ǘƘŜ !/!w92 Flightpath 2050 objectives3 

                                                      
 
 
1 Art. 2 Council Regulation [558/2014]. 
2 ACARE ς Advisory Council Aviation Research and Innovation in Europe. 
3 Flightpath 2050 - Europe's Vision for Aviation: 

https://ec.europa.eu/transport/sites/transport/files/modes/air/doc/flightpath2050.pdf  

https://ec.europa.eu/transport/sites/transport/files/modes/air/doc/flightpath2050.pdf
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The year in perspective ς research activities highlights of members and partners  

 
Each of the programme areas coordinating the research, technology development and 
demonstration activities, i.e. the Innovative Aircraft Demonstration Platforms (IADPs), 
Integrated Technology Demonstrators (ITDs) and Transverse Activities (TAs), is briefly 
highlighted below. 
 
Ĕ LPA ς Large Passenger Aircraft IADP   

The Large Passenger Aircraft IADP is focusing on large-scale demonstration of technologies 
integrated at aircraft level oƴ ǘƘǊŜŜ ŘƛǎǘƛƴŎǘ ΨtƭŀǘŦƻǊƳǎΩΦ  
 
Platform 1, which is known as ΨAdvanced Engine and Aircraft ConfigurationsΩ, aims to provide a 
development environment for the integration of the most fuel-efficient propulsion concepts 
into compatible airframe configurations and concepts targeting next generation aircraft. During 
2019, the majority of demonstrators and their underlying technologies passed important 
milestones which have determined the change from non-specific to specific design and the 
associated build-up of hardware (prototypes, rigs, etc.).  
 
Examples include: 
Á Active Flow Control research: a potential enabler for Ultra-High-Bypass-Ratio (UHBR) 

engine integration, which progressed with aerodynamic and harsh environmental 
testing conducted on steady and pulsed jet blowing actuators, together with full scale 
wind tunnel tests. 

Á The UltraFan® flight test demonstrator: all engine integration activities continued, 
redirected to leverage opportunities of the integration of hybrid electric propulsion 
systems. 

Á Open Rotor propulsion concepts: the design of Open Rotor blades including Cabin-noise 
assessment and trade studies at aircraft level have been completed for the  Open Rotor 
Advanced System άhw!{έ ŎƻƴŎŜǇǘΦ 

Á For the open rotor propulsion concepts, the design of open rotor blades including cabin 
noise assessment and trade studies at aircraft level have been completed ŦƻǊ ǘƘŜ άhw!{έ 
concept. In the field of hybrid electric propulsion, the design and development of several 
key technologies (generator, power electronics, electrical motors) has continued. The 
delivery of an integrated 2MW generator and power electronics fed into the 
commissioning of the Hybrid Electric Propulsion ground test bench. 

Á Platform 2 continued with its effort to develop, mature, and demonstrate novel 
advanced fuselage concepts and assembly methods in full alignment towards next-
generation cabin and cargo architectures. The multi-functional fuselage demonstrator 
performed a critical design review that will drive the demonstration later on. One major 
achievement was the launch of the upper shell development and design activities. Cargo 
fire tests in a real burn chamber were completed and the environmentally friendly fire 
protection demonstrator unit was ready for verification tests.  
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Finally, Platform 3: 
Á Activities progressed towards maturation of the functions and technologies developed 

in synergy with ITD Systems, and have started their integration and testing within the 
large aircraft disruptive cockpit, regional aircraft active cockpit and business jet ground 
demonstrator test benches. 

Á Flight tests for selected cockpit-avionics functions and technologies have been 
successfully performed on large aircraft and on business jets.  

Á The development and integration of major demonstrators for end-to-end maintenance 
enabling technologies (including health monitoring, collaborative environment and line 
maintenance mobile tool applications) has been finalised, and the final technology 
demonstration has taken place 

 
Ĕ REG ς Regional Aircraft IADP 

Regional Aircraft IADP activities relating to green conceptual aircraft achieved important results 
during 2019.  
Á The third design loop was started for the TP90pax regional aircraft.  
Á New activities related to hybrid-electrical regional aircraft configurations were started.  
Á The technology maturation activities progressed substantially during this period. In 

particular, the detailed design phase was completed with critical design reviews (CDRs) 
held for Iron Bird, for FTB2, for the fuselage structural demonstrator and the outer wing 
box on-ground demonstrator.  

Á The design of experimental modifications for implementation on the Flying Test Bed 1 
demo aircraft also progressed well towards the CDR, which will be held in 2020. The 
manufacturing and assembly of the full-scale demonstrators has started. 

 
Ĕ FRC ς Fast Rotorcraft IADP 

The Fast Rotorcraft IADP of Clean Sky 2 consists of two separate demonstrators, the 
NextGenCTR Tiltrotor and the RACER compound helicopter. Both projects are advancing 
towards the final validation of these game-changing concepts.  
 
Á The NGCTR technology demonstrator (WP1) concluded its preliminary design review 

(PDR) in March 2019.  
Á CDR readiness review was held in December 2019 to measure the progress of detailed 

design tasks (e.g. drawings release rate), assess the relevant risks and capture in advance 
warnings on the successful execution of the CDR in 2020.  

Á The RACER compound demonstrator (WP2) PDR actions were all completed, mostly 
during Q1 2019. The CDR took place in July 2019, with some actions identified and closed 
later in the year. A simplified process for drawing release was put in place and the long 
lead time items procurement and manufacturing continued. Key ground test benches of 
relevant sub-systems were also run (e.g. lateral shaft dynamics, electrical generation and 
distribution systems, systems integration rig). 
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Ĕ AIR ς Airframe ITD 

Á The technology readiness levels (TRL) for the Ultra High By-pass Ratio (UHBR) and Open-
Rotor (OR) integration technologies have progressed.  

Á The BLADE flight test campaign was completed in August and analysis activities have 
been carried out. Exploitation activities by the BLADE partners will continue in 2020.  

Á Airframe structure demonstrators, the preliminary design review (PDR) for wing root box 
composite spars and the critical design review (CDR) for cargo doors structural 
demonstrators have both been successfully passed. Technology development for EWIPS 
(electrical wing ice protection system) integration on a business jet slat has continued. 

Á Active load control activities progressed well with very valuable results achieved on load 
attenuation.  

Á The activities for the human-centred cabin and the office centred cabin progressed 
significantly, passing some CDRs successfully.  

Á Good progress was made in other technology development areas such as: morphing 
leading edge technology; out-of-autoclave (OoA) composite outer wing box (COWB) 
thermoplastics in situ consolidation and liquid resin infusion (LRI), etc. These 
technologies support the FRC, REG and SAT demonstrators and passed several CDRs.  

Á Refinement of the major cabin interior items 3D models and preliminary stress analysis 
have been performed. Eco-design technology development progressed well and is on 
track for the preparation of the demonstration phase.  

Á Life cycle assessment (LCA) data collection continued in collaboration with the ECO TA. 
 
Ĕ ENG ς Engines ITD 

During 2019 all work packages (WPs) progressed significantly towards the master plan. Two WPs 
entered a final stage. Work package seven on lightweight and efficient jet-fuel reciprocating 
engines completed its R&T programme and work package three, the ΨTurboprop Integrated 
Power Plant System (WP3)Ω has entered testing on the ground (TechTP demonstrator).  
Further progress was made in the following areas: 
Á Work packages two, five and six; i.e. ultra-high propulsive efficiency (WP2), very high 

bypass ratio (VHBR), middle of market turbofan technology (WP5) and VHBR large 
turbofan demonstrator (WP6); continued with significant progress regarding the key 
technologies.  

Á In 2019 Safran began work on an engine with a bypass ratio that was increased to 25+. 
For the advanced geared engine configuration (WP4), the design of the two-spool rig as 
well as the EMVAL engine technologies demonstrator activities are approaching their 
preliminary and critical design reviews respectively.   

Á For  work package eight, entitled ΨReliable and more efficient operation of small turbine 
engines (WP8)Ω, the objectives for loop two were fulfilled with the assessment of 
conceptual aircraft fuel consumption and emissions. The programme is now entering its 
third loop (hybrid-electric powerplant). The GAM covering 2020-21 has been prepared 
by the end of 2019 in order to continue progress towards final demonstrators as per 
CS2DP. 

Á For the eco-design engine (WP9) work package, activity has been consistent with the 
work programme.  
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Ĕ SYS ς Systems ITD 

In 2019, several cockpit technologies were successfully developed with  most of them being 
integrated into the virtual system bench according to the TRL maturation plan up to TRL 5. 
Examples include voice recognition, tactile displays and parts of the enhanced vision system. 
Progress was also made in the following  areas: 
Á The connected cabin concept had some bricks whose TRL level was starting to increase, 

such as the smart belt concept, luggage detection without camera and galley concept.  
Á Interfaces for the cargo fire suppression demonstrator were defined and components 

design prepared.  
Á In the area of flight controls, several technologies for large and regional aircraft 

progressed to TRL 3-4 to prepare the demonstration activity.  
Á In the area of landing gear system, the direct drive wheel actuator equipment and 

system achieved TRL4 functional tests and new activities fostering weight reduction and 
competitiveness were introduced.  

Á High-voltage-DC components for the power network demonstration progressed towards 
TRL5. Similarly, activities on bricks for power generation and distribution were advancing 
as well to support demonstrations.  

Á The final architecture of the Electrical Environmental Control System (EECS) has been 
frozen in order to start to deploy the demonstration. Sensors and filtration components 
for air re-circulation in environmental control were produced and tested.  

Á Wing ice detection and protection technology progressed as well.  
Á Transversal activities on small air transport, advanced power electronics and the 

integrated simulation modelling framework progressed towards the final 
demonstrations.  

 
Ĕ ECO ς Eco-design transverse activity  

Eco-design TA continued its efforts to interact with the different ITDs/IADPs by providing 
guidance on data collection for different impactful selected technologies to develop more eco-
friendly components. Concrete applications are being developed which apply the eco-design 
approach airframe, engine and systems components which are more ecological and consume 
fewer resources. A dedicated workshop on additive manufacturing was organised with the 
participation of airframes, partners and the European Union Aviation Safety Agency (EASA). 
Similar workshops are planned in 2020 to pinpoint other areas. 
 
Ĕ SAT ς Small air transport transverse activity 

The Clean Sky 2 small air transport (SAT) activity deals with the technology needs of small 
general aviation and commuter/feeder aircraft. Integration studies of technologies developed 
within the Airframe, Engine and Systems ITDs on 19-seat green aircraft configurations will be 
carried out to evaluate the benefit of different technologies at aircraft integration level. The 
main activities in 2019 were the management of related research and technology development 
across the relevant ITDs, driving and monitoring their technical activities, and the finalisation of 
Loop 1 for 19-seat aircraft green configuration design for several mission ranges.  
 
 
 

 



 

10 
 

Ĕ TE ς Technology Evaluator 

In 2019 all WPs made good progress in supporting the global evaluation of the technologies 
developed in the Clean Sky 2 programme and in preparing the first global assessment which is 
planned for delivery mid 2020.  
The technology evaluator (TE) annual review meeting was held in Cologne from 16 to 18 
October. In addition, two TE-System and Platform Demonstrator (SPD) bi-annual workshops 
were held. The first one took place in April 2019 with the remit to deliver updates and facilitate 
exchanges on SPD concept models, key technologies, and attainment of specific CO2 and NOx 
goals. Another workshop took place in November 2019 and outlined the TE assumptions in 
relation to various scenarios and demand and fleet modelling. A TE-SPD workshop took place at 
the end of October and a further exchange meeting was organised with the Single European Sky 
ATM Research Joint Undertaking (SESAR) and EASA. Most of the activities in 2019 focused on 
the elaboration of the TE forecast (developments of demand, movements, and fleet) including 
airport capacity constraints modelling.  
In addition, the scenario storylines for the first global assessment have been elaborated and 
reviewed by the vehicle manufacturers. This workshop gave participants the opportunity to 
discuss the underlying assumptions of the scenarios, as well as those for the demand forecast 
and fleet modelling with all CS private members and evaluators to ensure a common 
understanding of this major step towards the first global assessment.  
Exchanges with Clean Sky 2 partners on metrics and reference aircraft continued. Further 
exchanges with the JU have been performed regarding the TE light projection and potential 
approaches to quantify benefits of Clean Sky 2 programme. 
 
Ĕ Summary of calls for proposals in 2019 

In 2019, two calls for proposals were successfully implemented: the eighth call for proposals 
(CfP08) was completed in March and the ninth call for proposals (CfP09) in October 2019. With 
regard to  the CfP08 call, 58 successful topics out of 68 topics were published (85% success rate) 
ǿƛǘƘ ŀ ǘƻǘŀƭ ŦǳƴŘƛƴƎ ǊŜǉǳŜǎǘ ƻŦ ŀǇǇǊƻȄΦ ϵсрΦо million; time to grant performance (GAPs signed 
<8 months): 73%. Regarding the CfP09 call, 53 successful topics out of 55 topics were published 
όфс҈ ǎǳŎŎŜǎǎ ǊŀǘŜύ ǿƛǘƘ ŀ ǘƻǘŀƭ ŦǳƴŘƛƴƎ ǊŜǉǳŜǎǘ ƻŦ ŀǇǇǊƻȄΦ ϵтлΦл million; time to grant 
performance (GAPs signed <8 months): 96%. 
 
The tenth call for proposals (CfP10) was launched in May 2019 with evaluation taking place in 
November 2019: 56 successful topics out of 62 topics were published (90% success rate) with a 
ǘƻǘŀƭ ŦǳƴŘƛƴƎ ǊŜǉǳŜǎǘ ƻŦ ŀǇǇǊƻȄΦ ϵрфΦт million. The call is currently under grant preparation and 
will be fully implemented by May 2020.  
 
Including the tenth call, the JU also successfully launched 10 thematic topics (100% success 
rate), representing 19 proposals with a ǘƻǘŀƭ ŦǳƴŘƛƴƎ ǊŜǉǳŜǎǘ ƻŦ ŀǇǇǊƻȄΦ ϵнсΦс million4.  
 
 

                                                      
 
 
4 CfP10 included, assuming successful grant preparation of all retained proposals.  
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All together, these tenth calls for proposals are already engaging more than 730 Partners from 
28 different countries with a strong SME involvement in terms of participation and grants 
ŀǿŀǊŘŜŘΥ пн҈ ƻŦ ǘƘŜ tŀǊǘƴŜǊǎ ǎŜƭŜŎǘŜŘΣ ǊŜǉǳŜǎǘƛƴƎ нс҈ ƻŦ ǘƘŜ ƴŜŀǊƭȅ ϵ 505 million EU funding 
launched via these ten calls. 

 
 

Á Administrative and financial management 
 
Budget execution again saw a high level of implementation with 100% in terms of commitment 
appropriations and 97.4% in terms of payment appropriations for the operational budget.  
Based on the information received so far, the reported value of the in-kind contributions arising 
from ǘƘŜ ƻǇŜǊŀǘƛƻƴŀƭ ŀŎǘƛǾƛǘƛŜǎ όƛΦŜΦ ǿƛǘƘƛƴ ǘƘŜ ǿƻǊƪ Ǉƭŀƴ ŀƴŘ ŦǳƴŘŜŘ ōȅ ǘƘŜ W¦ύ ƛǎ ϵртнΦру 
million. The reported value of the in-kind contributions arising from the additional activities (i.e. 
outside of the work plan and not funded by ǘƘŜ W¦ύ ƛǎ ϵ899.84 millƛƻƴ ƭŜŀŘƛƴƎ ǘƻ ŀ ǘƻǘŀƭ ƻŦ ϵ1.47 
billion of private in-kind contributions reported so far. 
The residual error rate, which represents the level of errors which remain undetected and 
uncorrected, did not exceed 2% of the total operational expense. 
 
Á Synergies with ESIF 

 
In 2019, Clean Sky and the European structural and investment funds (ESIF) continued to actively 
support research and innovation smart specialisation strategies (RIS3) investments within the 
scope of clean aviation research and innovation. Applicants were encouraged to combine their 
Clean Sky 2 funding with ESIF opportunities, and promote the use of ESIF to build and enhance 
local capabilities and skills in aviation research.  

At a strategic level, Clean Sky developed close connections between Member States and regions  
interested in ESIF opportunities or other national/regional funds. This allows Clean Sky to build 
synergies and networks between industrial actors, universities, research organisations, SMEs and 
regional funding opportunities to further enhance the development of clean aviation 
technologies. Altogether, 120 regions from 28 countries have participated in Clean Sky 2 winning 
proposals.  

To date, Clean Sky has set out frameworks of cooperation through a total of 19 Memoranda of 
Understanding (MoU) with Member States and regions across Europe. It outlines a strategic 
approach, follows the regional strategy (RIS3) and identifies the applicable ESIF regional 
instruments that can support potential proposals that are complementary or related to Clean Sky 
projects and objectives. The signature of a MoU is not a pre-condition for developing synergies 
with Clean Sky 2, but an incentive instrument meant to facilitate a closer interaction between 
Clean Sky, Member States and regions and to stimulate their participation in Clean Sky calls.  

As of 2019, more than 45 ESIF and national or regional funded projects with a budget of around 
ϵрл Ƴƛƭƭƛƻƴ ǿŜǊŜ ƭŜǾŜǊŀƎŜŘ through the MoUs. In 2019 the 19th Memorandum of Understanding 
was signed with the Nouvelle Aquitaine region in France. 

Since Clean Sky 2 was launched, eleven proposals have been awarded the Clean Sky Synergy 
Label, and one proposal is currently under evaluation.   
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Á Governance  
 
Throughout the year, various policies and decisions outlining rules or guidelines were proposed 
and adopted by the Governing Board. The main ones were related to the approval of the annual 
activity report, adopting the updated Clean Sky 2 Development Plan, providing opinions on 
annual accounts and in-kind contributions and adoption of the work plan and budget for 2020-
2021. Additionally, the adoption of HR implementing rules regarding the type of posts and post 
titles for temporary staff and conditions of employment of contractual agents, adoption of a 
revised organisational structure for the JU, the adoption of the revised Clean Sky 2 JU financial 
rules, and others.  
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1. IMPLEMENTATION OF THE ANNUAL WORK PLAN 2019 
 

1.1. Key objectives 2019 and related results 

 
The JU has implemented various tools to monitor the execution of the programme in terms of 
productivity, achievements, planning and risks of the operations: 
 

¶ quarterly reports of the ITD/IADPs, which include information on resource consumption, the 
achievements and the resulting forecasts for level of project implementation; 

¶ Steering Committees at ITD/IADP level with involvement of the CS project officers; 

¶ annual rŜǾƛŜǿǎ ƻŦ ǘƘŜ L¢5κL!5tǎΩ ǇŜǊŦƻǊƳŀƴŎŜ ƻǊƎŀƴƛǎŜŘ ōȅ ǘƘŜ W¦ ǿƛǘƘ ǘƘŜ ƛƴǾƻƭǾŜƳŜƴǘ ƻŦ 
independent experts, if necessary complemented with interim reviews and ad-hoc reviews 
related to specific milestones or issues; 

¶ this monitoring information is summarised and reported regularly to the Governing Board. 
  

The overall objectives for the Clean Sky 2 programme for the period 2018-2019 are stated 
below. The progress as of end 2019 is reported against each objective: 
 
Objective in the Work Plan 
2018-2019 

Status Comments 

To execute the technical 
content as defined for the 
two-year period, as stabilised 
at the end of 2017 and upon 
completion of the private 
member accession through 
the four core partner calls 
executed from 2014 through 
2017. Ensure this is 
adequately incorporated in 
the Clean Sky 2 Development 
Plan (CS2DP) and the grant 
agreements. 

Ongoing, 
technical 
programme 
for 2019 
largely 
achieved 
[>85%] 

The technical programme as defined in December 2017 
has been fully implemented in the grant agreements for 
private members starting in January 2018 for a period 
of one year. The GAMs were amended end of 2018 to 
extend the work statements for another year with 
inclusion of recent updates arising from results 
achieved in 2018. The execution of the technical 
content for the two-year period is aligned with the 
programme planning to completion as defined in the 
Clean Sky 2 Development Plan (adopted in December 
2017 and revised in November 2019). 
All members have acceded to the programme and are 
active as of January 2018. 

To determine in the course of 
2018ς2019 the definitive 
configuration of the 
ǇǊƻƎǊŀƳƳŜΩǎ ƳŀƧƻǊ 
demonstrators and 
technology development 
themes, based on robust risk 
and progress reviews based 
on the 2017 baseline set in 
the Clean Sky 2 Development 
Plan (CS2DP); where 
necessary diverting 
resources to safeguard the 
achievement of the 
ǇǊƻƎǊŀƳƳŜΩǎ IƛƎƘ-Level 
Objectives (HLOs). 

Ongoing,  
on track 

In 2019, the annual reviews organised across the 
IADP/ITD/TAs provided good visibility of results and 
progress in all the technical areas of the programme.  
The CS2DP was revised following the reviews, putting 
light on the proposed work for continuation in 2020-
2021 including the planning of activities, the 
contribution to the High Level Objectives (HLOs), the 
assessment of risks and the remaining funding at 
completion. These elements were assessed in the last 
quarter of 2019 by a panel of experts, including 
members of the Scientific Committee. The assessment 
of reviewers confirmed the alignment of proposed 
plans with the Clean Sky 2 HLOs and their 
appropriateness to reach objectives at programme 
completion. In addition, the Scientific Committee 
issued a positive opinion on the revised CS2DP, adopted 
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Objective in the Work Plan 
2018-2019 

Status Comments 

by the Board in November 2019. 

To implement solutions for 
leveraging Clean Sky 2 
funding with structural 
funds. 

Ongoing, 
on track 

A further MoU was signed in 2019 with the Nouvelle 
Aquitaine region in France, which brought the number 
of MoUs in force by 31 December 2019 to 19. In the 
framework of the MoU implementation, some Member 
States/regions under a MoU launched calls and funding 
schemes that either included topics dedicated to 
aeronautics and synergetic to CS2 JU or incentivised the 
submission of proposals complementary to JU activities 
and objectives. Campania (IT), Occitanie (FR), Romania 
and Greece launched or had already open calls during 
2019.   
By the end of 2019, more than 45 projects, with a 
budget of ŀǊƻǳƴŘ ϵрл ƳƛƭƭƛƻƴΣ ǿŜǊŜ ƭŜǾŜǊŀƎŜŘ ǘƘǊƻǳƎƘ 
the MoUs. These projects were selected through the 
national/regional calls, or awarded the Clean Sky 
Synergy Label.  Some related projects funded in 2019 
either at national or regional level are further described 
in section 1.11. The JU will continue implementing the 
MoUs in force throughout the year 2020 in view of 
supporting more upstream coordination with RIS3 and 
the implementation of more ESIF projects, and will 
continue identifying more best practices in view of the 
next framework programme. In the context of  
cooperation with Member States and regions, the JU 
participates in relevant events, contributing to the 
exchange of best practices and discussing potential 
further perspectives for implementing synergies within 
Horizon Europe.    

To implement an effective 
and efficient management 
and governance of the 
programme. 

Ongoing, 
on track 

The overall management and governance of the 
programme is fully mature, with well-established 
procedures and bodies/committees. Every 
ITDs/IADPs/TAs reports to the Governing Board their 
results and performance on execution on a quarterly 
basis. Programme Coordination Committee (PCC) 
meetings are regularly organised (7 meetings in total 
for 2019) to monitor the programmeΩǎ progress and 
execution. In addition, annual reviews and 
interim progress meetings are organised along the 
year. This review cycle helps in properly managing and 
governing the Programme through well targeted 
actions.  
Updates of the CS2 strategic documentation i.e. CS2DP 
and Work Plan 2018-2019 were implemented in April 
and November 2019 to include CfP09 and CfP10, as well 
as any technical revision and/or alignment. Since 2018, 
all grants (including GAMs) are implemented through 
H2020 IT Tools. All procedures were adjusted 



 

15 
 

Objective in the Work Plan 
2018-2019 

Status Comments 

accordingly. Some effort would still be necessary to 
adapt H2020 tools to the specificities of the CS2 
environment (e.g. GAMs extension, large number of 
beneficiaries and deliverables, in kind contributions 
reporting etc.).  

To implement an appropriate 
and agreed approach for 
each transverse area (TA) 
that allows for the 
transversal coordination to 
be executed and technical 
synergies to be extracted. 

Achieved For each of the TAs coordination committees are fully 
operational and include the key members from the 
contributing/participating IADP/ITDs. The JU is able to 
monitor progress and validate grant performance 
through the two axes of the periodic/annual reviews 
related to the TA as well as receiving reporting inside 
each participating IADP/ITD. {ƻƳŜ ŀŘŘƛǘƛƻƴŀƭ ŀƴŘ ΨƭƻŎŀƭΩ 
monitoring systems are necessary to keep track of 
resource and budget usage: this is achieved within the 
current local systems. 

To implement four further 
calls for proposals and to 
implement within these calls 
the additional and 
complementary format of 
άǘƘŜƳŀǘƛŎ ǘƻǇƛŎǎέ ŜƴŀōƭƛƴƎ ŀ 
wide range of competing 
technology solutions to 
address broad problem-
oriented topics that are 
geared towards the Clean Sky 
2 programme-level HLOs. 

Ongoing, 
achieved 
for 2019 
Calls 

Implementation of projects from Call 09 started in 
2019. Call 10, launched in May 2019, selected projects 
with a starting date anticipated in Q1 2020. Thematic 
topics and complementary topics were included in 
these two calls. Call 11, prepared in 2019, will be 
launched in 2020. This will be the last call of the Clean 
Sky 2 Programme. 

To widely disseminate 
information about the calls 
for proposals (for partners), 
in order to reach a healthy 
level of applications and 
ensure the success of the 
topics; including SME 
participation at a rate higher 
than 35%. To proceed with 
the selection of participants 
through these calls. 

Ongoing, 
achieved 
for 2018 
Calls 

With a ratio of submissions to retained proposals of 
between 3:1 and 4:1, the JU has successfully 
maintained a good balance in terms of success rates for 
applicants versus wide and strong, open competition. 
SME participation (% of winning applicants) remains 
healthy and on target. See also the reported results on 
KPIs. For the thematic topics, results from Call 09 and 
Call 10 led to a comparable success rate as multiple 
projects were awarded funding. The JU believes that 
the ongoing and current success rate is optimal: 
ensuring healthy competition yet not discouraging the 
(significant) effort required to prepare and submit a 
proposal. 

To ensure a time-to-grant 
(TTG) no greater than eight 
months for the calls for 
proposal in no less than 80% 
of topics and selected 
proposals. 

Ongoing, 
achieved 
for 2019 
Calls 

In 2019, two calls for proposals were successfully 
implemented, with the eighth call for proposals (CfP08) 
completed in March and the ninth call for proposals 
(CfP09) in October 2019. TTG target was met with 
significant margin. This is further reported in the KPIs. 

To execute at least 90% of Achieved Yes. 100% in terms of commitment appropriations and 
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Objective in the Work Plan 
2018-2019 

Status Comments 

the budget and of the 
relevant milestones and 
deliverables. 

(estim. as 
of Jan 
2020) 

98.2% in terms of payment appropriations for the 
operational budget In terms of reported (fully 
completed) milestones and deliverables, more than 
85% of deliverables and milestones planed in GAMs 
have been confirmed. See also paragraph 1.9 for the 
budget figures and commentary. 

To ensure a high level of 
technical and process 
integrity in the execution of 
the programme, including 
the calls and their resulting 
selection of CS2 participants; 
and a maximum relevance of 
research actions performed 
towards the programmŜΩǎ 
goals. 

Ongoing, 
achieved 
for 2019 
Work Plan 
and Calls 

For the actions (and calls) in 2019 the monitoring and 
control mechanisms in place have ensured the selection 
of work packages for the grant agreements for 
members, and the topics for calls were in line with the 
programme objectives and the work plan. The 
consultation of the Scientific Committee and the  States 
Representatives Group (SRG) provided valuable inputs 
to both the overall work plan and ς where relevant ς to 
call topics and technical content of the IADP/ITD/TAs. 

To finalise and implement 
the impact assessment 
strategy and reference 
framework for the TE 
(including the selection of 
and the performance levels 
of reference aircraft against 
which the progress in CS2 will 
be monitored); to finalise the 
assessment criteria and 
evaluation schedule for the 
TE for each technical area. To 
complete the selection of its 
key participants; to conduct 
within the timeframe of the 
work plan the first TE 
assessment of CS2 
programme in order for its 
completion in early 2020. 

Achieved .ǳƛƭŘƛƴƎ ǳǇƻƴ ǘƘŜ ά[ƛƎƘǘ tǊƻƧŜŎǘƛƻƴέ ŦƻǊŜŎŀǎǘ ǎǘŀǊǘŜŘ ƛƴ 
2018, and the collection of a first performance estimate 
for all vehicle models from each SPD, the set-up and 
configuration of the first Global Assessment of Clean 
Sky 2 by the Technology Evaluator was largely 
completed in 2019. This first full environmental 
assessment is planned for delivery end of June 2020, i.e. 
a forecast at fleet level by 2050 of the impact of new, 
more efficient and greener aircraft based on Clean Sky 
technologies. The report will also include preliminary 
results of the socio-economic impact assessment 
(including competitiveness and mobility aspects), 
focusing on the ΨadditionalityΩ of CS2. 
In order to agree, finalise, and implement the impact 
assessment strategy and reference framework, all key 
participants, including external independent reviewers, 
have been involved in a series of dedicated workshops 
to determine the full assessment methodology, starting 
Q4 2019, and extending into Q1 2020.  A first workshop 
was held on 29 November 2019 on the forecast 
scenarios, followed by a workshop on the socio-
economic study (31 January 2020) and a vehicle models 
workshop (16 March 2020). This process is ongoing and 
will be finalised by April 2020, i.e. two months prior to 
the delivery of the final report for the 1st Global 
Assessment, end of June 2020. 
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 List of Major Deliverables and Milestones achieved in 2019 

System & 
Platform 
Demonstrator 
(SPD) 

Major Deliverables  

LPA Critical Design Review for hybrid laminar flow control (HLFC) Horizontal Tail 
Plane (HTP) (D4) 

LPA Conceptual System & Architecture Design Report of HLFC wing (D6) 

LPA Report and the model for UHBR Powerplant integration framework (D10) 

LPA Final report on flow control ground test (D11) 

LPA Intermediate test results of the hybrid electric propulsion system (D9) 

LPA Cabin and Cargo platform modules incl. Advanced Micro PSU test specimen 
available and ready for integration 

LPA Delivery and testing of the OBBIGS Environmental Friendly Fire Protection 
demonstrator 

LPA DISCO test bench second version 

LPA Multimodal Human Machine Interface Prototype for Business Jet cockpit 
demonstration 

LPA REACTOR standalone technologies operational validation (TRL4) 

LPA ADVANCE maintenance solutions demonstration final reports 

REG Conventional configuration weight e balance analysis, aerodynamics and aero-
acoustic integration studies - Loop 2 (WP1.1) 

REG Sub-components representative of outer wing box verification and validation 
(WP2.1) 

REG Flying Test Bed 1 aircraft modifications technical dossier - preliminary (WP3.1) 

REG Installation layouts and interface control drawing of the regional aircraft cabin 
major items of the On-Ground Pax Demonstrator Platform (WP3.2) 

FRC General requirements and objectives (GRO) ς Preliminary Design Review maturity 
(WP1) 

FRC Next Generation Civil Tilt Rotor (NGCTR) configuration ς PDR maturity (WP1) 

FRC RACER critical design review minutes of meeting (WP2) 

FRC NGCTR input to FRC mission level results in support of 1st TE global assessment 
(WP4) 

FRC RACER input to FRC mission level results in support of 1st TE global assessment 
(WP4) 

AIR Moveable demonstrator CDR  

AIR Integrated Health Monitoring Management (IWTT) for the slat demonstrator 

AIR /5w w!/9wΩǎ wing 

AIR Winglet morphing flight components for FTB#2 Step 1 

AIR Multifunctional flap flight components for FTB#2 Step 1  

ENG Preliminary design review report meeting (WP2) 

ENG Preliminary IPPS test report following first engine propeller to test (FEPTT) (WP3) 

ENG Engine demo critical design documentation (WP4) 

ENG UltraFan® PDR summary review (WP5) 

ENG UltraFan® PDR summary review (WP6) 

ENG Permit-to-fly documentation (WP7) 

ENG Final evaluation report (WP8) 
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System & 
Platform 
Demonstrator 
(SPD) 

Major Deliverables  

SYS Enhanced Flight Vision System / Combined Flight Vision System Validation Test Plan 
(WP1) 

SYS Standardisation plan (WP2) 

SYS Detailed design review (DDR) Review results for electro-mechanically actuated 
(EMA) braking (WP4) 

SYS Update on demontrator topics' progression (WP100.1) 

SAT Annual Report (WP1) 

SAT CDR - Integration on P180 /from previous GAM) (WP3) 

ECO Updated technology list for eco-design activities in SPDs 

ECO Progress report for the eco-design technologies and monitoring 

ECO Dissemination and communication plan 

TE TE integrated planning new version   

TE Mission level report  

TE Airport level report 

TE Air Transport System (ATS) level report 

 

System & 
Platform 
Demonstrator 
(SPD) 

Major Milestones  

LPA SAAFIR test rig CDR (D1) 

LPA TRL3 technology and configuration review of advanced rear-end (D2) 

LPA TRL4 for HLFC HTP (D4) 

LPA HLFC wing preliminary definition of multi-physics demonstration (D6) 

LPA PDR for the UltraFan nacelle and pylon techno bricks (D10) 

LPA CDR FTD: flow control technology (synthetic jet actuators) applied on engine/pylon 
(D11) 

LPA Commissioning of 2MW generator and power electronics to the Airbus Hybrid-
Electric Propulsion Ground Demonstrator (D9) 

LPA Critical review of key modules contributing to the multifunctional fuselage 
demonstrator  

LPA Handover of cabin and cargo platform modules including the Universal Cabin 
Interface (UCI) and printed electrics for integration to a joint demo platform 

LPA Review of industrial feasibility and assembly lead times for advanced lower centre 
fuselage 

LPA Review of results from advanced fastener and assembly technologies, automated 
inspection and predictive simulation   

LPA Review of automated cabin and cargo installation solutions in the context of the 
future factory concept 

LPA Operational validation in active cockpit simulator: TRL4 of standalone technologies 

LPA ADVANCE maintenance solutions TRL6 

REG Annual review (WP0) 

REG Eco-compatible technologies final assessment and validation (WP2.1) 



 

19 
 

System & 
Platform 
Demonstrator 
(SPD) 

Major Milestones  

REG Iron Bird manufacturing & configuration review (WP3.4) 

REG Initiation of HQ & loads flight clearance for PtF (WP3.5) 

FRC CfP08 partners on contract (WP1) 

FRC FRC input to 1st TE Global assessment report (WP4) 

AIR Door demonstrator CDR report 

AIR IWTT CDR 

AIR Gust Wind Tunnel Test CDR 

AIR Wing box CDR 

AIR Down-selection for the innovative cabin architecture solutions  

ENG Preliminary design review (WP2) 

ENG First engine propeller to test (FEPTT) (WP3) 

ENG 2 spool compr. rig preliminary design review (WP4) 

ENG Enablers to UltraFan® PDR (WP5) 

ENG UltraFan® PDR (WP6) 

ENG Application to Permit-to-fly (WP7) 

ENG Final exploitation plan (WP8) 

SYS C3 bench available (WP1) 

SYS Standardisation review n°2 (WP2) 

SYS Electro-motor-pump bricks available (WP3) 

SYS Short turn-around-time TRL4 review (WP4) 

SYS Flight control computing node detail design review (WP7) 

SYS Completion of 3 out of four demonstrator topics in network architectures section 
of the programme (WP100.1) 

SYS Automatic test generation environment complete (WP100.3) 

SAT Annual report (WP1) 

SAT PDR -  Integration on P180 /from previous GAM) (WP3) 

ECO Workshop on joint themes 
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Environmental forecast 
 

The environmental targets of the Clean Sky 2 programme are defined in the Council Regulation5: 
 

 

a) To contribute to the finalisation of research activities initiated under Regulation (EC) No 
71/2008 and to the implementation of Regulation (EU) No 1291/2013, and in particular 
the Smart, Green and Integrated Transport Challenge under Part III ɂ Societal Challenges 
of Decision 2013/743/EU; 

b) To contribute to improving the environmental impact of aeronautical technologies, 
including those relating to small aviation, as well as to developing a strong and globally 
competitive aeronautical industry and supply chain in Europe.  

 
This can be realised through speeding up the development of cleaner air transport technologies for 
earliest possible deployment, and in particular the integration, demonstration and validation of 
technologies capable of: 
 

(i)  increasing aircraft fuel efficiency, thus reducing CO2 emissions by 20 to 30 % 
ÃÏÍÐÁÒÅÄ ÔÏ ȬÓÔÁÔÅ-of-the-ÁÒÔȭ ÁÉÒÃÒÁÆÔ ÅÎÔÅÒÉÎÇ ÉÎÔÏ ÓÅÒÖÉÃÅ ÁÓ ÆÒÏÍ φτυψȠ 

(ii)  reducing aircraft NOx and noise emissions by 20 to 30 ϻ ÃÏÍÐÁÒÅÄ ÔÏ ȬÓÔÁÔÅ-
of-the-ÁÒÔȭ ÁÉÒÃÒÁÆÔ ÅÎÔÅÒÉÎÇ ÉÎÔÏ ÓÅÒÖÉÃÅ ÁÓ ÆÒÏÍ φτυψȢ 

 

 

The translation of the programme's high-level environmental objectives into targeted vehicle 
performance levels is shown below. More details about the vehicle performance levels, in 
particular about the reference aircraft, are available in the Clean Sky 2 Development Plan. 

Conceptual aircraft / air transport type Window
1
 ҟCO

2
 ҟNO

x
 ҟ Noise Target

2
 TRL @ CS2 close 

Advanced long-range (LR) 2030 20% 20% 20% 4 

Ultra advanced LR 2035+ 30% 30% 30% 3 

Advanced short/medium-range (SMR) 2030 20% 20% 20% 5 

Ultra-advanced SMR 2035+ 30% 30% 30% 4 

Innovative turboprop [TP], 130 pax 2035+ 19 to 25% 19 to 25% 20 to 30% 4 

Advanced TP, 90 pax 2025+ 35 to 40% > 50% 60 to 70% 5 

Regional multimission TP, 70 pax 2025+ 20 to 30% 20 to 30% 20 to 30% 6 

19-pax commuter 2025 20% 20% 20% 4-5 

Low sweep business jet 2035 > 30% > 30% > 30% җ п 

Compound helicopter 2030 20% 20% 20% 6 

Next-Generation Tiltrotor 2025 50% 14% 30% 5 

 

 

                                                      
 
 
5 Council Regulation (EU) No 558/2014 of 6 May 2014 

1 All key enabling technologies at TRL 6 with a potential entry into service five years later 2 Key enabling technologies at major system level 
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Indicators  

The Key Performance Indicator results for the Clean Sky 2 programme for 2019 are presented 
in Annexes 5 to 7. 

 
 

Administrative objectives ï achievement  
 

Objective 2019 Achieved in 2019 (Yes/No/Comments) 

A reliable financial management and reporting to 
the JU's individual stakeholders (the European 
Union and the private members and partners of 
CS) is ensured; 

Yes.  
The JU has continued to work in accordance 
with the financial regulation and internal 
procedures in order to implement and monitor 
the execution of the overall budget in terms of 
productivity, achievements, planning and risks 
of the operations. 

90% of GAM cost claims received are formally 
dealt with (validated, put on hold or refused) 
before end of May each year; 

Yes. 100%. 

The ex-post audits on H2020 projects are 
performed according to the plan and show a 
materiality of errors lower than 2% for the total 
programme period.  
The audits carried out by the Common Audit 
Service (CAS) for the entire research family, in 
particular for the Common Representative 
Sample, are coordinated with the audit 
requirements of Clean Sky 2 JU. 

Yes. The majority of the planned audits have 
been finalised until the end of 2019 and enabled 
the JU to establish its specific representative 
error rates. Annual and accumulated error  
rates for the CS2 programme period are below 
2%. The JU succeeded in coordinating the 
specific requirements for audits of CS projects 
with the audits performed by  the CAS for the 
research family in total. 
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1.2. Research and Innovation activities 

 
The Clean Sky 2 Joint Undertaking contributes to improving the environmental impact of 
aeronautical technologies, including those relating to small aviation, as well as to developing a 
strong and globally competitive aeronautical industry and supply chain in Europe.  
 
The Clean Sky 2 programme clearly demonstrates the benefits of a true Public Private 
Partnership (PPP). Stakeholder participation was at a high level, including SMEs (often their first 
participation in the European framework programme), research centres and academia. 
Industry is increasingly using Clean Sky as the focus of their R&T programmes because of the 
efficiency and effectiveness of Clean Sky research at European level. The JU has proven to be 
an appropriate management body. 
 
The Clean Sky 2 programme will deliver vital full-scale in-flight demonstrations of novel 
architectures and configurations. Advanced technology inserted and demonstrated at full 
systems level will enable step-changes in environmental and economic performance and bring 
crucial competitiveness benefits to European industry. This will enable the European aviation 
sŜŎǘƻǊ ǘƻ ǎŀǘƛǎŦȅ ǎƻŎƛŜǘȅΩǎ ƴŜŜŘǎ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜΣ ŎƻƳǇŜǘƛǘƛǾŜ Ƴƻōƛƭƛǘȅ ǘƻǿŀǊŘǎ нлрлΦ !ǎ ǎǳŎƘΣ 
the results of the Clean Sky 2 programme will enable to create high-skilled jobs, increase 
transport efficiency, sustain economic prosperity and drive environmental improvements in the 
global air transport system. 
 
Clean Sky engages the best talent and resources in Europe and is jointly funded and governed 
by the European Union and the major European aeronautics companies. It utilises the key skills 
and knowledge of the leading European aeronautic research establishments and academic 
faculties. Small and medium-size enterprises and innovative sub-sector leaders will help to 
shape promising new supply chains.  
 
Research and innovation actions delivering important technological advances started in Clean 
Sky programme were extended and continued in Clean Sky 2 programme. New architectures, 
such as hybrid-electric propulsion and new vehicle configurations addressing unmet mobility 
needs, will be evaluated with flight demonstrators. They will be essential in order to fulfil the 
ambitious objectives of the renewed ACARE Strategic Research and Innovation Agenda (SRIA). 
Conventional aircraft configurations are approaching intrinsic performance limits, as the 
integration of the most recent technologies are showing diminishing returns. Therefore, the 
need is even greater today for industry to develop materially different, substantially more 
environmentally-friendly and energy-efficient vehicles to meet market needs, and ensure their 
efficient integration in the air transport system.  
 
Clean Sky 2 will continue to use the Integrated Technology Demonstrators (ITDs) mechanism. Its 
objective-driven agenda to support real market requirements providing the necessary flexibility 
is well suited to the needs of the major integrator companies. The CS2 programme will also focus 
on reinforcing interactions between demonstrations of improved systems for a better 
integration into viable full vehicle architectures. The Clean Sky 2 programme structure involves 
demonstrations and simulations of several systems jointly at the full vehicle level through 
Innovative Aircraft Demonstrator Platforms (IADPs). 
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A number of key areas are coordinated across the ITDs and IADPs through Transverse Activities 
(TAs) where additional benefit can be brought to the programme through increased coherence, 
common tools and methods, and shared know-how in areas of common interest. 
 
As in Clean Sky, a dedicated monitoring function ς the Technology Evaluator (TE) ς is a key 
function incorporated into Clean Sky 2. 

 

 
 

Clean Sky 2 Programme Logic and Set-up 
 
 

Introduction to the IADPs, ITDs and TAs   
 
Innovative Aircraft Demonstrator Platforms (IADPs) aim to carry out proof of aircraft systems, 
design and functions on fully representative innovative aircraft configurations in an integrated 
environment and close to real operational conditions. To simulate and test the interaction and 
impact of the various systems in the different aircraft types, the vehicle demonstration 
platforms cover passenger aircraft, regional aircraft and rotorcraft. The choice of demonstration 
platforms is geared to the most promising and appropriate market opportunities to ensure the 
best and most rapid exploitation of the results of Clean Sky 2. The IADP approach can uniquely 
provide: 
 
Á focused, long-term commitment from project partners; 
Á an integrated approach to R&T activities and interactions among the partners; 
Á stable, long-term funding and budget allocation; 
Á flexibility to address topics through open calls for proposals; 
Á feedback to ITDs on experiences, challenges and barriers to be resolved longer term; 
Á a long-term view on innovation and appropriate solutions for a wide range of issues.  
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Three IADPs are defined in the CS2 programme: 
Á Large Passenger Aircraft (LPA) covering large commercial aircraft applications for 

short/medium and long range air transport needs; 
Á Regional Aircraft (REG) focusing on the next generation of approx. 90-seat capacity 

regional turboprop powered aircraft enabling high efficiency/reliability regional 
connections; 

Á Fast Rotorcraft (FRC) aiming at two new configurations of rotorcraft bridging the gap 
between conventional helicopters and utility/commuter fixed wing aircraft, both in 
speed and range/productivity. 

 
In addition to the complex vehicle configurations, Integrated Technology Demonstrators (ITDs) 
will accommodate the main relevant technology streams for all air vehicle applications. They 
allow verified and validated technologies to be matured from their basic levels to the integration 
of entire functional systems. These technologies have the ability to cover quite a wide range of 
technology readiness levels. Each of the three ITDs covers a set of technology developments 
that will be brought from component level maturity up to the demonstration of overall 
performance at systems level, to support innovative flight vehicle configurations:  
 
Á Airframe ITD (AIR) including topics affecting the global vehicle-level design;  
Á Engines ITD (ENG) for all propulsion and power plant solutions; 
Á Systems ITD (SYS) covering all on-board systems, equipment and the interaction with the 

Air Transport System. 
 
The Transverse Activities (TAs) enable important synergies to be realised where common 
challenges exist across IADPs and/or ITDs, or where coordination across the IADPs and ITDs 
allows a cogent and coherent approach to joint and shared technical and research priorities. 
TAs do not form a separate IADP or ITD in themselves, but coordinate and synergise technical 
activity that resides as an integral part of the other IADPs and ITDs. A dedicated budget is 
reserved inside the relevant IADPs and ITDs to perform these activities. TA leaders were 
nominated and coordinate each transverse activity. Currently, three transverse activities are  
running in the Clean Sky 2 programme and are specified in the Statutes of the JU: 
 
Á Eco-Design TA (ECO): key materials, processes and resources related innovations 

considering the life cycle optimisation of technologies, components and vehicles; and 
continuing and securing advances from the Clean Sky programme; 

Á Small Air Transport TA (SAT): airframe, engines and systems technologies for small 
aircraft, extracting synergies where feasible with the other segments;  

Á The Technology Evaluator, as technology and impact evaluation infrastructure, is an 
essential element within Clean Sky. Impact assessments at airport and ATS level 
currently focused on noise and emissions will be expanded where relevant for the 
evaluation of the pǊƻƎǊŀƳƳŜΩǎ ŘŜƭƛǾŜǊŜŘ ǾŀƭǳŜΦ ²ƘŜǊŜ ŀǇǇƭƛŎŀōƭŜ ǘƘŜȅ Ŏŀƴ ƛƴŎƭǳŘŜ ǘƘŜ 
other impacts, such as the mobility or increased productivity benefits of Clean Sky 2 
concepts. The TE will also perform evaluations at an ŀƛǊŎǊŀŦǘ άaƛǎǎƛƻƴ [ŜǾŜƭέ ǘo assess 
innovative long-term aircraft configurations. 
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1.3. Calls for proposals and grant information 

 
Calls launched  
 
In the 2019 reporting period all call activity was related to the Clean Sky 2 programme. The 
activities associated to these calls (and results, where available) are reported below. 
 
General background  
 
¦Ǉ ǘƻ пл҈ ƻŦ /ƭŜŀƴ {ƪȅ нΩǎ ŀǾŀƛƭŀōƭŜ ŦǳƴŘƛƴƎ ƛǎ ŀƭƭƻŎŀǘŜŘ ǘƻ ƛǘǎ мс leaders and their affiliates in 
ǘƘŜ ƭŜŀŘŜǊǎΩ ǎƘŀǊŜ ƻŦ ǘƘŜ 9¦ ŦǳƴŘƛƴƎΣ ŀǎ ǎŜǘ ƻǳǘ ƛƴ !ǊǘƛŎƭŜ мс ƻŦ ǘƘŜ /ƭŜŀƴ {ƪȅ н W¦ {ǘŀtutes. The 
remaining funding of at least 60% is awarded through competitive calls: calls for core partners 
(members) also referred to as the core partner waves (CPW), calls for proposals (CfP), and where 
and if applicable calls for tenders (CfT). The amount involved withƛƴ ǘƘƛǎ сл҈ ƛǎ Ƨǳǎǘ ƻǾŜǊ ϵм 
billion.  
 
¦Ǉ ǘƻ ол҈ ƻŦ ǘƘŜ ǇǊƻƎǊŀƳƳŜΩǎ ŦǳƴŘƛƴƎ ƛǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ŎƻǊŜ ǇŀǊǘƴŜǊǎ ŀƴŘ ǘƘŜ Ŏŀƭƭǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ 
selection and accession of core partners were completed over the 2014-2017 period, with the 
membership of the programme fully configured as of end 2017. 
 
As per the Clean Sky 2 JU Council Regulation, at least 30% of the Clean Sky 2 funding shall be 
awarded via calls for proposals and calls for tenders. Industry, SMEs, research organisations 
(ROs) and academia are all eligible. Partners are awarded grants by the Joint Undertaking via 
calls for proposals (CfP). Once selected, they are invited to perform activities in specific projects 
within a well-defined and more limited scope and commitment than core partners, via 
ŘŜŘƛŎŀǘŜŘ ƎǊŀƴǘ ŀƎǊŜŜƳŜƴǘǎ ŦƻǊ ǇŀǊǘƴŜǊǎΦ tŀǊǘƴŜǊǎΩ ŀŎǘƛǾƛǘƛŜǎ ŀǊŜ ƳƻƴƛǘƻǊŜŘ ŀƴŘ ƳŀƴŀƎŜŘ ōȅ 
the JU in close collaboration with topic managers appointed by the members, hence ensuring 
the alignment of actions and the convergence of technical activity tƻǿŀǊŘǎ ǘƘŜ ǇǊƻƎǊŀƳƳŜΩǎ 
goals. 
 
One key difference between the Clean Sky 2 JU calls and standard H2020 collaborative research 
calls is that there is no eligibility requirement to build a consortium with a minimum number of 
participants or representing a minimum number of Member States or H2020 associated 
countries. This is based on a derogation6 received from the H2020 Rules for Participation, and 
is due to the fact that a selected entity, when starting an action in the programme, is joining an 
already established European level collaborative effort involving a large number and varied set 
of participants. 
 

The Clean Sky 2 programme provides opportunities for the vast bulk of the aeronautics 
stakeholders in the European research area and also allows space for newcomers, including 
ƛƳǇƻǊǘŀƴǘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ άŎǊƻǎǎ-ƻǾŜǊέ ǇŀǊǘƛŎƛǇŀƴǘǎ ŦǊƻƳ ƻǳǘǎƛŘŜ ǘƘŜ ǎŜŎǘƻǊΦ DŜǘǘƛƴƎ ŎŀǇŀōƭŜ 
new companies involved in the aeronautics sector can make an important contribution to the 
competitiveness of the sector and to the European economy. 

                                                      
 
 
6 Art 1(3)(a) of the Horizon 2020 Rules for Participation. 
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Calls for core partners: summary of status of implementation 
 
All four core partner calls that were foreseen for the programme were successfully closed in 
2017. This has completed on time the selection process for the Clean Sky 2 membership, with 
respect to the initial planning. 
 
When accumulating the results from all four calls and the accession of the winning entities as 
members, the total number of core partners is now 256, of which 70 are affiliates or linked third 
parties. Over 58 SMEs are counted among these members of the JU. The members originate 
from 22 different countries: 18 Member States and four countries associated to Horizon 2020 
(Israel, Norway, Switzerland and Turkey). 
 
A detailed list with the members participating in the CS2 programme is available on the CS2 
website7 and is updated on a regular basis. 
 
Summary of call results to date ς calls for proposals 
 
{ƛƴŎŜ ǘƘŜ ǇǊƻƎǊŀƳƳŜΩǎ ǎǘŀǊǘ ǘŜƴ Ŏŀƭƭǎ ŦƻǊ ǇǊƻǇƻǎŀƭǎ ό/Ŧtǎύ ƘŀǾŜ ōŜŜƴ ƭŀǳƴŎƘŜŘΣ ǿƛǘƘ ƴƛƴŜ ŎƭƻǎŜŘ 
(grant preparation completŜŘύΣ ŀƴŘ ƻƴŜ ǳƴŘŜǊ ƎǊŀƴǘ ǇǊŜǇŀǊŀǘƛƻƴ ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ ǘƘƛǎ ǊŜǇƻǊǘΩǎ 
compilation (grant signature early May 2020).  
 
With positive feedback and support from the research community, the launch of thematic topics 
will continue within the remaining calls for proposals: in total, 8 topics were launched through 
the ninth and tenth CfPs in 2019. Thematic topics will contribute to progress made towards the 
high-level objectives of the CS2 Regulation, but are not necessarily linked to one IADP/ITD 
(demonstration activƛǘƛŜǎκǎǘǊŀǘŜƎȅύΣ ƳŜŀƴƛƴƎ ǘƘŜȅ ŀǊŜ άƻǳǘǎƛŘŜέ ǘƘŜ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ŦǊŀƳŜǿƻǊƪ 
of one IADP/ITD/TA. 
 
The implementation of the ninth call for proposals (CfP09) was successfully completed in 
October 2019: 

Á 53 successful topics out of 55 topics published (96% success rate) with a total funding 
ǊŜǉǳŜǎǘ ƻŦ ƴŜŀǊƭȅ ϵсфΦфт million of which: 
o 100% success rate for thematic topics (4 topics were launched); 
o т ǇǊƻǇƻǎŀƭǎ ǊŜǘŀƛƴŜŘ ǿƛǘƘ ŀ ǘƻǘŀƭ ŦǳƴŘƛƴƎ ǊŜǉǳŜǎǘ ƻŦ ϵфΦл million; 

Á 184 participations from 18 different countries; 
Á SME participation: 32%; 
Á 153 partners selected. 

 
 
 
The outcome of the evaluation is summarised in the graphs hereafter: 
 

                                                      
 
 
7 http://cleansky.eu/members-0 

http://cleansky.eu/members-0
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The tenth call for proposals (CfP10) was launched in May 2019, with an evaluation taking place 
in November 2019. The key metrics of this call are shown below: 

Á Call comprised of 62 topics of which four are thematic topics; 
Á LƴŘƛŎŀǘƛǾŜ ǘƻǇƛŎ ǾŀƭǳŜ ƻŦ ŀǇǇǊƻȄΦ ϵрнΦпр million (overview depicted hereafter) plus 
ϵмрΦл Ƴƛƭƭƛƻƴ ŦƻǊ ǘƘŜƳŀǘƛŎ ǘƻǇƛŎǎΤ 

Á Opening date: May 2019; 
Á Closing date: September 2019; 
Á Deadline for eight months - time to grant: May 2020. 
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The outcome of the evaluation is summarised below and in the graphs hereafter: 
Á 56 successful topics out of 62 topics published (90% success rate) with a total funding 
ǊŜǉǳŜǎǘ ƻŦ ƴŜŀǊƭȅ ϵрфΦу million of which: 
o 100% success rate for thematic topics (4 topics were launched); 
o с ǇǊƻǇƻǎŀƭǎ ǊŜǘŀƛƴŜŘ ǿƛǘƘ ŀ ǘƻǘŀƭ ŦǳƴŘƛƴƎ ǊŜǉǳŜǎǘ ƻŦ ϵммΦфм million; 

Á 176 participations from 17 different countries; 
Á SME participation: 34%; 
Á 144 partners selected. 
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Note that ǘƘŜ ƎǊŀƴǘ ǇǊŜǇŀǊŀǘƛƻƴ ŦƻǊ ǘƘƛǎ Ŏŀƭƭ ƛǎ ƻƴƎƻƛƴƎ ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ ǘƘƛǎ ǊŜǇƻǊǘΩǎ ŎƻƳǇƛƭŀǘƛƻƴΦ 
The numbers in the statistics above are therefore subject to change. 
 
Cumulative position of the calls for proposals 
 
By the end of 2019, ten calls for proposals were launched and evaluated, and all are fully 
implemented with the exception of the tenth call for proposals, currently under grant 
preparation. Altogether, these ten calls are already engaging more than 730 partners from 28 
different countries with a strong SME involvement in terms of participation and grants awarded: 
SMEs make up 41% of the pŀǊǘƴŜǊǎ ǎŜƭŜŎǘŜŘΣ ǊŜǉǳŜǎǘƛƴƎ нт҈ ƻŦ ƴŜŀǊƭȅ ϵрлр million in EU funding 
launched via the ten calls for proposals.  
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Note that the numbers in the statistics above are subject to change due to the ongoing 
implementation of CfP10.  
 
Cumulative position of Clean Sky 2 participants  
 
With more than 900  participants (including the 16 leaders and their affiliates) and over 1750 
participations, the Clean Sky 2 programme is well on track. With the last call for proposals 
ōǳŘƎŜǘ ŀǾŀƛƭŀōƭŜ ŦƻǊ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƛƴ нлнл όǎǘƛƭƭ ǊŜǇǊŜǎŜƴǘƛƴƎ ǳǇ ǘƻ ǊƻǳƎƘƭȅ ϵрр Ƴƛƭƭƛƻƴύ ŀƴŘ 
the launch of remaining thematic topics, a significant further broadening of the participation 
over the remaining life of the programme is expected. This demonstrates a dynamic and open 
system that creates a wide array of opportunities at various project (funding) size and 
engagement levels for all potential stakeholders. 
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Note that the numbers in the statistics above are subject to change due to the on-going 
implementation of CfP10.  
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1.4. Evaluation: procedures and global evaluation outcome, redress, statistics 

 

In 2019, the evaluation of two calls was completed, namely the CfP09 and the CfP10: 
 
 

Call CFP09 CFP10 

No. of Experts8 145 176 

Gender Balance [% Female] 18% 13% 

Nationalities [%]:   

France 19% 16% 

Germany  12% 13% 

Italy 20% 19% 

Spain  10% 10% 

UK 9% 5% 

Others  30% 31% 

Type of Organisation [%]   

Consultancy firms 0% 9% 

Higher Education Establishments  33% 33% 

Non-research commercial sector incl. SMEs  35% 32% 

Private Non-profit Research Centres 10% 7% 

Public Research Centres  2% 8% 

Others 20% 11% 

No. of Days claimed9 758 944 

No. of Observers 2 2 

New wrt H2020 [%] 3% 6% 

Newcomers in CS call evaluation (last 3 years) [%]  3% 8% 
 

Highlights: 

1. ¢ƘŜ W¦ ŎƻƴǘƛƴǳŜŘ ƛǘǎ ŜŦŦƻǊǘǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ŜȄǇŜǊǘǎΩ ƎŜƴŘŜǊ ōŀƭŀƴŎŜ ǿƘŜǊŜ ǇƻǎǎƛōƭŜ ǿƘƛƭŜ 
maintaining the level of experience and aeronautical (or similar) technical background. 
However, it is not seen as easily improved upon beyond this level given the specificities of 
the technical areas and subject matter involved. 

2. The balance of nationalities of the experts is representative of the domain, and inclusive 
with respect to a broad representation. 

3. For each of the evaluation exercises concluded and submitted to the Governing Board, the 
hōǎŜǊǾŜǊǎΩ wŜǇƻǊǘǎ ς with substantial detail on the expert panel breakdown in gender and 
nationalities, but also on the evaluation process and set-up ς have been shared with the 
SRG. The redress rate for 2019 remained at a very good level and stayed below the KPI of 
1%. 
 

                                                      
 
 
8 Based on the total number of experts in the pool. 
9 Based on the total number of experts having attended the evaluation. 
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1.5. Progress against KPIs/statistics 

 

The key performance indicators results for the year 2019 are presented in Annexes 5 to 7. The 
JU has included all H2020 indicators in its scoreboard, which have been established for the 
entire research family by the Commission, to the extent to which they are applicable to the JU. 
Comments to some individual indicators are provided in the annexes or in the related section 
of this report. In addition, the JU is presenting more detailed results of its performance 
monitoring in specific areas, e.g. there are comprehensive statistics and key figures provided in 
the section dealing with the calls. 

 

1.6. Activities carried out in Grant Agreement for Members (GAM) 

 
The structure and set-up of the Clean Sky 2 programme is highlighted in section 1.2, where the 
top-level breakdown of actions as set out in the GAMs is described. The key elements of the 
technical progress in 2019 are highlighted below. 
 

 
Ą LPA ς Large Passenger Aircraft IADP  

 
Summary of activities and progress of work 2019 
 
The Large Passenger Aircraft IADP is focusing on large-scale demonstration of technologies 
ƛƴǘŜƎǊŀǘŜŘ ŀǘ ŀƛǊŎǊŀŦǘ ƭŜǾŜƭ ƛƴ ǘƘǊŜŜ ŘƛǎǘƛƴŎǘ ΨtƭŀǘŦƻǊƳǎΩ ŀǎ ŦƻƭƭƻǿǎΥ  
 
Platform 1: ΨAdvanced Engine and Aircraft ConfigurationsΩ 
 
The major objective of Platform 1 is to provide a development environment for the integration 
of the most fuel efficient propulsion concepts into compatible airframe configurations and 
concepts targeting next generation aircraft.  Overall, the propulsion concepts considered in 
Platform 1 range from Open Rotor engine architectures over advanced Ultra-High Bypass Ratio 
ό¦I.wύ ǘǳǊōƻŦŀƴǎ ǳǇ ǘƻ άƘȅōǊƛŘέ ǇǊƻǇǳƭǎƛƻƴ ŎƻƴŎŜǇǘǎ όŎƻƳōƛƴŀǘƛƻƴ ƻŦ ŎƻƳōǳǎǘƛƻƴ- and electric-
based components) for different levels of electrification of the power plant.   
 
For all these aforementioned propulsion concepts, design opportunities are being investigated 
to further increase the propulsion and airframe efficiency. Examples of this include the 
application of boundary layer ingestion (BLI) design or by exploring the potential of distributing 
the thrust-generating part of the power plant over the aircraft. In the context of improved 
engine performance and novel system architectures detailed studies for non-propulsive energy 
generation (NPE) will be performed to reduce the power off-take level from turbofan engines 
for improved thermal efficiency. In any case the validated plan will reveal full coherence, 
technical and financial, for UHBR integration on short range aircraft regarding airframe-engine 
integration tasks and engine module maturation across both, the IADP Large Passenger Aircraft 
and ITD Engines. To avoid detrimental effects on overall aircraft performance when integrating 
UHBR engines on airframe, Platform 1 is developing and demonstrating integrated flow control 
techniques applied at the wing-pylon interface, an area which is prone to interference effects 
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between wing and engine. Another important flow control activity in the reporting period is the 
maturation of the Hybrid Laminar Flow Control technology (HLFC) applied on tails and wing for 
skin-friction drag reduction.  
 
For scaled flight test demonstration the development of the actual flight-test vehicle, the 
preparation of the flight test and support for the design other potential vehicles are key 
activities during the reporting period.  
  
It is the overall objective of Platform 1 that all technologies developed and demonstrated are 
following consistent target aircraft configurations and concepts, which means that the 
compatibility between airframe and propulsion technologies is ensured with respect to 
supporting the overall CS2 objectives to reduce CO2 emissions and nitrogen oxides (NOx) as well 
as contributing to the reduction of aircraft noise. 
  
Platform 2: ΨInnovative Physical Integration Cabin ς System ς StructureΩ 
   
Platform 2 aims to develop, mature, and demonstrate an entirely new, advanced fuselage 
structural concept in full alignment towards next-generation cabin and cargo architectures, 
including all relevant aircraft systems. To be able to account for the substantially different 
requirements of the test programs, the large-scale demonstration will be based on a number of 
demonstrators, covering the next generation fuselage cabin and systems integration within the  
frame of the MultiFunctional Fuselage Demonstrator and the Next Generation Cabin and Cargo 
Functions. These major demonstrators will be supported by a number of smaller test rigs and 
component demonstrators in the preparatory phase of the programme. Targeting to accomplish 
technology readiness up to level 6, manufacturing and assembly concepts for the next 
generation integrated fuselage-cabin-cargo approach will be developed and demonstrated.  
  
Platform 3: ΨNext Generation Aircraft Systems, Cockpit and AvionicsΩ including advanced 
systems maintenance activities 
 
During 2019, the IADP LPA platform 3 activities were focusing on progressing the maturation of 
functions and technologies developed by several core partners in Platform 3 and in the ITD 
systems, and starting their integration and tests within the Large Aircraft Disruptive Cockpit, 
Regional aircraft Active cockpit and Business Jet ground demonstrator test benches. Flight tests 
for selected cockpit-avionics functions and technologies have been successfully performed on 
large aircraft and on business jets.  The definition and design of the pilot workload reduction 
enabling functions and technologies have been partially completed. Facing the withdrawal of a 
major core partner a recovery plan has been put in place. Hardware test items for individual 
integration into the demonstrators have been delivered. The Active Cockpit Demonstrator has 
been set up and the final test plan for the On Ground Workload Reduction Assessment has been 
delivered. The integration of the Large Aircraft Disruptive Cockpit demonstrator systems 
integration bench has taken place, and several functions integration scenarios have been 
successfully tested. The plan for incremental functions integration and testing has been defined 
up to proof of concept to take place in 2021. The development and integration of major 
demonstrators for end-to-end maintenance ADVANCE enabling technologies (health 
monitoring, collaborative environment and line maintenance mobile tool applications) has been 
finalised, and the final technology demonstration of ADVANCE took place in March 2019.  
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Main achievements and progress of work for the year 2019  
  
The main achievements are given per platform, with explanations provided for each of the main 
demonstrators embedded within the given platform. 
 
Platform 1: ΨAdvanced Engine and Aircraft ConfigurationsΩ 
  
In 2019, the majority of the demonstrators and their underlying technologies passed important 
milestones, which determined the change from non-specific to specific design and the 
associated build-up of hardware (prototypes, rigs, etc.).  
 
Advanced propulsion and engine technologies 
 
Advanced high bypass ratio underwing turbofan engines are focused on reaching high 
technology readiness levels in the short term, while developments of other advanced concepts 
are shifting to sustain for a longer term. The technical and organisational setup of the 
corresponding activities and work packages were reoriented in 2018 with new or more 
ambitious technology roadmaps proposed for open rotor, BLI, non-propulsive energy 
technologies and ultra-high performance turbofan engines. In 2019, the work progressed in all 
of these areas at different paces (proof of concept, technology maturŀǘƛƻƴΣΧύ ŀǎ ƛƭƭǳǎǘǊŀǘŜŘ 
below, with the aim to better characterise the potential environmental benefits arising from 
this new innovative concept (ranging from 2 to 10% of reduction of CO2 emissions).  
 
All activities are geared towards an important milestone scheduled in 2022, which aims to assess 
the various propulsion architecture candidates and to freeze the A/C concept reference 
proposed for 2030+ and beyond. The demonstators will start being built. The progress made in 
all those fields in 2019 can be summarised as follows: 
 
ǒ Open rotor propulsion concepts 

The design of open rotor blades including cabin-noise assessment and trade studies at 
aircraft level have been completed for the ΨORASΩ concept (Open Rotor Advanced System) 
and work will continue in 2020, prioritisng blade design and engine vibration related noise. 
Potential synergies with experimental research on very high bypass ratio turbofan engine 
noise reduction technologies will have to be examined in 2020. 

 
ǒ Non-propulsive energy (NPE)  

Design activities and architecture selection linked to power electronics and electrical 
machines continued. The high density energy conversion system is still in the critical design 
phase, which is ongoing until Q1-2020. Auxiliary Power Unit performance modelling is in 
progress and the first aero-mechanical iterations on compressor blades and turbine blades 
have been completed. 

 
ǒ Boundary layer ingestion (BLI)  

Various assessments of the selected configuration confirmed initial expectations. With 
regards to engine fan design, several iterations have been done for varying parameters of 
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cruise Mach number and increased engine mass flow with new A/C design, including 
performance and operability aspects. The promising progress made on fan design studies 
allows us to envisage the benefits for other BLI configurations. Other configurations such as 
360° BLI configurations will start in 2020. 

 
Scaled flight test demonstrator (SFD) 
The detailed design of the SFD and its subsystems were completed and presented during the 
CDR in June 2019. After gathering further data, it was concluded that the project could continue, 
taking into account different points identified during the review. Detailed CFD analyses were 
carried out in WP1.3.3 in order to refine the high lift design system and thus increase safety. 
Always with the objective of reducing uncertainties before flight, the SFD aerodynamics will be 
assessed during wind tunnel tests in DNW (Duits Nederlandse Wind Tunnel). Due to a technical 
issue in this facility, the WP1.3 planning must be reviewed with a first flight scheduled in 
Q1/2020. 
 
Hybrid electric propulsion 
The design and development of several key technologies (generator, power electronics, 
electrical motors) continued. The delivery of an integrated 2MW-MK2 Generator and MK2 
Power Electronics fed into the commissioning of the Hybrid Electric Propulsion ground test 
bench. In parallel, thermal management/cooling technologies were further developed in 2019, 
planned to be ready for testing in 2020. 
 
UltraFan®  
All engine integration activities will be continued, covering for example pylon, aerodynamic and 
aero-acoustic integration, thermal management and bleed systems, as well as nacelle 
architecture and acoustic treatments, all in the context of the preparation of a full size flight test 
towards the end of the CS2 LPA program.  
  
Active flow control  
This technology is a potential enabler for UHBR engine integration. Several experiments have 
taken place to assess aerodynamic performances and/or performances under harsh 
environmental conditions: 

- either at actuators level (3D printed full-scale actuators, steady and pulsed jet blowing) 
or; 

- at full scale with use of a model including a 3D-printed SaOB (suction and oscillatory 
blowing) actuators and corresponding equipment (sensors, instruments, pipes etc.). 

 
All results and background acquired in that field over the last years have helped to progress the 
knowledge and background with respect to aerodynamic performance and constraints required 
to implement this technology onto an aircraft. Next steps involve designing sensors that are 
capable of meeting aerodynamic performance with a limited amount energy. 
 
 
HLFC (hybrid laminar flow control) technology applied on horizontal tail plane  
TRL4 was passed in 2019, covering both performance and manufacturing aspects. The 
assessment of adhesive bonding and joining options for laminar flow, as well as the 
manufacturing of a segment of the full-scale demonstrator of micro-drilled outer skin were 
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almost complete in 2019. 
 
HLFC technology applied on wing 
The preliminary design activities have been completed, encompassing the integrated wing 
design with allowable surface tolerances, leading edge shielding concept, and ice protection. 
TRL2 was successfully passed in October 2019. 
 
Platform 2: ΨInnovative Physical Integration Cabin ς System ς StructureΩ 
 
Multi -functional fuselage demonstrator (MFFD)  
Most of the activities started in 2018 continued in 2019. Following the Preliminary design review 
the initiation of technology working groups led to a concurrent specific design process on 
stringer/frame stiffened thermoplastic composite skins with integrated system elements and 
cabin interfaces, an advanced cargo door concept with door surrounding and interfaces, 
integrated fuselage lining and wiring, cabin and cargo structure and modules pre-equipped with 
systems. Big focus was put as well on the detailed design and preparation of tooling and 
manufacturing infrastructure for a pre-production phase from 2020 onwards. The material 
delivery to partners has been supported and a wide exchange on the relevant fuselage 
thermoplastic material for testing performed. First test campaigns and numerical simulations, 
dedicated to benchmark the welded skin joints of thermoplastic fuselage shells, have been 
performed for assessment in terms of performance and damage tolerance behaviour. The 
critical design review of the MFFD was passed end of 2019 where the baseline design and the 
digital mock-up for the demonstrator were agreed. This major milestone was preceded by the 
launch of the upper shell development and design activities as of September 1st, 2019 and 
confirmed good progress and confidence in results achieved in 2019 to proceed with 
manufacturing of the different major components in 2020. 
 
Next generation cabin and cargo functions  
Demonstrators and test specimens for an advanced Movable Passenger Service Unit are 
available for passenger service channel (PSC) integration or integration into a PSC-less cabin in 
2020. For the cabin and cargo platform, the elaboration of all system-cabin interfaces were 
elaborated, the tolerance compensation principles were defined and the installation jig 
definition completed. The evaluation boards of the Universal Cabin Interface (UCI) are available 
for environmental testing and for the validation and verification campaign.  
 
Cargo fire tests in a real burn chamber were completed and the Environmental Friendly Fire 
Protection demonstrator unit was ready for verification tests. The first test results were 
available at the end of 2019.  Based on the results of the printed electrics system concept, in 
2019 the focus was on the testing of material combinations and environmental impact studies. 
The development of design rules and the challenge to be compliant with the existing electrical 
infrastructure and industrialisation aspects are extended with activities in 2020. For the 
automated cabin and cargo lining and hat-rack installation method, the main focus in 2019 was 
on the final installations at the validation platform at IFAM Stade. 
 
Next generation centre fuselage  
A floor module concept was selected that showed a reduction of almost two-thirds in the 
number of interfaces with the center fuselage, using new concepts to clip it with fast 
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connections and no drilling, and an easy access to systems.  
 
Further work in 2019 included:  

¶ creation of a mock-up of a keel beam fixed by lug and hole-to-hole demonstrator; 

¶ delivery of two Digital Mock-Ups of center fuselage architecture using Carbon Fibre 

Reinforced Polymer (CFRP) and major composite design principles on carbon fibres; 

¶ selection of the main landing gear bay; 

¶ assessment of innovative manufacturing solutions for the keel beam.  
 
By the end of 2019, the demonstrator had reached TRL3 and further progress to reach TRL4 
would require significant effort. In the absence of a decision that was yet to be made concerning 
the future aircraft design, the decision was made to suspend this activity and to properly capture 
all results attained.  
 
Non-specific cross functions & ITD airframe 
The activities were oriented on competitiveness aspects (reduction of recurring cost-lead time) 
and environmental impact on materials for composite assemblies, sensing technologies for 
manufacturing composite and metallic parts. This is to support the above mentioned 
demonstrators amongst others. In parallel, a design tool for multi-scale complex structures was 
conducted. 
 
Platform 3: ΨNext Generation Aircraft Systems, Cockpit and AvionicsΩ including advanced 
systems maintenance activities 
 
Large aircraft disruptive cockpit demonstrator: 
For cockpit avionics functions and technologies development, the GPS-aided MEMS AHRS 
prototype flight tests data collection campaign took place, and open loop simulations were 
performed. The virtual platform core processing module has been delivered to core partners for 
integration of applications. The smart air system sensor interface with utility system platforms 
has been developed up to TRL3. In relation to cockpit functions and technology flight tests, the 
LIDAR flight test installation was completed, dry air flight tests took place, ready for icing 
conditions flight test campaigns in 2020. The software defined radio flight tests preparation was 
completed. 
  
The disruptive cockpit demonstrator systems integration bench has been upgraded to version 
two, including new fuel system model to support new flight warning function, new flight 
management and interactive displays versions. The incremental integration and scenarios tests 
roadmap has been completed. 
 
Regional aircraft active cockpit demonstrator:  
The active cockpit demonstrator set-up has been significantly progressing towards completion 
including the visual system, sound system, avionics infrastructure and the enhanced lightweight 
eye visor. The aircraft monitoring chain ground support systems have been delivered and 
integrated. Their testing phase has started in standalone mode, preparing for further workload 
reduction evaluation scenarios to be performed.  
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Ground and flight tests demonstration for business jet 
In 2019 a flight testing and evaluation phase took place for the approach stabilisation function. 
The delivery of multi-modal human-machine interface prototypes for integration and testing on 
Business jet simulator have allowed TRL4 to be reached on force sensing and pilot state 
monitoring data collection launch. The dual head-up display has been integrated and 
successfully tested on the BJ simulator.  
 
End-to-end maintenance demonstrator 
The integration of prognostics, integrated health monitoring and management (IHMM), remote 
maintenance solutions platform and end-to-end (E2E) maintenance solutions were performed 
and demonstrated in 2019. The global original equipment manufacturer (OEM) impact 
assessment was performed. The project was successfully closed in November 2019.  
 
Implementation of call for proposals in the period 2019 
 
By end of 2019, there were a total of 101 projects selected through calls for proposals from the 
first call which provided the three LPA Platforms with complementary activities. 

All these topics were and are providing important contributions to the LPA main R&T work 
programme, examples are included in the ΨMain Achievements 2019Ω chapter above. As done in 
previous years, in LPA most of the call for proposal partners are connected by implementation 
agreements to enable a close cooperation with shared use of sensible background data and 
generated foreground. 

As main results achieved in 2019 from partners, we can highlight projects DEMETER and AIRMES 
which contributed with a very substantial share of R&T activities and thus the key achievements 
and progress of work to closure of activities WP3.6 ΨAdvanceΩ.  

Launched in May 2019, 18 further LPA topics, in majority related to a variety of Platform 1 
demonstrators, have been published in the course of CfP10 in May 2019. The start of activities 
is expected in the second quarter of 2020 upon completion of the grant preparation which 
started in October 2019. 

A final batch of 16 LPA topics is scheduled for publication in January 2020 as part of the final 
CleanSky 2 CfP11, activities are planned to start in quarter four of 2020. 

 

Ą REG ς Regional Aircraft IADP 
 
Summary of activities and progress in 2019 

Regional Aircraft IADP activities related to green conceptual aircraft achieved important results 
during 2019. Upon completion of the second design loop and on delivery to the technology 
evaluator (TE) of the aircraft simulation models (ASMs), it was determined that the ambitious 
environmental targets, established in the initial phase of CS2 programme, could be achieved for 
the green conceptual aircraft TP90pax as well as for the innovative TP130 pax aircraft concept. 
TP130 pax aircraft concept reached TRL 3 at the end of the 2nd loop design. No additional effort 
was considered in this field due to the absence of a clear exploitation route. More opportunities 
are arising in the field of hybrid-electrical regional aircraft, and the decision was made in 2019 
to redirect efforts towards this promising area. Results in terms of emissions and noise of the 
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future regional multimission aircraft (70pax) also achieved a very important step showing that 
they are aligned with respect to the targets that were originally proposed for Clean Sky 2. The 
technologiesΩ maturation activities, as well as the design and manufacturing of full-scale 
demonstrators, made substantial progress in this period. In particular, the detailed design phase 
was completed with the critical design reviews (CDRs) held for the Iron Bird, the Flying Test Bed 
2 (FTB2), the fuselage structural demonstrator and the outer wing box (OWB) on-ground 
demonstrator. The design of the experimental modifications to be implemented on the Flying 
Test Bed 1 (FTB1) demo aircraft also achieved good progress toward the CDR to be held next 
year. 
 
The manufacturing and assembly of full-scale demonstrators started:  

¶ FTB2 components made available by relevant core partners were assembled on the 
demonstration aircraft;  

¶ the skeleton of the Iron Bird was manufactured and the manufacturing is in progress for 
other components for this demonstrator;  

¶ manufacturing/assembly tools are being made available for the fuselage structural 
demonstrator as well as for the OWB on-ground demonstrator. 

 
Three Demonstrator Management Committee (DMCs) batches were held during 2019, one for 
each full-scale demonstrator (total twelve DMCs in 2019) with the participation of all involved 
beneficiaries. Eco-design activities progressed with good achievements for the Stage 0 pilot 
activity as well as for the Stage 1 activity, both agreed with ECO TA; first sets of life cycle 
inventory (LCI) data were delivered by REG IADP to ECO TA, as planned.  
 
Major achievements in 2019 
 
High efficiency regional aircraft (WP1) 
Main achievements for the green concept regional aircraft studied in this workpackage are   
summarised hereafter. 

¶ TP90Pax Regional Aircraft Conventional Configuration: the aircraft simulation model green 
and cost-efficient conceptual aircraft with noise module (Loop 2) was prepared; the 
software model for costs evaluation was completed. Design Loop 3 activities started: Top 
level aircraft requirements (TLARs) and the aerodynamic requirements were issued, 
technologies targets were defined. 

¶ TP130Pax Regional Aircraft Innovative Configuration: the aircraft simulation model green 
and cost-efficient conceptual aircraft with noise module (Loop 2) was prepared. Final 
activities for this configuration related to small-scale wind tunnel tests activities progressed. 

¶ Hybrid-Electical Regional Aircraft Configuration (40Pax class): new activities on hybrid-
electrical regional aircraft configuration were defined; TLARs for H-E regional a/c 
configuration issued; preliminary configuration sizing was done and engine requirements 
were prepared. 

¶ Multimission Aircraft, 70 Pax class: contribution to the TE was provided based on the 
developed methodology of noise evaluation and considering in the Loop 2 the first results 
of all technologies related to FTB2 across Clean Sky 2 platforms: REGIONAL IADP, AIRFRAME 
ITD and SYSTEMS ITD.  
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Technologies development (WP2) 
For the innovative structural technologies of the adaptive wing: manufactured panels and  
manufacturing trials for process development; executed tension test on liquid resin infusion 
(LRI) stringer run-out and compression test survey on stiffened panel; prepared tests on LRI spar 
section, rib and curved stiffened panel including installation of sensors for verification and 
validation of LRI process and structure health monitoring (SHM); a 5m mid-scale demonstrator 
(representative of lower panel configuration) was manufactured and characterised. 
 
For the innovative air vehicle technologies of the adaptive wing, the detailed design and CDRs 
of morphing devices and loads control and alleviation system were successfully completed; the 
second session of aircraft level assessments of same technologies is in progress and will be 
completed early in the upcoming period; full scale structural demonstrators manufacturing for 
advanced winglet (AWL), innovative wingtip (IWT )and multifunctional trailing edge (MTE) was 
started, test rig preparation is in progress; a full-scale structural test is planned in the next 
period; morphing devices high speed wind tunnel models preliminary design is completed (PDR 
completed); final design phase in progress (CDR), completion planned early in the next period.  
A first (engineering) release of the integrated vehicle health management (IVHM) framework 
was released. 
 
For the on-board systems technologies: the technical specification for the innovative wing ice 
protection demonstrator (WIPS) was issued, as well as the assessment of WIPS TRL 3. Equipment 
parts for the electrical landing gear system were launched into production and the qualification 
test readiness review (freezing of engineering test set-up configuration) was performed. The 
Environment Control System PDR was successfully passed and the critical design opened. The 
Advanced Electrical Power Generation and Distribution System (EPGDS) achieved significant 
progress through the relevant CfP projects with the finalisation of critical designs and the 
commencement of manufacturing phases. The innovative propeller wind tunnel was selected 
and the detailed design of the low noise propeller concept started.  
 
Activities on the flight control system and electro-mechanical actuation (EMA) also achieved 
significant progress: CDR for EMA aileron, winglet and wingtip were successfully closed; EMA 
and related control units are in manufacturing phase; purchase orders for main components 
have been placed.  
 
Demonstrations (WP3) 
Adaptive wing integrated demonstrator (FTB1 and OWB) 

¶ FTB1 Demonstrator: Progressing with the detailed design of the aircraft experimental 
modifications to be introduced on the flying test bed aircraft in order to install the innovative 
movable surfaces (AWL, IWT) on the wing tip. Defined the load control and alleviation 
system electrical architecture and interfaces, preliminarily identified the structural 
reinforcement needed for the wing. Produced the engineering drawings for the 
manufacturing of the Morphing WingLet and Innovative WingTip as a test article for the 
ground structural test.  

¶ OWB Ground Demonstrator: The critical design review (CDR) of the outer wing box (OWB) 
ground demonstrator was successfully completed. The preparation of bond assy models was 
started, including features needed for assembly tolerance management with partners of the 
VADIS CfP Project.  
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Fuselage/passenger cabin demonstrators  
The CDR of the fuselage structural demonstrator was successfully completed, leading to the 
completion of the design phase. Parts model modifications were needed due to manufacturing 
constraints coming from CfP projects and the preparation of bond assy models started. First 
manufacturing and assembling tools were made available. The enhanced definition of the 
interface control drawing for all of the major On-Ground Pax Cabin Demonstrator was 
completed, defining additional and detailed features of the major cabin items with respect to 
the structural and system parts. Safety requirement analysis for lab thermal test bench 
integration of the cabin demonstrator started.  
 
Iron bird demonstrator  
The most relevant results were achieved in the finalisation of the architecture through the 
following reviews: 
Á CDR opening on February; 
Á skeleton and aileron test bench CDR closure in May; 
Á cabin dummy CDR closure in June; 
Á electrical integration test bench (EITB) and wingtip test bench CDRs closure in October; 
Á winglet test bench, engineering test station (ETS) and software architecture CDR closure 

in December. 
 

The manufacturing of the skeleton was completed and it is in progress for the other 
components. 

FTB2 demonstrator  

During 2019 activities were focused on three main topics:  
Á closure of demonstrator design at aircraft level with support of core partners and 

partners - at this point the conclusions of the low-Reynolds wind tunnel tests have been 
remarkable, and they provided valuable experimental data to ensure the aerodynamic 
shapes of the new innovative control proposed for the in-flight demonstrator;  

Á progress on the on-ground actuation rigs (major demonstrator from AIRFRAME ITD 
closely linked to FTB2) up to reaching test readiness review (TRR); and  

Á availability on-dock of the main structural components of FTB2 (ailerons, spoilers, flaps 
and winglets from CPs).  

 
FTB2 modifications started reaching the milestone of first assembly of wing structural 
components. Two principal events were organised at platform and programme level where the 
first hardware was exhibited to CSJU and CS2 members with the main progresses related to the 
in-flight demonstrator. 
 
2019 was a key year for core partners activities that allowed the delivery of components for 
FTB2 (step 1 configuration): ailerons and spoilers. This milestone paved the way to raise two of 
the core partner technology lines up to TRL 6: jig-less assembly concept and minimum quantity 
lubrication (MQL) machining strategies. Technology assessment on the additive manufacturing 
ƻŦ ŀ ŎǊƛǘƛŎŀƭ ǇŀǊǘ ǿŀǎ ŀƭǎƻ ǇŜǊŦƻǊƳŜŘΣ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎ ŎƻǳƭŘƴΩǘ ǊŜŀŎƘ a high enough 
maturity level to allow the part to be included in the FTB2 aileron. Important progress was also 
done in the flexible-assembly concept (which also benefits from the jig-less technology) with 
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the set-up of the assembly jig that would assemble three different components (centre wing 
box and left hand and right hand external wings for FTB2 Step 2). Centre wing box elementary 
parts were also manufactured in 2019. Additionally, a structural PDR milestone was passed for 
the external wing component and its corresponding assembly process (activity which has links 
with AIRFRAME ITD). 
 
Technologies development/demonstration results evaluation (WP4) 
The aircraft simulation models (ASMs) for the green concept regional aircraft TP90Pax and 
TP130Pax were delivered to the TE in March. Afterwards, support was provided for the 
integration of such models into TE evaluation tools. In the frame of interactions with ECO TA, 
first sets (preliminary version in June and updated version in December) of life cycle inventory 
(LCI) data were delivered by LDO VEL for the Stage 0 (Pilot activity) related to the replacement 
of hard chrome plating on steel as well as for the Stage 1 activity on composite outer wing boxes.  
 
Implementation of call for proposals in the period 2019 
In 2019, 26 complementary actions of projects (GAPs) were running with the goal of converging 
on final demonstration targets. 
 
 

Ą FRC ς Fast Rotorcraft IADP 
 
Summary of activities and progress in 2019 

The NGCTR technology demonstrator (WP1) concluded its preliminary design review (PDR) in 
March 2019. This achievement allowed design activities to further ramp up entering into the 
subsequent phase of detailed design. A CDR readiness review was held in December 2019 to 
measure the progress of detailed design tasks (e.g. drawings release rate), assess the relevant 
risks and capture in advance warnings on the successful execution of the CDR in 2020.  

The RACER compound demonstrator (WP2) PDR actions were all closed, mostly during Q1 2019. 
The CDR took place in July 2019, with some actions identified and closed further in the year. A 
simplified process for drawing release has been put in place, allowing the drawing release 
weekly rate to increase. Long lead time items procurement and manufacturing continued in 
accordance. Key ground tests benches were also run (e.g. lateral shaft dynamics, electrical 
generation and distribution systems, systems integration rig) or prepared (e.g. main gear box 
bench adaptation module). Continuous cooperation took place with core partners and partners, 
in particular clarifying expected delivery dates, and the latest tuning of substantiation means 
for permit to fly.  

 
Major achievements in 2019 
 
NextGenCTR (WP1) 

Management and coordination and design integration.  
The integrated master schedule of NGCTR TD was updated following the PDR and maintained 
with regular reviews with each major stakeholder (technical leaders, manufacturing engineers, 
partners, vendors). The budget allocated, including the contingencies for the up-to-date risks, 
was shown to be sound and correctly calibrated regarding the effort required and the resources 
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planned. Substantial effort was spent in the lead, support and integration, as required, of all the 
calls for partners active to date. Joint development teams with several partners were 
established and, where already existing, consolidated to ensure fruitful collaboration and buy-
in towards the challenges set by NGCTR-TD 1st flight. 

Tiltrotor system design. 
Several wind tunnel tests were performed in 2019 on aircraft configurations with increasing 
adherence to TD baseline configuration, leveraging on tail and wing models provided by the 
core partners LIFTT and T-WING, respectively. The main objective of these tests was the 
characterisation of tail shape (V- vs- T-) in order to validate model predictions, increase the 
reliability of future analyses and, ultimately, support tail shape selection for the TD.  

Transmissions systems 
The NGCTR-TD drive system architecture was refined to improve system efficiency and overall 
aircraft performance. Detailed design was started thereafter ensuring full cooperation from the 
very beginning between the partners responsible for manufacturing, which minimised design 
change iterations. 

Rotors systems 
The NGCTR-TD rotors new components design started as planned. In parallel several iterations 
of kinematic analyses were performed to mitigate the risk of interferences between rotors and 
flight controls, feeding back into their concurrent design.  

Airframe structures 
Structure design was developed in synergy with both the FRC IADP and AIR ITD core partners, 
with specific focus on wing, fuel system and tail integration. All of the major structural 
components passed the PDR and entered into the detailed design phase. Nacelle design was 
brought to PDR level by Leonardo in order to fit with the schedule of the upcoming Call09, which 
was awarded by the JU in July. Call09 project, led by the consortium TRAIL, was started after 
summer. A wing mock-up was manufactured and will be maintained to (progressively) validate 
wing architecture in terms of parts installability and overall maintainability. 

Electrical and avionic systems 
Flight control system architecture was defined and bids for FCS components were launched and 
responded to, providing the elements for the subsequent selection. A flight control simulation 
rig was commissioned including active inceptors that are planned to be introduced into the TD 
cockpit. Avionics layout was frozen to enable the start of harness design. 

Airframe systems 
Fuel system design was developed in strict conjunction with DEFENDER, DIGIFUEL and TWING 
partners by means of monthly joint development team meetings, in order to optimise systems 
integration and reduce the risk of scope creeps. Powerplant installation, with specific focus on 
FCS SW integration with engine FADEC, was further developed with General Electrics. GE 
delivered the first Engine model for integration into Leonardo FCS SW, enabling the start of 
development of the relevant flight control laws. The relevant CDR was held in December. 
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RACER (Rapid and cost-effective rotorcraft) (WP2) 
 
RACER flight demonstrator integration 
The maturation of the major interfaces was almost closed in 2019. Only a few sub-systems for 
internal interfaces are behind this maturity. A simplified drawing release process could also be 
defined, to accelerate progress towards manufacturing. The following of long lead time items 
sourcing (through procurement and/or manufacturing, and partnerships) has been a key priority 
of the year. Fine-tuning of the final testing and assembly logic of the RACER demonstrator was 
carried out. Information was communicated to all stakeholders, so as to empower system 
responsible, and ease on time and on quality deliveries. 
 
Finally, after this complete testing and assembly analysis, it was decided before 2019 
Intermediate project reviewR, to postpone the first flight date to mid-2021. The key reason for 
this decision is to have more time and margins for ground tests and assembly. 
 
RACER airframe integration 
The manufacturing of the central fuselage structure progressed. The manufacturing  of several 
big primary structure metallic parts could be completed by the end of the year. Regarding 
secondary structure, the  Romanian cluster manufactured composite panels, with a quality 
considered as acceptable for the demonstrator. Flightworthy composite panels should be ready 
in 2020 as planned. 
 
Landing system activities progressed as expected. Ground qualification expectations for permit 
to fly (PtF) were finalised. Concerning cabin and mission equipment, features that ensure the 
crewΩǎ safety (i.e. demoisting of wind shields), and working condition regulations (i.e. internal 
noise) were pursued, as planned. Demoisting could benefit from the National Additional Activity 
project on new environmental control systems. 
 
RACER dynamic assembly integration 
For Lifting Rotor, few activities took place to finalise the modifications required on the legacy 
rotor that was employed for the first flight phase. This included detailed design and 
manufacturing. Additional national activities on a new main rotor were also pursued. This 
project outcome should come well after first flight, so has no impact on the first flightΩǎ expected 
date. Concerning the Lateral Rotor, work with the propeller supplier has progressed as planned, 
according to the propeller definition which was frozen in 2018. Variable gains for lateral rotor 
endurance test were performed under dusty conditions. A contract for a National Additional 
Activity on the new lateral rotor pitch control could finally be agreed.  
 
Detailed design reviews for both lateral gear boxes (LGB) and accessory gearboxes (AGB) were 
passed, and procurement of parts was launched and is under close monitoring. Progress was 
also made for the high speed input stage (HSIS), with semi-finished parts for gear manufacturing 
available and bearings manufacturing ongoing. The lateral gear box power rig detailed design 
review was passed, and the rig manufacturing is ongoing. The main gear box preliminary design 
review was performed, while the procurement of long lead-time items (LLTI) is ongoing. 
Technology maturation activities will continue, including manufacturing trials for new power 
gear material and additive manufacturing component tests. 
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Concerning powerplants, the fuel system was frozen. First fuel tank bladder toolings were 
released and manufactured. The qualification test plan for the fuel system has been harmonised 
with the partner. The National Additional Activity project regarding engine adaptation for high 
voltage compatibility achieved all its 2019 milestones. 
 
For the actuation system, relevant progress was made on the hydraulic system in terms of 
detailed design and component procurement. The triumph actuation systems (member of the 
COSTAR consortium, in charge of manufacturing and testing of RACER) asked to leave the 
programme. Relevant activities were performed to assess the impact and define the way 
forward. 
 
RACER On-board System Integration 
Key electrical equipment were sourced through GAPs and procurement (e.g. power converter, 
high voltage controller, starter/generator) and were shipped to the lŜŀŘŜǊΩǎ ŦŀŎƛƭƛǘȅΦ ¢Ƙƛǎ ŀƭƭƻǿŜŘ 
those systems to be plugged into the electrical generation and distribution system (EGDS) 
bench. EGDS architecture and mechanical interfaces (links to structures) were frozen. Principle 
wiring diagram was delivered, and human and network protection were defined for HV 
equipment. 
 
The CDRs related to avionics and sensors and flight control, guidance and navigation, antennae, 
sensors, radios, grips, TCAS, and weather radar were closed. All sensor suppliers were defined 
and the first tests regarding collective grip prototypes on avionic benches were perfromed. Tests 
on avionics started and finally, the 4D Flight Management System (FMS) was delivered for 
ground bench tests. 

 
Eco-design (WP3) 

NGCTR-TD sub-system candidates for use in the life cycle assessment(LCA) were identified, as 
related to the key enabling technologies under development in the programme. These sub-
systems were selected considering an appropriate mix between level of ambition and data 
availability/sustainability for such a complex and in-depth LCA. 
 
LCA activities related to RACER are almost completed. Upscaling to a complete vehicle, or a fleet, 
was launched. A new LCA software for ECO needs was deployed, and engineers were trained on 
how to use it. Several selected sub-projects for ECO-TA related materials and processes are 
progressing well, across the demonstrator. 
 
Technology Evaluator (WP4) 

Several meetings and reviews were held throughout the year to share, mature and consolidate 
NGCTR and RACER contributions to the TE. The relevant data packs, for both reference and 
concept vehicles, were delivered and discussed with the TE community. 
 
Implementation of Call for Proposals in the period 2019 

43 complementary actions of projects (GAPs) were running with the goal of converging on final 
demonstration targets. A lot of work was done to progress the calls for partners that had been 
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effective to date and promptly start the ones that were awarded during wave nine and ten 
throughout the year.  
 
 

Ą AIR ς Airframe ITD 
 
Summary of activities and progress of work in 2019 

The airframe ITD is addressing the full range of aircraft types and is structured around three 
major activity lines split into technology streams or work packages: high performance and 
energy efficiency (HPE), high versatility and cost efficiency (HVC), and eco-design (ECO). 

High performance and energy efficiency (HPE) 

Under this activity line, innovative aircraft architectures are investigated with the aim to 
demonstrate the viability of some of the most promising advanced aircraft concepts by 
identifying the key potential showstoppers and exploring relevant solutions, elaborating 
candidate concepts and assessing their potential. Advanced laminarity technologies such as 
those related to extended laminarity will also be developed as this is considered to be a key 
technological path to make further progress on drag reduction, and could be applied to major 
drag contributors, especially the nacelles and wings. High speed airframe activities will be 
focused on the fuselage and wings by enabling better aircraft performance and quality of the 
delivered mobility service, with reduced fuel consumption and no compromise on overall 
aircraft capabilities (such as low speed abilities and versatility). Novel controls will introduce 
innovative control systems and strategies to make gains in overall aircraft efficiency. It will 
contribute to sizing requirement alleviations thanks to smart control of the flight dynamics. 
Finally, novel travel experience will investigate new cabins including layout and passenger-
oriented equipment and systems as a key enabler of product differentiation, having an 
immediate and direct physical impact on the traveller, and with potential in terms of weight 
saving and eco-compliance. 

High versatility and cost efficiency (HVC) 

Under this activity line, next generation optimised wing boxes will lead to progress in aero-
efficiency and to the development of better, more durable, affordable and lighter-weight wing 
structures through the design, build and ground testing of innovative wing structures. The 
challenge is to develop and demonstrate new wing concepts (including architecture) that will 
bring significant performance improvements (in drag and weight) while improving affordability 
and enforcing stringent environmental constraints. On the other hand, optimised high lift 
configuration activities will progress the aero-efficiency of wing, engine mounting and nacelle 
integration for aircraft that serve local airports thanks to excellent field performance. Advanced 
integrated structures will optimise the integration of systems in the airframe along with the 
validation of important structural advances, and will make progress on the production efficiency 
and manufacturing of structures. Finally, advance fuselage activities, that also include cockpit 
and cabins, will introduce new concepts of fuselage to support future aircraft and rotorcraft. 
More radical aero structural optimisations could lead to further improvements in drag and 
weight in the context of growing cost and environmental pressure, including the emergence of 
new competitors. 
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Eco-design (ECO) 

Eco-design related activities, embedded in the airframe ITD, are mainly focused on developing 
environmentally sound technologies, and on performing life cycle assessment activities to 
quantify the benefits brought by the newly developed technologies. The eco-design thematic 
areas target the two following environmental benefits: lower impacts during the production of 
aircraft parts, the maintenance phase and end-of-life of the aircraft. 
 
Major achievements in 2019 

¶ High performance and energy efficiency (activity line A) 
 

Innovative aircraft architecture (technology stream A-1) 
With respect to ΨOptimal engine integration on rear fuselageΩ, further analyses have been done 
to decompose the different benefits/losses of several boundary layer ingestion (BLI) concepts. 
Additionally, preliminary assessment of aircraft installation effects on noise reduction due to 
the scarfed nozzle has been performed using a simplified methodology: no detrimental effects 
are anticipated at this stage, but it is to be confirmed by a more robust method. 
 
With respect to ΨUHBR and CROR configurationΩ, the objective to progress on TRL for the Ultra 
High By-pass Ratio (UHBR) and Open Rotor (OR) integration technologies has been reached in 
the various CfP projects running in 2019; these projects deal with firstly, the development of 
multidisciplinary optimisation framework of novel UHBR and OR propulsion concepts, secondly, 
near and far-field acoustic propagation of a pushing wing mounted propeller-based propulsion, 
and thirdly, design, manufacturing and testing of innovative shielding and protections for 
uncontained engine rotor failure impact. With respect to ΨNovel high performance 
configurationΩ, the final down-selection workshop for short to medium range airliner (SMR) and 
Bizjet (BJ) missions was held in mid-November and two configurations are now in the selection 
pool for SMR, blended wing body (BWB) and strut-braced forward swept wing (SBFSW), as well 
as two configurations for BJ, large fuselage and three-surfaces. 
 
Finally, with regards to the activities on ΨVirtual Modelling for certificationΩ, at the end of 2019, 
all the activities were kicked-off. In 2020, all the tasks will run at full speed. For instance, in 2019 
the following activities were concluded: 

¶ for safety: composite fuel tank for lightning, comparison and synthesis of the available 
techniques to integrate electrical model of fasteners within finite difference-time 
domain (FDTD) model; 

¶ for prediction of aerodynamic loads at high Reynolds: detailed design of the WT mock-
up (CDR to be held early 2020); 

¶ for cabin thermal modelling with a human thermal model: cabin thermal test campaign 
in the Falcon BJ A/C T23 section available at Fraunhofer facilities. 

 
Advanced laminar airflow (technology atream A-2) 
With respect to ΨLaminar NacelleΩ, activities continued to assess the effect of 3D surface 
imperfections by performing numerical investigations of laminar-turbulent transition using 
boundary-layer instability theory. Manufacturing of tooling items has started towards 3D 
demonstrations of access door integration into laminar regions on nacelle fan cowling doors. 
Moreover, a BJ mock-up incorporating the NLF nacelle and HTP was delivered in Q2 and tested 
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in Q3. Analysis was almost completed in 2019 and will be documented in 2020. 
 
In the ΨNLF smart integrated wingΩ work package, BLADE 2019 F/T campaign was completed in 
August, and analysis activities were carried out until the end of the year. The deliverable ΨBLADE 
Flight Test Data Analysis: insectΩ was issued in November, and two others have been elaborated 
in December, i.e. ΨBLADE Flight Test Data Analysis: imperfectionsΩ and ΨBLADE Hot-film Results. 
Exploitation activities by the BLADE Partners will continue in 2020 with the support of Airbus. 
Additionally, flight tests of laminar treatments to assess their durability were pursued in 2019, 
and the final synthesis will be elaborated in 2020. Finally, the manufacturing of NLF leading edge 
(NLF-LE) ground based demonstrator (GBD) items has started, including the associated test 
stand. The aim of this demonstrator is to validate the fulfilment of step requirements of leading 
edge design by designing, building and assembling a NLF-LE GBD onto a wing-box segment under 
gravity-induced realistic deformations with novel test stand concept. 
 
With regards to ΨExtended LaminarityΩ, activities are ongoing on the tailored skin single duct 
(TSSD) vertical tail plane (VTP) leading edge wind tunnel demonstrator: aerodynamic design and 
structural design have been completed and the stress analysis report for the wind tunnel test 
has been compiled. Activities are also ongoing relating to the post-processing of low speed wind 
tunnel tests carried out in January on an innovative HLFC concept combining anti-contamination 
and suction devices. The main objectives of these tests were to evaluate the added efficiency of 
a passive anti-contamination device (ACD) and active micro-perforated suction panel to avoid 
turbulent flow along the wing leading edge. The tests improved the understanding of driving 
parameters of the micro-perforated panels system (such as porosity, hole diameter, suction 
rate) effects on maintaining a laminar flow for increasing leading edge Reynolds numbers.  
 
High speed airframe (technology stream A-3) 
With respect to ΨMultidisciplinary wing for high and low speedΩ, the wing root box (WRB) 
composite spars PDR was passed in early July, and CDR is planned early 2020; manufacturing of 
demonstrator parts and test articles has also started. Tests will happen in 2020 and 2021. The 
composite stiffened wing lower panel from an existing BJ CDR was held in July, and tooling 
design and manufacturing is ongoing. Co-cured multi-spar flaperon detailed design has been 
realised, and the CDR was passed in November. 
 
In the ΨTailored Front FuselageΩ work package, state-of-the-art analysis is finalised for 
attachment between windshields and surrounding structure, and the finite element (FE) model 
exchange process is being set up. Five innovative windshield fastening concepts have been 
agreed upon, however, the weight decrease potential of the new designs has not yet been 
determined, and thus the demonstration perimeter for the next phases of the project cannot 
yet be determined; however, with regards to windshield heating, icing wind tunnel tests were 
completed in December. 
 
With regards to ΨInnovative shapes and structureΩ, the CDR for cargo doors structural 
demonstrators has been passed and the manufacture of assembly jigs has been started; 
additionally, progress has been achieved with assembly sequence for doors into fuselage. 
 
Novel control (technology stream A-4) 
With regards to ΨSmart Mobile Control SurfacesΩ, activities dealing with electrical wing ice 
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protection system  (EWIPS) integration on a BJ slat have continued: after the BJ slat CDR in May 
2019, the two-heater mat sets were delivered and controlled for the two IWT test slats (the 
main one and the spare one) and the heater mats were then bounded onto the slat skins in a 
pressurised autoclave. Prior to that, the slat parts were specially modified to be compatible with 
the heater mats. The CIRA IWT is planned in November 2020. Moreover, with respect to 
innovative movables for next generation aircraft, the selection of two concepts for further 
development has been performed, i.e. one multifunctional trailing edge flap, and one 
morphing/adaptive outer wing/winglet. A generic development plan and demonstrator specific 
development plans have been elaborated, and loads assessment has started for winglet and flap 
demonstrator. 
 
With respect to ΨActive Load ControlΩ, load attenuation around 5-6% along the wing span has 
been reached by advanced digital control design on a Generic Business Jet Aircraft (GBJA); WTT 
are in preparation for 3D wing shape gust load alleviation (GLA) tests validation. Initiation of 
flutter control activities for GJBA will be done in 2020. 
 
Novel travel experience (technology stream A-5) 
With regards to ΨHuman Centred CabinΩ, activities on crew operations/smart galley (digitalised 
and connected galley) have been re-shaped with two work streams: normal operation (service) 
and abnormal operation (safety); for normal operation, galley operation has been identified as 
being the main pain point. A first analysis allowed down-selecting two concepts for galley 
automation; for abnormal operations, abnormal tasks have been identified and analysed to 
understand pain points and need of cabin crew action. Incident report workshops have been 
organised to identify fields of improvement. Moreover, for the cabin rest area (multifunctional 
area for single aisle a/c) activities, the 3D-modelling for the chosen concept has been completed, 
as well as a wooden mock-up; production and assembly of prototype has been launched, and a 
draft test plan for operational assessments is available. 
 
With respect to ΨOffice Centred CabinΩ, 3D definition of the mock up has been completed and 
the CDR was held mid-December; a first draft of test matrix definitions is available; an 
acceptance review of a full-size demonstrator will take place in 2020, as well as first testing 
activities. 
 
 

¶ High versatility and cost efficiency (activity line B) 
 
Next generation optimised wing (technology stream B-1) 
CƻǊ w!/9wΩǎ wing, the preliminary design review and critical design reviews have been held and 
major actions are closed. The manufacturing of elementary parts and the assembly tooling 
phase has started. With regards to the prediction of noise emission for certification cases, 
update of flight conditions, identification of low-noise cases, improvement and validation of the 
computational methodology have been performed. 
 
For SAT optimised composite wing, the first batch of small scale integral demonstrators and 
lower skins have been manufactured, inspected and assessed. Final automation technologies 
down-selection was done. The test rig conceptual design is now complete, and the structural 
health monitoring (SHM) of bond-line integrity demo has been manufactured. Technical works 
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are focused on having a critical design review by Q1 of 2020. 
 
The flying test bed #2 (FTB#2) morphing winglet has been manufactured, assembled and 
delivered to REGIONAL IADP and installed on the FTB#2. 
 
For the affordable loads alleviation system, step 1 configuration and related actuator prototypes 
have been integrated on the ΨOn Ground FTB#2 Wing Actuation RigΩ for starting qualification 
activities prior to integration on REGIONAL IADP FTB#2.  
 
Morphing leading edge system-level analysis and design of kinematics and actuation system 
have been completed including the redundant actuator; a preliminary design review 
(technology scope) was held at the end of the year. 
 
Optimised high lift configurations (technology stream B-2) 
 
For the high lift wing turbo prop nacelle configuration, the loop heat pipe anti ice system was 
manufactured and delivered of the heat transport passive system. The system integration into 
the intake wind tunnel model with condensing lines was done to complete the wind tunnel test 
in Q1 of 2020. 
 
The multifunctional flaps with independently actuated tab developed and manufactured in AIR 
ITD were delivered for integration in the REG IADP Flight Test Bed#2. 
 
Concerning the advanced composite external wing box, the test campaign was completed for 
CFRP liquid resin infusion technology up to subcomponent level for highly integrated wing box 
covers and spars. The CFRP thermoplastic in situ consolidation technology test pyramid for wing 
covers was achieved up to design detail level and initiated for the subcomponents (one shear 
panel has been tested successfully). The preliminary design review for the out-of-autoclave 
composite wing demonstrator was held. 
 
Regarding high lift technologies for small aircraft, the CDR for the down-selection of the high lift 
concept was held at the end of July 2019. The blown flap concept for the 19 seats SAT A/C airfoil 
was selected for wind tunnel testing in 2020. Wind tunnel model aerodynamic design was 
implemented. 
 
Advanced integrated structures (technology stream B-3) 
 
For advanced integrated empennages for regional, a short description of the stiffened co-cured 
panel of the torque box were done, and engineering requirements of the innovative 
empennage's leading edge for thermoplastic material and welded joints were established. 
 
For the structural embedded antenna, the critical design review was closed and manufacturing 
ǎǘŀǊǘŜŘΦ !ƴǘŜƴƴŀΩǎ functional tests have started and were performed for one panel. The antenna 
is ready for installation in the REG IADP Flight Test Bed#2. 
 
The wind tunnel test mock-up with the integration of the ice protection system based on 
induction technologies was manufactured. All the icing wind tunnel tests were performed. 
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For HVDC electrical generation and distribution, the design was frozen at 15 kW. It was shown 
through lab tŜǎǘƛƴƎ ŦƻǊ ǘƘŜ мр ƪ² ŦǳƴŎǘƛƻƴŀƭƛǘȅ ōŜȅƻƴŘ мрΩΦ ¢ƘŜ ŀŎǘƛǾƛǘƛŜǎ ŀǊŜ ǇǊƻƎǊŜǎǎƛƴƎ ǘƻ ōŜ 
ready for a successful critical design review by Q1 2020. 
 
For the spoilers and ailerons driven by elector-mechanical actuators (EMAs), the designs were 
frozen and the manufacturing of the firsts units were done by SYSTEMS ITD. 
 
The critical design review for the ergonomic cockpit has been passed and the manufacturing of 
the final ergonomic mock-up cockpit is now almost finished. For SHMS technologies, the first 
composite panels have been manufactured. The PDR for interior noise material selection was 
passed with actions. 
 
For SAT effective joining methods the finite element method (FEM) mode is now finished. For 
SAT jigless and fatigue tests for phase 1 and 2 were performed and the specification of the third 
fatigue test phase has been done; additionally the demonstrator manufacturing and assembly 
has started. 
 
For the fast rotorcraft airframe integration activities, many of the important toolings have been 
manufactured for doors, canopy, cowling and emergency exits, horizontal stabiliser torsion 
boxes and tail boom skins. 
 
Advanced fuselage (technology stream B-4) 
CƻǊ w!/9wΩǎ tail, the critical design review was passed for components and tooling and the first 
parts manufacturing has started and is being delivered. 
 
For the next generation civil tilt rotor, the preliminary design reviews were completed for all 
fuselage modifications, nacelle and V-Tail, including a back-up plan for crew seats incorporated 
into the design, and weight optimisation. Maturation of out-of-autoclave (OOA) technology to 
TRL4 and manufacturing of multiple 0.3m C-Spars were done. 
 
For regional centre fuselage technologies, the first fuselage stiffened panel was manufactured 
with automated fibre placement (AFP). The fuselage structural components testing is currently 
ongoing, tool drop impacts were executed on curved composite stiffened panels and two 
window frames were tested. 
 
For regional cabin interiors, following the conclusions of the preliminary design review, 
refinement of the major cabin interiors items 3D models and preliminary stress analysis have 
been performed. 
 

¶ Eco-design (activity line C) 
 
C-1: Eco-design management and ECO TA link 
The new simplified aircraft and industry model from the ECO transverse activity (TA) was 
introduced to the airframe eco-design participants. The mapping for vehicle economic 
ecological synergy and eco-design analysis (VEES/EDAS) was updated for most of the activities.  
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A demonstrator synthesis report update was produced, summarising roadmaps and confidence 
levels for 19 eco-design demonstrators. Approximately 85 technologies will deliver LCI data 
from the Airframe ITD to ECO TA core group. There has been good progress in data collection 
sheet delivery at technology level in 2019, and a consistency check is expected at the end of 
2020. The bill of materials/bill of processes (BoM/BoP) delivery for the 19 demonstrators has 
started. The first eco-statements are expected in Q2 2020. 
 
An eco-design synthesis report was elaborated placing a focus on the projects monitored by 
ECO TA (Ψstage 0Ω and Ψstage 1Ω projects). Aside from the airframe eco-design work packages, 
there are additional development activities delivering LCI data. First economic impacts 
assessments were started for some of the technologies in scope. 
 
C-2: Eco-design for airframe 
The technology development is on track to prepare the demonstration phase which will start in 
2021. Mainly fuselage parts (thermoplastic, thermoset, metallic) and interior parts (seating 
structures, seating cushions, lightweight furniture (drawer box, handrail) will be investigated, 
and a composite aircraft wheel for landing gear systems will be demonstrated. Several CfPs are 
linked to these activities, in particular in the field of material recycling. Synergies of the activities 
have been identified to work together on several demonstrators starting 2020 and 2021. 
 
C-3: New materials and manufacturing 
The work is in the finalisation phase. The activities linked to efficient manufacturing, additive 
manufacturing efficient testing, robotics and other assisted manufacturing technologies 
collected LCI data and developed a tool for technology efficiency evaluation. The final test for 
validation for a new tool was done and the TRL5 assessment review was held. With regards to 
a future leakage identification system, final validation tests for all of the systems (fuel, hydraulic 
and pneumatic) were done and TRL6 assessment review was held. Two door hinges were 
developed for the cargo door demonstrator from HVC and will go further on the LPA 
demonstrator. In 2020, the focus will be on digitalisation and the connected factory. 
 
Implementation of call for proposals in the period 2019 

As of December 2019, a total of 110 CfP topics were running in the AIR ITD (wave 1 to wave 9). 
Sixteen further GAP projects were about to sign their contracts (CfP wave 10) and four more 
were about to be published for wave 11. 
 
 

Ą ENG ς Engines ITD 
 
Summary of activities and progress of work in 2019 

Ultra-high propulsive efficiency (UHPE)  
Multiple maturation studies to optimise the integrated power plant system (IPPS) architecture 
have been completed. Significant progress on the various key enabling technologies for UHBR 
applications has been achieved. These include low speed fan maturation, boosters, high 
pressure (HP) combustors, high-speed low-pressure turbines, transmission systems, low 
material technologies and nacelles. 
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Turboprop for short range regional aviation  
Manufacturing and assembly of the Tech TP are completed. The first Tech TP run took place in 
June thanks to the commitments of all the core partners and partners. The demo test phase has 
been started. The gas turbine components maturation have progressed as well, and the 
combustion chamber high altitude relight test has started.   
 
Advanced geared engine configuration  
The compression system activities focused on completing the testing of the second build of the 
inter compressor duct rig have been performed. The conceptual design of the two-spool rig has 
been nearly completed and will be closed with the preliminary design review (DR3) in early 
2020. EMVAL engine demonstrator activities focused on completing the detail design phase will 
be closed with the critical design review (DR5) in early 2020 as well.  
 
Very high bypass ratio (VHBR) middle of market turbofan technology  
Important and valuable technical progress was delivered. This includes significant work to 
further develop low speed fan technology and model-based systems engineering on the 
UltraFan® architectural concepts to further enhance their feasibility, which resulted in test 
demonstrations throughout the first half of 2019. The low speed fan test confirmed the 
expected efficiency and operability of the UltraFan® fan design and provided significant 
quantities of data to validate aerodynamic, aeromechanic and noise tools. 
 
VHBR large turbofan demonstrator  
The key highlight was the successful passing of the UltraFan® Stage 2 Exit review.  The Stage 3 
Exit review has been initiated in December 2019. 
 
Lightweight and efficient jet-fuel reciprocating engine 
Significant progress was achieved leading to the completion of the R&T programme at TRL 5. 
This includes in particular the full-scale 6-cylinder engine demonstration on ground at full 
power, the full-scale propeller demonstration test, and the validation test campaign of the new 
engine controls. 
 
 
Reliable and more efficient operation of small turbine engines (WP8)  
Loop 2 objectives were fulfilled with the assessment of aircraft fuel consumption, CO2, NOx and 
noise emissions for both reference and green A/C. The program is now entering its third loop. 
The main goal for loop 3 will be to identify a suitable hybrid-electric configuration of the engine. 
hƴŜ ƻŦ ǘƘƛǎ ȅŜŀǊΩǎ Ƴŀƛƴ ŀŎƘƛŜǾŜƳŜƴǘǎ Ƙŀǎ ōŜŜƴ ǘƘŜ ǎǳŎŎŜǎǎŦǳƭ ǘŜǎǘƛƴƎ ƻŦ ǘƘŜ ŀŘŘƛǘƛǾŜ 
manufacturing combustor, carried out in September 2019 in collaboration with the CfP START. 
 
Eco-design engine  
Activities concentrated on additive manufacturing, CFRP re-use and recycling and advanced 
engine manufacturing and delivered its first analysis. 
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Major achievements in 2019 

Ultra-high propulsive efficiency (UHPE) demonstrator  (WP2) 
The activity has made significant progress. As far as the engine ground test demo (GTD) is 
concerned, multiple maturation studies have been completed in order to optimise the IPPS 
architecture. The equipment's packaging has also been completed, thus addressing one of the 
main risks identified in the target architectures and linked to the complexity vs the engine target 
compactness. As far as key technologies maturation is concerned, a first loop on the advanced 
low speed fan architecture was made. Maturation activities on the nacelle have continued. 
Following TRL3 validation in 2018, an acoustic demonstrator design has successfully reached the 
CDR milestone in April 2019. The tools and parts have been available for assembly since 
December 2019. The GTD configuration has led to the cross-section of the transmission system 
modification. One additional technical brick has reached TRL3 and the reduction gear box (RGB) 
has reached TRL4, following completion of dedicated test campaign. The low-pressure turbine 
module tests have been performed; the comparison of results with CFD have shown good 
correlation of unsteady losses and confirmed the predictions. The tests have supported the TRL4 
review for the turbine vane frame (TVF) aerodynamics scheduled in November 2019. The test 
rigs dedicated respectively to the component for splines and the gearbox attitude test have 
reached the CDR milestone this year.  
 
Turboprop ground demo for SR regional aviation (WP3) 
2019 has been a fruitful year for the turboprop integrated power plant system (IPPS) as most 
design and manufacturing activities have been completed. Core partners and partners delivered 
all their contributions (PAGB, nacelle, air inlet, craddle, propeller, PCU, dampers, heat exchanger 
etc) to allow Safran HE to test the Tech TP first engine in June. The Tech TP final configuration 
with 7 blades propeller became available and the intensive testing phase was started in October 
2019 to be completed in 2020. 
 
Safran HE organised an event on October 17th in Tarnos with all stakeholders to celebrate this 
great first run achievement and to share Safran HEΩǎ vision on Tech TPΩǎ test plan and future 
opportunities for application. 
 
Gas turbine components maturation activities progressed well too, with PAGB test rig 
manufacturing, and mixed compressor test rig manufacturing and assembly which will be ready 
for testing in early 2020. Also, a new combustion chamber test for high altitude relight has been 
initiated at ONERA. 
 
Advanced geared engine configuration (WP4) 
The inter compressor duct rig testing facility at DLR successfully tested the first and second build.  
These test results are the basis for the two spool compression system rig tests planned for 2021. 
The conceptual design of the two spool rigs is progressing according to plan with advancements 
of the compressor design and the definition of the test surroundings.  
 
The expansion system engine demonstrator passed the interim design review DR4 mid-year and 
has released the long lead items in hardware procurement for purchasing. The critical design of 
the engine demonstrator has been completed and the finished parts drawings have been 
prepared for quotation. The technology development has been continued and manufacturing 
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trials for the casted blade and the ceramic matrix composite (CMC) segments in adequate 
geometries have been completed. Based on what was learned from the manufacturing trials, 
the project plan has been adjusted with the test campaign now scheduled for 2021. 
 
Very high bypass ratio (VHBR) middle of market turbofan technology (WP5) 
An alternative aluminium alloy has been matured and casting trials of test specimens have been 
made. The mechanical test campaign was initiated and will be completed in 2020.  The low 
speed fan (LSF) rig test and analysis activities were completed in 2019. The data obtained from 
the rig confirmed the pre-test predictions and provided further confidence on the proposed low 
speed fan design. Moreover, several key predictive tools and methods have been calibrated 
using data from this rig, which will enable enhanced design space understanding for future 
design iterations.   
 
The VT-2 aero rig (multistage IPT) has been tested and the VT-4-3 aero rig tests results have 
been post-processed and analysed.  
 
Regarding PGB, the first component of the AORBIT rig arrived at University of Nottingham. 
 
The critical design review for the bearing chamber module has been completed and components 
are currently being procured. Experiments on the bearing shed rig are progressing well providing 
highly detailed information and linking with high-fidelity CFD simulations on the bearing inlet 
simulator.  Relevant scientific papers have been presented at a number of events including 
ASME Turbo Expo, the Multiphase Flow Conference, Dresden and the Paris Airshow. 
 
NG-Turb test facility circuit virtualisation has been used to predict operational parameters and 
constraints for campaign planning. Rig test phase 1 has been prepared and the hardware 
mounted for use at end of 2019. Further rig and facility hardware upgrades, which will be tested 
in phase two, were studied and the mechanical design partly started in Q3/2019. The blisk repair 
activity has successfully read across the down-selected microstructure to target component 
geometry. The mechanical validation testing continues to provide results showing that the 
application requirements can be achieved. In-situ experiments continue to provide a unique 
insight into the complex interactions that take place within and around the melt pool which are 
driving the improvement and validation of our process models which is key to our future alloy 
repair development strategy. 
 
VHBR large turbofan demonstrator (WP6) 
Boeing 747-400 has been acquired which will test the next generation of cutting-edge 
technologies for engines including the UltraFan® demonstrator. ITP saw the achievement of the 
IPT subsystem detail design review (DTA5) and the start of long lead time items manufacturing.  
Whilst the ICC passed its preliminary design review in January 2019, the critical design review 
kick-off was held in November. ICC-sectors have successfully been cast and welding of the 
forerunner ICC is completed. The UltraFan® programme successfully passed its Stage 2 Exit 
review in the first quarter of 2019. The programme is now making good progress towards its 
Stage 3 Exit in December 2019.  Contributors to the Stage 2 review success were multi-stage 
IPT, structural systems and externals.   
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Lightweight and efficient jet-fuel reciprocating engine (WP7) 
The previous testing was aimed at several innovative designs for some part of the core engine. 
2019 has seen the conclusion of this activity with the post-test analysis that allowed the  
identification of the most promising technologies amongst those tested. The validation of design 
evolutions for the turbocharger was concluded in 2017. The development of a propeller able to 
withstand the specific operating conditions of a Jet-A engine was continued and successfully 
finished in 2019. The work has been focused on performing and completing successfully the test 
campaign on the full-scale propeller. The post-test review was completed in early December 
2019. As its main successful outcome, the demo propeller reached sufficient maturity (TRL5) to 
enable a development programme, which has concluded the research programme. 
Development of a new 6-cylinder engine architecture in 2019 was completed with the test 
campaigns for the demo engines. As main outcomes, the demo engines have completed 230 
running hours and have reached the targeted power of 400hp. The ground test engines have 
also demonstrated a significant fuel burn reduction. The associated activities are now 
completed. The components of engine control system have been delivered and assembled early 
2019 to build two hardware demonstrators for advanced engine controls. The following test 
campaign has run successfully, and the post-test review has been done in December. The main 
objectives have been reached (completing the programme activities). 
 
Reliable and more efficient operation of small turbine engines (WP8) 
The loop 2 engine data have been post-processed, assessing aircraft fuel consumption, CO2, NOx 
and noise emissions for both reference and green A/C. Following this achievement the project 
is now entering loop 3, which involves a hybrid-electric configuration. The team progressed on 
virtual engine transient model design and focused on setting the strategy for the hybrid-electric 
trade studies. The detailed design of aero and acoustic low-noise propeller was realised. The 
team continued the development of the Reduction Gear Box technologies, with a focus on direct 
gas quenching characterisation, which has been successfully applied to test coupons. 
 
The extended analysis of Axial-Centrifugal Compressor Vehicle (ACCV) and blowdown tests 
continued in 2019 and the impact of the potential bleed requirement and its influence on 
compressor stability was carried out. 
The inner and outer liners of the combustor were successfully manufactured,  assembled, 
instrumented and entered tests (special thermal paintings has been applied). The full annular 
test was successfully carried out in September and the test results analysis is ongoing. The 
activities relating to advanced cooling have started. 
 
Eco-design engine (WP9) 
The work related to manufacturing was focused on boundary limits assessment in additive 
manufacturing, for eco-design process optimisation. The research on CFRP material re-use and 
recycling has continued. In the area of eco-design approach in engine parts, advanced 
manufacturing the selection of parameters for the Reference Blisk Design Model has been 
achieved in 2019. An inlet guide vane (IGV) was selected as another, additional test case.   
 
Implementation of Call for Proposals in the Period 2019 
At this stage and as of December 2019, a total of 13 CfP topics are running in the ENG ITD for 
calls eight and nine. The two projects for call ten have just been awarded and will be reported 
in the AAR in 2020. 
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Ą SYS ς Systems ITD 
 
Summary of activities and progress of work in 2019  
In 2019, several cockpit technologies were successfully developed with the most of them 
integrated in the virtual system bench according to the TRL maturation plan up to TRL 5. 
Examples are voice recognition, certified tactile displays and parts of the enhanced vision 
system. 
 
The cabin and cargo technologies progressed during the second year of activity. The connected 
cabin concept comprises some bricks that are starting to increase their TRL level such as the 
smart belt concept, luggage detection without camera and the galley concept. Interfaces for 
the fire-suppression demonstrator were defined and components design prepared. 
 
For flight control several technologies progressed to TRL 3-4 to prepare the demonstration 
activity. The installation of more electric network technologies and components onto ground 
based demonstrators for large aircraft progressed according to plan. The development of 
electro-mechanical actuators progressed in line with the REG IADP plan and were finalised to 
flight testing. 
 
In the area of landing gear systems, the direct drive wheel actuator equipment and system 
achieved TRL4 functional tests, new activities fostering weight reduction and competitiveness 
have been introduced.  
 
High-voltage-DC components for the power network demonstration progressed towards TRL5. 
Similarly, activities on bricks for the power generation and distribution were advancing as well 
to support demonstrations. 
 
Concerning the aircraft loads technology development and integrated demonstration, the final 
architecture for the Electrical Environmental Control System (EECS) has been frozen to deploy 
the demonstration. Sensors and filtration components for air re-circulation in environmental 
control were produced and tested. Wing ice detection and protection technology progressed 
as well to align with the plan. 
 
In the area of small air transport, progress on all demonstrators has been made. A high number 
of design reviews was conducted enabling prototype production, for example of electro-
mechanical actuation and passenger seats. 
 
Transversal activities on advanced power electronics and the integrated simulation modelling 
framework progressed towards the final demonstrations. Some progress was made on eco-
design as well regarding environmentally friendly processes. 
 
Major achievements in 2019 by work package 
 
Innovative extended cockpit (WP1) 
Very large tactile display units were improved (multi-touch & palm rejection capability) and 
the work on the next generation of eyes-out cockpit products was pursued (very high 
brightness & compact full color micro display). The voice recognition system achieved 
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technology readiness level (TRL) 5, and the vocal dialogue in natural language with a virtual 
assistant reached TRL3. The crew monitoring system progressed to TRL 3. Innovative modular 
computing platforms with passive cooling were explored at TRL 3. 
 
As far as avionics functions are concerned, the advanced concept of mission-oriented systems 
management achieved TRL 3. The work on active obstruction detection sensor for modular 
surveillance system was pursued. The innovative pilot aids of the flight management system 
were matured up to TRL5 and the permanent resume trajectory reached TRL6. 
 
Regarding navigation, the innovative concept of modular inertial reference unit achieved TRL 
5, based on brand new generation of inertial measurement unit and MEMS accelerometer. 
Some new disruptive technologies (MEMS gyroscope, resonant fibre optic LASER gyroscope) 
were also explored at low TRL. 
 
Evaluation of innovative test means was pursued (modeling and simulation as a service, pilot 
behaviour monitoring for avionic system evaluation). 
 
Regarding integrated modular communications, flight trials were prepared using distributed 
VHF remote radio units. Furthermore, most of the aircraft and ground network functions of 
the ATN/IPS & multi-link demonstrator were specified. 
 
With regards to Enhanced Vision and Awareness, the high performance computer platform 
achieved TRL5 and the EFVS/CFVS is integrated and ready for validation. 
 
Cabin and cargo systems (WP2) 
Based on the identified criteria, a proposal for the future optimised cabin processes and 
operations was elaborated and released. Standardisation work as defined in the 
standardisation plan was performed. Several partners have joined the standardisation group 
for secure wireless media independent messaging (ARINC CSMIM). 
With regards to the cabin system, the connected seat development has significantly 
progressed. Smart belt concept and luggage detection without camera have reached a TRL3 
maturity. Sensors for predictive maintenance have been selected. The development of the 
sensor module has started. Regarding the wireless radio module for the seat, the specification 
and design were finalised. Design of the multi-radio access point was started. The interfaces 
for personal electronic devices on demonstrator were determined based on a market survey. 
For cabin power management, the cabin load analysis has been finalised. A power 
management concept dedicated to the galley was developed. The prototype implementation 
has started in order to demonstrate the validity of the concept using a modified oven. 
Regarding the connected galley and trolley, the galley concept reached TRL3 while the 
connected trolley concept is still under review including several potential technologies. 
Communication interfaces were defined. Impacts and benefits of the new system were 
analysed. Preparation for building prototypes for first tests has started.  
 
With regard to cargo systems, the first experimental components for the novel waste water 
system, which reuses grey water for toilet flushing, were developed and setup. Specification 
of the nitrogen vessel valve for the halon-free fire suppression system was completed. First 
designs for the valve were developed. The interfaces between the fire suppression test rig, the 
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knock-down system and the on-board inert gas generation system (OBIGGS) were defined in 
order to prepare integration. 
 
The global demonstration strategy was unchanged and the detailed organisation and 
implementation of demonstrators is expected to begin in 2020. 
 
Innovative electrical wing (WP3) 
The work package continued its activities regarding all aspects of flight controls ranging from 
innovative actuation controls, through mature full electrical actuation equipment and novel 
hydraulic power supply. 
 
On the smart integrated wing demonstrator aimed for large aircraft, the main part of the 
electronic control network has been installed according to the Phase 2 plan. The network 
consists of electronic controllers, cabling and equipment for testing. Basic functions were 
implemented and have shown good results. The technology bricks for the hydraulic power 
supply have been matured, with TRL6 tests of the most important electro-motor-pump being 
completed. Finally, a proof-of-concept setup has been set up for testing of control logics. 
Testing will yield results during 2020. 
 
Activities on the electro-mechanical actuators (EMA) for regional aircraft achieved the closure 
of design and good progress regarding manufacturing of prototypes at TRL 3-4 for the REG 
IADP test program. The first units were delivered for the regional ground test rig. According to 
testing results, it has been necessary to launch some modifications to the design leading to a 
ǎŜŎƻƴŘ ǎǘŜǇ ƻŦ ǘŜǎǘǎΦ {ƻƳŜ ǇŀǊǘƴŜǊǎΩ ǊŜƭŀǘŜŘ ǿƻǊƪ Ƙŀǎ ŀƭǎƻ ōŜŜƴ ǊŜ-scheduled. Actuators will 
be flight tested later in the program. 
 
With regard to the smart active inceptors, important progress consisted of de-risking and 
revisiting requirements and design, leading to an architecture and prototypes optimisation. 
 
Landing gear systems (WP4) 
The bricks needed for the development of an electro-hydraulic actuation system for main 
landing gears (EHA MLG) have been specified. The direct drive system was assembled and tested 
in order to achieve TRL4. The first prototype of an angled rim wheel began to undergo testing 
in order to reach TRL4. Additional bricks leveraging weight and competitiveness have been 
integrated this year into the current activities.  
 
The local hydraulic system for nose landing gear (NLG) has been further developed and 
prepared for integration on an Airbus aircraft for roll testing and TRL6 in 2020. The test system 
was produced and the installation and demonstration details have been defined.  
 
Activity on braking systems has been redirected following the exit of the member from the 
programme. Composite low-complex structure demonstrator has continued its testing as 
needed for TRL6 demonstration. Activity on more complex composite parts has been re-
oriented to address MLG structure and is to begin in 2020. 
 
Sensor and monitoring activities faced strong technical hurdles in 2019. The project 
nevertheless advanced to achieve a TRL5 in 2020.  
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Innovative electrical network (WP5) 
 
With regards to the aircraft electrical architecture, the trade-offs for innovative installation 
architectures have been finalised. In addition, technologies definition to support the principles 
of innovative installation architecture have been achieved. The HVDC no-break power unit 
specifications and internal control system (ICS) definitions were refined. Concerning the HVDC 
sources parallel operation, simulations of failure cases and support to lab tests and model 
calibration have been performed. 
 
With regards to power generation, the digital ground control unit achieved TRL5 and the 
demonstration of its operation on the HVDC network has been initiated. The disconnect 
function for high speed starter-generation has progressed with the selection of the concept.  
The optimisation of the power electronics module (PEM) filtering and the development of 
battery charger control laws of the DC-DC converter have been achieved.  
 
With regards to the innovative electrical network over time-sensitive networking, development 
for aeronautics has been further developed and successfully instantiated in different kinds of 
control architectures. With respect to wiring health-monitoring, improved post-TRL4 tests have 
been realised on system benches for parallel and serial electrical arcsΩ detection and localisation.  
In relation to power management for a large aircraft demonstrator, preliminary sizing with 
regards to components preliminary design, preliminary mechanical integration and preliminary 
system design: control/command and power have been achieved. 
 
The development of PEM technology bricks progressed towards TRL5/6 maturity with the aim 
to be reached by the end of 2020 in order to support delivery in 2022 to the High-Voltage-DC 
electrical power network demonstrator. 
 
Major loads (WP6) 
The final architecture of the Electrical Environmental Control System (EECS) was frozen in 2019.  
A component PDR (including a vapour cycle system) was performed and passed with positive 
feedback. Risks were identified well and the means to mitigate them was clearly planned. The 
next milestone for EECS is the critical design review (CDR), scheduled for mid-2020. 
 
The development of air quality smart monitoring solutions with ozone and volatile-organic-
compounds (VOC) sensors continued with the production of laboratory prototypes. A first 
prototype of hybrid adsorption-photocatalytic air filter aiming at removing pollutants and 
odours from aircraft cabin has been realised.  
 
For the adaptive Environmental Control System, the laboratory testing of air treatment and air 
sensor system was conducted; the HEPA+VOC and CO2 filters prototype, the CO2 sensor and 
control logic were integrated and tested. A report on the system verification and 
demonstration of the 1% fuel saving was completed; including simulation results that show the 
potential for 1% fuel burn reduction. Although the TRL4 gate was not achieved in 2019, the 
demonstration significantly helped the team to understand strengths and weaknesses of the 
system. The lessons learnt will be leveraged to improve the prototypes, thus helping in 
achieving TRL4. 
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Concerning the electrical wing ice protection system (eWIPS), the activity in 2019 was focused 
on successfully reaching Technology readiness level TRL4 for de-ice architecture, as well as on 
defining the ice wind tunnel test plan and demonstrator specification.  
 
All planned work was carried out on the primary in-flight ice detection system (PFIDS). 
Following the ice wing tunnel (IWT) tests in July, TRL4 for the ice accretion rate (IAR) function 
was confirmed in December 2019.  
 
For the airborne interferometric ice sensor (AIIS) TRL 3 is to be assessed in January 2020. Risk 
mitigation might require an alternative technology for icing conditions detection, which was 
assessed for TRL2 at the end of 2019. 
 
Small air transport (WP7) 
In 2019, progress on all demonstrators for small air transport were achieved. In particular, for 
the fly-by-wire system demonstrator, the preliminary design review of the air data sensor and 
critical design review of primary surface actuator and flight control computer have been 
completed. 
 
The critical design review of electrical power distribution system and preliminary design of both 
the electrical power generation system and the integrated demonstration rig have been 
initiated. 
 
The preliminary design review for the low power de-icing system demonstrator has started. 
Concerning the electrification of landing gear, preliminary design review of both electro-
mechanical braking and electro-mechanical retraction actuator have been completed. 
Regarding cabin demo for small aircraft, interior panels for a thermo-acoustic solution advanced 
in production according to plan, while design documentation for manufacturing of crashworthy 
configurable seats has been released. 
 
Concerning the integrated demonstration of a SESAR-compatible SAT cockpit, the tactical 
separation system, advanced weather awareness system, flight reconfiguration system and 
compact computing platform reached TRL5; while the navigation system made progress 
towards TRL4. Further scope extension to include all the above functionalities in one integrated 
mission management system has been agreed. 
 
Power electronics and electrical drives (WP100.1) 
The power electronics work in 2019 has been focusing on the optimisation of space for power 
converter topologies using emerging semiconductor devices and the associated modulation. 
Electrical machines and drives have developed and validated a scalable tool for evaluating the 
impact of actuation component placement in localised as well as distributed configurations on 
system weight, reliability and performance. Work on developing degradation models of 
electrical machines has progressed according to plan with accelerated lifetime tests feeding 
into an extensive validation exercise.  
 
A key highlight for 2019 has been the work completed on the thermal insulation qualification 
of low voltage electrical machines. A technical workshop was held with all major stakeholders 
















































































































































































