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FoundingLegalAct

Executive Director

Governing Board
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Staff

2019 Budget

Budget
implementation

Grants

StrategicResearch
Agenda

Call implementation

Participation,
including SMEs

Clean Sky 2 Joint Undertaking

a) To contribute to the finalisation of research activities initiated under Regulation (EC)
71/2008 and to themplementation of Regulation (EU) No 1291/2013, and in particula
Smart, Green and Integrated Transport Challenge under Part 8bcietal Challenges
Decision 2013/743/EU,;

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

Thesecan be realised througthe speeding upof the development of cleaner air transpg
technologies for earliest possible deployment, and in particular the integration, demonstr
and validation of technologies capable of:

() increasing aircraft fuel efficiency, thus reducing CO2 emissions by 20 to 30 % co
G2 Ydthe iNSI aft énfeMBiNd service as from 2014;

(HrSRdzOAY 3 | ANONF ¥4 bhE IyR y2iras
aircraft entering into service as from 2014.

$fthe-& B

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

Axel Krein, Executive Directémom 1 February 219
Tiit rimae, Interim Executive Directoffom 16 September 2016ntil 31 January 2(8

Stéphane CueilleChairmar(Safranklected on5 December2018

Compositionof the Governing Board:

European Commissiort 16 Industrial Leaders(Airbus, Airbus Defence & Space SAU, Ai
Helicopters, Dassault Aviation, DLR, Evektor, Fraunhdfegnardo Aircraft, Leonarg
HelicoptersLiebherr, MTU, Piaggio Aero Industries,|®RRbyce, SAAB, Safran, Thales Avid
+ Core PartnersAvio Aero, CIRA (representing two ITDs), Aernnova, United Technd
Research Center Ireland a@KNFokker].

States Representatives Group; Scientific CommitfE®/IADFSteeringCommitteesand TA
CoordinationCommittees

42 (40 posts filled by 31.12.2®)

€304.8 million commitment appropriationse 3404 million payment appropriationgTitle V
unused included)

100% in commitmentappropriations and 8.4% in payment appropriations (Title V not
included)

9H2020 GAMs (2 (I f 149 nillemy 135 H2020 GARs (i 2 G | £ @I f dzS €

See chapter 1 and relatedhnex11

Numbe of calls launched in 2@1 one (CfP10)

Number of proposals submitted (@f®Pand CfPLO): 450

Number of eligible proposalg48

Number of proposals retained:14

Global project portfolio (since the setting up)74*

Number and value of tenders éhy):one operationatender, for a vale of€0.58 million.

Total number of participations in funded project§52?which consists af
2% SMES(5participations),23% IND 97 participations)
24% UNI420 participations) 24% RESIR0 participations)

1 Not counting Leader actions and counting each funded proposal from Calls as one pRyetitipations in CfPs
and CPW<LfPQOincluded, assuming successful grant preparation of all retained proposals



FOREWORD

« Delivering on ambitious objectives

2019 was a significant year for Clean SRy JU The
European Green Deal, outlined by the new European
Commission in December 2019, has set an ambitious
challenge for all European citizeq# is our guiding north,
illuminating the path towards climate neutrality by 2050.

y , Innovations developed andipported by the Clean Sky 2
_ - = programme will, when finally matured and implemented,
already Iower Cgand NQ emissions from aircraft by up to 30%.

Tackling climataeutral 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 &ieSky 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 pragmme 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 contnued to grow, maximising cooperation and promoting synergies between European

Structural & Investment Funds and Clean Sky.

Clean Sky has successfully enga@@? participantsacross the public and private sector from 30
countries, of whicl837are SMEs]10are research centres aritblare universities. To date, Clean
Sky programmes have obtained 132 patents and have published 315 technical aré\peaed
papers, including book chapters and theses written by PhD and Masters candidates.

The commitment fom 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 dievelopment

and demonstration of innovative technologies and continue to contribute to the success of the
European aviation ecosystem.

Axel Krein
Executive Director



EXECUTIVE SUMMARY

The Clean Sky 2 Joint Undertaking is a pyoivate partnership (PPP) responsible for managing two
major public aeronautic research programmes in the EU: the CleaiC&grogramme funded

under FP7which closed in 2017, and the Clean Sky 2 progranforeled under the H2020
framework programmaevhich will run until 2024. Together, these constitute a puldllnionfunding
0dzR3ISG 2F 2dzal 20SNI endp o0AftA2Y YR Iy | LILINEE]
As such, the Clean Sky 2 JU is the largest EU research and innovation instrumenfietdthis
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 integratoffiankdo this integrative and collaborative approach, small

and mediumsized enterprises (SMEs) have participated in Clean Sky activities several hundreds of
times. This integrates newcomers into the sector and can successfully elgrgseindustrial
participants to innovative approaches from SMEs.

/I £SIy {18Qa F¥20dza Aa 2y NBRdzOAY3 (GKS SYygAiANRBYyYS)
European competitiveess and mobility. The programnisY' | yF 3SR o0& (G(KS WAy (G !
programme officein Brussels. The JU is an autonomaddision body set up under the legal
framework of a Council Regulatig¢an the basis of Article 187 TFEAAd operating the grants it

fundsin accordance with th&U financial rules and the rulestabrizon 2020 The combiation of

EU and private industry funding provides a flexible means to ensure stability andelomg
commitment from the European Union and stakeholders redgay the funding opportunities.

The figure below highlights the objectiveset for the Clean Sk2 programme:

JE8FyY {1& H LNEBINIYYSQ& Sy diNE yHigyan2050 oblecives G &4 O2y d N

1 Art. 2 Council Regulation [558/2014].

2 ACARE 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

The year in perspective research activities highlights ahembers andpartners

Each of the programme areas coordinating thesearch, technology development and
demonstration activities, i.e. the Innovative Aircraft Demonstration Platforms (IADPSs),
Integrated Technology Demonstrators (ITDs) and Transverse Activities (TAs), is briefly
highlighted below.

E LPAg Large Passenger wsraft IADP

The Large Passenger Aircraft IADP is focusing ondaade demonstration of technologies
integrated at aircraftlevedy G KNBS RAAGAY OO Wttt GF2NXYaAQD

Platform 1, which is known afidvanced Engine and Aircraft Configurati@asnsto provide a
development environment fothe integration of the most fueéfficient propulsion concepts
into compatible airframe configurations and concepts targeting next generation airbrafhg
2019 the majority of demonstrators andheir underlying technologies passed important
milestones whichhave determined the change from nespecific to specific design and the
associateduild-up of hardware (prototypes, rigs, etc.).

Examples include:

A Active Flow Control research: a potential erablor UltraHighBypassRatio (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.

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

A Open Rotor propulsion concepts: the design of Open Rotor blades includingr@égsn
assessment and trade sties at aircraft level have been completed for tipen Rotor
Advanced Systeh w! { ¢ O2y OSLJiI @

A For theopenrotor propulsion concepts, the design @benrotor blades includingabin
noise assessment and trade studies at aircraft level have been com@le2edlJ G KS & h w!
concept.In the field of hybrid electric propulsion, the design and development of several
key technologies (generator, power electronics, electrical motbes)continued. The
delivery of an integrated 2MWgenerator and power electronics fel into the
commissioning of the Hybrid Electric Propulsion ground test bench.

A Platform 2 continuedwith its effort to develop, mature, and demonstrate novel
advanced fuselage concepts and assembly methods in full alignment towards next
generation cabirand cargo architectures. Thenulti-functionalfuselagedemonstrator
performed acritical designreview 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 areal burn chamber were completed and teavironmentaly friendly fire
protection demonstrator unit was ready for verification tests.



Finally, Platform 3

A Activities progresed towards maturation of the functions and technologies developed
in synergy with ITD Systems, amalve started their integration and testg within the
largeaircraft disruptive cockpit, regional aircraftactive cockpit andbusinesget ground
demonstrator est benches.

A Flight tests for selected cockgwionics functions and technologies have been
successfully performed dargeaircraft and on business jst

A The development and integration of major demonstrators énd-to-end maintenance
enablingtechnolajies {ncluding kealth monitoring, collaborativeenvironment and line
maintenance mobile tool applications) has been figali andthe final technology
demonstration has taken place

E REG; Regional Aircraft IADP

Regional Aircraft IADP activitiedatingto green conceptual aircraft achieved important results
during 2019.

A The third design loop was started for the TP90pax regional aircraft.

A New activities related to hybriglectrical regional aircraft configuratiomgere started.

A The technology maturation activities progressed substantially durinis period. In
particular, the detailed design phase was completed wrttical designreviews (CDRS)
held for Iron Bird, for FTB&r the fuselagestructural demonstratorandthe outer wing
box onground denonstrator.

A The design of experimental modificatiofts implementationon the Hying Test Bed 1
demo aircraft alsqrogressed weltowards the CDRwhich willbe heldin 2020 The
manufacturing and assembly of the fsttale demonstratorbasstarted.

E FRQ; 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 prajectadvancing
towardsthe final validation of these gamehanging concepts.

A The NGCTRechnologydemonstrator (WP1) concludeitis preliminary design review
(PDR)n March 2019.

A CDRreadinesgeview was held in December 2019 to measure the progress of detailed
design tasks (e.g. drawings release rate), assess the relevaranigskapture in advance
warnings on the successful execution of the CDR in 2020.

A The RACER compound demonstrator (WP2) PDR actions wemmalleted 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 releasesput in place andhe long
leadtimeitems procurement and manufacturing continued. Key ground test benches of
relevant subsystems were alsaun (e.g. lateral shaft dynamiadgectricalgenerationand
distribution systems,systemsintegrationrig).
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AIR¢ Airframe ITD

Thetechnology readiness levelSRI.for the Ultra High Byass Ratio (UHBR) and Open
Rotor (OR) integration technologibaveprogressed.

The BLADHlIight test campaigrwas completed in August and analysis activities have
been carried out. Exploitation activities by the BLADE partners will continue in 2020.
Airframe structure demonstratorghe preliminary design revie@PDR) fowing root box
composite spars andhe critical design review (CDR) for cargo doors structural
demonstrators havdéoth been successfully passelechnology development f&WIPS
(electricalwingice protection system) integration on dusinesget slat has continued.
Activeloadcontrol activities progresed well with very valuable resulishievedon load
attenuation.

The activities for the humanentred cabin and the office centred cabin progressed
significantly passingsome CDRs successfully.

Good progress was made in other technology developmeaasisuch asmorphing
leadingedge technologyput-of-autoclave (OoAxomposite outer wing box (COWB)
thermoplastics in situ consolidation andquid resin infusion (LRI), etc These
technologies support th€RC, REG and SAT demonstrantspassedeveral CDRs
Refinement of themajor cabininterior items 3Dmodels and preliminary stress analysis
have been performedEcadesigntechnology developmenprogressed well angs on
trackfor the preparation of thedemonstration phase.

Lifecycleassessmnt (LCA) data collection continued in collaboration with the ECO TA.

ENG¢ Engines ITD

During2019 alwork package8NP9 progressed significanttpwardsthe masterplan. Two WPs
entered a final stageWork package seven oightweight and efficienjet-fuel reciprocating
engines completedits R&T programme anevork package three, th&urboprop Integrated
Power Plant System (WRBRs entered testing on the grour{dechTP demonstrator).
Further progress was made in the following areas:

A

Work packageswo, five and six; i.eultra-high propulsiveefficiency (WP2) very high
bypassratio (VHBR)middle of market turbofan technology (WP5) and VHIERge
turbofan demonstrator (WP6)continued with significant progress regarditfie key
technologies.

In 2019 Safrabeganwork on an engine witlka bypass ratidhat wasincreased to 25+.
For theadvancedgearedengineconfiguration(WP4) the design of the twespool rig as
well asthe EMVALenginetechnologiesdemonstrator activities are approachirigeir
preliminary andcritical design review respectively.

For work package eighentitled Reliable and more efficient operation of small turbine
engines (WP&) the objectivesfor loop two were fulfilled with the assessment of
conceptual aircraft fal consumption and emissionEhe programrmeis now entering its
third loop (hybridelectric powerplant).The GAM covering 20201 has been prepared
by the end of 2019 in order to continue progress towards final demonstrators as per
CS2DP.

For theeco-desigh engine (WP9)work packageactivity hasbeen consistentvith the
work programme.



E SYS Systems ITD

In 2019, severatockpit technologiesvere successfully developed with most of thdmeing
integrated irto the virtual systembench according to the TRhaturation plan up to TRL 5.
Examplesnclude voice recognitiontactile displays and parts of tremhancedvisionsystem.
Progress was also made in the following areas:

A Theconnectedcabin concept had some brickghoseTRL levelvas starting to increase,
suchas thesmart belt conceptjuggage detection without camera aigdlley concept.

A Interfaces for thecargofire suppression demonstrator were defined and components
design prepared.

A In the area offlight controls, several tehnologies for large and regional aircraft
progressed to TRL-Bto prepare the demonstration activity.

A In the area oflanding gear system, the direct drive wheel actuator equipment and
system achieved TRL4 functional temtsl new activities fostering wight reduction and
competitivenessvere introduced.

A HighvoltageDC components for the power network demonstration progressed towards
TRL5. Similarly, activities on bricksgower generation andlistribution were advancing
as well to support demonstrains.

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

A Wing ice detection and protection technology progressed as well.

A Transversal activities osmall air transport, advanced power electronics and the
integrated simulation modelling framework progressed towards the final
demonstrations.

E ECQ; Eccedesigntransverseactivity

Ecodesign TA continued its effatto interact with the different ITDs/IADPsy providing
guidance on data collection for differemhpactful selected technologies to develop more eco
friendly componentsConcrete applications are bemdevelopedwhich apply the ecedesign
approach airframe, engine and systems componemwitich are more ecological and consume
fewer resources A dedicated workshop on additive manufacturing was omgghiwith the
participation of airframes, partners anthe European Union Aviation Safety AgenEASA
Smilar workshops are planned in 2089 pinpoint other areas.

E SAT¢ Smallair transporttransverseactivity

The @an Sky2 smallair transport (SATactivity deals wih the technology needs admall
general aviation and commuter/feeder aircraftitegration studies of technologies developed
within the Airframe, Engine and Systems ITDs orsd& green aircraft configuratioawill be
carried out to evaluatethe benefit of different technologiestaaircraft integration levelThe
main activitiesn 2019 were the management of related research and technology development
across the relevant ITDs, driving and monitoring their technical activities, and thedfialiof
Loop 1 for 1%eat aircraftgreen configuration desigfor several mission ranges



E TEc Technology Evaluator

In 2019 alWPsmade good progressn supporing the global evaluation of the technologies
developed in the Clean Sky 2 programme angreparing the first global assessmeéwhich is
plannedfor deliverymid 2020.

The technologyevaluator (TE)nnual review meeting was held in Cologimem 16 to 18
October.In addition, two TESystem andPlatform Demonstrator (SPDpi-annual workshops
were held. The first one took place in April 204i¢h the remitto deliver updates anéacilitate
exchange on D concept models, key technologies, and attainment of specii@@DNQ
goals. Another workshopook placein November 201%nd outlined the TE assumptions in
relation tovariousscenarios and demand and fleet modelling. ASHD workshop took plaeg
the end of Octobeand afurther exchange meeting was organised wihile Single European Sky
ATM Research Joint Undertaki(ESARand EASAMost of the activities in 2019 focused on
the elaboration of the TE forecast (developments of demand, movements, and fleeingl
airport capacity constraints modelling.

In addition the scenario storylines for the first globadsessment have been elaborated and
reviewed by the vehicle manufacturershis workshop gave paripants the opportunity to
discuss the underlying assumptions of the scenaasswell as those for the demand forecast
and fleet modelling with all C@rivate membersand 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 regaydire TE light projection and potential
approaches to quantify benefits of Clean Sky@ramme

E Summary ofcalls forproposals in 2019

In 2019,two calls for proposals were successfully implementie eighth call for proposals
(CfPO8Wwascompleted inMarch and the ninth call for proposals (CfP09) in October 20/t
regard to the CfPO&all, 58 successful topics out of 68 topiesre published (85% success rate)

GAGK + G201t ¥Fdzy RA yrllioNde da§rantiperfofance (GAREgRed € c p @
<8 months): 73%Regardinghe CfP09 all, 53 successful topics out of 55 topigsre published
6O pc’s adz00Saa NI OGSO GAGK | 0 2ndilion; tinfe do/dgrakty 3 NB

performance (GAPs signed <8 months): 96%.

The tenth call for prposals (CfP10) was launched in May 2019 with evaluation taking place in
November 201956 successful topics out of 62 topiesre published (90% success rate) with a
G201t Fdzy RAy 3 NBnjiliaS ahecalldsTurrentlyLund@geadt preppraich Bnd

will be fully implemented by May 2020.

Including the tenth callthe JU also successfully launched 10 thematic tofli6% success
rate), representing 19 proposals withtle2 G | £ Fdzy RAy 3 NBille§rad 2F | LILI

4 CfP10 included, assuming successful grant preparation eftaihed proposals.
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All together, these tenth calls for proposals are already engaging more7tB@Rartners from

28 different countries with a strong SME involvement in terms of participation and grants
FgF NRSRY nw: 2F GKS tIF NIYySNE &05 tifidd &S RridingNS |j dzS
launched via these ten calls.

A Administrative and financial management

Budget execution agasawa 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 tHerid contributions arising

fromiG KS 2LISNI GA2YIE | OGABAGASE OADPSP GgAGKAY
million. The reported value of the-kind contributions arising from the additional activities (i.e.
outsideof the work plan and not fundedyi K S V899B4nfill&a 2y f SF RAyYy 34702 |
billion of private inkind contributiorsreported 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.

A Synergieswith ESIF

In 2019 Clean Sky and the European structural and investment funds (ESIF) continued to actively
support researchand innovation smart specialisationstrategies (RIS3) investments within the
scope of clean aviation research and innovatidpplicants were encouragego 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 &etMiember States ancegions
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 opportunitiesto 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 Skyasset out frameworlk of cooperationthrough a total of 19Memoranda of
Understanding (MoU) with Member States anelgions across Europe. It outlines a strategic
approach follows the regional strategy (RIS3) and identifies the applicable ESIF regional
instruments that can support potential propos#ist arecomplementary or riated to Clean Sky
projects and objectives. The signature of a MoU is not acpralition for developing synergies
with Clean Sky 2, but an incentive instrument meant to facilitate a closer interaction between
Clean Sky, Member States amgjions and to stnulate their participation in Clean Sky calls.

As 0f2019, more than 4&SIF and national or regional fundajects with a budget of around
epn YAf A2y thib&@NBe Mo3sAs 201938 fMemorandum of Understanding
was signed with the Novelle Aquitaine region in France.

Since Clean Skyvaslaunched,elevenproposals have been awarded the Clean Sky Synergy
Label, and one proposal is currently under evaluation.

11



A Governance

Throughout the year, various policies and decisions outlinites 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, provigjiigons on
annual accounts and +kind contributonsandadoption ofthe work plan and budget for 2020
2021 Additionally, theadoption ofHRimplementing rules regardiniipe type of posts and post

titles for temporary staff and conditions of employment adntractual agents adoption of a
revisedorganisational structuréor the JU the adoption of the revisedClean Sky 2 Jihancial
rules,and others.

12



1. IMPLEMENTATION OF THE ANNUAL WORK PL1&N 20

1.1.Keyobjectives 209 andrelated results

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

1 quarterlyreports of the ITD/IADPs, which include information on resource consumption, the
achievements and the resulting forecasts for levgbiiject implementation

Steering Committees at ITD/IADP level with involvement of the CS project gfficers
annualr'S@ASga 2F GKS L¢5kL!5taQ LISNF2NYIFyOS
independent experts, if necessary complemented with interaviews and a¢hoc reviews
related to specific milestones or issues;

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

)l
)l 2 NJ

The overall objectives for the Clean Sky 2 programme for the period-2018 are stated

below. The progress as of end 2019 is reported against each objective:

Objective in the Work Plar

20182019

Status

Comments

To execute the technica
content as defined for the
two-year periodas stabilised
at the end of 2017 and upo

Ongoing,
technical
programme
for 2019

The technical programme as defined in December 2
has been fully implemented in the grant agreements
private members staiing in January 2018 for a perig
of one year. The GAMs weamended end of 2018 t

themes, based on robust ris
and progress reviews base
on the 2017 baseline set i
the Clean Sky 2 Developme
Plan CSDB; where
necessary diverting
resources to safeguard th
achievement of the
LINE 3 NI Y Y S Qlzevel

ObjectiveqHLOs).

completion of the private largely extend the work statements for another year wi
member accession throug| achieved inclusion of recent update arising from results
the four core partner call [>85%)] achieved in 2018. The execution of the techni
executed from 2014 througl content for the twoyear period is aligned with th
2017. Ewsure this s programme planning to completioas defined in the
adequately incorporated i Clean Sky 2 Development Plan (adopted in Decer
the Clean Sky 2 Developme 2017 and revised in November 2019).

Plan (CS2DPand the grant All members have acceded to the programme and
agreements. active as of January 2018.

To determine in the course ¢ Ongoing, In 2019, the annual reviews organised across th
20182019 the definitive| on track IADP/ITD/TAs provided good visibility of results i
configuration of the progress in allhe technical areas of the programme.
LINE AN YYSQa The CS2DP was revised following the reviews, pu
demonstrators and light on the proposed work for continuation in 202
technology developmen 2021 including the planning of activities, th

contribution to the High Level Objective#(Os), the
assessmentof risks and the remaining funding

completion. These elements were assessed in the
quarter of 2019 by a panel of experts, includi
members of the Scientific Committee. The assessn|
of reviewers confirmed the alignment of proposs
plans with the Clean Sky 2 ks and their
appropriateness to reach objectives grogramme
completion. In addition, the Scientific Committg
issued a positive opinion on the revised CS2DP, adg

13



Objective in the Work Plar

20182019

Status

Comments

by the Board in November 2019.

To implement solutions fo

leveraging Clea Sky 2
funding  with  structural
funds.

Ongoing,
on track

A further MoU was signed in 2019 withe Nouvelle
Aquitaine region in France, which brought the numl
of MoUs in force by 31 December 2019 to 19. In t
framework of the MoU implementation, some Muber
Statesftegions under a MoU launched calls and fund
schemes that either included topics dedicated
aeronautics and synergetic to CS2 JU or incentivise(
submission of proposals complementary to JU activi
and objectives. Campania (IT), Cagie (FR), Roman
and Greece launched or had already open calls du
2019.

By the end of 2019, more than%projects, with a
budgetofF NBdzy R epn YAttt A2y
the MoUs. These projects were selected through
national/regional calls, or awarded the Clean S
Synergy Label. Some related projects funded in 2
either at national or regional level are further describ
in section 1.11The JU will continue implementing th
MoUs in force throughout the year 2020 in view
supporing more upstream coordination with RIS3 a
the implementation of more ESIF projects, and
continue identifying more best practices in view of t
next framework programme. In the context
cooperation with Member States anegions,the JU
participates in relevant events, contributing to th
exchange of best practices and discusspuiential
further perspectives for implementing synergies with
Horizon Europe.

To implement an effectivé
and efficient managemen
and governance of the
programme.

Ongoing,
on track

The overall management and governance of

programme is fully mature, with wedistablished
procedures and bodies/committees. Eveg
ITDs/IADPs/TAs reports the Governing Boardheir
results and performance on execution on a quarte
basis. Programme Coordination Committee (P
meetings are regularly organised (7 meetings in t(
for 2019) to monitor theprogramme? @rogress and
execution. In addition, annual reviews and
interim progress meetings are organised along th
year. This reiew cycle helps in properly managing a
governing the Programme through well targets
actions.
Updates of the CS2 strategic documentation i.e. CS
and Work Plan 2012019 were implemented in Apr
and November 2019 to include CfP09 and CfP10, ag
as any technical revision and/or alignmeSince 2018
all grants (including GAMsgare implemented through
H2020 IT Tools All procedures were adjuste

14



Objective in the Work Plar

20182019

Status

Comments

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

To implement an appropriat{ Achieved | For each of the TAs coordination committees are f
and agreed approactor operational and include the key members from t
each transverse area (T4 contributing/participating IADP/ITDs. The JU is ablé
that allows for the monitor progress and validate grant perfoance
transversal coordination tg through the two axes of the periodic/annual reviey
be exeated and technica related to the TA as well as receiving reporting ins
synergies to be extracted. each participating IADP/ITD.2 YS | RRA (i A 3
monitoring systems are necessary to keep track
resource and budget usage: thisaishieved within the
current local systems.
To implement four further Ongoing, | Implementation of projects from Call 09 started
calls for proposals ando | achieved | 2019. Call 10, launched in May 2019, selected proj
implement within these call§ for ~ 2019| with a starting date antigated in Q1 2020. Themat
the additional and Calls topics and complementary topics weracluded in
complementary format of these two calls. Call 11, prepared in 2019, will k
GOKSYFGAO G2l launched in 2020. This will be the last call of the Cl
wide range of competing Sky 2 Programme.
technology solutions tq
address boad problem
oriented topics that are
geared towards the Clean S
2 programmelevel HIOs.
To widely disseminat{ Ongoing, | With a ratio of submissions to retained proposals
information about the call§ achieved between 3:1 and 4:1, the JU has successf
for proposals (for partners) for 2018| maintained a good balance in terms of success rates
in order to reach a healthy Calls applicants versus wide and strong, open competiti
level of applications ang SME participation (% of winning @lzants) remaing
ensure the success of th healthy and on target. See also the reported results
topics; including SME KPIsFor the thematic topics, results from Call 09 g
participationat a ratehigher Call 10 led to a comparable success rate as mul
than 35%. To proceed wit projects were awarded funding. The JU believes 1
the selection of participants the ongoing and curm success rate is optima
through these calls. ensuring healthy competition yet not discouraging f{
(significant) effort required to prepare and submit
proposal.
To ensure a timdo-grant | Ongoing, In 2019, two calls for proposals were successfy
(TTG) no greater than eigh achieved | implemented, with the eighth call for proposals (CfP
months for the calls fol for 2019| completed in March and the ninth call for propos:
proposal in no less than 80 Calls (CfP09) in October 2019. TTGget was met with
of topics and selecte( significant margin. This is further reported in the KP
proposals.
To execute at least 90% ( Achieved | Yes. 100% in terms of commitment appropriations &
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Objective in the Work Plar

20182019

Status

Comments

the budget and of thg (estim. as| 98.2%in terms of payment appropriations for th
relevant milestones anq of Jan| operational budget In terms of reported (fully
deliverables. 2020) completed) milestones and deliverables, more th
85% of deliverables and milestones planed in G/
have been confirmedSee also paragraph 1.9 for tk
budget figuresand commentary.
To ensure a high level ¢ Ongoing, For the actions (and calls) in 2019 the monitoring §
technical and proces| achieved | control mechanisms in place have ensured the selec
integrity in the execution of for 2019| of work packages for the grant agreements
the programme, including Work Plan| members, and the topics for calls werelime with the
the calls and their resulting and Calls | programme objectives and the work plan. T
selection of CS2 participant consultation of the Scientific Committee atiee Sates
and a maximum relevance ( RepresentativesGroup (SRGprovided valuable inputy
research actions performe to both the overall work plan anggwhere relevant; to
towards the programi Q call topics and technical contenf the IADP/ITD/TASs.
goals.
To finalise and implemen Achieved |. dzZAf RAy 3 dzZLll2y GKS a[ A 3K
the impact assessmer 2018, and the collection of a first performance estimg
strategy and reference for all vehicle models from each SPD, the-getand
framework for the TH configuration of the first Global Asssment of Clea

(including the selection o
and the performance level
of reference aircraft agains
which the progress in CS2 w
be monitored); to finake the
assessment criteria  an
evaluation schedule for thg
TE for each technical arebo
complete the selection of it
key participants; to condug
within the timeframe of the
work plan the first TE
assessment of CS2
programmein order for its
completion in early 2020.

Sky 2 by the Technology Evaluator was lar
completed in 2019. This first full environment
assessment is planned for delivery end of J202Q i.e.
a forecast at fleet level by 2050 of the impact of ne
more efficient and greener @araft based on Clean Sl
technologies. The report willlsoinclude preliminary|
results of the soci@conomic impact assessme
(including competitiveness and mobility aspect
focusing on théddditionalityCof CS2.

In order to agree, finalise, and ingohent the impact
assessment strategy and reference framework, all
participants, including external independent reviewe
have been involved in a series of dedicated worksh
to determine the full assessment methodology, start
Q4 2019, and extendininto Q1 2020A first workshop
was held on 29 November 2019 on the forec
scenarios, followed by a workshop on the seq
economic study (31 January 2020) anghiclemodels
workshop (16 March 2020). This process is ongoing
will be finalised by pril 2020, i.e. two months prior t(
the delivery of the final report for the 1 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 DesignReviewfor hybrid laminar flow controlHLFEHorizontal Tail
Plane(HTH (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 antrol ground test (D11)

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

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

LPA Delivery and testing of the OBBI&&vironmental Friendly Fire Protection
demonstrator

LPA DISCO test bench second version

LPA Multimodal Human Machine Interface Prototype for Business Jet cockpit
demonstration

LPA REACTO#andalone technologies operational validation (TRL4)

LPA ADVANE maintenance solutions demonstration final reports

REG Conventional configuratioweight e balance analysis, aerodynamics and aero
acoustic integration studiesLoop 2 (WP1.1)

REG Subcomponents representative of outer wing beerification andvalidation
(WP2.1)

REG Hying TestBed 1 aircraft modificationstechnicaldossier- preliminary (WP3.1)

REG Installation layouts and interface control drawing of tlegionalaircraft cabin
major items of the OsGround Pax Demonstrator Platform (WP3.2)

FRC Generalrequirementsandobjectives (GRQ) PreliminaryDesignReviewmaturity
(WP1)

FRC Next Generation Civil Tilt Rota¥@CTReonfiguration¢ PDR maturity (WP1)

FRC RACELRritical designreviewminutes ofmeeting (WP2)

FRC NGCTR input to FR@ssion levetesults in support of 1st Tdfobal assessment
(WP4)

FRC RACER input to FR@ssion levetesults in support of 1st Tdfobal assessment
(WP4)

AIR Moveable demonstrator CDR

AIR Integrated Health Monitoring ManagemenWT7) for the slat demonstrator

AIR / 5w w!wing wQa

AIR Wingletmorphing flight components for FTB#2 Step 1

AIR Multifunctional flap flight components for FTB#2 Step 1

ENG Preliminarydesignreview report meeting (WP2)

ENG Preliminary IPP&streport followingfirst engine propeller to testREPT)II{WP3)

ENG Enginedemo critical designdocumentation (WP4)

ENG UltraFan® PD&mmaryreview (WP5)

ENG UltraFan® PD&mmaryreview (WP6)

ENG Permitto-fly documentation (WP7)

ENG Finalevaluation report (WP8)
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System &
Platform

Demonstrator

(SPD)

Major Deliverables

SYS Enhanced Flight Vision System / Combined Flight Vision System Validation Te
(WP1)

SYS Standardisation plan (WP2)

SYS Detailed design review (DDR) Review results for eleo&ohanically actuated
(EMA) braking (WP4)

SYS Update ondemontrator topics'progression (WP100.1)

SAT Annual Report (WP1)

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

ECO Updatedtechnologylist for eco-design activities in SPDs

ECO Progress report for theco-designtechnologies and monitoring

ECO Dissemination andommunicationplan

TE TE integrated planning new version

TE Mission level report

TE Airport level report

TE Air Transport SystenAT 3 level report

System &
Platform

Demonstrator

(SPD

Major Milestones

LPA SAAFIR test rig CIIRL)

LPA TRL3echnology and configuration review advancedrear-end (D2)

LPA TRL4 for HLFC HTP (D4)

LPA HLFQving preliminary definition of multiphysics demonstration (D6)

LPA PDR for the UltraFamacelle andpylon techno bricks (D10)

LPA CDR FTDlow control technologydyntheticjet actuators) applied on engine/pylor]
(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 thultifunctional fuselage
demonstrator

LPA Handover of cabiandcargo platform modules ingtlingthe Universal Cabin
Interface (UCI) and printed electrics for integration to a joint demo platform

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

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

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

LPA Operational validation imctive cockpitsimulator: TRL4 of standalone technologig

LPA ADVANCHaintenance solutions TRL6

REG Annualreview (WPO0)

REG Ecocompatibletechnologiedinal assessment and validation (WP2.1)
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System &
Platform

Demonstrator

(SPD

Major Milestones

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

REG Initiation of HQ &oads 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 Wnd Tunnel Test CDR

AIR Wingbox CDR

AIR Downselection for the innovative cabin architecture solutions

ENG Preliminary design revie@WpP2)

ENG Firstenginepropellerto test (FEPTT) (WP3)

ENG 2 spool compr. rig preliminarydesignreview (WP4)

ENG Enablers to UltraFan® PDR (WP5)

ENG UltraFan® PDR (WP6)

ENG Application to Permito-fly (WP7)

ENG Finalexploitationplan (WP8)

SYS C3 bench available (WP1)

SYS Standardisation review n@VP2)

SYS Electromotor-pump bricks available (WP3)

SYS Shortturn-around-time TRL4eview (WP4)

SYS Flightcontrol computingnode detail designreview (WP7)

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

SYS Automatic test generation environment complete (WP100.3)

SAT Annualreport (WP1)

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

ECO Workshop orjoint themes
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Environmental forecast

The environmental targets of thelean Sky 2 programme are defined in the Council Regulation

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, Gren and Integrated Transport Challenge under Part $ll 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 aosty 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, demonstoatiand validation of
technologies capable of:

0] ipcreasing aircraft fugl efficierlcyi thuns reduNCing co2 emis§iops by 20t030%
AT 1T BAOA A-ofthe-A OODADBOAOAAEDO AT OAOET ¢ ET O
(i) reducing aircraft NOx and noise emissions by 20to80 AT | BAOAA OT «

oftheeAOOSd AEOAOAAEADO A1 OAOGET ¢ ET O OAOOEA

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

Conceptual aircraft / air transport type Window' X Target2 TRL @ CS2 close
Advancedongrange (LR) 2030 20% 20% 20% 4
Ultra advanced R 2035+ 30% 30% 30% 3
Advancedshort/ medium-range (SMR) 2030 20% 20% 20% 5
Ultra-advanced SMR 2035+ 30% 30% 30% 4
Innovativeturboprop [TP], 130 pax 2035+ 19t0 25% 19t025% 20 to 30% 4
Advanced TP, 90 pax 2025+ 35 to 40% > 50% 60 to 70% 5
Regionamultimission TP, 70 pax 2025+ 20t030% 20t030% 20 to 30% 6
19-paxcommuter 2025 20% 20% 20% 45
Lowsweepbusinesget 2035 > 30% > 30% > 30% X n
Compound helicopter 2030 20% 20% 20% 6
NextGeneration Tiltrotor 2025 50% 14% 30% 5

L All key enabling technologies at TRL 6 with a potential entry into service five years | 2Key enablingechnologies at major system level

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

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

Administrative objectives achievement

Objective 2019

A reliable financial management and reporting
the JU's individual stakeholders (the Europg
Union and theprivate members and partners @
CS) is ensured;

Achieved in 2019 (Yes/No/Comments)
Yes.
The JU has continued to work in accordatr

with the financial regulation and interng
procedures in order to implement and monit
the execution of the overall budget in terms
productivity, achievements, planning and rig
of the operations.

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

Yes. 100%.

The expost audits on H2020 projects a
performed according to the plan and show
materiality of errors lower than 2% for thital
programme period.

The audits carried out by the Common Au
Srvice (CAS) for the entire research family,
particular for the Common Representati
Sample, are coordinated with the aug

requirements of Clean Sky 2 JU.

Yes.The majority of theplanned audits have
beenfinaliseduntil the end of 201%nd enabled
the JU to establish its specific representat
error rates. Annual and accumulatecerror
ratesfor the CS2 programme periaie below
2%. The JU succeeded in coordinating

specific rguirements for audits of CS projeg
with the audits performed by the CAS for t
research family in total.
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1.2.Researchland Innovation activities

The Tean Ky 2 Jint 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 Skg programme clearly d@monstrates the benefits of a trué’ublic Private
PartnershipPPR. Stakeholder participatiowasat ahigh level, including SMEs (oftteir first
participation in the Europeanframework programme), research centres and academia.
Industry is increasingly using Clean Sky as the focus of their R&T progréecaese 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 Programme will deliver vital fullscale inflight demonstratiors of novel
architectures and configurations. Advanced technology inserted and demonstrated at full
systems level will enable steghanges in environmental and economic performance and bring
crucialcompetitiveness benefits to European industihis will enable the European aviation
SSOU2NJ G2 aldArafte a20ASdGeqQa ySSRA F2NJ adzadl A\
the results of theClean Sky programmewill enable to createhigh-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 EuropeatJnionand the major European aeronautics companies. Itsatslithe key skills

and knowledge of the leading European aeronautic research establishments and academic
faculties. Small and mediusgize enterprise and innovative sutsector leaders will helpo
shapepromising new supply chains.

Research and innovation actiodslivering important technological advances stariadClean
Skyprogramme wereextended and continued in Clean Skprdgramme New architectures
such as hybrigblectric propulsion and new vehicle configurations addressing unmet mobility
needs will be evaluated with flight demonstrators. They will be essentiarderto fulfil the
ambitious objectives of the renewed ACAREategic Research amdnovation AgendaSRIA
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 greatetoday for industry to devedp materially different, substantially more
environmentallyfriendly and energyefficient 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 Ddarmatmrs (ITDs) mechanism. Its
objectivedriven agenda to support real market requirements providing the necessary flexibility
is well suited to the needs of the major integrator companies.C8&rogramme will also focus

on reinforcing interactions betwen demonstrations of improved systems for a better
integration into viable full vehicle architectures. The Clean Skp@rammestructure involve
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 areaare coordinated across the ITDs and IADPs through Transverse Activities
(TAs)where addiional benefit can be brought to therogramme through increased coherence,
common tools and methods, and shared knbew in areas of common interest.

As in Clean Sky, a dedicated monitoring functiotmne Technology Evaluator (TE)s a key
function in@rporated irto Clean Sky 2.

Integrating technolo

innovations; der

potential at the full

aircraft configuration Large Passenger Regional Aircraft Fast Rotorcraft
Aircraft

Integrated Technology

Demonstrators (ITDs) Airframe ITD
Develog and integrating new

tec orojects

dating these at major system level. Eco-Design Small Air Transport Technology Evaluator
Assessing th

Engines ITD

Systems ITD

Clean Skg Programme Logic and Sep

Introduction to the IADR, ITBsand TAs

Innovative Aircraft Demonstrator PlatfornfBADP¥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 varios systems in the different aircraft typethe vehicle demonstration
platformscoverpassenger 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 dppsoaaniquely
provide:

focused, longerm commitmentfrom project partners;

an integratedapproach to R&T activities and interactions among the partners;

stable, longterm funding and budget allocation;

flexibility to address topics through open c&fbr proposals;

feedback to ITDs on experiences, challenges and barriers to be resolved longer term;
alongterm viewon innovation and appropriate solutions for a wide range of issues.

Iy I >
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Three IADPs are defined in the @B&gramme:

A Large Passenger AircraftPA covering large commercial aircraft applications for
short/medium and long range air transport needs;

A Regional Aircraf{fREG focusing on the next generation of approx.-98at capacity
regional turboprop powered aircraft enéibg high efficiency/reliability regional
connections;

A Fast Rotorcraf(FR aiming at two new configurations of rotorcraft bridging the gap
between conventional helicopters and utility/commuter fixed wing airgréith 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 technologiasbe maturedrom their basc levels to the integration

of entire functional system& hesetechnologieshave the ability to cover quite a wide range of
technology readiness levels. Each of the three lId@®rsa set of technology developments
that will be brought from componentevel maturity up to the demonstration of overall
performance at systems leyeb support innovative flight vehicle configurations:

A Airframe ITOYAIR includingtopics affecting the global vehiclevel design;

A Engines ITEENG for all propulsion anghower plant solutions;

A Systems IT[BY $coveringall on-board systems, equipment and the interaction with the
Air Transport System.

The Transverse Activitigg A9 enable important synergies to be resdd where common
challenges exist across IADdsl/or ITDsor 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 symecgnical
activity that resides as an integral part of the other IADPs and ITDs. A dedicated hsidget
reserved inside theelevant IADPs and ITDs to perform these activiti€s leaderswere
nominated and coordinate eadmwansverseactivity. Currently three transverseactivities are
running inthe Clean Sky grogrammeand are specified in the Statute$the JU:

A EcoeDesign TAECQ key materials, processes and resources related innovations
considering the life cycle optisdtion of technologies, components and vehicles; and
continuing and securing advances froine Clean Skprogramme

A Small Air Transport T/SAT: airframe, engines and systems technologies for small
aircraft, extracting synergies where feasible with tither segments

A The Technology Evaluator, @schnology andmpact evaluation infrastructureis an
essential element within Clean Sky. Impasisessments atirport and ATS level
currently focused on noise and emissions will be expanded where relevarthd¢o
evaluation of thepN2 ANJ YYS Q& RSt AGSNBR QI fdzSd 2 KSNB
other impacts, such as the mobility or increased productivity benefits of Clean Sky 2
concepts. The TE will also perform evaluatiahanl A NONJ F & @ &sBassh 2y |
innovative longterm 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 (aredults, where available) are reported below.

General background

'L G2 nmw: 2F /Sy {1@& HQA&a I|kadersirdltheif afiliat€siny RA y 3
GKS ftSFRSNEQ aKIFINB 2F (GKS 9! TFdzy RA Viles Thed &S
remaining funding of at least 60Bbawarded through competitive calls: calls fmre partners

(members) also referred to as tloere partnerwaves (CPWgalls forproposals (CfP), and where

and if applicablecalls fortenders (CfT). The amoumvolvedwithA y G KA & c/®> Aa 2
billion.

') 02 om:r 2F GKS LINBINIYYSQa FdzyRAY3I A& | @F A
selection and accession of core partners were completed over the-201% period, with the
membership othe programme fully configured as of end 2017.

As per theClean Sky 2 JU CouriRégulationat least30% of the Clean Sky 2 funding shall be
awarded via calls for proposals and calls for tenders. Industry, SMES, research organisations
(ROs) and academae 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 welldefined and more limited scope and commitment thaore partners via
RSRAOFGSR AN yYydG FAINBSYSyida F2NJ LI NLYSNBRS® t N
the JU in close collaboration with topic managers appointed bymbmbers, hence ensuring

the alignment of actions and the convergence of technical actigitgt- NR&a G KS LINE 3N
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 mimum number of Member States or H2020 associated
countries. This is based on a derogafiogceived 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 estabshed 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 spacevi@omers, including

AYLER NI F Yy (G 2 LILJ2 RIGBRWNE (I LS NIR2OMW LS ONBa &F N2 Y 2 dzi & AR
new companies involved in the aeronautics sector can make an important contribution to the
competitiveness of the sector and to the Europesmonomy.

5 Art 1(3)(a) of theHorizon 2020Rulesfor Participation.
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Calls forcore 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 membeitkhip,
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 afore partners is now 256, of which 70 are affiliates or linked third
parties. Over 58 SMEseacounted 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 G88gramme is available on the CS2
website’ and is updated on a regular basis.

Summary of call results to date calls forproposals

{AYyOS (GKS LINRPINIYYSQaA aill NI GSy OFffa F2NJ LN
(grant preparation compl@ R0 X | yR 2y S dzyRSNJ ANI y i LINBLI NI i
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 goosals: in total, 8 topics were launched through

the ninth and tenth CfPs in 2019. Thematic topics will contribute to prognesketowards the

high-level objectives of the CS2 Regulation, but are not necessarily linked to one IADP/ITD
(demonstrationactik § A Sak a4 NI §S320x YSIyAy3 GKS& | NB a2
of one IADP/ITD/TA.

The implementation of the ninth call for proposals (CfP09) was successfully completed in
October 2019:

A 53 successful topics out of 55 topics published (96% suraiedsvith a total funding
NBIjdzSaid 2 F miflihloNuhiéh: e c pddT
0 100% success rate for thematic topics (4 topics were launched);
oT LINRLRalIfa NBGFAYSR gAimKiont G201t Fdzy R
184 participations from 18 different countries;
SME pdicipation: 32%;
153partners selected.

> > >

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

7 http://cleansky.eu/members)
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CfP09 winners - Number of participations per country
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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 metricstbis call are shown below:

A Call comprised of 62 topics of which four are thematic topics;

A LYRAOFGAGS (2LA O ndllor (deSrviedv HepictédLini@aftedp plusp H dn |
emMmpdn YAfEA2Y F2NJ 0KSYIFGAO G2LAOAT

A Opening date: May 2019;

A Closing date: Septemb&019;

A Deadline for eight monthstime to grant: May 2020.
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Ind. topic

# of topics

funding (M€)

Funding (in

M€)
IADP Large Passenger Aircraft 19 20.70
IADP Regional Aircraft 3 1.35
IADP Fast Rotorcraft 3 4.80
ITD Airframe 18 12.93
ITD Engines 2 2.35
ITD Systems 13 10.32
Small Air Transport related topics* [2] [1.10]
ECO Design related topics* [1] [1.75]
TOTAL

Ind. topic

*TA related topics are proposed and embedded in the following SPDs and as follows: AIR ITD: 1
AT topic, 0.48ME€ ; SYS ITD: 1 SAT topic, 0.60M€ ; ENG ITD: 1 ECO topic, 1.75M€

The outcome of the evaluation is summarised below and in the graphs hereafter:
A 56 successful topics out of 62 topics published (90% success rate) with a total funding

> > >

NB |j dz8 &

2 Tmiljos of Wdiclé:

EPp PDY

0 100% success rate for thematic topics (4 topics were launched);

oc LINRLIZalta

NBdFAySR

176 participations from 17 different countries;

SME patrticipation: 34%;
144 partners selected.
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The numbers in the statistics above are therefore subject to change.

Cumulative position

By the end of 2019, ten calls for proposals were launched and evaluatedall are fully
implemented with the exception of the tenth call for proposals, currently under grant
preparation. Altogether, these ten calls are already engaging more thampa®ters from 28
different countries with a strong SME involvement in terms of participation and grants awarded:
SMEmake up41% of thepl NIi y S NA

launched via the ten

of the calls for proposals

A ¥ 4 A x

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 than900 participants (including the 16 leaders and their affiliates) @avet 1750

participations, the Clean Sky 2 programme is well on trédikh the last call for proposals

0dzR3I S

F ATl o0fS F2NI AYLX SYSyGlFrdAzy Ay

HNOHN

the launch of remaining thematic topics, a significantler 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 setholders.
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Overall Participation in CS2

Winning Proposals [CPW01-04 and CfP01-10]*

LPA REG FRC AIR ENG SYS TE2 THT TOTAL
63 80 5 397
95 28 42 118 47 65 12 13 420
125 34 51 141 48 89 7 19 515
111 24 25 90 73 51 4 42 420
Qe Ve 419 111 155 448 231 285 23 79 | 1752

per Type of isation (single entities)
CPW01-04 and CfPO1-10

Total number of
single entities**:
852 from 30
countries

3%

* Participations in GfPs and CPWs. GfP10 included, assuming successful grant preparation of all retained propoesals. Leaders’
actions not accounted.
** Muitiple winners in CfPs and CPWS5s removed. Statistics subject to change due to the ongoing implementation of CAP10.

Funding Request per Type of Organisation
Winning Proposals [CPW01-04 and CfP01-10)

17%

< 38%
= IND

= RES
= SME
= UNI

19% \

26%

Note that the numbers in the statistics above are subject to change due to thgoinigy
implementation of CfP10.
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1.4.Evaluation: procedures and global evaluation outcome, redress, statistics

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

Highligh

1.¢ K

Call
No. of Expert$
Gender Balance [% Female]
Nationalities [%]:
France
Germany
Italy
Spain
UK
Others
Type ofOrganisation [%]
Consultancy firms
Higher Education Establishment
Nonresearch commercial sector incl. SMi
Private Nonprofit Research Centre:
Public Research Centre
Others
No. of Days claimet
No. of Observers
New wrt H2020 [%]
Newcomers in CS call evaluation (last 3 years) [¢

ts:

S W O2yGAydzSR Ada STF2NIa

CFPO09
145
18%

19%
12%
20%
10%
9%
30%

0%
33%
35%
10%

2%
20%
758

2

3%

3%

CFP10
176
13%

16%
13%
19%
10%
5%
31%

9%
33%
32%

7%

8%
11%
944

2

6%

8%

i 2

AYLINR OS

maintaining the level of experience arakronautical (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 representativehefdomain, and inclusive

with

3. For each of the evaluation exercises concluded and submitted to the Governing Board, the

respect to a broad representation.

h 6 a SNIIS NEwith sulsstaigial dietail on the expert panel breakdown in gender and
nationalities, but also on the evaluation process andiget; 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 theq.
® Based on the total number of experts having attended the evaluation.
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1.5.Progess against KPIsfatistics

The key performance indicators results for the year28de presented in Annexes 5to 7. The

JU hasgncludedall H2020 indicatorsn its scoreboardwhich have been established for the
entire research family by th€ommission, 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 seatip of the Clean Sky@ogrammeis highlighted insectionl1.2, where the
top-level breakdown of actions as set out in the GAMdescribed The key elements othe
technical progress in 2@lare highlightedbelow.

A LPAg Large Passenger Aircraft IADP
Summary of activities and progress of wo#019

The Large Passenger Aircraft IADP is focusing ondaade demonstration of technologies
AYGiS3aINIFGSR G FANODNY TG fS@OSt Ay GKNBS RAAGAY

Platform 1:\Advanced Engine and Aircraft Configurat@ns

The major objective of Platrm 1 is to providea 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
Platiorm 1 range from Open Rotor engine architectures over advanced-Higia Bypass Ratio

0!l . w0 (dzNDP2Flya dzLJ 02 aKeéoNRRE LINadadettier 2y O
based components) for different levels of electrification of the power plant

For all these aforementioned propulsion concepissign opportunities are being investigated

to further increase the propulsn and airframe efficiency. Examplex this include the
application ofboundarylayeringestion (BLI) design or by explorthg potential of distributing

the thrustgenerating part of the power plant over the aircraft. In the context of improved
engine performance and novel system architectures detailed studiesofepropulsiveenergy
generation (NPE) will be performed todece the power oftake 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 aireagiee
integration task 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 integratecbfhorol
techniques applied at the wingylon 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 techngldblLFC) applied on tails and wing for
skinfriction drag reduction.

For scaled flight test demonstration the development of the actual fitgkt vehicle, the
preparation of the flight test and support for the design other potential vehicles are key
adivities during the reporting period.

It isthe 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 ah propulsion technologies is ensured with respect to
supporting the overall @®bjectives to reduce C@missionsaandnitrogenoxides (NOXx) as well

as contributing to the reduction of aircraft noise.

Platform 2:Yhnovative Physical Integration Calgisystenc StructureQ

Platform 2 aims to develop, mature, and demonstrate an entirely new, advanced fuselage
structural concept in full alignment towards negéneration cabinand cargo architectures,
including all relevant aircraft systems. To be able to account for the substantially different
requirements of the test programs, the largeale demonstration will be based on a number of
demonstrators, covering theext generationfuselagecabin andsystemsintegrationwithin the

frame of the MultFunctional Fuselage Demonstrator and the Next Generation Gatdi€argo
Functions. These major demonstrators will be supported by a number of smaller test rigs and
component demonstrators the preparatory phase of the programme. Targeting to accomplish
technology readiness upo level 6, manufacturing and assembly concepts for the next
generation integrated fuselageabincargo approach will be developed and demonstrated.

Platform 3: Wext Generation Aircraft Systems, Cockpit and Aviéhicduding advanced
systems maintenance activities

During2019, the IADP LPA platform 3 activitresre focusing on progressing the maturation of
functions and technologies developed by sevaxale partners in Platform 3 and in the ITD
systems, and starting their integration and tests within ta@ge Aircraft Disruptive Cockpit,
Regional aircraft Active cockpit and Business Jet ground demonstrator test benches. Flight tests
for selected cockpitivionics functions and technologies have been successfully performed on
largeaircraft and on business jgt The definition and design of the pilot workload reduction
enabling functions and technologiesvebeen partially completed. Facing the withdrawalaof
major core partner a recovery plan has been put in plakardwaretest items for individual
integration into the demonstratorsave been deliveredThe Active Cockpit Demonstrator has
been setp and the final test plan fahe On Ground Workload Reduoh Assessment has been
delivered The integration of thelLarge Aircraft Disruptive Cockpit demonstrator systems
integration bench has taken place, and several functions integration scenarios have been
successfully tested. The plan for incremental functiortegration 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 enablingchnologies Health
monitoring,collaborativeenvironment and linenaintenance mobile tool applications) has been
finalised, andthe final technology demonstration of ADVANIGEK place in March 2019.
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Main achievements and progress of work for the year 2019

The main achievements are given péatform, with explanaibnsprovided foreachof the main
demonstrators embeddedithin the given platform.

Platform 1:\Advanced Engine and Aircraft Configurati@ns

In 2019, the majority of the demonstrators atiteir underlying technologies passed important
milestones, whibh determined the change from nespecific to specific design and the
associateduild-up of hardware (prototypes, rigs, etc.).

Advanced propulsion and engine technologies

Advanced high bypass ratio underwing turbofan engimes focused on reachingpigh
technology readiness levelstime short term, while developments of other advanced conaept

are shifting to sustain for a longer term. The technical and organisational setup of the
corresponding activities and work packages were reoriented in 2018 wath ar more

ambitious technology roadmaps proposed fapen rotor, BLI, norpropulsive energy
technologies and ultrénigh performance turbofan engines. In 2019, the work progedss all

of these areasat different paces (proof of concept, techniogymatud: G A 2y S X0 | & Af f
below, with the aim to better characterise the potential environmental benefits arising from

this new innovative concept (ranging from 2 to 10% of reduction ofedssions).

All activities are geared towards an important milestcscheduled in 202%hich 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 Btit.progress made in

allthosefields in 2019 candsummarised as follows:

0 Openrotor propulsion concepts
The design obpen rotor blades includingabin-noise assessment and trade studies at
aircraft level have been completed for t®RASconcept (Open Rotor Advanced System)
and work will continue in 202@rioritisngblade design anénginevibration related noise.
Potential synergies with experimental research on very high bypass ratio turbofan engine
noise reduction technologies will i@ to be examined in 2020.

O«

Nonpropulsive 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 mgoing until Q12020. Auxiliary Power Unit performance modelling is in
progressand thefirst aeromechanical iterations on compressor blades and turbine blades
have beercompleted.

0 Boundarylayeringestion (BLI)
Various assessments of the selected agumfation confirmed initial expectations. With
regards to engine fan design, several iterations have been done for varying parameters of
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cruise Mach numbeiand increased engine mass flow with new A/C design, including
performanceand operability aspects. Thpromising progress made on fan design studies
allows usto envisagehe benefitsfor other BLI configurations. Other configurations such as
360° BLI configurations will start in 2020.

Scaledlight testdemonstrator (SFD)

The detailed design of the SFD and its subsysteere completed and presented during the
CDR in June 2019. Afgaitheringfurther data, itwasconcluded that the project could continue
taking into account different points identified during the reviewet@iled CFD analysegere
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 duringind tunneltests in INW (Duits Nederlandse Wind TunneDue 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, rpelgetronics,
electrical motors) continued. The delivery of an integrated 2{\K2 Generatorand MK2
Power Electronics fed into the commissioning of the Hybrid Electric Propulsion ground test
bench. In parallel, thermal management/cooling technologwese further developed in 2019
planned to be ready for testing in 2020.

UltraFan®

All engine integration activities will be continyaveringfor examplepylon, aerodynamic and
aerc-acoustic integration, thermal management and bleed sysems well as nzelle
architectureandacoustic treatments, all in the context of the preparation of a full size flight test
towards the end of the CS2 LPA program.

Activeflow control
This technology is a potential enabler for UHBR engine integration. Several exptsrirave
taken place to assess aerodynamic performances and/or performances under harsh
environmental conditions:
- either at actuators level (3D printed ftdtale actuators, steady and pulsed jet blowing)
or;
- at full scale with use ad model including 8D-printed SaOBs(iction andoscillatory
blowing) actuators and corresponding equipment (sensors, instruments, pipes etc.).

All results and background acquired in that field over the last yle@avehelpedto progress the
knowledge and background with respectaerodynamic performance and constraints required
to implement this technology onto aaircraft. Next stepsnvolve designing sensorthat are
capableof meetingaerodynamic performance with a limited amount energy.

HLFCHybrid laminar flow control) technology applied omorizontal tail plane

TRL4 was passed in 2019, covering both performance and manufacturing aspeets.
assessment of adhesive bonding andnijeg options for laminar flow, as well as the
manufacturing of a segment of the fidtale demonstrator of micrdrilled outer skinwere
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almost complete in 2019.

HLFC technology applied aving

The preliminary design activities have been completed, emassing the integrated wing
design with allowable surface tolerances, leading edge shielding concept, and ice protection.
TRL2 was successfully passed in October 2019.

Platform 2:Yhnovative Physical Integration Calgiisystenmc StructureQ

Multi -functional fuselagedemonstrator (MFFD)

Most of the activities started in 2018 continued in 2019. FollowindPtrediminary design review

the initiation of technology working groups led to a concurrent specific design process on
stringer/frame stiffened thermopstic 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 modulesgpipped with
systems. Big fass was put as well on the detailed design and preparation of tooling and
manufacturing infrastructure for a psproduction phase from 2020 evards The material
delivery to partners has been supported and a wide exchange on the relevant fuselage
thermoplagic material for testing performed. First test campaigns and numerical simulations,
dedicated to benchmark the welded skin joints of thermoplastic fuselage sheN& been
performed for assessment in terms of performance and damage tolerance behavloair. T
critical designreview of the MFFD was passed end of 2019 where the baseline design and the
digital mock-up for the demonstratomere 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 mar components in 2020.

Nextgeneration cabin and cargo functions

Demonstratorsand test specimes for an advanced Movable Passenger Service Unit are
available fopassengeservicechannel (PSC) integration or integration into a RS cabin in
2020. For the cabinand cargo platform, the elaboration of all systecabin interfaces were
elaborated, the tolerance compensation principlevere defined and theinstallation jig
definition completed. Thevaluationboards of the Universal Cabin Interface (e 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 fiest results were
available at the end of 2019. Based on the results of the printed electrics system concept, in
2019 the focusvason the testing of material combinations and environmental impact studies.
The development of design rules and the chalkeng be compliant with the existing electrical
infrastructure and industriadation aspects are extended with activities in 2020. For the
automatedcabinandcargolining and hatrackinstallationmethod, the main focus in 2019 was

on the final installatias at the validation platform at IFAM Stade.

Nextgeneration centre fuselage
A floor module conceptvas selected that showed @eduction of almost twaothirds 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:

1 creation of a mockup of akeelbeam fixed by lug and hol®-hole demonstator;

1 delivery of two Digital MoclkJps of center fuselage architecture usigarbon Fibre

Reinforced Polyme{CFR)Pand major composite design principles on carbon fibres

1 selection of the main landing gear bay

1 assessment of innovative manufacturing dadas for the keel beam.
By theend of 2019, the demonstratdnad reached TRL3 and further progress to reach TRL4
wouldrequiresignificant effort. Irthe absence o decisionthat wasyetto bemade concerning
the future aircraft design, the decisiavas made to suspend this activity and to properly capture
all resultsattained.

Non-specific cross functions & ITdxframe

The activities were oriented on competitiveness aspects (reduction of recurrindeamstime)

and environmental impact on mates for composite assemblies, sensing technologies for
manufacturing composite and metallic parts. This is to support the above mentioned
demonstrators amongst others. In paralladdesign tool for multiscale complex structures was
conducted.

Platform 3 Wext Generation Aircraft Systems, Cockpit and Aviéhimduding advanced
systems maintenance activities

Largeaircraft disruptive cockpit demonstrator:

For cockpit avionics functions and technologies developmeéhe GPSided MEMS AHRS
prototype flight tests data collection campaign took place, and open loop simulations were
performed.The vrtual platformcore processingnodule has been delivered twre partners for
integration of applications. The smart air system sensor interface wtility systemplatforms

has been developed up to TRL3. In relatiowedokpit functions andechnologyflight tests, the
LIDAR flight test installatiowas completed, dry air flight tests took place, ready for icing
conditions flight test campaignin 2020. Theoftware definedradio flight tests preparation was
completed.

Thedisruptive cockpit demonstrator systems integration bench has been upgraded to version
two, including new fuel system model to support new flight warning function, gyt
management andhteractive displays versions. The incremental integration and scenarios tests
roadmap has been completed.

Regionalaircraft active cockpit demonstrator:

Theactive cockpitdemonstrator setup has been significantly progressing towards completion
includingthe visual system, sound system, avionics infrastructure an@tih@ncedightweight

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 fdsusinesget

In 2019 a flight testing and evaluation phaeek place for theapproach stabibation function
Thedelivery ofmulti-modalhumanmachineinterface prototypes for integration and taagon
Business jet simulator have allowed TRb4be reachedon force sensing angbilot state
monitoring data collection laach. The dual headup display has been integrated and
successfully tested on the BJ simulator.

Endto-end maintenance demonstrator

The integration of prognosticsitegrated health monitoring and managementiiM), remote
maintenance solutions platform arehd-to-end (E2E) maintenance solutiom®re performed
and demonstrated in 2019. The globatiginal equipment manufacturerQEMN impact
assessmentvasperformed. The projecivassuccessfully closed in Novemberl20

Implementation ofcall for proposals in the period 2019

By end of 2019, there were a total of 101 projects selected througkfoalproposas from the
first callwhich provided thahree LPA Platforms with complementary activities.

All these topis were and are providing important contributions to the LPA main R&T work
progranme, examples are included in thi#ain Achievements 20X8hapter above. As done in
previous years, in LPA most of ttadl for proposalpartners are connected biynplementation
agreements to enable a close cooperation with shared use of sensible background data and
generated foreground

As main results achieved in 2019 frpartners, 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 WPR@vanc&

Launched in May 2019, 18 further LPA tepim 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 ofgrent preparation which
started in October 204

A final batch of 16 LPA topics is scheduled for publication in January 2020 a$ thartioal
CleanSky 2 CiIR, activitiesare planned to start in quarter four of 2020.

A REG; Regional Aircraft IADP

Summary of activities and progress in 2019

RegiondAircraft IADP activities related to green conceptual aircraft achieved important results

during 2019. Upon completion of the second design loop andlelivery tothe technology

evaluator (TE) of thaircraft smulation models (ASMs), it was determineldat the ambitious

environmental targets, established in the initial phase of CS2 pragecouldbe achieved for

the green conceptual aircraft TP90pax as well agHerinnovatve TP130 pax aircraft concept.

TP130 pax aircraft concept reached TRLtBeatnd of the 2¢loop design. No additional effort

was considered in this field due the absence of alear exploitation route. More opportunities

are arisingn the field of hybridelectrical regional aircraft, antthe decision was made in 2019

to redirect efforts towards this promising ared&esults in terms of emissions and noise of the
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future regionalmultimission aircraf(70paX also achieved a very important step showing that
they are aligned with respect tihhe targetsthat were originally propsed for Clean Sky. Zhe
technologie©2maturation activities, as well as the design and manufacturing ofséalle
demonstratorsmadesubstantial progress in this period. In particular, the detailed design phase
was completed with theritical design rerews (CDRs) held for the Iron Bird, the Flying Test Bed
2 (FTB2), thduselagestructural demonstrator and the outer wing box (OWB) osrground
demonstrator. The design of the experimental modifications to be implemented on the Flying
Test Bed 1 (FTB1) demaacraft also achieved good progress toward the CDR to be held next
year.

The manufacturing and assembly of fetlale demonstrators started:
1 FTB2 components made available by relevaote partners were assembled on the
demonstration aircraft;
1 the skeleton of the Iron Bird was manufactured and the manufacturing is in progress for
other components for this demonstrator;
1 manufacturing/assembly tools are being made available for the fuselage structural
demonstrator as well as for the OWB-ground demastrator.

Three Demonstrator Management Committee (DMCs) batches were held during 2019, one for
each fullscale demonstrator (total twelve DMCs in 2019) with the participation of all involved
beneficiaries. Ecdesign activities progressed with good ack@ments for the Stage filot
activity as well as for the Stage 1 activity, both agreed with ECO TA, first sifis @yfcle
inventory (LCI) data were delivered by REG IADP to ECO TA, as planned.

Major achievements in 2019

Highefficiencyregionalaircraft (WP1)

Main achievements for the green concept regional aircraft studied in this workpackage are

summarsed hereafter.

1 TP90Pax Regional Aircraft Conventional Configuratiwnaircraft simulation model green
and costefficient conceptual aircraft withnoise 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 requirementsewssued,
technologies targets were defined.

1 TP130Pax Regional Aircraft Innovative Configuratiom:aircraft smulation model green
and costefficient conceptual aircraft witnoise module (Loop 2) was prepared. Final
activities for this configuratiorelated to smabhscale wind tunnel tests activities progressed.

1 HybridElectical Regional Aircraft Configuration (40Pax clams) activities on hybrid
electrical regional aircraft configuration were defined; TLARs feE Iegional a/c
configuration issué; preliminary configuration sizing was done and engine requirements
were prepared.

1 Multimission Aircraft, 70 Pax classontribution to the TE was provided based on the
developed methodology of noise evaluation and considering in the Loop 2 the firdtsresu
of all technologies related to FTB2 across Clean Sky 2 platforms: REGIONAL IADP, AIRFRAME
ITD and SYSTEMS ITD.
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Technologieslevelopment (WP2)

For the innovative structural technologies of the adaptive wing: manufactured panels and
manufacturing trigs for process development; executéehsion test onliquid resin infusion

(LRI stringer rmout and compression test survey on stiffened panel; prepared tests on LRI spar
section, rib and curved stiffened panel including installation of sensors foricatiain and
validation of LRI process asttucture health monitoringgHM; a5m midscale demonstrator
(representative of lower panel configuratiowas manufacture@nd charactesed.

For the innovativeair vehicle technologies of the adaptive winggtketailed design and CDRs

of morphing devices antbadscontrol andalleviation system were successfully complettus

second session of aircraft level assessments of same technologies is in progress and will be
completed early in the upcoming period;lifgcale structural demonstrators manufacturing for
advancedwinglet (AWL)jnnovativewingtip (IWT )andnultifunctionaltrailingedge (MTE) was
started, test rig preparation is in progressfull-scalestructural test is planned in the next
period; morphing devices high speed wind tunnel models preliminary desigmpleted (PDR
completed); final design phase in progress (CDR), completion planned early in the next period.
A first (engineering) release tie integratedvehicle health management (IVHM) framework

was released.

For theon-board systemstechnologies: the technical specification for the innovatniag ice
protectiondemonstrator (WIPS) was issued, as well as the assessment of WIP&qirrB8ent
parts fa the electricallandinggear system were launched into production and the qualification
test readiness review (freezing of engineering testigetconfiguration) was performed.h@
EnvironmentGontrol SystemPDR was successfully passed and the criticseijdeopened. The
AdvancedElectrical Power Generation and Distribution Syst&RGD)Sachieved significant
progress through the relevant Ciitojects with the finakation of critical designs anthe
commencemenf manufacturing phases. Thenovativepropeller wind tunnel was selected
and the detailed design a@he low noise propeller concept started.

Activities on the flight control system aredectro-mechanicalactuation (EMA) also achieved
significant progressCDR for EMAileron, winglet andwingtip were successfully closed; EMA
and related control units are in manufacturing phase; purchase orders for main components
have been placed.

Demonstrations (WP3)

Adaptivewing integrated demonstrator (FTB1 and OWB)

1 ETB1 DemonstratorProgressing with th detailed design of theaircraft 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. Definedldae control and alleviation
system electrical architecture and interfaces, preliminarily identified the structural
reinforcement neededfor the wing. Produced the engineering drawings ftire
manufacturing of the Morphing WingLet and Innovative WingTia test article forthe
ground structral test.

1 OWB Ground Demonstratofhecritical design revieWlCDR) of theuter wing box (OWB)
ground demonstrator was successfully complefBdepreparation ofbondassy modelsvas
started,including features needed for assembly tolerance manageméhtpartners ofthe
VADIS CfP Project.
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Fuselagepassengercabin demonstrators

The CDR of the fuselage structural demonstrator was successfully completed, leading to the
completion of the design phase. Parts model modificatiese needed due to manufacturing
constraints coming from Cfprojects and the preparation dfond assy models started. First
manufacturing and assembling tools were made available. The enhanced definition of the
interface control drawing for all of the major -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 ofthe cabindemonstratorstarted.

Iron bird demonstrator

The most relevant results were achieved in the feaion of the architecture through the
following reviews:

A CDR opening on February

skeleton andaileron test bench CDR closureMay;,

cabindummy CDR closuta June

electricalintegrationtestbench (EITB) andingtip test bench CDRs closuneOctober
winglet test benchengineeringteststation (ETS) and software architecture CDR closure
in December

> > > >

The manufacturing of theskeleton was completed and it is iprogress for the other
components.

FTBZemonstrator

During 2019 activities were focused on three main topics:

A closure of demonstrator design at aircraft level with supportcofe partners and
partners- at this point the conclusiosiof the low-Reynoldswvind tunneltestshave been
remarkable and tey provided valuable experimental data to ensure the aerodynamic
shapes of the new innovative control proposed for thdlight demonstrator;

A progresson the onground actuation rigs (major demonstrator fro/RFRAME ITD
closely linked to FTB2) up to reachtegt readiness reviewlR);and

A availability ondock of the main structural components of FTB2 (ailerons, spoilers, flaps
and winglets from CPs).

FTB2 modifications started reaching the milestone fiot assembly of wing structural
components. Two principal events were orgaad at platform and programe level where the
first hardware was exhibited to CSJU and @8@bers with the main progresses related to the
in-flight demonstrator.

2019 was a keyear forcore 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 TRLjig:-lessassembly concept anchinimum quantity
lubrication (MQL) machining strategies. Technology assessment on the additive manufacturing
2F I ONRGAOFE LI NI g1 & I|faz2 LISNF2aNgbaRaughi K S
maturity level to allow the part to be included in tiR&'B2 aileron. Important progress was also
done in theflexibleassembly concept (which also benefits from ffigeless technology) with
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the setup of the assembly jig that would assemble three different componesgst{e wing

box andleft handandright 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).

Technologieslevelopment/demonstration resultsevaluation (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 todtsthe frame of interactions withEOTA,

first sets (preliminary version in June and updated version in Decembkig ofcleinventory

(LCI) data were delivered by LDO VEL for the Stage 0 (Pilot activity) relatedepldtement

of hardchromeplating on steel as well as for the Stage 1 activity on composite outer wirggbox

Implementation ofcall for proposals in the perid 2019
In 2019, 26 complementary actionspbjects (GAPs) were running with the goal of converging
on finaldemonstration targets.

A FRQ; Fast Rotorcraft IADP

Summary of activities and progress in 2019

The NGCTERechnologydemonstrator (WP1) concludeits preliminary design revieWPDR)n

March 2019. This achievement allowed design activities to further ramp up entering into the
subsequent phase of detailed design. A GBdrlinesgeview 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 (WHE2R 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 rateto increase Longleadtime items procurement andnanufacturing continued in
accordance. Key ground tests benches were also(e.g. lateral shaft dynamicslectrical
generationand distribution systems,systemsintegrationrig) or prepared (e.gnain gear box

bench adaptation module). Continuous cooperation took place watle partners andpartners,

in particular clarifying expected delivery dates, ahd latest tuning of substantiation means

for permit to fly.

Major achievements in 2019

NextGenCTR (WP1)

Managemeniand coordination anddesignintegration.

Theintegrated 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 thaasdate risks,

was shown to besound and correctly calibrateggardingthe effort required and the resources
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planned. Substantial effort was spent in the lead, support and integration, as eeoir all the

calls for partners active to date. Jointevelopment teams with severalpartners were
established and, where already existing, consolidated to ensure fruitful collaboration and buy
in towards the challenges set by NGETR1st flight.

Tiltrotor systemdesign.

Severalwind 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-WING, respectively. The main objective of these tests was the
characterisation of tail shape {¥s T-) in order to validate model predictions, increase the
reliability of future analyses and, ultimately, support tail shape selectiothie TD.

Transmissionsystems

The NGCTRDdrive system architecture was refined to improve system efficiency everall
aircraft performance. Detailed design was started thereafter ensutibhgooperation from the
very beginning betweethe partners responsible fomanufacturing which minimisediesign
change iterations.

Rotorssystems

TheNGCTR Drotors new components design started as planned. In parallel several iterations
of kinematic analyses were performed to mitigate the risk of interferences betwetens and
flight controls, feeding backto their concurrent design.

Airframestructures

Structure design was developed in synergy with both the FRC IADP and AtRedpartners,

with specific focus on wing, fuel system and tail integration. Althef major structual
components passed the PDR and entereid e detailed design phase. Naleedesign 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, lethbyonsortium TRAIL, was started after
summer. Aving mockup was manufactured and will bweaintained to (progressively) validate
wing architecture in terms of parts installability and overall maintainability.

Electricabnd avionicsystems

Flightcontrol system architecture was defined and bids for FCS components were launched and
respondedto, providing the elements for the subsequent selectignlight control simulation

rig was commissioned including active inceptors that are planned to be introdutethenTD
cockpit. Avionics layout was frozémenablethe start of harness design.

Airframe systems

Fuel system design was developed in strict conjunction with DEFENDER, DIGIFUEL and TWING
partners by means of monthipint developmentteam meetings, in order to optimise systems
integration and reduce the risk of scope creeps. Powerplanaliasion, 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 relevarfiight control laws. The relevant CDR was held in December.
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RACER (Rapahd cost-effective rotorcraft) (WP2)

RACERight demonstratorintegration

The maturationof the major interfacesvas almost closed in 2019. Omyew subsystemsor
internal interfaces are behind this maturity. A simplified drawing release process could also be
defined, to acceleratg@rogresstowards manufacturingThe bllowing oflongleadtime items
sourcing (through procurement and/or manufacturing, and partngrshhas been a key priority

of the year. Finguning of the final testingand assembly logic of the RACER demonstrator was
carried out. Information was communicated to all stakeholders, so as to empaysiem
responsible, and ease d@ime and onquality deliveries.

Finally, after this complete testing and assembly analysis, it was decided before 2019
Intermediate project review, to postponehe first flight date to mid2021. The key reason for
this decision is to have more time and margins for ground tests and assembly.

RACERirframeintegration

The manufacturing of the central fuselage structure progres$ée. manufacturingof several

big primary structure metallic parts could be completed the end of the year. Regarding
secondary structure, theRomanian cluster manufactured composite panels, with a quality
considered as acceptable for the demonstrator. Flightworthy composite panelsdsheukady

in 2020 as planned.

Landingsystem activities progressed as expected. Ground qualification expectatiopsrioit
to fly (®F) were finabed. Concerning cabiand missionequipment, features hat ensure the
crewQ) safety (i.e. demoisting of wd shields), and workg condition regulatios (i.e. internal
noise) were pursued, as planned. Demoisting could benefit frmiNational Additional Activity
project on newenvironmentalcontrol systems.

RACERynamicassemblyintegration

For LiftingRotor, few activities took place to finsgi the modifications required on the legacy
rotor that was employed for the first flight phase. This included detailed design and
manufacturing.Additional nationalactivites on a new main rotor were also pursuedhis
project outcome should come well after first flight, so has no impadhetirst flightQ éxpected
date. Concerninthe Lateral Rotor, work witthe propeller supplier has progressed as planned,
according to the propeller definitiomwhich wasfrozen in 2018. Variable gadrfor lateral rotor
endurance testwere performed under dusty condition®d @ntract for a National Additional
Activity on the new lateral rotor pitch control could finally be agreed.

Detaileddesignreviews for both lateral geaboxes (LGB) and accessory gearboxes (WNEi)
passed, and procurement of pangaslaunched ands under close monitoring. Progress was
alsomade for thehigh speedinput stage (HSIS), with seffinished parts for gear manufacturing
available and bearingmanufacturing ongoingThe &teral gear box power rigdetailed design
review was passe@nd therig manufacturings ongoing.The nain gearbox preliminarydesign
review was performed, while the procurement of long leadime items (LLTI)s ongoing
Technologymaturation activitieswill continug including manufacturing trials for new power
gear material and additive manufacturing component tests.

45



Concerning powerplast the fuel system was frozen. First fuel tank bladder toolingse
released and mnufactured. Thequalificationtestplan for thefuel system has beeharmonsed
with the partner. TheNational Additional Activity projectgardingengine adaptation for high
voltage compatibility achieved all its 2019 milestones.

For the actuation sysin, relevantprogress was maden the hydraulic system in terms of
detailed design and component procuremeifitetriumph 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 assdébs impact and define the way
forward.

RACER Goard System Integration

Key electrical equipmenwere sourced through GAPs and procurement (@@yver converter,
highvoltagecontroller, starter/ generator)andwere shippedtothéS RSN a FF OAf A& o
those systemdo be pluggedinto the electrical generation anddistribution system (EGDS)
bench.EGDS architecture and mechanical interfaces (links to structures) were frozen. Principle
wiring diagramwas delivered,and human and network protection were defined for HV
equipment.

The CDRs related awionicsandsensors andlight control, guidanceandnavigation,antennae,
sensors,radios,grips, TCASnd weatherradar were closed. All sensor suppliers were defined
andthe first testsregardingcollective grip prototypson avionic bencbswere perfromed. Tests

on avionics startedand finally, the4D Flight Management System (FMS) was delivered for
ground bench test.

Ecodesign (WP3)

NGCTRD subksystem candidatefor use in thelife cycle assessment(LCA) were identified, as
related to the key enabling technologies under development in ghegramme. These sub
systems were selected considering an appropriate mitwvben level of ambition and data
availability/sustainability for such a complex anetliepth LCA.

LCA activities related to RACERalmost completedUpscaling to a complete vehicle, or a fleet,
was launched. A new LCA software for ECO needs was deployed, and engéredrained on
how to use it Severalselected sukprojects for ECA relatedmaterials and processes are
progressing well, across tltemonstrator.

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 relataracks, for both reference and
concept vehicles, were delivereshd discussed with the TE community.

Implementation of Call for Proposals in the period 2019

43 complementary actions @irojects (GAPs) were running with the goal of converging on final
demonstration targetsA lot ofwork wasdoneto progresshe callsfor partnersthat had been
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effective to date and promptly start the ondkat were awardedduring wave nine and ten
throughout the year.

A AIRc¢ Airframe ITD

Summary of activities and progress of work in 2019

The arframe ITD is addressing the full range of aircraft types and is structured around three
major activity lines split into technologgtreams orwork packages:high performanceand
energyefficiency (HPEigh versatility and cost efficiency (HVC), aneto-design (ECO).

Highperformanceand energyefficiency (HPE)

Under this activity line, innovative aircraft architectures are investigatgith 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 laminadiyologiessuchas
those related to exteded laminarity will also be developed #ss isconsideredto be a key
technological path to make further progress on drag reductang couldbe applied to major

drag contributors, especially the nacelles and wings. High speed airframe activities will be
focused on the fuselage and wilgy enabling better aircraft performance and quality of the
delivered mobility service, with reduced fuel smption 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 rquirement 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
immediae and direct physical impact on the traveller, and with potential in terms of weight
saving and eceompliance.

Highversatility and cost efficiency (HVC)

Under this activity line, next generation optimised wing eéswill lead to progress in aero
efficiency and tathe development obetter, more durable, affordable and lightereight wing
structures through the design, build and ground testing of innovative wing structures. The
challenge is to develop and demonstrate new wing concepts (including archié¢chat will

bring significant performance improvements (in drag and weight) while improving affordability
and enforcing stringent environmental constraint®n the otherhand, optimsed high lift
configuration activities will progress the aeefficieng/ of wing, engine mounting and nacelle
integration for aircraft that serve local airports thanks to excellent field performance. Advanced
integrated structures will optimgse the integration of systems in the airframe along with the
validation of importanstructural advances, analill make progress on the production efficiency
and manufacturing of structures. Finally, advance fuselage activitiesatbainclude cockpit

and cabins, will introduce new concepts of fuselage to support future aircraft amdcraft.

More radical aero structural optirsations ould lead to further improvements in drag and
weight in the context of growing cost and environmental pressure, including the emergence of
new competitors.

a7



Ecadesign (ECO)

Ecodesign related activitieembedded irthe airframe ITD, are mainly focused on developing
environmentally sound technologies, and on performiifg cycle assessment activities to
guantify the benefis brought by the newly developed technologies. Tdm-designthematic
areas targe the two following environmental benefits: lower impacts during the production of
aircraft parts, the maintenance phase and eofdife of the aircraft.

Major achievements in 2019

1 Highperformanceand energyefficiency @ctivity line A)

Innovativeaircraft architecture ¢echnologystream A1)

With respect to@ptimal engine integration on rear fuseldgirther analyses have been done

to decompose the different benefits/losses of sevdrsalindarylayeringestion(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 confirm®da more robust method.

With respect to®HBR and CROR configurafxhe objective to progress on TRL for the Ultra
High Bypass Ratio (UHBR) and Opeotor (OR) integration technologies has been reached in
the various CfP projects running in 20194k projects deal with firstly, the development of
multidisciplinary optinsation framework of novel UHBR and OR propulsion concepts, secondly,
near and faisfield acoustic propagation of a pushing wing mounted proped@sed propulsion,
and thirdly, desig, manufacturing and testing of innovative shielding and protections for
uncontained engine rotor failure impact. With respect t#lovel high performance
configuratiorQthe final downselection workshop for short to medium range airliner (SMR) and
Bizjet(BJ) missionwasheldin mid-November andwo configurations are now ithe selection
pool for SMRblendedwing body (BWB) andtrut-bracedforward swept wing (SBFSW), as well
astwo configurations for BJarge fuselage anthree-surfaces.

Finally, wih regards to the activities oWirtual Modelling for certificatioQa the end of 2019,
all the activitiesverekickedoff. In 2020, all the tasks will run at full speed. For instaimc2019
the following activities were concluded
1 for safety composite fuel tank for lightning, comparison and synthesis of the available
techniques to integrate electrical model of fasteners witHinite differencetime
domain(FDTD) model
1 for prediction of aerodynamic loads at high Reynottitailed design oftte WT mock
up (CDR to be held early 2020)
1 for cabin thermal modelling with a human thermal modedbin thermal test campaign
in the Falcon BJ A/C T23 section available at Fraunhofer facilities.

Advancedaminar airflow {echnologyatream A2)

With respect to Waminar Nacel@ activities continued to assess the effect of 3D surface
imperfections by performing numerical investigations of lamihabulent transition using
boundarylayer instability theory. Manufacturing of tooling items has started tovsaBD
demonstrations of access door integration into laminar regions on nacelle fan cowling doors.
Moreover,a BJ mockup incorporatinghe NLF nacelle and HTwasdelivered in Q2 and tested
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in Q3. Analysiwasalmost completed in 2019 and will be documedtia 2020.

In the WLF smart integrated widvork package, BLADE 2019 F/T campaigscompleted in
August, and analysis activitiere carried out until theend of the yearThedeliverable' BLADE
Flight Test Data Analysis: insd@gasissued in November, and two others have been elaborated
in Decemberi.e. BLADE Flight Test Data Analysis: imperfeciam$'BLADE Hefilm 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 durabiitye pursued in 2019,
and the final synthesis will be elaladed in 2020. Finallyhe manufacturing of NLIeadingedge
(NLFLE)ground baseddemonstrator (GBD) items has started, includihg associated test
stand The aim of this demonstrator is to validatiee fulfilment of step requirements of leading
edge dsign by designing, building and assembling alNL.&BD onto a widgpx segment under
gravityinduced realistic deformations with novel test stand concept.

With regards to\Bxtended Laminarif activities are ongoing on thiilored skin single duct
(TS®)verticaltail plane (VTP) leading edge wind tunnel demonstrator: aerodynamic design and
structural design have been completed atie stress analysis report fahe wind tunnel test

has been compiled. Activities are also ongalgting tothe post-processingf low speed wind
tunnel tests carried out in January on an innovative HLFC concept combinkogatamination

and suction device§.he main objectives of these tests were to evaluate the added efficiency of
a passivanti-contaminationdevice (AD) and active micrperforated suction panel to avoid
turbulent flow along the wing leading edge. The tests improved the understanding of driving
parameters of the micrgerforated panels system (such as porosity, hole diameter, suction
rate) effects on raintaining a laminar flow for increasing leading edge Reynolds numbers.

Highspeedairframe ¢echnologystream A3)

With respect toWilultidisciplinary wing for high and low spe@dhe wing root box (WRB)
composite spars PDRaspassedn early July, and CDR is planned early 2020; manufacturing of
demonstrator parts and test articles has also started. Tests will happen in 2020 andTh@21.
composite stiffened wing lower panel from an existing BJ @@&held in July, and tooling
design andmanufacturing is ongoing. @mred multispar flaperon detailed design has been
realised, and the CDRaspassed in November.

In the Wailored Front Fuselagevork package, statef-the-art analysis is finaed for
attachment between windshields and saunding structure, andhe finite element (FE) model
exchange process is being set Eiveinnovative windshield fastening concepts have been
agreedupon, however, the weight decrease potential of the new designs hasyabbeen
determined, and thushe demonstration perimeter for the next phases of the project cannot
yet be determinedhowever,with regards to windshield heating, icing wind tunnel testsre
completed in December.

With regards to4hnovative shapes and structu@ethe CDR for cargaloors structural
demonstrators has been passed attie manufacture of assembly jigs has been started,;
additionally, progress has been achieved with assembly sequence for doors into fuselage.

Novelcontrol (technologystream A4)
With regards to'8mart Molle Control Surfacé® activities dealing withelectrical wing ice
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protection system EWIPgintegration on a BJ slat have continued: after the BJ slat CDR in May
2019, thetwo-heater mat setswvere delivered and controlledor the two IWT test slatstlfe

main one andthe spare oneandthe heater mats were then bounded tmthe slat skins in a
pressursed autoclave. Prior to that, the slat pakt&re speciallynodified to be compatible with

the heater mats.The CIRA IWT is planned in November 2020. Moreovih respect to
innovative movables fonext generation aircraft, the selection of two concepts for further
development has been performed.e. one multifunctional trailing edge flap, andone
morphing/adaptive outer wing/wingletA generic developmenplan and demonstrator specific
development plans have been elaborated, and loads assessment has started for winglet and flap
demonstrator.

With respect toctive Load Contr@lload attenuation around 6% along the wing span has
been reached by advancetigital control design on a Generic Business Jet Aircr8NGWTT
are in preparation for 3D wing shaest load alleviation (GLA) tests validation. Initiation of
flutter control activities for GIBA will be done in 2020.

Noveltravelexperience {echnologystream A5)

With regards tdHFluman Centred Cal@activities oncrew operationsismart galley (digitalsed
andconnected galleyhave been reshaped with two work streams: normal operation (service)
and abnormal operation (safety); for normal opeaat, galley operation has been identified as
being themain pain point.A first analysis allowed dowselectingtwo concepts for galley
automation; for abnormal operations, abnormal tasks have been identified and analysed to
understand pain points and neeaf cabin crew action. Incident report workshops have been
organised to identify fields of improvement. Moreover, for ttebinrestarea (multifunctional

area for single aisle a/c) activitigbe 3D-modelling forthe chosen concept has been completed,
aswell asawooden mockup; production and assembly of prototype has been launched, and a
draft test plan for operational assessments is available.

With respect to\®@ffice Centred Cabi@3D definition of the mock up has been completed and
the CDRwas held midDecember;a first draft of test matrix definitios is available;an
acceptance review o full-sizedemonstrator will take place in 2020, as well as first testing
activities.

1 Highversatility andcost efficiency @ctivity line B)

Next generéion optimised wing fechnologystream B1)

C 2 NJ w wihgothve @raliminary design reviewandcritical design review have been held and
major actions are closedlhe nmanufacturing of elementary parts anthe assembly tooling
phase has started. Withegards to the prediction of noise emission for certification cases,
update of flight conditions, identification of lewoise cases, improvement and validation of the
computational methodology have been performed.

For SAToptimised compositewing, the first batch ofsmall scale integral demonstrators and
lower skins have been manufactured, inspected and assessed. &it@hation technologies
down-selection was done. Thest rig conceptual design is now complete, ahd gructural
health monitoring (SHMpf bondline integrity demahas beermanufactured. Technical works
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are focused on havingaitical design revieviby Q1 of 2020.

The fying test bed #2 (FTB#2norphing winglet has been manufactured, assembled and
delivered to REGIONAL IADP and instaltethe FTB#2.

Forthe affordableloadsalleviationsystem,step 1configuration and related actuator prototypes
have been integrated on th®n Ground FTB#2 Wing Actuation®bg starting qualification
activities prior to integration on REGIONAL IADP FTB#2.

Morphing leadingedge systemtlevel analysis and design of kinematics and actuation system
have been completed includinghe redundant actuator;a preliminary design review
(technology sope)washeld at the end of the year.

Optimised high lift configurationstéchnologystream B2)

For thehigh lift wing turbo prop nacelleconfiguration, theloop heat pipe anti ice system was
manufactured and delivered of the heat transport passiveesys Thesystem integration ito

the intakewind tunnelmodel with condensing lines was done to complete wWiad tunneltest
in Q1 of 2020.

Themultifunctionalflaps with independently actuated tab developed and manufactured in AIR
ITD were delivered fantegration in the REG IADP Flight Test Bed#2.

Concerning thedvancedcomposite external wing box, the test campaign was completed for
CFRHMquid resininfusion technology up to subcomponent level for highly integrated wing box
covers and sparfheCRPthermoplastian 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 successfullfhe peliminary designreview for the out-of-autoclave
compositewing demonstrator was held.

Regardindnighlift technologies fosmall aircraft, the CDR for the dowaelection of the high lift
concept was heldt theend of July 2019. THaown flap concept for the 19 seats SAT A/C airfoll
was selected fowind tunnel testing in 2020. Wintunnel model aerodynamic design was
implemented.

Advanced integrated structuresechnologystream B3)

Foradvancedntegratedempennages foregional,a short description of the stiffened eoured
panel of the torque box were done, and engineering requirements of the innovative
empennage'seadingedge for thermoplastic material and welded joints were established.

For thestructural embeddedantenna, thecritical design reviewvas closed and manufacturing
& 0 I NI S R dfunttignal $egtyhiav@ started and were performed émie panel. Thentenna
is ready for installatiom the REG IADP Flight Test Bed#2.

The wind tunnel test mockup with the integraton of the ice protection system based on
induction technologies was manufactured. All ibengwind tunneltests were performed.
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For HVDC electrical generation and distribution, the design was fiazERn kW. It was shown
throughlabtSa G Ay 3 FT2NJ GKS wmp 12 TFdzyOlAzylfAale oSez
ready for a successfatitical design revievioy Q1 2020.

For thespoilers andailerons driven byelector-mechanicakctuators (EMAS), the desigwere
frozen and the maniacturing of the firsts units were done by SYSTEMS ITD.

Thecritical design revievior the ergonomiccockpit has been passed atite manufacturing of
the final ergonomicmockup cockpit is now almost finished. For SHMS technologfesfirst

composite paels have been manufacturehePDR foiinterior noise material selectiomwas
passed with actions.

For SAEffective joining methodsthe finite element method FEM mode is now finished. For
SAT jiglesandfatigue tests for phase 1 and 2 were performatt the specification ahe third
fatigue test phase has been done; additionally the demonstrator manufacturing and assembly
has started.

Forthe fastrotorcraft airframe integration activities, many of the important toolings have been
manufactured for @ors, canopy, cowling and emergency exitsrizontal stabiliser torsion
boxesandtail boom skins.

Advanced fuselage¢dchnologystream B4)
C 2 NJ w talil, thec@iéal design reviewvas passed focomponens andtooling andthe first
parts manufacturing has started ambeing delivered.

Forthe next generationcivil tilt rotor, the preliminary design reviesvwere completed for all
fuselage modificationsjacelle and Vrail, includinga backup plan for crew seatincorporated
into the design, and weight optirsation. Maturation ofout-of-autoclave (OOA) technology to
TRL4 and manufacturing of multiple 0.3rSgars were done.

Forregionalcentre fuselagetechnologies, the first fuselage stiffened panel was manufactured
with automatedfibre placement (AFP)he fuselage structural components testingigrently
ongoing tool drop impacts were executed on curved composite stiffened maast two
window frames were tested.

For regional cabin interiors, following the conclusian of the preliminary design review
refinement of themajor cabin interiors items 3Dmodels and preliminary stress analysis/ba
been performed.

1 Ecodesign éctivity line C)

G1: Ecedesignmanagement and ECO TiAk

The new simplified aircraftand industry model fromthe ECOtransverseactivity (TA) was
introduced to the airframe eco-design participants. Themapping for vehicle economic
ecologicalsynergy anceco-designanalysis (VEES/EDA&supdated for most of the activities.
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Ademonstratorsynthesisreport update was produced, summsrig roadmaps and confidence
levels for 19eco-design demonstrators. Approximately &6chnologies will deliver LCI data
from the Airframe ITD to ECO TA core group. Thexg beengood progress in data collection
sheet delivery at technology level in 2019, andonsistency check is expected at the end of
2020.The hll of materialshill of processes (BoM/BoP) delivery for the 19 demonstrators has
started. The frst eco-statements are expected in Q2 2020.

An eco-designsynthesisreport was elaborateglacing afocus on the projects monitored by
ECO TA#tage0Qand $tage 1Qorojects). Aside fronthe airframe eco-design work packages,
there are additional development activities delivering LCl data. First econonpacts
assessments were started for some of the technologies in scope.

G2: Ecedesign forairframe

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, maidwill 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 beendentified to wok together on several demonstrators starting 2020 and 2021.

G3: New materials and manufacturing

The work is in the finaation phase. The activities linked to efficient manufacturing, additive
manufacturing efficient testingrobotics and other assistednanufacturing technologies
collected LCI data and developed a tool for technology efficiency evaluatiorfingheest for
validation fora new tool was done anthe TRL5 assessment review was held. With regards to
afuture leakage identification systerfinal validation tests for all of the systenfa€l, 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, th&cus will be on digitalisation arttle connected factory.

Implementation ofcall for proposals in the period 2019

As of December 2019, a total of 110 CfP topics were running in the AIRAT® 1 towave 9).
Sixteen further GAP projects were about to sign their contracts @ 10) and four more
were about to be published favave 11.

A ENG¢Engines ITD

Summary of activities and progress of work in 2019

Ultra-high propulsiveefficiency (UHPE)

Multiple maturation studies to optinse theintegratedpower plant system (IPPS) architecture
have been completedSignificant progress on the various key enabling technologies for UHBR
applications has been achieved. €Be include low speed fan maturation, boosgerhigh
pressure KB combustos, highspeed lowpressure turbing, transmission systes) low
material technologies and nacedle
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Turboprop forshort rangeregonal aviation

Manufacturing and assembly of the TEER are completed. The first Tech TR took place in
June thanks to the commitments of all there partners and partners. The demo test phase has
been started. The gas turbine components maturatioave progressed as well, anthe
combustion chamber high altitude relight test hstarted.

Advancedgearedengine configuration

The compression system activities focused on completing the testing of the second build of the
inter compressomuct rig have been performed. The conceptdasign of the twespool rig has

been nearly completed and will be closed with theeliminary design revieWDR3) in early
2020.EMVAlengine demonstrator activities focused on completing the detail design phase will
be closed with theritical design reiew (DR5) in early 2020 as well.

Veryhigh bypassratio (VHBR)niddle of market turbofantechnology

Important and valuable technical progress was delivered. This includes significant work to
further develop low speed fan technology and mobflesed systms engineering on the
UltraFan® architectural concepts to further enhance their feasibility, which resulted in test
demonstrations througbut the first half of 2019. The low speed fan test confirmed the
expected efficiency and operability of the UltraFan® fan design and provided significant
guantities of data to validate aerodynamic, aeromechanic and noise tools.

VHBRargeturbofan demonstrator
Thekey 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 efficienfet-fuel reciprocating engine

Significant progress was achieved leading to the cetigyl of the R&T programme at TRL 5.
This includes in particular the ftdtale 6cylinder engine demonstration on ground at full
power, the fullscale propeller demonstration tesindthe validation test campaign of the new
engine controls.

Reliable aml more efficient operation of small turbine engines (WP8)

Loop2 objectivesvere fulfilled with the assessment of aircraft fuel consumption,@Ox and

noise emissions for botteference andgreen A/C. The program is now entering its third loop.

The man goal for looB will be to identify a suitable hybrélectric configuration of the engine.

hyS 2F (GKA&A @&SINR& YIAYy |FOKAS@GSYSyila KIa o
manufacturing combustor, carried out in September 2019 in collaborationth@lCfP START.

Eco-designengine

Activities concentrated oradditive manufacturing, CFRE-use and recycling andadvanced
enginemanufacturing and delivered its first analysis.
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Major achievements in 2019

Ultra-high propulsiveefficiency (UHPEHemonstrator (WP2)

The activity hasnade significant progress. As far as tkagine ground test demo (GTD) is
concerned,multiple maturation studies have been completed in order to opsanihe IPPS
architecture. Theequipment's packaging has also been completeds addressing one of the
main risks identifiedn the target architectures and linked to the complexity vs the engine target
compactness. As far as key technologies maturation is concerrigsdt Bop on the advanced

low speed fan architecture was madelaturation activities on the nacelle have continued.
Following TRL3 validation in 2018, an acoustic demonstrator design has succesablitg the

CDR milestone in April 2019. The toalsd parts have beeravailable for assemblgince
December 2019. Th& TD configuratiohas led to the crossection of the transmission system
modification.One additional technical brick hesached TRL3 and tleductiongearbox (RGB)

has reached TRL#llowing completionof dedicated test campaign. Thew-pressureturbine
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 theturbine vaneframe (TVF) aerodynamics scheduled in November 246 test

rigs dedicated respectively to the component for splines andgbarbox attitude test have
reachedthe CDR milestone this year.

Turboprop ground demo for SR regional aviation (WP3)

2019 has been a fruitful year fohe turboprop integrated power plant system (IPPS) as most
design and manufacturing activities have been completed. fant@ers andoartners delivered

all their contributions (PAGBacelle air inlet, craddle, propellerPCU, damperkgat exchanger
etc) to allow SafraHE totest the Tech TRirst engine in June. The Tech TP final configuration
with 7 blades propellebecameavailable andhe intensive tesingphasewas startedn October
2019 to be completed in 2020.

SafranHE orgarsed an event on October ¥7in Tarnos with all stakeholders to celebrate this
great first run achievement and to share SaftdE) gision on Tech TPg&st plan and future
opportunitiesfor application

Gas turbine components maturationctvities progressed well too, with PAGB test rig
manufacturing, and mixed compressor test rig manufacturing and assembly witlitte ready

for testing inearly 2020. Alsa hew combustion chamber test for high altitude relight has been
initiated at ONRA.

Advancedgearedengine configuration (WP4)

Theinter compressoduct rig testing facility at DLR successfully tested thedmsisecond build.
These test results are the basis for the two spool compression system sgtashedor 2021.
The conceptual design of the two spoolsiig) 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 Digdanahd

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 caetinand manufacturing
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trials for the casted blade and theeramic matrix compositdCMG segments in adequate
geometries have been completed. Basad what was learnedrom the manufacturing trials,
the project plan has been adjusted with the test campaigw scheduledor 2021.

Veryhigh bypassratio (VHBR)niddle of market turbofan technology (WP5)

An alternativealuminium alloyhas beemmatured and casting trials of test specimens have been
made. The mechanical test campaign was initiated and will be completed in 2020loWwhe
speedfan (LSF) rig test and analysis activities were completed in 2019. The data obtained from
the rig confirmel the pretest 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 o fut
design iterations.

The VT2 aero rig (multistage IPT) has been tested and th&-8Taero rig tests results have
been postprocessed and analysed.

Regarding PGB, the first component of the AORBIT rig arrived at University of Nottingham.

Thecritical design revievior the bearing chamber module has been completed and components
are currently being procured&xperiment®n the bearing shed rigreprogressing well providing
highly detailed information and linking with hididelity CFD simulationsnathe 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.

NGTurb test facility circuit virtualisation has been used tedict operational parameters and
constraintsfor campaign planning. Rig test phase 1 has been preparedttenthardware
mounted foruse atend of 2019. Further rig and facility hardware upgradesich will be tested

in phase twowere studied andhe mechanical design partly started in Q3/2019. Thiskrepair
activity has successfully read across the deslected microstructure to target component
geometry. The mechanical validation testing continues to provide results showing that the
application requiements can be achieved.-gitu 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 ouefatlay
repair development strategy.

VHBRargeturbofan demonstrator (WP6)

Boeing 747400 has been acquired which will test the next generation of cuttidge
technologies for engines including the UltraFan® demonstréiér saw the achievement of the

IPT subsystem detail design review (DTA5) and the start of long lead time items manufacturing.
Whilst the ICC pased its preliminary design reviewn January 2013he critical design review

kick-off was held in November. I&@ctors have successfully beeast and welding of the
forerunner ICC is completed. The UltraFan® programme successfully passed its Stage 2 Exit
review in the first quarter of 2019The programme is now making good progress towatsls

Stage 3 Exit in December 2019. Contributorshi® $tage 2 review success wenelti-stage

IPT structural systems ancdexternals.
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Lightweight and efficienfet-fuel reciprocating engine (WP7)

The previous testing was aimed at several innovative designs for some part of the core engine.
2019 has seerthe conclusion of this activity with the poestst analysis that allowedhe
identification ofthe most promising technologies amongst those tested. The validation of design
evolutions for the turbochargewasconcluded in 2017. The development of a peber able to
withstand the specific operating conditions of a-2eengine was continued and successfully
finished in 2019. The work has been focused on performing and completing successfully the test
campaign on the fulscale propeller. The posest review wascompleted in early December
2019. Asts main successful outcome, the demo propeller reached sufficient maturity (TRL5) to
enable a development programme, which has concluded the research programme.
Developnent of a new 6cylinder engine architeare in 2019was 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 bumeduction. 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 successfulind the postest 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 loo2 engine data have been peptocessedassessing aircraft fuel consumption,CROX
and noise emissions for botieference andyreen A/C. Following this achievement the project
is now entering loog8, which involves a hybriélectric configuration. The team progressed on
virtual engine transiet model design and focused on setting the strategy for the hybledtric
trade studies. The detailed design of aero and acousticrioise propeller wasealised The
team continued the development of the Reduction Gear Box technologiesawatius ondirect
gasquenching charactesation, which has been successfully applied to test coupons.

The extended analysis dxialCentrifugal Compressor Vehiof@CCY and blowdown tests
continued in 2019 and the impact oie potential bleed requirement andts 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 appliedfulllaanular

test was successfly carried out in September anithe test results analysiss ongoing. The
activities relating teadvanced cooling have started.

Eco-designengine (WP9)

The work related to manufacturing was focused on boundary limits assessmedtitive

manufacturing, foreco-design process optirsation. The research on CFRP materalseand

recycling has continuedin the area ofeco-design approach irengine parts advanced
manufacturing the selection of parameters for tiikeference Blisk Degm Model has been
achieved in 2019. Aimlet guide vane (IGV) was selected as another, additional test case.

Implementation of Call for Proposals in thePeriod 2019

At this stage and as of December 2019, a total of 13 CfP topics are running in the ENG ITD for
callseightandnine. Thetwo projects for calten have just been awarded and will be reported

in the AAR in 2020.
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A SY§ Systems ITD

Summary of activities angrogress of work in 2019

In 2019, several cockpit technologiegre 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 tactilepthys and parts of the enhanced vision
system.

The cabin and cargo technologies progressed during the second year of activity. The connected
cabin conceptomprisessome brickghat are starting to increase thie TRL levetuchas the

smart belt conceptJuggage detection without camera artde galley conceptinterfaces for

the fire-suppression demonstrator were defined and components design prepared.

For flight control several technologies progressed to TRU®prepare the demonstration
activity. Theinstallation of more electric network technologies and components onto ground
based demonstratar for large aircraft progressed according to plan. The development of
electromechanical actuators progressed in line with the REG IADRapthwerefinalised to
flight testing.

In the area oflandinggear systens, the direct drive wheel actuator equipment and system
achieved TRL4 functional tests, new activities fostering weight reduction and competitiveness
have been introduced.

HighvoltageDC component®r the power network demonstration progressed towards TRLS5.
Similarly, activities on bricks for the power generation and distribution were advancing as well
to support demonstrations.

Concerning the aircraft loads technology development and integratedodstration, the final
architecture for the Electrical Environmental Control System (EECS) has been frozen to deploy
the demonstration. Sensors and filtration components for aicireulation in environmental
control were produced and tested. Wing ice detion and protection technology progressed

as well to align with the plan.

In the area obmallair transport, progress on all demonstrators has been made. A high number
of design reviews was conducted enabling prototype production, for example of @lectr
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 magsoon
design as well regarding enviroemtally friendly processes.

Major achievements in 2019 bwork package

Innovative extended cockpit (WP1)

Very large tactile display units were improved (mtdtich & palm rejection capability) and

the work onthe next generation of eyesut cockpit products was pursued (very high
brightness & compact full color micro display). The voice recognition system achieved
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technology readiness lev€l'RL) 5, and the vocal dialegin natural language witla virtual
assistamreached TRL3. The crew monitoring system progrets@&dRL 3. Innovative modular
computing platforms with passive cooling were explored at TRL 3.

As far as avionics functions are concerned,ablganced concept of missiariented systems
management acleved TRL 3The 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 navigain, the innovative concept of modular inertial reference unit achieved TRL
5, based on brand new generation iokertial measurementunit and MEMS accelerometer.
Some new disruptive technologies (MEMS gyroscopsgnantfibre optic LASER gyroscope)
were dso explored at low TRL.

Evaluation of innovative test means was pursuewdelingand simulation as aservice, pilot
behaviaur monitoring for avionic system evaluation).

Regarding integrated modular communications, flight trials were prepared usingpdisid
VHF remote radio units. Furthermore, most of the aircraft and ground network functions of
the ATN/IPS & muHink demonstrator were specified.

With regards to Enhanced Vision and Awareness, the high performance computer platform
achieved TRL5 anble EFVS/CFVS is integrated and ready for validation.

Cabinand cargosystems (WP2)

Based on the identified criterjea proposal for the future optinsed cabin processes and
operations was elaborated and released. Standatibn work as defined in the
standardsation plan was performed. Several partners have joined the stanskrdin group

for secure wireless media independent messaging (ARINC CSMIM).

With regardgs to the cabin system, the connected seat development has significantly
progressed. Smartdit 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 finaéed. Design of the muliadio 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 dwdaliA paver
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 connectedalley and trolley, the galley concept reached TRL3ilavtlthe
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 tocargo systemsthe first experimental components for the novel waste water
system, which reuses grey water for toilet flushimgre developed and setup. Specification

of the nitrogen vessel valve for the halfree fire suppression systemias completed. First
designs for the valve were developed. The interfaces between the fire suppression test rig, the
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knockdown system and then-boardinert gasgenerationsystem (OBIGGS) were defined in
order to prepare integration.

The global demonséition strategy was unchanged and the detailed orgatmon and
implementation of demonstrators is expected to begin in 2020.

Innovative electricalwing (WP3)

The work package continued its activitiegardingall 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 aimedfor large aircraft, the main part afhe
electronic control network has been installed accordingthe Phase 2 plan. The network
consists of electronic controllers, cabling and equipment for testing. Basic functions were
implemented andhave shown good results. The technology bricks for the rauaic power
supply have been matured, with TRL6 tests of the most important elestrtmr-pump being
completed. Finally, a proadf-concept setup has been set up for testing of control logics.
Testing will yield results during 2020.

Activities on theeledro-mechanicabctuators (EMA) for regional aircraft achieved the closure

of design and good progressgardingmanufacturing of prototypes at TRE43for the REG

IADP test programlhefirst units were delivered fathe regionalgroundtestrig. Accordingo

testing results, it has been necessary to launch some modifications to the design leading to a
aSO2yR adSLI 2F GSadao {2YS LSchhdulgdSAckiaorsMmB f | (
be flight tested later in the program.

With regard to thesmart active inceptors, important progress consisted de-risking and
revisiting requirements and design, leading to an architecture and prototypes optimisation.

Landinggear systems (WP4)

The bricks needed for the development of an eledtgalraulic actuation system fomain
landinggears (EHA MLG) have been specified.diteet drive system was assembled and tested
in order to achieve TRL4. The first prototype of an angled rim whegginto undergotesting

in order to reach TRL4Additional bricks leveraging weight and competitiveness have been
integrated this yeamto the current activities.

The local hydraulic system for nose landing gear (NLG) has been further developed and
preparedfor integration on an Airbus aircratft for roll testing and TRL6 in 2020. The test system
was produced and the installation adeémonstration details have been defined.

Activity on braking systems has been redirected following the exit ofrtmber fromthe
programme. Composite lowomplex structure demonstrator has continued its testing as
needed for TRL6 demonstration. Activity on ma@mplex composite parts has been-re
oriented to address MLG structure and is to begin in 2020.

Sensor and monitoringactivities 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 regard to the aircraft electrical architecture, the tradeffs for innovative installation
architectures have been finalised. In addition, technologies definition to support the principles
of innovative installation architecture have been achieved. The HVDI@eas 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 regard to power generation, the digital ground control unit achieved TRL5 and the
demonstration of its operation orthe HVDC network has been initiated. Thesconnect
function for high speedtarter-generation has progressed with the selection of the concept.
The optmisation of the power electronics module (PEM) filtering and the development of
battery charger control laws of the EIBC converter have been achieved.

With regardto the innovativeelectricalnetwork over timesensitive networkingdevelopment

for aemnautics has been further developed and successfully instantiated in different &ind
control architectures. Witlespectto wiring healthkmonitoring, improved posTRL4 tests have
been realsed on system bendasfor parallel and serial electrical afeketection and localisation.

In relation topower management foa large aircraft demonstrator, preliminary sizing with
regardsto components preliminary design, preliminary mechanical integration and preliminary
system design: control/command and powenesbeen achieved.

The development of PEM technology bricks progressed towards TRL5/6 maititinityhe aim
to be reachedoy theend of 2020 in order to support delivery in 2022 to the HigiitageDC
electricalpower network demonstrator.

Major loads(WP6)

The finalarchitecture of the Electrical Environmental Control System (EECS) was frozen in 2019.
A component PDR (includiagvapour cycle system) was performed and passed with positive
feedback. Riskaere identifiedwell andthe means to mitigatedhem wasclearly planned. The

next milestone for EECS is ttritical design revieCDR), schedulddr mid-2020.

The development of air quality smart monitoring solutions with ozone and voiatijanic
compounds (VOC) sensors continued with the prouunciof laboratory prototypes. A first
prototype of hybrid adsorptiosphotocatalytic air filter aiming at removing pollutants and
odours from aircraft cabin has been resali.

For the adaptive Environmental Control System, the laboratory testing okaimntent and air
sensor system was conducted; the HEPA+VOC anfllte3 prototype, the C@sensor and
control logic were integrated and tested. A report on the system verification and
demonstration of the 1% fuel saving was completed; including simulagisults 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 torowp the prototypes, thus helping in
achieving TRLA4.
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Concerninghe electricalwingice protection system (eWIPS), the activity in 2019 was focused
on successfullyeachingTechnology readiness levERY for deice architecture, as well as on
defining theicewind tunnel test plan and demonstrator specification.

All planned workwas carried outon the primary in-flight ice detection system (PFIDS).
Following theicewingtunnel (IWT) tests in July, ¥Rbr the ice accretionrate (IAR) function
was confirmed in December 2019.

For theairborne interferometricice sensor (AIISTRL 3sto be assessed in January 2020. Risk
mitigation might require an alternative technology for icing conditions detec¢timnich was
assessed for TRB2the end of 2019.

Smallair transport (WP7)

In 2019, progress on alemonstrators forsmall air transportwere achieved. In particular, for
the fly-by-wire system demonstratothe preliminary design reviewf the ar data sensor and
critical design reviewof primary surface actuator and flight control computer have been
completed.

The citical design revievef electrical power distribution system and preliminary design of both
the electrical power generation system aride integrated demonstration rig have been
initiated.

The peliminary design revievior the low power deicing system demonstrator has started.
Concerning the electrification of landing gegmreliminary design reviewof both electro
mechanical brakingral electremechanical retraction actuator have been completed.
Regarding cabin demo for small aircraft, interior panels for a theawmustic solution advanced

in production according to plan, while design documentation for manufacturing of crashworthy
corfigurable seats has been released.

Concerningthe integrated demonstration ofa SESARompatible SAT cockpithe tactical
separation system, advanced weather awareness system, flight reconfiguration system and
compact computing platform reached TRL5; lehihe navigation system made progress
towards TRL4. Further scope extension to include all the above functionalities in one integrated
mission management system has been agreed

Powerelectronics andelectrical drives (WP100.1)

The power electronics work in 2019 has been focusing on the optimisatigpace for power
converter topologies using emerging semiconductor devices and the associated modulation.
Electrical machines and drives have developed and validated a scalalfiertewdluating 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 progressadcordingto plan withaccelerated 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 majohsidkes
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