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Executive Summary

Clean Skyoday epitomises a true Public Private Partnership (PPP). It repressitategic and successful input

to the Europe 2020 objectives: boosting private investments in research and innovation and making the best |
of public research funding in a vital and growing sector. Five years into the Programme, thehatee
improvement potential targeted, such as up to 30% reduction in, ERissions and (depending on the aircraft
segment) 60% reduction in noise footprint, are all within reach. Stakeholder participation is a huge success:
time participation from many SMEs and theuccess rate in the Calls for Proposals is over twice that of any othe
FP7 instrument. Industry is increasingly usiigan Skws the centrepiece of their R&T programmes because of
the flexibility of the instrument; and the JU has proven its efficieas management body.

The aeronautical sector, in particular throug@tean Sky,2will be a critical player in contributing to one of the key
Societal Challeng#’a Y NII = 3INBSYy | vy Rlefiey inHoazbd 2028 Fhe Glebid SKyEPrdgradima
iy Of dZRSR Ay GKS WLyy2@FI{iA2y Ly@SadySyd tI1O011F3SQ
leadership. It will enable cutting edge solutions for further gains in decreasing fuel bu@@add reducingNO¢
and noise emissions. It will coititte strongly to the renewed ACARE SRIA

Clean Sky #vill build on the success dflean Skynd will deliver fuliscale inflight demonstration of novel
architectures and configurations. Advanced technology inserted and demonstrated at full systems level v
enable stepchanges in environmental and economic performance and bring crucial comeeréss benefits to
European industry. Bjpintly pursuing this research on new breakthrough innovations dadhonstratingnew
vehicle configurations in flight, the Programme will provide the proving grounds for concepts that woul
otherwise be beyond thenanageable risk of the private sector. It will give the necessary funding stability to the
private sector to develop and introduce garobkanging innovations within timeframes that are otherwise
unachievable. Compared to the best available aircraft in afi@n in 2014, up to a 30% reduction in fuel burn and
related C@emissions, similar or greater reductions in,Nftnissions and up to a 75% reduction in noise affected
communities will accrue from this focused and programmatic approdttese paceettinggains will enable the
9dzNRB LISFY ! @A GA2Yy {SOG2NJ (2 alrdrafe a20ASGeqa ySS
this, Clean Sky @ill be the key European instrumemd speed up technology development, overcome market
failure and garantee a sustainable advancement of aviati@ean Sky vill significantly contribute to the
Innovation Union, create higbkilled jobs, increase transport efficiency, sustain economic prosperity and drive
environmental improvements in the global aiahsport system.

The proposedClean Sky ZProgramme will be jointly funded by the European Commission and the major
European aeronautics companies, and involves an EU contribution from the Horizon 2020 Programme budge
emMmdy oOoyd® LG gAff 0SS f SOSNI ISR iovabandFpdests KB Eabing doradoali 7
LJdzo £ A O | YR LINA @I ( SClearyS&sgilliron $oy/tie fu@l duration ob Hqyizod 302D actions, i.e.
from 2014 to 2023. A phased approach will be taken to the stprof Clean Sky @rojects and dgn them closely
and adequately witfClean Skpn-going projects (to beompleted in the period 20:2016).1t will be endorsed

and supported by the leading European aeronautic research organisations and academia. Small andsmedium
enterprises and inovative subsector leaders will continue to shape promising new supply chains. In so doing
Clean Sky @ill engage the best talent and resources throughout Europe and over 3,000 highly skilled staff (FT
will be consistently employed over a ten year ipet

! Advisory Council on Aviation Research in Eur8pmtegic Research and Innovation Agenda (2012)
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t ! wg! mf SEHYC2NER2QE ! YR ¢2Y2NNR g

1 Meeting the Challenges set in Horizon 2020

As underlined in the EC Communication of July 2qit8gress towards the Europe 2020 objective of investing 3%
of GDP in R&D has been slow, with particular weaknesses in private investmen@e@heSk?PP has proven
effective: delivering innovations by combining efforts from public and private staketwldrhe European
Aeronauticsi SOG2NJ G2RIF& | 002dzyia F2NJ ySINIeé KFIfF 2F (K
AYLRNIFYOS G2 GKS 9! SO02y2YeT FyR AlG KSfLA Ay YSS
V Safe, reliable and competitive mobilifiyr passengers, goods and public services;

V Minimal impact of aviation on the environment through key innovations;

V Significant contribution to the balance of trade, economic growth and competitiveness;

V Retention and growth of highly skilled jobs, suppditin 9 dzN<Boll&dg@eieconomy

Continued growth in demand for air travel raises new environmental and ®oonomic challenges. Research
and innovation has been and remains core to EU competitiveness and sustainable value creation. -Tdrenlong
publicprivate investment made by the European Union and its Aeronautics Sector has made the industry glob:z
competitive, allowing it to drive the innovation agenda in many areas, including environmental performance. B
the new challenges identified in ACAREASHjhlight the need for more accelerated innovation and for more far
reaching solutions. A continuation of the existi@tpan SkyTI will ensure new concepts are fully validated in
order to accelerate the market adoption of stepange solutions. A cdntied PPP througiClean Sky vill
deliver major gains within the key pillars defined in H2020:

9 Creating resource efficient transport that respects the environme@tean Sky 2nust finish the jobof
achieving the ACARE SRA goals as set for 2020.

1 Ensuring safe and seamless mohilitew concepts will allow the air transport system to meet the mobility
needs of citizens: more efficient use of local airports, faster connections, and reduced congestion.

1 Building industrial leadership in Europ€lean Sky 2will help protect and develop highly skilled jobs within
European aeronautics and its supply chain, including academia, ROs and SMEs; against a backdrc
significantly increased global competition.

By pursuing joint European research on breadsitlyh innovations and demonstrating new vehicle configurations
in flight, Clean Sky vill position industry to invest in the development and introduction of gachanging
innovations in timeframes otherwise unachievable. In doing so, it will signific@flyy G N& 6 dzi S
Innovation Union

2CcoM (2013) 494 Findublieprivate partnerships in Horizon 2020: a powerful tool to deliver on innovation and growth in Europe
http://ec.europa.eu/research/press/2013/pdf/jti/iip_communication.pdf
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2 The Rationale foClean Sky 2

¢KS 1 2NRAT 2y Hnun LISNA2R gAftf 0SS RSOAaAABS FT2N RS
environmental footprint.Clean Sky Besultswill be applicable to 75%f the world fleet needing replacemehip

to 2050, andClean Sky 2echnology will be able to address aviation emissions totalling over 70% of the
worldwide civil air fleet

Mastering the full aeronautics research and innovation chain is a prerequisitesustaining global
competitiveness. In the past 5 yea@ean Skizas become the single most important instrument to address large
research topics of advanced maturity up to the demonstration of integrated complex systems, in parallel with tt
ATM R&Dn SESAR. The sat as JTI has proven itself as the most effective way to ensure all relevant Europes
stakeholders (including academia, research organizations and SMES) cooperate in developing the most promi
technologies towards future industrial apgation. Clean Sky 2an further engage and align all the stakeholders in
the European value chain, trigger research investments from public and private sector players, and permit 1
pooling and aligning of required capacities and capabilities from a&ossgpe. This will deliver the innovation
and growth needed as well as drive further investment well beyond its own technical scope.

Clean Sky @iill be a natural continuation oflean SkyClose alignment in time and in content between the two
will allow enable a seamless transition. Based on the technology readiness level (TRL) demonstrated at the er
Clean Skyseveral technologies will be ready for potential development and deploynigthiers will need to be
matured further within a research environment. Some of the most innovative and promising technologies worke
on in Clean Skyequire a higher level of system integration. This next stdpmonstrating representativéull-
scalevehicle architectures should give the required confidence to market players to invest in bieaugh
innovation. This next step will also allow tkidean Sky Programme to exploit synergies betwe&lean Sky
technologies and those matured outsi@@ean 8y with potential complementary benefits. Innovation fro@lean

Sky 2will drive major advances in the next generation of aircraft by mastering the technologies and the risks,
time to meet the market window to replace the current fleet.

The economicontext

hy @SN 3ISs wmu: 2F | SNBYLFdziAO aSOG2N) NBE@SydzSas NJ
are reinvested in Research and Development (R&D) and support around 20% of aerospace jobs. The ind
accounts for approximately 3% 6f! g2 NJ F2NOS> 3ISYSNIF iSa NEPdzAKC Rank H H
02y (NROdzi 4 LRAAGAGSte G2 G(KS 9! Q& (°NEWRSEuDlintebtstds
aeronautics R&D creates an equivalent additional value in the eugrevery year thereafter.

®Based on the proportion of the short to medium range aircraft in the global that will need to be replaced. Data derivétefrainbus Global
market Forecast 2022030.

*NASA ERA System Readiness Report ASDL, April 27 2011.

> ACARE SRIA for 262060, p. 4.

® ACARE SRIA for 262050, p.7; export figure refers to 2009.
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aSStiAy3 a20AS8SGeQa NBI|dANBYSy(a
Aviation is and will remain a vital enabler of our economy and society. Air traffic is forecast to grow by 4% to !
per year in the next decades leading to -d-fbld increase in traffic by 2050 This poses major environmental,

societal and economic challenges that can only be tackled through an intense and sustained cooperation betw:
public authorities, industry, research organisations, academia and SMEs.

The renewed ACARE SRIA was completed in 2012, with ambitious goals for a sustainable and competitive avi
sector. These include a 75% reductiorCi@ emissions, a 90% reduction in Néhd 65% in perceived noise by
2050 compared to 2000 levels, and duin doorto-door journey for 90% of European travellers. These substantial
emissions reductions and mobility goals require radically new aircraft technology inserted into new aircre
configurations. Building on the substantial gains mad€laan SkyClean Sky Zaims at meeting the overall high
level goals with respect to energy efficiency and environmental performance shown in the following:

CQ and Fuel Burn -20% t0-30% (2025 / 2035)
NQ, -20% to-40% (2025 / 2035)

Population exposed to noise / Noise  Up to-75% (2035)
footprint impact

* Baseline for these figures is best available performance in 2014

These figures represent the additionality of CS2 versus the 2014 Horizon 2020 Start Date and
the full campletion of the original ACARE 2020 goals (with a modest delay)

High Level Objectives for Clean Sky 2

The overall socieconomic and environmental benefits Glean Sky @ill go well beyond the impact @lean Sky.

With increasing demand for air travel the market opportunity is larger and the environmental need is greater the

when the originaClean Skproposal was drafted. The Programme needs to build on the first phase of work but i

also needs to be more amlwiis in order to:

9 Accelerate the progress towards the ACARE SRIA goals fe2@B20

1 Enable a technological leap in the face of emerging competitors;

9 Justify the early replacement of aircraft that have yet to enter service and accelerate the adoptiomw of ne
technology into the global fleet

! European Commission, DG Transport and Moblitly;//ec.europa.eu/transport/air/environment/environment_en.htm29.05.2012.
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The Clean Sky 2 economic and environmental benefit

The Programme aims to accelerate the introduction of new technology in the-2025 timeframe. By 2050,
TE: 2F GKS 62NI RQa FfSSi yeblacediby airéradt Kt icah Sleploy2QEan2SKy 22
technologies. Based on the same methodology as applied in the Clean Sky economic case in 2007 the m:
2LIR NI dzyAGe NBfFGSR (G2 GKS&S LINPANI YYSa Aa natadad Y
Jeoomnnoy YR (KEOSHNR2QARFSRKELIRNRSNI 2F € nnnoyod
the Economic Value Added expected from Clean Sky.

As a result of higher growth forecast, the environmental case for continuingrisgrdfnme into a second phase

is even more compelling with an estimate of @€} saving potential of 4bn tonnes through Clean Sky 2. These
4bn tonnes of theCQ to be saved from 2020 to 2050 will be additive to the approximately 3bn tonnes achievabl
as a consequence @flean Sky.

The importance of publigrivate partnership

Clean Sky ZAft F20dza FyR |fft2¢ GKS O22NRAYylIGA2Y && |
European scaldt will give the necessary stability and stimulus to the aviation sector stakeholders to introduc
gamechanging innovations at a scale andaitimeframe otherwise unachievableClean Sky @ill reduce the

high commercial risk that is associated with research activity in the aeronautics sector and which is beyond
capacity of private industry. As PubRcivate Partnership it will attracttong private investment on the pre
requisite that this is complemented with the same amount of public funding.

The spillover effects of the aeronautical industry

Aeronautical technologies are a proven catalyst for innovation andasfgl into many otler sector. The main
reasons are the severe performance, environmental, weight, safety requirements any aeronautical products m
O2YL} e gAGKI & ¢Stf Fa (GKS ySOSaairde 2F | aaeais
historicallyafter an aeronautical application, with the contribution of large investments, skills and efforts to mee
the severe requirements, a technology is extended to another field allowing it to achieve a competitive advanta
and stay on the technology leadindge. Aeronautics has been the fiuster promoter of many new technologies

or processes which later spread over many other application fields.

ShET2NR 902y2YAO C2NBOI LlhanSkProposab Wt | LISNI b2® MMQT HANT
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3 Building on Clean Sky: the structure of Clean Sky 2

Clean Sky has demonstrated clear benefits in terms of ae@t@lg technology development. Major developments
are being made possible in different systems such as optimized wing designs, new fuselage construction conce
SYySNHeé STFFAOASY(d Sy3IAYyS I NOKAGSOG dzNFB &-Boaryy §siemd. These K
technological advances need to be integrated into complete aircraft to render the next generation of air vehicl
more efficient and reduce emissions and noise. In addition, new vehicle configurations will have to be evalua
with flight demonstrators as they will be essential to fulfil the ambitious objectives of renewed ACARE SRIA.
Evidence is mounting that conventional aircraft configurations are approaching intrinsic performance limits,
the integration of the most recent technajies are showing diminishing returns. Therefore, the need today is
even greater for industry to develop materially different, substantially more environmentally friendly vehicles t
meet market needs, and ensure their efficient integration at the air tpants system level. Clean Sky 2 will
continue to use the Integrated Technology Demonstrators (ITDs) mechanism when appropriate. Its ebjecti
driven agenda to support real market requirements providing the necessary flexibility is well suited to the nee
of the major integrator companies. The new Programme will also focus on reinforcing interactions betwee
demonstrations of improved systems for a better integration into viable full vehicle architectures. The Clean Sk
structure will involve demonstratiand simulations of several systems jointly at the full vehicle level through
Innovative Aircraft Demonstrator Platforms (IADPSs).

A number of key areas will be coordinated across the ITDs and IADPs throamgverse Activitiewhere
additional benefit ca be brought to the Programme through increased coherence, common tools and methods
and shared knowhow in areas of common interest.

As in Clean Sky, a dedicated monitoring functitite Technology Evaluator (TE) will be incorporated in Clean Sky
2.

Innovative Aircraft Demonstrator Platforms (IADPSs)

IADPs will aim to carry out proof of aircraft systems, design and functions on fully representative innovati
aircraft configurations in an integrated environment and close to real operational conditions. To simulate and te
the interaction and impact ahe various systems in the different aircraft types, vehicle demonstration platforms
are proposed covering passenger aircraft, regional aircraft and rotorcraft. The choice of demonstration platfort
is geared to the most promising and appropriate mark@partunities to ensure the best and most rapid
exploitation of the results oClean Sky®@ ¢ KS a Ay G S3INI (i S-Basetl tekelhtdh lproglatnmeickrnt |
provide is not feasible using other instruments typical of the former Framework Programmesdeal.] I Level

2 projects).The IADP approach can uniquely provide:

1 Focused, longerm commitment of project partners;

Ly GAYGSANI G§SRE | LILINRFOK (G2 wase¢ OGAGAGASE FyR A
Stable, longerm funding and budget allocation;

Flexibility to address topics through open Call for Proposals;

Feedback to ITDs on experiences, challenges and barriers to be resolved longer term;

A longterm view to innovation and appropriate solutions for a wide range of issues.

= =4 4 A -9
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Integrated Technolgy Demonstrators (ITDs)

In addition to the complex vehicle configurations, Integratedhnology Demonstrators (ITDs) will
accommodate the main relevant technology streams for all air vehicle applications. They allow the maturing of
verified and validatedechnologies from their basic levels to the integration of entire functional systems. They
have the ability to cover quite a wide range of technology readiness levels. Each of the threes ITDs orientates ¢
set of technology developments that will be broudidm component level maturity up to the demonstration of
overall performance at systems level to support the innovative flight vehicle configurations:

1 Airframe comprising topics affecting the global vehleleel design;

1  Engines for all propulsion andywer plant solutions;

1  Systems comprising on all board systems, equipment and the interaction with the ATS

Transverse Activities

{2YS T OGAGAGASE OFy 06S NBtSOIyd F2NJ OFNAR2dza L! 5t a

IADP or ITD, lare an integral part of the other IADPs and ITDs. A dedicated budget will be reserved inside the

concerned IADPs and ITDs to perform these activities. Leaders will be nominated for each Transverse Activity.

far, two Transverse Activities are agreed @ean Sky 2:

1 ECCGDesign: life cycle optimization of the technologies, components and vehicles;

1 Small Air Transport (SAT): airframe, engines and systems technologies for small aircraft, extracting synel
where feasible with the other segments.

TheTechnology Evaluator (TE)

A Technology and Impact Evaluation infrastructure is an essential element within the Clean Sky PPP and w
continued. Impact Assessments such as at Airport and ATS level currently focused on noise and emissions w
expand®R G KSNB NBtS@Fyd F2N 0KS S@rfdzkriAzy 2F GKS t
include the other impacts, such as the mobility or increased productivity benefits of Clean Sky 2 concepts. Thi
gAff I faz2z LISNF2NYalS@ax2x (AEYaEf 2yi2 ANDANSFA Xyy20!I
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4 Membership and participation in the Clean Sky 2 Programme

Membership of theClean Sky Rivolved in the CS2 Programme will be comprised of:

1 The European Commission representing th@on and ensuring EU public policy;

1 Leaders committed to achieve the full research and demonstrator activity of the Programme
9 CorePartners with a substantial lortgrm commitment towards the Programme

CorePartnerswill be chosen through open and contjiive calls, guaranteeing a transparent selection of the best
membership and strategic participation. In additidPartnerswill be invited to participate in specific topics and
projects in the scope of a wedkefined limited commitment. These Partnerslivide selected as a result of open
Calls for Proposals (CfP).

With 60% of funding open to competitiorGlean Sky 2vill foster wide participation where SMEs, research
organisations and academia interact directly with key industry stakeholders. Up toofhétlis 60% will be
awarded to Core Partners who will join the JU as Members, ensuring the long term Programme stability neede
meet the relevant ACARE Godldean Sky & expected to involve at least 800 participants from the European
aeronautics plgers and also new entrants in this field.

From Clean Sky to Clean Sky 2: the principles of transition

A phased approach will be taken to the stap of Clean Sky projects. In very broad terms, in the first 4 years
Clean Skydeveloped and demonstrated technologies up to TRL4rom there on a selection of the most
promising and mutually additive technologies are now being subsequently taken to TRL6 system le
demonstration, by 2016. In some specific cas&lean SkyTDs wl bring a small number of highotential - but

less mature- technologies up to TRL4 through a focused effort during the A01feriod. These will not be
validated at TRL6 withi@lean Skiput can be good candidates for continuationGtean Sky.2

Clean Sky 2IADPs will use results fro@lean Skyas a start towards integration studies in the 2eA@17
timeframe. Clean Skgr Clean Sky PID level outputs will form key inputs into the configuration and content of
demonstrations.

The activities withirClean Skwill be pursued until completion according to plan. Then the technology integration
may be launched in @lean Sky RADP or, if the maturity at this point is deemed not sufficient for integration, the
technology development will be continued as part of the relevant ITD. An IADP may dtieaim Sky ®vhile
some of the integrated technologies have not yedssed the final validation tests. The architecture and
configuration tradeoff studies can be launched in an IADP as soon as the specifications and interfaces of 1
components and subsystems to be integrated can be frozen. Consequently, the actiittiesGlean SkyTDs

can be completed according to their own work plan at the latest in 2016 while new activities are launched with
Clean Sky PTDs and IADPs according to a staggered schedule starting in 2014, the start of Horizon 2020, at
earliest.
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5 Clean Sky 2 Introduction to the ProgrammeTechnicalContent
5.1 Structure of theClean Sk Programme

TheClean Sky Programme consists of four different elements, as shown in the picture below:

A Three Innovative Aircraft Demonstrator Platforms (IADRs) Large Passenger AircrafitPA) Regional
Aircraft and Fast Rotorcraft, operating demonstrators at vehicle level,

A Three Integrated Technology Demonstrators (IT,DE)oking at Airframe, Engines and Systems, using
demonstrators at system level,

A The Technology Evaluator (TE3ssessing the environmih and societal impact of the technologies
developed in the IADPs and ITDs,

A Two Transverse Activities (E€esign, Small Air Transp@BAT), integrating the knowledge of different ITDs
and IADPs for specific applications.

Fast Large Regional
Vehicle Rotorcraft Passenger Aircraft

IADPs Wﬁ:,s:: d Aircraft
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n
Ischaft
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Figure 5. Structure of tte Clean Sky Programme

The proposed total funding available as per define by @hean Sky 2 Regulation1g55 a € of which 39a €
correspond to thecontribution towards the Joint Undertaking running costs, leading to a funding available for the
CleanSky 2echnical activities of 1,718 € @
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Out of this funding, 1% (1IZae 0 A& AYyGSYyRSR FT2NJ 0KS

In contrast to the Technology Evaluator, the Hmsign and Small Air Transport Transverse Activities are
technicaly and budgetary part of the IADPs and ITDs, as can be seen in Figure 5.1. WhileDiesioactivities
(o @ )aare proportionally disibuted over all IADPs and ITDs, the Small Air Transport funding is split betwee

I ANF NI YS 0o n8axent 3 yoRy J Adyadisd vavbL ¢ 5 6

The agreed funding available is reflected in the table below:

IADP /ITD Funding Available

Large Passengéircraft IADP 521n ace€
Regional Aircraft IADP 104H a €

Fast Rotorcraft IADP 1902a €
Airframe ITD 347m ace
Engines ITD 280y ace
Systems ITD 246p ace

Total IADPs & ITDs MZcC y Py 3

Technology Evaluator

MT ®PH ace€

Total Technical Activities MZTMC ®n 4
JU Running Costs ogpdn ac
Total Clean Sky 2 MZITppdPn 4

2015 Clean Sky 2oint Technical Pgramme (V5 Proprietary Information subject to Confidentiality Agreements
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5.2Key Activities of the ITDs, IADPs and Transverse Activities

5.2.1 Large Passenger Aircraft IADP

The Large Passenger Airci®DP approach builds on the positive experience in Smart Fixed Wing Aircraft (SFW
in Clean SkyThe Airbus A34800 based BLADE laminar wing flight test demonstrator, the Airbus-@@0ased
CROR demo engine flying tdmd and two different Dassaulaleonbased low speed and load control flight tests
under preparation will provide unique contributions towards maturing technologies for application in nex
generations of aircraft.

ForClean Sky,zhe Large Passenger Aircraft goal is Higfk demonsttéon of the best candidates to accomplish
the combined key ACARE goals with respect to the environment, fulfilling future market needs and improving t
competitiveness of future products. The setup of the main programme objectives is to further pushltleeoy
technologies tackled i€lean Skye.g. the integration of CROR propulsion systems, and to add the validation ¢
additional key technologies like hybrid laminarity for the wing, horizontal and vertical tail plane as well as an ¢
new next generatin fuselage cabin and cockyitivigation suite validated at integrated level with large scale
demonstrators in operational conditions.

Thefocusisonlargg OF £ S RSY2yadNr A2y 2F (GSOKy2ft23ASa AyidS:

A PPFTGF2NY ™M a! ROFYOSR 9y 3Aynl providdrthe! eAviiddrheht faliexplor YA A -
validate the integration of the most fuel efficient propulsion concept for next generation short and mediun
range aircraft, the CROR engine. Large scaleodstration will include extensive flight testing with a full size
demo engine mounted to the Airbus A3800 test aircraft, and a full size rear end structural ground
RSY2YAUGUNI G2N» ¢¢2 RSY2yaidNI G§2NE | NB LI laypstiBgRor & 2
substantial aerodynamic drag reduction for next generation long range aircraft. A further demonstration
planned for a comprehensive exploration of the concept of dynamically scalled flight testing. The target is
examine the representiveness of dynamically scaled testing for technology demonstration with highly
unconventional aircraft configuration, that means flight test demonstration that are virtually impossible with
Y2RAFASR adadlyRFNRE GSad FANONF Fao

A tfF0F2NY H o laylyiedy@tion Gakirg Systéx, & & QzOisi tertyeBng to develop, mature,
and demonstrate an entirely new, advanced fuselage structural concept developed in full alignment towar
a next generation cabinargo architecture, including all relevant prirleimircraft systems. To be able to
account for the substantially different requirements of the test programs, the large scale demonstration wi
0S o0FlaSR 2y (GKNBS AYRAGARdAzZ f YIFI22NJ RSY2yaidNI z
fuselage gketching from aft of the center section to the pressure bulkhead will be developed, manufacturec
FyR (83808R 6AGK F20da 2y f2F/Ra FyR FLdA3dS |4
dedicated to integrate and test a next generation largesgenger aircraft cabin and cargo. A number of
smaller test rigs and component demonstrators will also be part oPttegrammein the preparatory phase.
Targeting to accomplish technology readiness level 6, manufacturing and assembly concepts for the n
generation integrated fuselageabinOl NH2 F LILIN2 | OK gAff o06S RS@St 2LJ
FIOU2NEE ¢2NJ] LI O1F3SO
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A t f I G F 2NN Geoeration Aircraft Systems, Cockpit and Aviogitgs a clear focus to develop and
demonstrate a next generatiooockpit and navigation suite. Based on the results of a number of researct
progranmmes which are currently ongoing or to be started shontliatform 3 shall provide the Programme to
integrate and validate all functions and features which are emerging fralividual developments into a
disruptive new concept in a major demonstrator suite. With the core of platform 3 being a highly
representative ground demonstrator of the future cockpit for large passenger aireedéicted features and
functions will be brought to flight test demonstration. The scope of platform 3 will cover the development o
I ySg ySEG 3ASYySNIGAzy O201LAG O02yO0OSLIiTE I NBOGKA
aircraft, specificajl including all navigation and flight guidance features and function required to incorporate
next generation flight and trajectory management capabilities.

5.2.2 Regional Aircraft IADP

Regional aircraft are a key element Gfean Skyhrough a dedicated ITD Green Regional Aircraft (GRA),
providing essential building blocks towards an air transport system that respects the environment, ensures s
and seamless mobility, and builds industrial leadership in Europ€lelan Sky the Regional Aircraft IADP will
bring the integration of technologies to a further level of complexity and maturity than currently pursygdan

Sky The goal is to integrate and validate, at aircraft level, advanced technologies for regional aircratbso as
drastically derisk their integration on future products. The demonstration objectives of the Regional IADP ar
much more complex, comprehensive and challenging than those of the ciZieah SkBERA project, which was
forced to work within budget antime constraintsTaking into account the outcomes of GRA and considering the
high level objectives derived from recent market analysis performed by the Leaders, the strategy is to integr:
and validate, at aircraft level, advanced technologies for mglicaircraft so as to drastically sk their
integration on the following future products:

A Near/mid term (inservice from 20225 on): Regional Aircraft with underwing mounted turboprop engines,
A Long term(enter in service beyond 2035): BreakthrougkgR®nal Aircraft Configurations, e.g. a/c with rear
fuselage mounted turboprop engines

The following demonstration programes for regional aircrafé/c are now foreseen:

A 2 Flying Tesbeds (to minimize the technical and prograra risks) using modified existing regional TP a/c
with underwing mounted engines, for demonstration campaigns of: air vehicle configuration technologie:
wing structure with integrated systems and propulsion integration; flight dynamics, aerodynamic aisd loac
alleviation; advanced flight controls and general systems, and avionics functionalities.

A 5largelntegrated Ground Demonstrators: fidtale wing, fulscale cockpit; fulbcale fuselage and cabin; all
including their associated systems; flight simulaioon bird.In addition a Nacelle ground demonstrator will
be done in the Airframe ITD.

Fultscale demonstrations, with acceptable risk and complexity but still providing the requested integration, al
essential to allow the insertion of breakthrough kewlogies orfuture regional aircrafproducts, near/mid term

and long term as above statetl KS Ay RAQGARdzr f ¢SOKy2f 238 5S@St2LIVSy
several individual roadmaps. These technology waves will be developed through roadefimes to satisfy the
hightlevel requirements of the futureéHighlyEfficient Next Generation Regional Aircraft, the configuration of
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which will be developed at conceptual level in a dedicated work package. To increase synergies and ci

fertilization acoss the different ITDs and IADPs some of the above technological roadmaps will be shared with |

GaiGNBlFYaeg 2F (GKS ! ANFNI YS L ystens ¥ systdms lantie® i8sid&k Sy siednk

and Engine ITD. The DemonstratProgrammewill beRA A RSR Ay (G2 (GSOKy2ft 23AO0! €

demonstrations sulprogranmes:

A FTB1- Innovative Wing and Flight ControlsRegional IADP Integration and flight testing of technologies
suitable to regional aircraft applicatiorfer a newgeneration wing and advanced flight control systems.
Innovative wing related systems and wing structural solutions will also be incorporated where feasibl
Aerodynamic enhancements and LC&A features will be considered to complement FTB2, such as: outbc
wing featuring laminar airfoils for skin friction reduction; high A/R by means of adaptive/innovative winglets.

A FTB2- Flight Demonstration of a high efficient and low noise Wing with Integrated Structural and related
Systems solution, including power pth aspects Regional IADP A new wing will be designed,
manufactured and equipped with new structural solutions strongly integrated with advanced low power an
high efficient systems such as ice protection, fuel, flight control, engine systems, afhglets morphing.

A Fullscale innovative fuselage and passenger cafiRegional IADP)Integration andon-groundtesting of a
full scale innovative fuselage and passenger catiluding all the on board systems and advanced solutions
for increasing pass®er comfort and safety. The fuselage will be a full scale demonstration of technologie
for composite material, structures and manufacturing aimed to weight and cost reduction and to minimiz
the environmental impact through eetesign and energy consuniph optimization all along the lifeycle
(towards a zerampact).

A Flight Simulator(Regional IADP)Starting from theClean SkyGRA Flight Simulator, an advanced Flight

Simulator will be set up and used to demonstrate new cockpit interaction concepigekhss advanced

avionics functionalities.

Iron Bird(Regional IADP¥ A NIidzl £ +FyR t KEaAOlf ALNRY . ANRa¢ gA

Ground DemonstratiorProgramme These will be used to integrate, optimize and validate the systems

modification of the Flying Test Bed and the results of their simulations and ground testing will be essential

achieve the permito-fly.

Ground Demonstration of the wingAirframe ITD)jncluding the airframe and the related systems

Ground Demonstratiorof the Cockpit(Airframe ITD)jncluding the structure and related system

Nacelle ground demonstration (Airframe ITD).

>~

> > >

5.2.3 Fast Rotorcraft IADP

The Fast Rotorcraft IADP consists of two separate demonstrators, the Tiltrotor demonstrator and the Compot
Rdorcraft demonstrator.

The Fast Rotorcraft IADP consists of two concurrent demonstrators, the Tiltrotor demonstrator and tf
Compound Rotorcraft demonstrator along with transversal activities relevant for both fast rotorcraft concepts.

A Tranversal activits:

These activities cover the methodology for technology evaluation of fast rotorcraft demonstrations and the Ec
Design concept implementation, along with the programme management activities for the Fast Rotorcraft IADP
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Concerning the methodology for technology evaluation, the activities will allow defining SMART objectives a
criteria adapted to the fast rotorcraft missions in line with the general TE approadbldan Sky.2n addition,

the tools used in GRE3RC7 Wli be adapted and further developed in order to enable the assessment of
conceptual rotorcraft models corresponding to the new configurations to be demonstrated.

Concerning EecBesign concept implementatioiihe activities will allow coordinating approachand work plans

in the two demonstration projects regarding the greening of rotorcraft production processes and ensurin
complementarity of case studies. The general Life Cycle Assessment approach will be coordinated with
participants of the Ec®esig TA.

A The Tiltrotor demonstratomMextGenCTR

NextGenCTRuvill be dedicated to design, build and fly an innovathext generation civil tiltrotor technology
demonstrator, the configuration of which will go beyond current architectures of this type of aircraft.
NextGenCTRa RSY2yaidNI GAz2y | OGABAGASA oGAff FAY ltadd &
operatioral concepts. Demonstration activities will show significant improvement with resfeaturrent

¢ Af NP GotNeEa® The prbjectSvill also allow to develop substantial R&T activities to increase the- know
how about a new platform like a tiltrotomft yet certified as a civil aircraft), and to generate a research and
innovation volume of activities above a certain critical mass (not available today for Tiltrotors within EU
somewhat comparable to that of well proven conventional helicopter platirm

NextGenCTRill continue and further develop what has been initiatedGtean Skyand launch new activities
specific toClean Sky &nd NextGenCTRroject. In the area ofCQ emissions reductionNextGenCTRuill
continue/develop engine installationnd flight trajectories optimisation (this is now done by analytical models
and with scaled model tests, where@ean Sky will validate it at full scale), while specif@iean Sky Pew
activities on drag reduction dhe prop-rotor and airframe fuselagand wing will be necessary (due &new
generation of proprotor, modified fuselageving architecture). This latte€lean Sky 2pecific topic will also be
related to operation costs reduction to address competitiveness of the architecture and solatiopsed. The

new proprotor will require substantial research (aeazoustics, by modelling/by tests) to reduce noise emissions
(then validated at full scale); ithe current Clean Skynoise reduction is mainly addressed through trajectories
optimisation (that will anyhow continue irClean Sky and will be linked to SESAR concepts where necessary)
Clean Sky #ansversal subjects will cover new material (e.g. thermoplastics, surface treatments, less hydrauli
and more electrical systems) validating theah full scale and in real operational conditions, and sustain the
development othe Technology Evaluator for the casetloé tiltrotor (today not widely considered).

Parameters needs to be defined to sh@ean Sky achieved progress according to a siie tiltrotor roadmap

(a direct comparison with conventional helicopters architecture seems not appropriate as the two configuratior
must be regarded as substantially different tgpef rotary-wing platforms).Today, certified Tiltrotors are not
available in the civil sector (whileonly one product is available in the military); hen@edatabase from which
baseline informationfor the current stateof-the-art can be extractedis y 24 | @F At of S
LISNF 2NXY I yOS LI NI YS (uSeNib ShovdNakiGENCTRE A ILINPANBAEG MRA R K NB 3
taken as baseline (mainly referring to technologies which have been tested or conceptually designed in the per
20052012). Objectives will be defined considering tiltrotor specificitied ia line withthe main pillars of Horizon
2020 towards a Smart, Green and Integrated Transport @hehn Sky 2vhich addresses environmental
compatibility (Greening Objectives), competitiveness (Industrial Leadetahganobility. Considerable attention
tothe LINEP 2S00 Qa AYLIOG 2y 9! 902y2Y@ |yR W20a ONBI G
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steady growth of the sectowith regardto revenues, workforce productivity, high rate of new employment (in
particular of higher educated personnalid R&D expenditure.

A The Compound Rotorcraft demonstrator:

The LifeRCraftproject aims at demonstrating that ¢hcompound rotorcraft configuration implementing and
combining cuttingedge technologies as frothe current Clean SkiProgrammeopens up new mobility roles that
neither conventional helicopters nor fixed wing aircraft can currently cover in a way sustainable for both tf
operators and the industryThe project will ultimately substantiate the possibility tontbine in an advanced
rotorcraft the following capabilitiespayload capacity, agility in vertical flight including capability to land on
unprepared surfaces nearby obstacles and to load/unload rescue personnel and victims while hdeagng,
range high cruise speedlow fuel consumption and gas emission, lcammunity noise impagtand productivity

for operators

A large scale flightworthy demonstrator embodying thew Europearcompound rotorcraft architecture will be

designed, integrated and flight tested. This demonstrator will alleacting the Technology Readiness Level 6 at

whole aircraft leveln 2020. The project is based on:

A identified mobility requirements and environméal protection objectives;

A lessons learnt from earlier experimentation witte low scale exploratory aircra¥,

A technology progress achieved for rotorcraft subsystems on one side through participatiGhesm Sky
projects and other research activities at EU or local level;

The individual technologies from the fir€lean Sk{Programme (Green Rotorcraft ITD, Smart Green Operations

ITD, Ecdesign ITD) that will be further matured and integrated in this LifeR@eafbnstration concerns:

A New rotor blade concepts aimingptor blade concepts aimingt improved lifting efficiency and minimum
noise esp. through3D-optimised shape; the methodology and computational tools required for such
optimization;

A Airframe drageduction through shape modificatits and interference suppression;

Engine intake loss reductioand muffling;

A Innovative electrical systems elgrushless generatord)igh voltage networkefficient energy storageand
conversion electrical actuation desigl for weight ad onboard energy savings;

A EcoDesign approach, with substitution of harmful materials by new ones and green production technique
demonstrated for specific rotorcrattomponents;

A Helicopter flyneighbourly demonstration based on neflight guidance function and specific approach
procedures in both VFR conditions and AB#SABompliant;

C >

ThisLifeCraftproject essentially consists of the following main activities and deliveries:

A Airframe structure and landing systemAdvanced compas or hybrid metallic/composite construction,
featuring low weight and aerodynamic efficiency;

A Lifting rotor and propellers Low drag hub, pylon and nacelles-8fimized blade design;

A Drive train and power plantNew drive train architecture and engiiestallation optimised for the LifeRCraft
configuration;

A On board energy, cabin and mission systemsnplementation of the more electrical rotorcraft concept
minimise power oftakes from the engines and drive system;
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A Flight control, guidance and nagation: Smart flight control exploiting additional control degrees of freedom
inherent to LifeRCraft configuration for best fuel economy and quieter flight;

A LifeCraft Demonstrator overall design, integration and testingll coordination and cross cuttjractivities
relevant to the whole vehicle delivering a frdihge of ground & flight testesultsand final conclusion.

5.2.4 Airframe ITD

Aircraft Aircraft level objectives on greening, industrial leadership and enhanced mobility, and the fulfiiment c
future market requirements and contribution to growth cannot be met without strong progress on the airframe
Within Clean Sk more efficient wing vih natural laminarity, optimised control surfaces and control systems,
will have been demonstrated. Also novel engine integration strategies will have been derived and tested, a
innovative fuselage structures investigated.

Altogether strong progress taavds the 2020 targets will have been obtained whelean Skys completed
(estimated at 75% of the relevant part of the initial ACARE goals, applicable to aircraft with an EIS from 2020/
However further progress is required on the most complex andlehgihg requirement on new vehicle
integration to fully meet the 2020 objective, and to progress towards the 2050 goals. To make this possikt
different directions are proposed:

All of these directions of progress will be enabled throughout the foressatution of 9 major Technology
Streams:

A Innovative Aircraft Architectureto investigate some radical transformations of the aircraft architecture.

The aim of this Technology Stream is to demonstrate the viability of some most promising advanced airci
concepts (identifying the key potential showstoppers & exploring relevant solutions, elaborating candidal
concepts) and assessing their potentiakti

A Advanced Laminarityas a key technological path to further progress on drag reduction, to be applied tc
major drag contributors: nacelle and wing;

This Technology Stream aims to increase the Nacelle and Wing Efficiencies by the mean of Exter
Laminaity technologies.

A High Speed Airframeto focus on the fuselage & wing step changes enabling better aircraft performance:
and quality of the delivered mobility service, with reduced fuel consumption and ho compromise on overe
aircraft capabilities (suchas low speed abilities & versatility).

A Novel Contro] to introduce innovative control systems & strategies to gain in overall aircraft efficiency.

The new challenges that could bring step change gains do not more lay in the optimisation of the flig
control system component performing its duty of controlling the flight, but to open the perspective to the
flight control system as a system contributing to the global architecture optimization. It could contribute t
sizing requirements alleviations, thanksa smart control of the flight dynamics.

A Novel Travel Experiencdo investigate new cabins including layout and passenger oriented equipment an
systems.

The cabin interiors progress is indeed on the path of all societal challenges of thetfansport system:
A As a key enabler of product differentiation,
A As having an immediate & direct physical impact on the traveller,
A As having a great potential in terms of weight saving &@mopliance.
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A Next Generation Optimized Wing Boxgeading to progess on the aerefficiency and the ground testing of
innovative wing structures;

The challenge is to develop & demonstrate nhew wing concepts (including architecture) that will brin
significant performance improvements (in drag & weight) while withstagdiffordability & environmental
stringent constraints withstand.

A Optimized High Lift Configurationgo progress on the aerefficiency of wing, engine mounting & nacelle
integration for aircraft who needs to serve small, local airports thanks to excéideiperformances.

A Advanced Integrated Structuresto optimize the integration of systems in the airframe along with the
validation of important structural advances and develop and to make progress on the production efficient
and manufacturing of struares.

A Advanced Fuselag® introduce innovation in fuselage shapes and structures, including cockpit & cabins.
New concepts of fuselage are to be introduced to support the future aircrafts and rotorcrafts. More glob:s
aero structural optimizations can leaa further improvements on drag & weight in the context of a growing
cost & environmental pressure, including emergencaex competitors

Due to the large scope of technologies undertaken by the Airframe ITD, addressing the full range of aeronaut
portfolio (Large passenger Aircraft, Regional Aircraft, Rotorcraft, Business Jet and Small transport Aircraft) and
diversity of technology paths and application objectives, the above technological developments ar
demonstrations are structured around Bhajor Activity Lines, allowing to better focus the integrated
demonstrations on a consistent core set of user requirements, and, when appropriate, better serve the respecti
IADPs:

A Activity Line 1: Demonstration of airframe technologies focused towaddg Performance & Energy
Efficiency(HPE);

A Activity Line 2: Demonstration of airframe technologies focused towdigh Versatility and Cost Efficiency
(HVE).

5.2.5 Engines ITD

In 2007 the European engine industry leaders committed to build and test five eeggiund demonstrators
covering all the civil market. The goals were to validate to TRL 6 a 15% reduc@a» éompared to 2000
baseline, a 60% reduction INOx and a 6dB noise reduction. This is roughly 75% of the ACARE objective
Following the worst economic downturn in living memory and the consequent changes to market assumptio
I £ S| ySAGE Ba® adjusted its content to ensure these goals remain ackiedgalrt from the consequent
delay to the open rotor programme which means that TRL6 is not possible by 2016, the bulk of SAGE object
remain on track. An open rotor ground demonstrator will run and confirm @@ objective, a lean burn
combustion grond demonstrator will run to confirm thé&l O, objective and a GTF will run to confirm ti&)
improvements and noise advantage of such a configuration. An advancedghdfbengine has already run to
ensure the environmental goals extend across the whokrkat while SAGE 3 has run for the first time to
validate the cost and weight advantages of an advanced dressings configuration. Events have shown that
original plans for the open rotor from both Airbus and the engine manufacturers were too ambitiougquire
further work to confirm both the advantages and credibility of this novel concept.
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For Clean Sky,2Safran, MTU and ReRoyce have secured corporate commitment to build on the success of
SAGE to validate more radical engine architectures tposition where their market acceptability is not
determined by technology readines3he platforms or demonstrators of these engines architectures are
summarised below:

A Open Rotor Flight Test, 2012021 A 2nd version of a Geared Open Rotor demonstratrying onClean
SkySAGE 2 achievements and aimed to validate TRL 6 will be tested on ground and then on the Airbus 7
flying test bed (see IADP LPA Programme). From initial SAGE 2 demonstrator some engine modificat
aimed to various improvements,ontrol system update, and engine/aircraft integration activities will be
necessary.

A Ultra High Propulsive Efficiency (UHPE) demonstrator addressing Short / Medium Range aircraft marke:
2014-2021: Design, development and ground test of a propulsion sysiemonstrator to validate the low
pressure modules and nacelle technology bricks necessary to enable an Ultra habsByatio engine (e.g.
advanced low pressure fan, innovative nacelle modules, gearbox, pitch change mechanism if any, high sg
power turbine). This ground demonstrator will be built around an existing high pressure core.

A Business aviation / Short range regional Turboprop Demonstrator, 2@D49: Design, development and
ground testing of a new turboprop engine demonstrator in the 12000 shp class. Base line core of
ARDIDEN3 will be improved specifically for turboprop application (compressalatep combustion
chamber, power turbine) and then integrated with innovative gear box, new air inlet and innovative
propeller.

A Advanced Geared Emg Configuration (HPC and LPT technology demonstration), Z002Z0: Design,
development and ground testing of a new demonstrator to validate key enablers to redigamissions
and noise as well as engine weight. Key elements are: improvement of efi@eneduction of parasitic
energy flows, innovative lightweight and temperature resistant materials, low pressure turbine and exhau
noises reduction.

A VHBR Large Turbofan demonstrator, 262@19: Design, development, build, ground test and flight test of
an engine to demonstrate key technologies at a scale suitable for large engines. An existing engine
provide the core gas generator used for the demonstrator. Key technologies included in this demonstrat
will be: integrated low pressure system forhigh power veryhigh bypass ratio engine (fan, compressor,
gearbox, LP turbine, VAN), Engine core optimisation and integration, and optimised control systems.

A Very High Bypass Ratio (VHBR) Middle of Market Turbofan technology, -2018: Development and
demonstration of technologies in each area to deliver validated powerplant systems matured fo
implementation in full engine systems. Research and demonstration will require the following: behaviour
fans at low speeds and fan pressuegios and structural technology, aerodynamic and structural design of
low pressure turbines for high speed operation, Systems Integration of novel accessory and pow
gearboxes, optimised power plant integration, Compressor efficiency, and control &ieddgiower system
technology developments

A The Small AerdEngine Demonstratiomprojects related to SAT [Small air Transport] will focus on smalk-fixed
wing aircraft in the general aviation domain, and their poystant solutions spanning from piston/diesel
engines to small turboprop enginesAs the demonstration project on business aviation and shamge
regional turboprop aircraft (see above) will demonstrate the reliability and efficiency gains in small turbin
engines, this area in the Engines ITD fewdus on light weight and fuel efficient diesel engines (including the
potential exploitation of the 300 kW helicopter engine launched through a CfP under the c@iesant Sky)
and potential hybrid engine architectures (piston/electric engine). In aadifwithin the overall SAT project
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scope), the development and use of lewise, highly efficient propellers (aimed at hybrid engine, small
turbines, diesel engines) will be undertaken.

5.2.6 Systems ITD

While systems and equipment account for a small parthef aircraft weight and environmental footprint, they
play a central role in aircraft operation, flight optimisation, and air transport safety at different levels:

A

Direct contributions to environmental objectives: optimised green trajectories, electtébding, more
electrical aircraft approach, and have a direct impact@® emissions, fuel consumption, perceived noise,
air quality, weight gain.

Enablers for other innovations: for example, bleedless power generation, actuators, are necessaryrsteps
the implementation of innovative engines or new aircraft configurations.

Enablers for air transport system optimisation: many of the major improvements identified in SESA
NextGen andClean Skyor greening, improved mobility or ATS efficiency can dmyreached through the
development and the integration of epoard systems such as data link, advanced weather systems,
trajectory negotiation, and flight management predictive capabilities.

Smart answers to market demands: systems and equipment havetease their intrinsic performance to
meet new aircraft needs without a corresponding increase in weight and volume: kW/kg, flux/dm3 are ke
indicators of systems innovation.

In Clean Skythe Systems fo&reen Operations ITD has developed solutionsniore efficient aircraft operation.
Further maturation and demonstration as well as new developments are needed to accommodate the needs
the next generations of aircraft. In addition, the systemic improvements initiated by SESAR and NextGen will
for new functions and capabilities for environmental or performance objectives, but also for flight optimisation i
all conditions, flight safety, crew awareness and efficiency, better maintenance, reduced cost of operations a
higher efficiency. Finally,dmework improvements will be needed to allow for more efficient, faster and easier
to-certify development and implementation of features and functions.

The Systems ITD @lean Sky ®@ill address these challenges through the following actions:

A

A

Work on sgcific topics and technologies to design and develop individual equipment and systems ar
demonstrate them in local test benches and integrated demonstrators (up t6)-Rlhe main technological
domains to be addressed are cockpit environment and missiamagement, computing platform and
networks, innovative wing systems (WIPS, sensors, and actuators), landing gears and electrical syste
Other contributive activities are foreseen and will be carried on by core partners, research centers, etc. T
outcome of these developments will be demonstrated systems ready to be customized and integrated |
larger settings. An important part of this work will be to identify potential synergies between future aircrafi
at an early stage to reduce duplication.

Customisabn, integration and maturation of these individual systems and equipment in [ADP:
demonstrators. This will enable full integrated demonstrations in IADPs and assessment of benefits
representative conditions.

Transverse actions will also be definedniature processes and technologies with potential impact on all
systems, either during development or operational use. Examples of these transverse actions can
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development framework and tools, simulation, incremental certification, integrated maintenaece
design etc.

5.2.7 Technology Evaluator

A Technology and Impact Evaluation project organization and infrastructure was and remains an essen
element within the Clean SkyPPP, and will be continued. Impact assessments evaluating the performanc
potential of the Clean Sky fechnologies both at vehicle level and at relevant aggregate levels such as at Airpo
and ATSevel and currently focused on noise and emissjonsl be retained. Where appropriate and agreed
jointly within the JU Membership they miabe expanded to include other relevant environmentalsocietal
impacts such asnobility benefits or increased productivity

The analysis of single or logically groupeaetechnologies on system / vehidievelwill be embedded within the
IADPsandtl5a > ¢gAGK GKS ¢9 dGF1Ay3 +ty AyiS3aINFXiIADS IC¥adr W
Sky Zoutput on the Aviation Sector and simulating Air Transport System Impacts.

Therefore, he core aircraft performance characteristics (at @Ol t f SR WYAaaizy f S@St
IADR, with clear assigned responsibilities, resource and project tasks embedded in each IADP. Reporting
mission level aircraft capability will reside under the responsibility of the leading compéeylADPs will provide
verification and validation of the performance modelling, so as to certify validity of performance predictions
Impact Assessment will be the responsibility of the TE / Impact Evaluatorififidows on aggregate impacts.

For thoseClean Sky ZTDstechnologies not feeding into an IADP aircraft modbe TE wilbuild up its own
Mission Level assessment capabjldéiso to assess innovative long term aircraft configuratidhsis,an aircraft
level synthesis ofheseNB & dzf briceptdakcrafsQ¥ Possible andhe respectivel TD results can be shown at
aircraft level and evaluated within the Airport and Air Transport System alontj@dADP results.

Finally, he progress of each demonstration platform (ITDs and IADPs) witidmitored againstthe defined
environmental and socieconomic benefits and targetsa an efficient and effective interfacing between the TE
and the ITDs and IADH=or this,dedicated work packagea the THWP2 as well as in the ITDs and IADPs are
intended.

In summary, the Technology Evaluator consists of three major tasks:

A Progress Monitoring oflean Sky achievements vs. defined environmental and societal objectives

A Bvaluation at Mission Level by integrating particular ITD outputs intconEept aircraft / rotorcraft models

A ImpactAssessments at Airport and ATS Laeagihg IADPs and T&sncept aircraft / rotorcraft models.

Major European Research Institutes and other qualified academic and research participants will be selected c

WaS FGKESGS FLIINZFOKQ F2NJ GKS ¢9 FyR gAff SyadaNB
the CSJU Governing Board. The JU Executive Director will continue to be thea@ludithe TE governing body
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5.2.8 EcaeDesign Transverse Activity

Correction:EceDesign will aim for a roadmap of excellence, to provide high (European) individuality in qualit
and ececompliance in the aeronautics vehiclein their whole product life. EeDesign is reshaped from the
former two domain concepst¢d ! A NJF NI Y S ¢ ¢ inpfdintedfdcadisuliastivity areas that are more open
and entrepreneurial:

Theseareasare as follows

A The EceDesign Analysi&@DAS) activity for next concept (full) REcgocommensurateEceDesigriLife.

All pillars oflife valueNH©)1]F NB +F RRNB&aSR: o0Seé2yR (G(KS 0O2yo@Syid
stimulate better REJse options and new, best knelwow service options, embracing all the supply chain and
OEM actorsEDASs a knowledgeX responsibility empowerment, ddressing more widened stakeholder
suitability. It shall open up a new supplier/SME interaction basis, and will serve better to gragmdumd
pollution® issues and catalyse more clean and efficient processes for improved economic and seizigtal r
Eco-Design principles should be owned by all new programmes and contributors to them. The analysis st
program EceDesign as enthusiasm value partner for user benefit analyses of the IADP/ITD (acceptance
repeatability, ergonomics and flair, competiiedge value, ecological and economic asset improvement).

A The Vehicle EcologicBtonomic Synergy (VEES) activity, that is driven from MatéRi@sessesResources
(MPR) innovations, secondly from the assimilation of cooperative modules from the ITD/IADP demonstratc
GAGK 'y ITRFLIGAGS 902 1 @0NAR tf I GF2N)Y-pldsPdesigo drived K ;
and an open platform on the Vel of complete vehicles. This is networked with clustered REcycle for REus
ground facility realisations. LCA+ is used as a recesvidgmethodology from the developing Design for
Environment (DfE) visiolhe EcoDesignwork units inside the suhctivities provide a practical footing,
always relating to thd&eceDesignLife and REcyctbeme referencetracked by the transversal coordination.
EcoDesigrensures a collective vision of these themesbmrard the various ITD/IADP technology streams.

G902 Al RD&dzNBaéx a 2yS S E-foofilit Srpact @8 ;& Nhicle (frEnS systemd v
performance and indirect energy, water etc. consumption. Closeparation for these outputs from the major
physical benches (electrical, consumer heat emitgetc.) will be incorporated. ITD/IADP advanced optimisation
methodologies, special physical frame architecture concepts such as next Thermal Frame Benches, F
Management Benches etc. will help namterface trade-offs researchthat fortifies the straighto-the-point
ecolonomics in energy, water/air footprints results.

Ly GKS ¢2N) EGHTednkEtof earyudiversad i&sues (e.g. on corrosion, surface treatments, fire
contamination etc.) will be implemented. EEmesign will upkeep a sophisticated MPRtabase suitable for
aeronautics from the initiaClean Skgchievement, offer technical workshops for exchange on LCA, the discours
on DfE, REACH, RoHS, evolving European Standards impacts (indirect water consetmjption concerns such

as primary energy demand in production with cost krook

® Includes also Engine and Systems, and regardless of aircraft, rotdranaé definition.
Y Global Warming Potential of substances equatedC@-impact, negative potentials on health and bio diversity, depletion of resources,
primary energy demand.
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% deeper Ec@esign Statements (ES) concept will ensure the best develgoeiesignrecommendation
guidelines from these collaborative salotivity areakNH(C)Z]. Stakeholdr balanced consultation and user benefit
analyses in the soalled ecolonomic harmonisatioprocess will be exercised on different miegoonomic tiers
with industrialization scoping to produce well backed seewonomic derivative data; this includes quality labour
growth impacts or remedial volumes to tackle and suppress any ground poll@isitigities. The closure on its
YFEGSNREFE FE2¢ | yR f 23Aal rofedaibn RithZAIE e ITDAADH tApdeSef agdrdgNE
delivery.

EcaDesign delivery focuses on quality, emmmpliance and processes whereas the ITD/IADP ar fining the
TREmaturity in the technology streams with component application identity. Together, this will raise the
technology strengths in th€lean Sk Programme.

EcoeDesign will deliver succeby:

A demonstrating Ecdesign interaction throughhe ITD/IADRthrough shared components contributing to
process optimality and eecompliance up to a/c levgl

A Dbringing all the ITD/ IADPs really on board, for instance for the Eco Statements (ES) having consistent
validated process improvements fdrd technology takeup into big impact technology pathways,

A generating master scientific approaches to match-goality and-compliance to high technology readiness
promoted through the ITD/IADP,

A creatinguser enthusiasm value fedshck troughEcoeDesigrprinciples

A firmly reducing dowrcycling, nefuture technology dowrselection and withdrawal menaces.

A MPR database enhancing EU competitiveness dimension.

Key EcéDesign & REcycle themes:

Identification and Life Information Strategfmo(t a copy of SHMH(C)s]), MPR, manufacture & production,
services to component and system (MRO, Finances/IT ftwow limited life and extended life integration,
inside-outside gate synergy processes), Integration/fiaksemblydisassembRhseparation, REJse, End of Life,
Alternative Sectoral Applications, Use Phase (TE-femtdt, vehicle utilization closure; egalues).

5.2.9 Small Air Transport (SAT) Transverse Activity

The SAT Initiative proposed @lean Sky 2epresents the R& interests of European manufacturers of small
aircraft used for passenger transport (up to 19 passengers) and for cargo transport, belonging to EASA’s C
regulatory base. This includes more than 40 industrial companies (many of which SMEs) accompdoizehs

of research centres and universities. The New Member States industries feature strongly in this market sec
The community covers the full supply chain, i.e. aircraft integrators, engine and systems manufacturers &
research organizations.

The approachbuilds on accomplished or running FP6/FP7 projects. Key areas of societal benefit that will |
addressed are:

A Multimodality and passenger choice

A ore safe and more efficient small aircraft operation

A Lower environmental impact (noise, fuel, egg)
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A Reuvitalization of the European small aircraft industry

To date, most key technologies for the future small aircraft have reached an intermediate level of maturity (TRI
4). They need further research and experimental demonstration to reach a myateviel of TRL5 or TRL6. The
aircraft and systems manufacturers involved in SAT propose to develop, validate and integrate key technolog
on dedicated ground demonstrators and flying aircraft demonstrators at an ITD level up to TRL6. The activity
be performed within theClean Sky 2TDs forAirframe, Engines and Systems; with strongoedinating and
transversally integrating leadership from within a major WP in Airframe ITD.
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5.3 Summary of Major Demonstrators and TechnoloDgvelopments

The table below shows a summary of the major demonstrators and technology developments plagieanisky.2lhe supporting research activities not
directly embedded into a demonstrator, as well as the management costs, are listed separ&elfunding required for the running costs of the Joint
Undertaking as well as for the Technology Evaluator are taken into account in the appropriation of th€ldataSky EC funding through a dedicated
budget calculated in accordance with the posed CS2 States, as described inh@pter 5.1. For the EeDesign and Small Air Transport Transverse
Activities the funding is embedded within the IADPs and ITDs funding amounts.

IADP / ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete ROM EC
Chapter by funding
OAY a
Large Passenger Aircraft Advanced Engine CROR demo engine flight test den| CROR performance noise, vibration 6.5.2 2020 93
Design & Integration — - - . -
for Large Passenger Advanced enginategration driven | CROR structure and system integration 6.5.3 2020 39
Aircraft fuselage ground demonstrator Full CFRP fuselage
Validation of dynamically scaled | Potential unique enabler for demo of |6.5.4 2020 5
integrated flight testing advanced a/c configuration at fidircraft
level
Advanced Laminar Floy HLFC largecale specimen Aerodynamic drag reduction through | 6.5.5 2020 29
Rig Reduction for Largg demonstrator in flight operation laminar flow for L/R aircraft at high
Passenger Aircraft transonic speed
High speed demonstrator with Aerodynamic drag reduction through |6.5.5 2020 40
hybrid laminar flow control wing | laminar flow for L/R, high transonic spe|
Innovative Aircraft Applied Technologies for Enhance| Development of enabling technologies | 6.5.6 2020 18
Confirguration and AircraftPerformance for enhanced A/C performance
Operation Demonstration of advanced shert | Demo of a target a/c configuration with| 6.5.7 2020 47
medium range aircraft configuratio| combinations of disruptive technologies
Innovative Cabin & Fullscale advanced fully integrateq Cabin functionalities, advanced networl 6.6.2 2020 70
Cargo Systems and fuselage cabin & cargo for energy and data transfer
Fuselage Structure demonstrator
Integration for Large | Next generation lower centre Advanced fuselage structure fully 6.6.3 2020 37
Passenger Aircraft fuselage structural demonstrator | integrated the next generation wing and
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IADP / ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete ROM EC

Chapter | by funding
OAY a

main landing gear concept

Next generation large module Advanceduselage architecture fully 6.6.3 2020 34
fuselage structural demonstrator | integrated next generation cabin & carg
concepts and systems

Next Generation LPA03-1 Enhanced Flight Development of functions and solutions 6.7.3 2020 17
Aircraft Systems, Operations and Functions enabling easier control of the aircraft, ©
Cockpit and Avionics board systems, and improved man
machine efficiency
LPAO3-2 Innovative enabling Development of innovative technologiey 6.7.4 2020 13
technologies in radio communication, ground suppor

to the crew and iravionic components

LPAO03-3 Next generation cockpit | Cockpit related technologies 6.7.5 2022 18
functions flight demonstration demonstrated in flight environment
LPAQ03-4 Enhanced Cockpit Demonstration of integration afiovel 6.7.6 2020 14
demonstration functions/equipment in overall cockpit

environment
LPAQ3-5 Disruptive Cockpit Demonstration of new cockpit concept:| 6.7.7 2023 34
demonstration - new crew resource paradigm

- integrated cockpit design

- functional organisation and architectur
- technology enablers (functions,
equipments)

LPA03-6 Maintenance service Demonstration of the technical and 6.7.8 2019 12
operations enhancement economic maturity and performance o
demonstrator a value and service oriented architectur
and its enablers:
Large Passenger Aircraft Total: 518
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Demonstrator / Technologystream

Technologies

Reference Complete

Chapter

by

Regional Aircraft Highly Efficient Low Air Vehicle Technologieg Flying| Low noise and high efficient HLD, N 7.5.3 ()| 2021 22
Noise Wing Design fg Test Bed#1 (FTB1) Active LC&A, Innovative wing structy 7.5.2  (I)
Regional Aircraft and systems 7.5.2 (N
7.5.2 (IV)
Regional Aircraft Innovative  Passenge Full scale innovative Fuselage & I R @ High@&gRness materials | 7.5.2 (lll)} 2021 31
Cabin Design 4 passenger Cabin Il A3KEf& Ay dSaNI Gd4753()
Manufacturing for {la F2NJ RFYI3S F
Regional Aircraft condition based maintenance
I RO y-d0$§ Randfaztaring
| AIKE& | dzi2Yl GSH
| dzYl'y OSy i SNBR (
lff StSOGNROKAYL
Regional Aircraft Advanced for Regiong WTT for Configuration of Nejlnnovative configuration, advancq 7.5.1 2020 6
Aircraft: Generation HEfficient Regional A/( powerplant integration, efficient
1. Power Plant technologies insertion at A/C level
2. Flight  Simulator Flight Simulator New cockpit interaction concept|7.5.3 (lIl) 2020 6
3. Iron Bird advanced  avionics  functionaliti{ 7.5.2 (Il)
(including pilot workload reduction)
MTM (green functions in a glob
environment)
Iron Bird Innovative systems integration, Ne 7.5.3 (IV) 2020 12
generation flight control systems (HN7.5.2 (llI
and pilot in the loop) 7.5.2 (IV)
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IADP / ITD Technology Areas Demonstrator / Technologystream Technologies Reference Complete ROM EC
Chapter by funding
OAY a
Regional Aircraft Innovative Future| High Lift Advanced Turbopropg I OGA®BS 2 Ay13 753 (V)2017 -|23
Turboprop Flying Test Bed#2 (FTB2) ' RFLIGABS | SNPRey752 2020
Technologies fol Morphing Winglets
Regional Aircraft 2 xy3 NBfIFIGSR {@&3
l R YyOSR / Cwt 2 A
hLIWiAYAT SR t 26SN
RegionalAircraft Linked to all the above Regior Other research activities and 7.4.2 2022 5
Aircraft Demonstrators management: 754

-IADP Management (WP 0)
¢ SOKy2ft23ASa 5S¢
Demonstrations Results Assessment
(WP4), including interfaces with TE ang
EcoDesigniransverse activity
Regional Aircraft Total: 104
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Technology Areas
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Demonstrator / Technology Strean

Technologies

Reference Complete ROM EC
by funding

Chapter

OAY a

Fast Rotorcraft: Technology Evaluatiol Transverse activities relevant to bot| 8.5.1 12
Joint/Transverseactivities |& Eco  Transverss FRC demonstrators and manageme
Technologies (WPO0)
Fast Rotorcraft: Tiltrotor |Advanced Tilt Roto|D1: Mockup of major airframe|w { @& 0GSY RSaAdy 8.4 D1: 201623
Structural &| sections and rotofw { G4 NHzOG dzNY € F y R H(WPL1l) |D2:
Aerocoustic Design D2: Tiedown helicopter (TDH analysis software 2018/201
D3: NextGenCTR figw ! RAFYOSR St SOGNH 9
demonstrator (ground & flight) w ! SNEReyl YAO&a«k!l SN D3:
and analysis 2019/202
w tNRG2G@LIAYT GSOK 0
D4: Proprotor components anjw { @&30SY RS&AAIYy I y84 2018/201 |11
assembly w { GNHzOGdzNY € FyR FR(WPL2) |9
analysis software
w ! SNRR&y Il YA OmoddiliggN
and analysis
w 2AYR GdzyySt (Saf
Fast Rotorcraft: Tiltrotor |Advanced Tilt Roto[5 ¢ Y bSEGDSY/ ¢\ Il SNPReyIl YAO& Y2H84 2018/20 |0 H H
Aerodynamics and assembly { G NHzO (i dzndalysis2dstihg £ (WP1.4) |19 funding is
Flight Physics Design ' RO YyOSR 02YLIR aA96.4 part  of
/| 2YLX SE &aé&aidSy H(Airframe Airframe
analysis ITD q ITD)
5 Sta dod yriteria WPB4.2)
5-% avdightyCriteria
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IADP /ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete
Chapter by
57TY bSEGDSY/ ¢wQi l SNPReYIlI YAO& Y2H84 2018/201 |12
{ G NHzOG dzZNB Y2 RSt f{(WP1.4) |9
| ROFYyOSR 02YLRaA
/] 2YLX SE aeadsSy A
analysis
5 Sta dod yriteria
5-8® avdightytriteria
D8:  Enginairframe  physica Il SNPReYIlI YAO& Y2H84 2018/201 |9
integration |l ROFyOSR aeadSy |(WPL5) |9
D9: Fuel system components and integration
¢SadAay3a GSOKYyAId
Fast RotorcraftTiltrotor |Advanced Tilt Rotof5pY bSEGDSY/ ¢ w( Il RO YyOSR YI (SNXRIH8.4 2018/201 | 10
Energy  Managemen components and assembly environmental impact (WP1.3) |9
System Architectures 5 Sta dod yriteria
5 Sta wemylt criteria
{I TS 2 LISHAdmerdeyicy T
D10: intelligent electrical powe | ¢spadd brushless generators 8.4 2018/201 | 22
system and anciliary/ auxilia {2t AR adl GSLR éSNWPLGE) |9
components switching units
D11: Flight control & actuatio !l RO yOSR SySNBHe@
systems and components architectures
{YFNG | Oldzr GAzZYyYy
l RO yOSR aSyazNz
Fast Rotorcraft: Tiltrotor | Technology Evaluatiol Other research activities an 8.4 2024 3
& Eco Transversg management (including support to T|(WP1.0
Technologies Impact Evaluator): +WP1.7)
Fast Rotorcraft: Tiltrotor Total: 89
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Technology Areas

Clean Sky 2oint Technology Initiative in Aeronautics

Demonstrator / Technology Strean

Technologies

Reference Complete ROM EC

Chapter

by

funding

Fast Rotorcraft: Compoun(
R/C

Innovative Compound
Rotorcraft Airframe
Design

Airframe structure & landing syste

NB: Wing and tailaddressed ir
Airframe ITD dedicated WPs (1
1.11)

Advanced composite or hybr
metallic/composite structure using late
design and production techniques e
topological  optimization, fibre/tape
placement, out of autoclave curin
targeting very low wight and
accommodating required cabin volun
with low drag shape and wide acce
door for versatile usage (pax, SAR, EN

Specific landing system architecture
kinematics suited for compound R
configuration, using composite materig
for weight reducion, electrically
actuated. Environmenrfriendly materials
and production techniques

8.7.11
8.7.12

2020

OAY a
17

Fast Rotorcraft: Compoun(
R/C

Innovative Compound
Rotorcraft Power Plan|
Design

Lifting Rotor & Propellers

Integrated design of hub cap, blad
sleeves, pylon fairings, optimized for dr
reduction; Rotor blade design f
combined hovehigh speed fligh
envelope and variable RPM; Propel
design optimized for best dual functig
trade-off (yaw control, propulsion

All  optimized for best missig
performance and noise reduction wi
provision for icing protection capabilit
based on extensive use of statéart
CFD and coupled CHKIBD tools

8.7.13
8.7.14

2020
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IADP / ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete ROM EC

Chapter by funding
OAY a
Drive train & Power Plant Engine installation optimized for pow( 8.7.15 2020 22
loss reduction, low weight, low8.7.16
aerodynamic drag, all weather operatio
New mechanical architecture for hig
speed shafts

Main Gear Box input gears, lateral shaj
Propeller Gear boxes, optimized for hi
torque capability, long life, low weigh
REACItompiant materials and surfac

treatments.
Fast Rotorcraft: Compoun( Innovative Compound On board energy, cabin & missi{ Implementation of innovative electric§ 8.7.17 2020 10
R/C Rotorcraft Avionics| systems generation & conversion, high volta¢ 8.7.20
Utilities & Flight network, optimized for efficiency & lo
Control Systems weight; advanced cabin insulation & E
for acoustic and thermal comfort.
Flight  Control,  Guidance Smart flight control exploitingdditional| 8.7.18 2020 13
Navigation Systems control degrees of freedom for be{8.7.19

vehicle aerodynamic efficiency and {8.7.21
noise impact reduction.

Fast Rotorcraft: Compoun( LifeRCraft Fligh| LifeRCraft Flight Demonstrator Integration of all technologies on ¢8.7.10 2020 21
R/C Demonstrator unique large scale flight demonstratq 8.7.22
success & compliance with objectiv
validated through extensive range
ground & flight tests

Fast Rotorcraft: Compoun Total: 89
R/C
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IADP /ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete | ROM EC
Chapter by funding
OAY a
Airframe High Performance an(Innovative Aircraft Architecture Noise shielding, noise reduction, Ovel 9.6.1 TRL 6|38
Energy Efficiency Aircraft Design (OAD) optimisation, 2020

efficient air inlet, CROR integration, n¢
certification process, advanced modelir

Advanced Laminarity Laminar nacelle, flow control for engif 9.6.2 TRL 6|43
pylons, NLF, advanced CFD, aerodynd 2017 for
flow control, manufacturing an further
assembly technologies, accurg IADP
transition modelling, optimum shap testing
design, HLF

High Speed Airframe Composites (D&M), steering, wing |9.6.3 TRL 4/5|59
fuselage  integration, Gust Loz 2020

Alleviation, flutter control, innovativq
shape and structure for fuselage a
cockpit, eceefficient materials ang

processes

Novel Control Gust Load Alleviation, flutter contrd 9.6.4 TRL 5/6:|12
morphing, smart mechanism, mechani 2019
structure, actuation, control algorithm

Novel Travel Experience Ergonomics, cabin noise reduction, se 9.6.5 TRL 6|11
& crash  protection, ecdriendly 2020

materials, human centered design, lig
weight furniture, smart galley

Airframe High Versatility and Next Generation Optimized Wi Composite (D&M), out of autoclay9.7.1 TRL 5/31
Cost Efficiency Box process, modern thermoplastics, wi 2018 for
aeroshape optimisation, morphing further
advanced coatings, flow and load contn IADP
low cost and high rate production testing
TRL 6
2020
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IADP /ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete | ROM EC
Chapter by funding
OAY a
Optimized High Lift Configurations| Tprop integration on high wing9.7.2 TRL 523
optimised nacelle shape, high integrati 2018 for
of Tprop nacelle (composite/metalliq further
high lift wing devices, active log IADP
protection testing
Advanced Integrated Structures | Highly integrated cockpit structur 9.7.3 TRL 5/51
(composite  metallic, multifunctiong 2018 for
materials), all electrical wing, electrig further
anti-ice for nacelle, integration ¢ IADP
systems in nacelle, materials a testing
manufacturing processaffordable smal TRL 6
aircraft manufacturing, small a/c syster 2020
integration
Advanced Fuselage Rotorless tail for fast ric (CF9.7.4 TRL 5|68
optimisation, flow control, structurg 2018 for
design), pressurised fuselage fast r/c, further
more affordable composite fuselag IADP
affordable and low weight cabin testing
Airframe Management and Business jet, LPA, SAT, Rotordn/a 9.5 2020 10
interfacing and Regional a/lc OAD a
configuration
Airframe Total: 347
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Technology Areas
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Demonstrator / Technology Strean Technologies

Reference Complete | ROM EC

Chapter

by

funding

Engines Innovative Open Roto| Open Rotor Flight Test Ground test and flight test of a Gear{10.5.1 TRL ¢ Included
Engine Configurations Open Rotor demonstratof 10.6.1 (2019) in LPA
- Studies and design of engine a/10.7.1 IADP
control system update and modificatiol figures
for final flight test
- Manufacturing, procurement an
engine assembly for ground test check
before flight
Follaving on flight test planned in LH
IADP and test results analysis
Engines Innovative High Bypas| UHPEIemonstrator Design, development and ground tests| 10.5.2 TRL 877
Ratio Engine a propulsion system demonstrator for § 10.6.2 (2022)
Configurations | : UHP Ultra High Bypass Ratio enging10.7.2
Concept for validation of the low pressure modulg
Short/Medium  Range and nacelle technology
aircraft (Safran)
Engines Business Business  aviation/short  rang Design, development and ground testi| 10.53 TRL5/6 |22
Aviation/Short  Range regional Turboprop Demonstrator | of a new turboprop engine demonstratq 10.6.3 (2019)
Regional Turboproy for business aviation and short ran{10.7.3
Demonstrator regional application
Engines Advanced Geare( Advanced Geared Engil Design, development and ground testi| 10.5.4 Engine 44
Engine Configuration |Configuration (HPC and Ljof an advanced geared engil10.6.4 Demo
technology demonstration) demonstrator: 10.7.4 2020

improvement of the thermodynamic

cycle efficiency and noise reduction
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Technology Areas
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Demonstrator / Technology Strean

Technologies

Reference Complete | ROM EC

Chapter

by

funding

Engines Innovative High Bypas| VHBR Middle of Market Turbofg behaviour of fans at low speeds and  10.5.5 TRL 4/546
Ratio Enging Technology pressure ratios (e.g. fan stall marg| 10.6.5 2018
Configurations 1I: VHBI variable cold nozzle geometries) al10.7.5
Middle of  Market structural technology
Turbofan  Technolog) FSNREReéylIYAO YR
(RollsRoyce) low pressure turbines for high speg
operation
{eadsSya Ly &ceebsbry
and power gearboxes, including
system and bearing technologie
2LIAYAESR LROSNI
of engine and nacelle structure
externals and dressings, Noise, Logisti
Build challengeg
O2 YLINB & &a2NJ
O 2 y i NRtrical powerS $ySed
technology developments
Engines Innovative High Bypas| VHBR engine demonstrator for tf AYGS3INIGSR t2¢ |1056 Engine |69
Ratio Enging large engine market high power veryhigh bypass ratio engin 10.6.6 Demo
Configurations 11 (fan, compressor, gearbox, LP turbif 10.7.6 2017
VHBR enging VAN) 2019
demonstrator for the Sy3aays 02 NB
large engine integration
market (RollsRoyce) 2LIGAYAASR 02
ground and flight test of Large VH
engine
Engines Small Aircraft Engin¢ Small Aircraft Engine Demonstratq NBfAFotS IyR Y2101124.2 18
Demonstrator small turbine engine
f AIKG 8 lefident diese
engines
Engines [Not for evaluation] Other research activities an 14
management: Budget for activitig

performed by airframer (Airbus) and f
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Technology Areas
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Demonstrator / Technology Strean Technologies

Reference Complete | ROM EC

Chapter

by

EceDesign Transverse Activity

funding

Engines

Total:

290

IADP /ITD

Technology Areas

Demonstrator / Technology Strean Technologies

Reference Complete ROM EC

Chapter

by

funding

Systems Integrated Cockpit Extended Cockpit Demonstrations|-  Flight Management evolutions : 11.6.1 -TRL 5/6 |60
Environment for New green technologies, SESAR, NextQ in 2015
Functions & Operationg interactive FM
- Advanced functions : 11.6.2
communications, surveillance,
systems management, mission
management
- Cockpit Display Systems: new 11.6.7 () |- TRL 5/6
cockpit, HMI, EVO, etc. in 2018+
- IMA platform and networks
Systems Innovative Cabin and | Equipment and systems for Cabin|[-  Power Systems for Cabin 11,6,2 8
Cargo technologies Cargo applications - Sensors & sensors networks
- Security Systems TRL%enN
2020

Water Management
Connectivity

Light & Noise management
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IADP /ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete ROM EC

Chapter by funding
OAY a
Systems Innovative and Innovative Electrical Wing - New actuationarchitectures and 11.6.3 TRL5to §24
Integrated Electrical Demonstrator (including ice concepts for new wing concepts between
Wing Architecture and | protection) - High integration of actuators into 2018to

+
Components wing structure and EWIS constraint 2020

- Inertial sensors, drive & control
electronics
- New sensors concepts

- Health monitoring functions, DOP

- WIPS concepts for new wing
architectures

- Shared Power electronics and
electrical power management

- Optimization of ice protection
technologies and control strategy

Systems Innovative Advanced systems for nose and Wing Gear and Body Gear 11.6.4 TRL 4 to § 30
Technologies and main landing gears applications configurations between
Optimized Architecture - Health Monitoring 2018 &

for Landing Gears o ) ] 2020
- Optimized cooling technologies for

brakes
- Green taxiing

- Full electrical landing gear system f
NLG and MLG applications

- EHA and EMA technologies

- ElectroHydraulic Power Packs

- Remote Electronics, shared PE
modules

- Innovative Drive & Control
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IADP /ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete ROM EC
Chapter | by funding
OAY a
Electronics
Systems High Power Electrical | Non propulsive energy generation|- AC and DC electrical power 11.6.5 | TRL6: 16
and Conversion generation ()] 2020
Architectures - AC and DC electrical power 11.6.6 (Il
conversion

- SG design for high availability of
electrical network

- - Electrical motors for loads
applications

- Integrated motor technologies, with
high speed rotation and high
temperature material

Equipments and Systems for new |-  Power conversion 11.6.5 (N TRL4to 98
aircraft generations between
2019 &
2020
Systems Innovative Energy Innovative power distribution - Electrical Power Centre for Large [11.6.5 (Il)| TRL 5 & 6|33
Management Systems [ systems, (including power Aircraftq load management and from 2018
Architectures management) transATAoptimization to 2020+

- High integrated power center for
bizjet aircraft (multi ATA load
management, power distribution an
motor control)

- Smart grid, develop & integrate
breakthrough components to create
adecentralized smart grid, partly in
non-pressurized zone.
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IADP /ITD Reference Complete  ROM EC
funding
OAY a

Technology Areas Demonstrator / Technology Strean Technologies

Chapter | by

- Electrical Power Centreload
management optimization
- Health Monitoring, DOP compliant
Systems Innovative Next Generation EECS, - Newgeneration of EECS including { 11.6.6 (I) [ TRL 5 & 6| 28
Technologies for global trans ATA visionable to answ from 2018
Environmental Control the needs for load management, to 2020+
System Inerting systems, Thermal
Management, Air quality & cabin
comfort
- Development / optimisation of
RegionalA/C EECS components for
full scale performance
demonstration
Thermal management and cabin |- New generation of cooling systems
comfort for additional needs of cooling
Systems Advanced DemonstrationPlatform¢ PROVEN| -  Use to maturate technologies, 11.6.7 (I) [ Large test| 16
Demonstrations GETI & COPPER Bird®, AVANT, concepts and architectures platform
mf‘etfc;;rgoaegg” & developed in Clean Sky 2 or from Lc: rﬁgfh
9 gther R&T programs and integrated TIgL level
in Clean Sky 2 for
- Large demonstration platform 11.6.7 (M| electrical
- Optimization and validation of the |11.6.7 (IV) €quipmen
thermal and electrical management t/
betweenthe main electrical systems
(from 4 to
consumers 6
dependin
g of the
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IADP /ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete ROM EC

Chapter | by funding
OAY a

applicatio

n)

Systems Small Air Transport Small Air Transport (SAT) Activitie Efficient operation of small aircraft | 12.4.3 20

(SAT) Innovative with affordable health monitoring
Systems Solutions systems

- More electric/electronic
technologies for small aircraft

- Flyby-wire architecture for small
aircraft

- Affordable SESAR operation, modd
cockpit and avionic solutions for
small a/c

- Comfortable and safe cabin for sma
aircraft

Note: budget has been identified for

specific SAT work inside Systems.

However, synergies with main

demonstrators and specific work still

have to be worked upon

Systems ECO Design ECO Design activities Refers to ECO Design chapter ECO 5

Design

Systems Management: Included in demonstrator 0

Systems Total: 249
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IADP /ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete ROM EC
Chapter by funding
Technology Evaluator (T A systematic overall t NEANBaa az2yAlzl12 17
approach to the achievements
Technology Evaluatiol 9@ tdz- GA2Yy |G al
process and monitoring ITD outputs
activity LYLJ OG ' aasSaavysSy
Level
The fundingrequired for the Technolog
Evaluator will be taken from the Tot
/[ tSIry {1@& w 9/ ¥
F ROl yOSé @
JU Running Costs The funding required for the runnin
costs of theClean Sky 2oint Undertaking 39
will be taken from the TotaClean Sky
9/ Fdzy RAy3a & | af
Total CS2 EC funding: 1.755

IADP /ITD

EcoeDesignTransverse
Activity

Technology Areas Demonstrator / Technology Strean Technologies

An overall innovative
approach and "agenda’
for EceDesign activity
in the CS2 Programme

EcoDesign activities are embedded in &
IADPs and ITDs. They are detailed in
Chapter 13. Thus, a dedicated funding
EceDesign is reservegid A RS S|
FYR L¢5Q& Fdzy RAy 3d
The coeordination of all Ecdesign
activities will be established in the
Airframe ITD.

The funding dedicated to the Eesign
CNI YAOSNAES | OGA DA

Reference

Chapter
13

2015 Clean Sky 2oint Technical Bgramme(\5) ¢ Proprietary Information subject t€onfidentiality Agreements

49




Clean Sky 2oint Technology Initiative in Aeronautics

IADP /1TD Technology Areas Demonstrator / Technology Strean Technologies Reference
Chapter
Small Air Transport (SAT) An overall innovative Small Air Transport (SAT) activities |14
Transverse Activity approach and "agendal part of Airframe, Engines (WP7) a
for Small Air Transpor Systems ITDs and are detailed in Cha
activity in the CS? 14. The ceordination of all SAT aeities
Programme will be established in the Airframe IT|

The funding required for the Small /
¢CNFyaLR2 NI ¢NIyags)h
in total.
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6 Large Passenger Aircraft IARR:)4

6.1 Going beyondClean Sky

The Smart Fixed Wing Aircraftintegrated Technology Demonstrator (SFWALIean Skys providing the best
evidence that a R&T programme seekiogpush new breakthrough technologies for large transport aircraft
towards applications is greatly enhanced in a framework that allows the conduct ofdeadee demonstrations on
ground, in dedicated rigs and facilities, and with large ordcdile fligh tests. When combined with associated
numerical and analytical studies, and furbished with the related capabilities and capacities to conduct tl
corresponding conceptual and detailed design work, the inherent uncertainties and risks of new technaagies ¢
be most effectively and efficiently understood, technically managed and removed.

WithinClean SKy 1 S& GSOKy2f 23ASa F2NJ 0KS FdzSf SFFAOASY G
technologies to integrate the most efficient, most advangedpulsion systems for commercial large transport
aircraft of the future are passing the critical steps of proving and validation in the $HWMost of the key
technologies in théProgramme having typicallfpeen injectedat Technology Readiness Le{/ERLR or 3 are, at
around half way through th&ogramme,at TRL 4 or 5. As an example in SFWA the target fantiaet natural
laminar wingand a newlow speed vibration load contré to reach TRB. For theinnovative noise shielding
empennage and thre smart flapthe target TRL is 5, and a dowelected set of active flow control technologies.
For thein-flight demonstration of the CROR propulsion condeftS G F NBSG ¢w[ A& n (2
items of structural and system integration cannet ¥alidated within the planned lifetime @lean Sky

One of the key drivers for the implementation of the IADEl@an Skg on top of the welproven ITD ia specific
result of lessors learned from SFWA. Reaching T&Rlfor an individual technology tbugh validation and
demonstration in ground and flight tests at relevant scale and under operational conditions in a multidisciplina
approach does not typically provide any evidence and proof of the risks and potentials of the technology wh
integrated with other key technologies at the whole aircraft level. For examplehat are the risks and the
technical potential when combining, for example, an entirely new wing, an entirely new propulsion system anc
new innovative empennage design together? Tpe of question is the reason for planning the IADEli@an
Sky2y GKS aSiddzZd yR O2yinSsyé RBRFA GRENBOHENESSYSENDER Ti
question.
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6.2 Challenges to be tackled for Lardhircraft in the Horizon 2020d®iod

Today, Europe benefits from a 40% share of the global aerospace market with short/medium range aircr
making a very large contribution to this success. The next generation of short/medium range aircratbishieey
future of aviation in Europe. Thigrcraft type will remain core to air transport and essent@kfforts to decrease
aviationCQ emissions for the foreseeable future. Mounting competition from existing and new entrants mean:
that the European sector can only survive by being a glokadelein terms of innovation and product
performance, at affordable costs and with high volume availability. A significant part of the c@ieant Sky
research activity is focused on this aircraft class: e.g. the ladfimarwing and open rotor propulsm resulting in
flight tests at the level of each separate system.

Clean Sky B building on these latest results and is setting out to provide the required platform in which thes
research matters can be addressed in an integrated and fully represemtatanner. It provides the essential
next research step of verifying and demonstrating how the potentially promising breakthrough technologies mu
be combined to effectively reveal their full synergies and their potential for future generations offtaitarthis
regard, the project will be decisive for delivering the required technology innovations that will make these ne
generations of European aircraft possible. By maturing these technologies on a research platform at Europ
level, it is realisinghe potential for market adoption in the decade thereafter.

Compared to the year 2014 technology statethe-art a minimum of 20% reduction of specific fuel burn
respectively reduction ofCQ emission at mission level st as aclear targetfor the largescale integrated
demonstrations in the LRBADR addressing technologies to be introduced to next generation aircraft with
envisioned market entry in the 2025 to 2030 tifreeme.

Based on the status of the current R&T resultCiran Skythe CRORnNgiine concept has the potential to
contribute to more than halbf this improvement. Triggered by the recent very promising results in the SFIVA
substantial single digit drag improvements are expected to be drawn from an extended use of the natural a
hybrid laminar technology applied to next generation large passenger aircraft. A further substantial improveme
will be contributed by weight reduction stemming from a fully-th®@ught fuselagecabincargo integrated
approach, with an entirely new, coheardy developed structure and systems approach. The next generation
cockpit shall capitalize the capabilities of the year 2020+ air traffic management, namely to operate lar
transport aircraft seamless on unprecedented environmental friendly flight trajess.

Based on the current market forecastseasonable projeddn isthat the large aircraft demonstration platforms
of Clean Sky vill deliver solutions that cammpact over 75% of the fleet needing replacement from 2025
onwards. Tk IADPwill bring a highly significant contributioto the primeClean Sky nvironmental and soot
economic targetsprotecting the environment whilst ensuring sustainable mobility. In explicit terwsll:

A Facilitate the greatest possible environmental benefitsemivironment protection in terms of reductions of
CQ emissions per passengkilometer as well adlOgand noise emissions.

A Allowthe entire European aviation value chain to jointly collaborate on integrated platforn@lebm Skyhe
large commercial airaft activities engage 16 separate EU member states. It is reasonable to project that
similar level of engagement will occur for these activitie€lisan Sky 2.

2015 Clean Sky 2oint Technical Pgramme(\5) ¢ Proprietary Information subjedb Confidentiality Agreements 52



Clean Sky 2oint Technology Initiative in Aeronautics

A Help to maintain and extendturopean industrial leadership and to be recognized globallin@evative,
sustainable and competitive, thereby delivering the largest contribution to employment and economi
benefits.

A Target the most challenging aircraft technology breakthroughs for which-kmelvn market requirements
exist and the volume, growth @neconomic scale will lead to substantial long term investments and the
creation of high technology jobs in Europe.

A Dervisk the development of breakthrough technologisd so ensure safety and security, leading to the setup
and continuous improvement ofnprecedented levels of safety

A Align European research and innovation strategies amongst all stakeholders and paithing forward
efficient researb, technology development and demonstration with appropriate infrastructutesting
capabilitiesand fundng.
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6.3 The Rle of the Large Aircraft IADP

By definition, technologies that will be brought intibe ITDs ofClean Sky Rave already successfully passed a
prior down selection and have a TRL of at least 2 or 3. In cont@sie technologies will be brought into the
IADP at TRL of 4 or even 5. This gives the IADP the capacity to deliver technologies integrated in combinatior
up to TRI6 over the lifetime ofClean Skg.

The explicit role of the Large Aircraft IADRlean Sky 2s to provide:

A Target technology scenariosrfoombinations of technologies;

A A largescale integrated demonstrator platform to systematically mature breakthrough technologies ir
combination, to achieve high TRL of typically 6 with the goakttoeve an equivalent System Ragess Level
(SRL);

A Large demonstrators on ground and in flight, at size and scale representative for cases of potential futt
application, with complementary righa ground tests in wind tunnels;

A The environment to createestablish, mature and calibrate tools and numerical simulation means to facilitate
GKS GNIya¥TSNI 2F NBadzZ G6a Ayidz2 a0SylINA2a RAFFSNBY
testing in addition to the designs and physical setupset@sin ground and in flight.

The technologies to be taken into the Large Aircraft IADP will be selected in order to feed into the target 20:
2030 technology scenarios:

A Best candidate high TRL technologies emerging foéean Skyin particular from thentegrated Technology
DemonstratorsSFWA, SAGE, SGO andBEesign;

A High potential technologies injected from other R&T programs, national or European funded, being
appropriately high TRL to wapidly pushed forward to TR

A T RRAGAZ2Y I al&i¢d requiddd link & @dmpine the technology bricks to be matured and
validated.

The key issues to be tackled and answered in reaching fo @FLio:

A Fully understand the physical potential of the target technologies in combination

A Demonstrate he maturity of the technology for all operational cases at representative size and functionality
where appropriate with individual featureethonstrators or in combination;

A Demonstrate the impact of technologies to support the elimination of operatioriatugtions due to
maintenance and to enable the optimization of the value chain for the main actors (airlines, MROSs, supplie
OEMSs) beyond 2020

A Understand the value for the passenger and freight, with respecbtofort and operational aspects;

A Answer all questions related to industrial introduction and application with regard to manufacturing,
production ramp up, complexity of tooling and related efforts.

In addition, a systematic understanding for dynamicatigled demonstration, namely the phydidaws, the

range and limits of validity, accuracy and representativeness will be brought together in a dedicated IAl
workspace.
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6.4 Set-up of the Large Aircraft IADP

To be able to most effectively address the scope of challenges towards a next gemdaatie commercial
transport aircraft in the context of Horizon 2020, the Large Aircraft IADP embodies three separate areas
integrated demonstrators:

A [FNBS ! ANDODNI TG L!'5t tfFdF2NY ™M a! ROFIYyOSR 9y3AyS
A Large Aircraft IADP t | (i T Briddéative Physical Integration Cakgi@ystem-{ & NXzO (i dzNE ¢
A [ INBS ! A NONJ ¥ NextiGénbrationtAfrcrafi Fystede, Cockpit and Aviénics

Coherence between the three platforms will be provided by a direct link between the platfads.l&€he
technology scenarios, which will set the frame of the demonstrations to be selected, prepared and performe
will be provided by Airbus, to be discussed and adjusted with the participating Consortium Members. Fhe hig
level work breakdown structeris displayed ikigure 6.1, the content of the individual work packages technology
bricks and demonstrators will be outlined in the following chapters.

Technology Assessment andtérface to Transversal Activitie€lean Sky # ¢ SOKy 2f 238 a@pe d:
5 S & ACIWPGE.1, WP0.2 and WP0.3

The progress in the research and development work on the different subjects and key technologies will
monitored with internal technology assessments in virtually all work packages with individually tailoredridols a
methods. The outcome of these assessments is typically inherent part of the TRL process. However, th
individual assessments do provide data that have to be further processed and combined to assess the value
technology at major component leveln lorder to assess the value of a new key technology progressively
developed and matured in LPA, data for the Technology Evaluatidtieain Sky Zevel will be fed by the
individual LPA work packages into a dedicated work package LPA WP.01 for furtessioigin the LPAADP, it

is planned to coordinate and manage the interface to tbkean Sky dechnology Evaluator, the EBesign
Platform and to the ITDs as a cresstional function.

As first Transverse Activity, the Technology Evaluator (TEeegive inputs from the LRKADP. The progress of
LPA platforms will be monitored against wedifined environmental and soceconomic benefits and targets.
LPA will provide verification and validation of the proposed aircraft designs. The tool PANE#&tingaA/C
trajectories, noise and emission prediction, developeliaan Skyill be used to perform mission assessment.
What is new compared t€lean Skis the continuous assessment which will be performed by LPA directly; with
versus time- an improvement of the technologies assessment and a decrease of uncertainties concerning tl
technologies benefits. The results will be reported in agreed inteteaise TE. If new opportunities are found in
the ITDs or by desking new technologies, they will be introduced into the aircraft model and taken into
consideration. The concept aircraft models will be the inputs for Impact Assessments at Airport drelVé&lsS

As second Transverse Activity, Exesign will be treated in a specific work package WP2.0 in LPA to manage tt
interface to the ECO lead function allocated in the Airfrdifi®. However, a great variety BEaDesignrelevant
technical activitis are directly included in the technical activities throughout virtually all LPA chapters planne
and directed in the associated wogackages. These activities will not be mentioned as separate items in the
work description of the following three technidaPA chapters in this document, but included.
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Examples for related activities that will be covered in the LPA Work Proggamalude:

A

Next generation integrated fuselage concept, structure, cabin, cargo and overall system integration;
Advanced materialfor Cabin and Cargo equipment and monumentsfe Cycle Asessment;

bSEG 3ISYSNIGA2Y GaYFINIE 1 YAYIFEN gAy3d AyGaS3INI GSF
and assembly processes;

[ FNBS tl&aaSy3asSN ! A ND MHuStial piocssési(raaskining? Weldifigk Edndifig)aisdzdf]
materials, chemicals, energy, water, etc.;

Repair methods and processes.

Research and technology activities in LPA will typically build on a quite mature status of technology develoy
before upto a TRL level of typicall 2, 3, or even 4. Related inputs are provided through intermediate or et
results of other R&T and R&D prognames outside ofCleanSky but will also include intermediate or final
outcomes fromClean Sky B'Ds.

It is firmly planed that technical interfaces are directly managed through links between the related technica
work packages, and not piped through a single line work package as connection line. However, a high e
monitoring of these connections and interations shall dene through a dedicated work package WPO0.3 to
facilitate and promote cooperations where required, and to boost the functionindClean Sky Zs one
progranme.
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Figure 6.1 LPAIADPWork Breakdown tBucture
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65 tf FOGF2NY M d! RAFIYOSR 9y 3IAYS YR ! ANODNI Fi

¢Fr1Ay3a GKS @SIEN) wnnn a4 NBFSNBYOS F2NJ GKS +Aai:
understanding that an enormous potential for drag reduction, fuel burn and noise emifgidarge transport
aircraft primarily lies in just a few key airframe and engine technologies provided that the substantial operation
and industrial risks can be fully understood and managed.

From a number of major R&T programmes, it is dkabbwn thata simple plugn of a new technology to an
existing aircraft concept, e.g. the introduction of an innovative engine concept, has significant consequences
the entire product with respect to performance, operation and industrial production, and use I€asere than

one technology with improvement potential are merged, the resulting consequences are much more compl
and significant improvement potentials of an individual technology can evdpteall to an overall much smaller
benefit or even a negatévnet outcome at aircraft level resulting from measures, concept or design changes du
to the integration of such a specific technology.

Any addition of a major new technology to a currently wkelbwn transport aircraft configuration may lead to
the needfor significant change of the configuration through most if not all disciplines. Achieving a significant n
gain for a future generation aircraft, and combining a number of individuatatemge technologies requires a
substantially rethought, potentil disruptive aircraft configuration. The Advanced Engine and Aircraft
Configuration Platform of the Large Aircraft IADP provides the integrated demonstration platform for thes
combinations of best candidate, highly mature technologies.

Currently, there ee two candidate propulsion systems able to push the overall aircraft efficiency beyond the
state of the art geared turbofan technology with up to double digit fuel burn reduction figuresCtirdra
Rotating Open Rotorand theUltra High Bypass Ratio Tamfan. The integration of each of these propulsion
technologies requires major changes to the current aircraft architecture. The integration of a radically new sm:
wing in combination with an innovative engine concept and other new technologies carberdyccessfully
managed through an integrated validation and demonstration process.

6.5.1 Platform 1 Setup and Activities

Platform 1 is bui from six essentially distinetork packages of which each is aiming for a specific demonsigator
or in case of WP1.3 demonstration technolagp validate or facilitate a carefully down selected, most advanced
fuel saving propulsion technologies, technologies with high aerodynasapectively drag reduction and weight
saving potential towards potential application in a next generation large transport aircraft. In many of these cas
0KSaS (SOKy2ft23ASa NBadzZ G Ay | &dzoadl ydAl fcratR3i@A |
means that a test under realistic conditions requires a severe modification of an existing test vehicle or the des
and the building of a complete standalone test item. The demonstration articles, vehicles and means in
individual work pakages are cautiously tailored to provide a key elementheikey element to accomplish TRL 6
for the targeted technology.

In addition, Platform 1 includes a work package to test and mature operational procedures in combination wi
facilitating technolgies in a fully relevant environment.
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WPO in Platforml deals with the management and harmonization of the overall technical planning, progress ¢
work, coordination of the partner work shares, resources and management of risks in the Platform
demonstraton work packages. The role of WPO also includes the coordination of the interfaces and interactio
to the Clean Sky Zechnology Evaluator, Edesign work packages as well as interfaceSlgan Sky BIDs.

6.5.2 d/ whw 5SY2 égWAAY S C¢5
I. Relevance othe Technology for H2020

The CROR propulsion technology is the key contributor to the overall aircraft package that can offer
improvement in fuel burn efficiency in the order of 15% /"> O2 YLJ NBR (2 GKS 06Sai
With best perfomance at cruise speed of Ma0.72 to Ma0.76, a huge amount of joint R&T activities to develc
and integrate the CROR engine concept for short and medium haul large transport aircraft have been launche
Clean Skince July 2008. Despite significant pragreaddressing the main issues of certification, cabin and
community noise, as well as various aspects of the propulsion system integration and the engine design led tc
extension of the very ambitious programme targeting for TRL 6, including a mgjurtéist campaign with full
size demeengines. The development of the flight worthy test engine was not parClebn Skyrom the
beginning.

With a major review of the CROR concept results achieved so far in the 2013 summer, the key element
accomplishTRL 6, the flight test of the derengine, now including the building of a full size flight worthy engine
shall now be conducted in WP1.1 of the URBP. In addition to the engine demo activities, the WP 1.1 will also
address an activity dedicated to the N&mnopulsive Energy (NPE) generation for new engines architectures; i
order to identify the most relevant solution for NPE approach for the nexiegation of engines and aircrafts.
Current assumption is to use the AirbA840300 MSNOL1 test aircraft as flight test vehicle, with one full size
CROR pusher engine attached to a representative pylon and engine mount installed at the port boardh&de of
rear fuselage.

In addition to the engine demo activities, the WP 1.1 will address the activity dedicated to th@rdpulsive
Energy (NPE) generation for new engines architectures; in order to identify the most relevant solution for N
approach fori KS ySEG 3ISySNridAz2y 2F Sy3aaySa |yR | ANDNI i
approaches (i.e. power offikes on main engines) and other approaches dealing with the ratio propulsive/nor
propulsive power needs at aircraft level.

[I. Demonstration Objectives
The key objectives of the WP1.1 demonstration are to:

A Validate the aerodynamic efficiency versus noise level for a full size integrated CROR pusher engine ul
operational conditions including interaction with pylon wake

A Demonstraeé and validate the viability of assumptions for the chosen engine concept like power gearbo
blades, pitch control, lubrication system, energy and thermal management, engine control concept. Tl
domains that will be analyzed for engine benefits are dymaard mechanical behaviour, operability and
transients over the whole flight profile, vibrations, blade noise characteristics at aircraft scale with installatic
effects, etc.

A Demonstrate and validate a pylon concept and system integration, in particdtitessing loads, vibration,
and noise attenuation technologies in real size
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A Demonstrate and validate the selected propeller and blade design

A Synthesize available data froBlean Skyith CROR demengine flight test data, realibrate tools analysis
and caverge results to accomplish TRL 6

A Take decision for second engine concept towards flight test, establish and launch related plan in WP1.1;

A Interface with WP1.2 to deliver CROR engine data from ground and flight tests.

. Addedvalue versus statef-the-art

All current advanced engine concepts which are candidates to be integrated on large transport aircraft are bas
on the principle of High, Ultrhigh Bypass Ratio (UHBR) or Geared (GTF) turbofans. After a shorte inten
feasibility phase conducted with two types of engines in the early 80ties of the last century, the approach
develop a CROR engine concept for this class of aircraft with a majority of activities alloc@tie@nnSkys
absolutely unique in the world

For large short and medium range aircraft, the first GTF engines will be the most advanced and fuel effici
state-of-the art solution presumably entering service in year 2015. Compared to the GTF, the CROR conce|
holding a potential of up to 15%urther fuel burn reduction. To materialize this potenti@lean Sky Bas to
deliver a firm proof that the CROR engine concept can be produced, integrated and operated in an indust
environment with efforts competitive to other latest state-the-art concepts.

With clear intention to rethink the system architecture and the use and management of aircrathand energy

for next generation aircraft, the deorrelation of propulsive and nepropulsive energy is considered an
important contributor toa further increase of the overall aircraft energy efficiency but also profitability. Taking
this approach properly into account at the engine-tayt, sizing, and required modes of operation, the ambition
is to gain additional percentages of fuel burn peniance for either CROR or UHPE concepts.

IV.  Highlevel WBS and worsharing

The work breakdown structure of WP1.1 is tailored straight to prepare, conduct and analyse the flight test of tl
CROR engine under the assumption that the preliminary desi¢imediest aircraft is accomplished Dlean Sky
SFWA already. WP1.1 will address the engine integration into the overall aircraft, thermal management, ste
and dynamic loads transfer, aerodynamic integration, but also including the pofiveake technology. WP1.1.2
will host most of the activities tguarantee and demonstrate the aircraft safety with respect to Permit to Fly
including VnV. WP1.1.3, under Snecma leadership, will host most of the activities to prepare, manufactu
assemble, ground test, qualify and certify the test engine modules ataligidual maturation plans and finally
the fully assembled engine for flight, as well as all complementary activities to maintain the engine during tl
flight test campaign. Also NPE activities will be hosted in WP 1.1.3 including the requirements-foopualsive
energy generation.WP1.1.4 will host all Airbus activities to design, manufacture and integrate to the CROR enq
a second set of propeller blades offering an alternate mean to comply with CROR aircraft certification rul
WP1.1.5 will deal ith the pylon concept for the flight test demonstration, while keeping the concept as
independent from the A340 test case, but representative for a potential future pylon development. WP1.1.6 w
address all specific design activities such as design ambfiarcturing of aircraft structural reinforcement.
2t momdT gAff | RRNBaa FANONIFG aedaidSya Y2RATFAON GAZ
AYGSaANIYGA2yéE gAff AaLISOATAOFTEftE AyOf dzRS testlelyind i e A (
flight test engine, and all related performance testing, assessment, aneoffatests. The integration of the flight
demo engine to the test aircraft will be done in close cooperation between Airbus and the engine manufacture
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WP1.1.9contains all activities directly linked to the flight tests, including the preparation of the flight tests
planning, flight tests request, flight clearance tests, flight tests conduct activities and flight tests results delive|
There will be a close knbetween WP1.1.9 and WP1.1.8. Also included are the activities to prepare, install ar
operate the flight test instrumentation and the data analy&¢P1.1.10 addresses an activity dedicated to the
Non-Propulsive Energy (NPE) generation for new engineiitactures; in order to identify the most relevant
solution for NPE approach for the next generation of engines and aircrafts.

Airbus will hold a majority of the work shares related to the preparation, operation and refurbishment of the
flight test aircrdt, Snecma will hold a major share to prepare, build, test and operate the test engine. Cor
partners and Call for proposal partners shall be invited for engagement on a wide scope of WP1.1. activiti
specifically related to detailed pylon developmentngine mount and vibration damping technologies,
development and operation of flight test instrumentation, rotating frames, pitch control, power gear box anc
power turbine.

Platform 1 - WPO
Advanced Engine and Aircraft

Configuration
| WP 11
CROR engine demonstrator
FTD
WP 111
— Overall FTD Aircraft
Design
WP 1.1.2

> FTD Flight Clearance

WP 1.1.3
CROR demo-engine

WP 1.1.4
—> Additional Al Blades
demonstration (2nd set)

WP 1.1.5
Innovative pylon

WP 1.1.6
——> FTD Structure components
design and manufacturing

WP 1.1.7
—> FTD Overall System
Design

WP 1.1.8
AJ/C integration

WP 1.1.9
Testing

WP 1.1.10
Non Propulsive Energy

Figure 6.2 WP1.1 Principle Work Breakdown Structure (WBS)
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V.  Planning roadmaptargeted technology readiness levels

The planning roadmap is synchronized with the entry of initial deliveries @@an Sk$FWA and SAGE, namely
the conclusive availability of the preliminary design of the test aircraft, and the CROR ground test engine criti
design review, which will include most of the definitions required to start launch the preliminary design of th
flight test engine demonstrator. A differentiation analysis between ground and flight test engine from the engin
manufacturer and the airframer view point will parallel the transfer frGtean Skyo Clean Sky.2

With a phased start of the preliminary desighthe flight test engine in autumn 2016, and the detailed design of
modifications of the A34@00 test aircraft in autumn 2017, a baseline ahénth flight testing is planned end of
2020 to first quarter of 2021. In addition, a handover of the spedigihtf test instrumentation for the CROR
demo-engine flight test from SFWA to the LE¥DPWPL1.1 is scheduled early 2017.

The maturity level of the NPE technology will reach TRL level of 4 to 5 the end of 2019, according to the sele
demonstration to beperformed, i.e. depending of the tradeff studies outcome.

VI.  Interactions withClean Sky 2TDs, IADPSs, other interfaces

As there is no CROR engine development planned in the Engine ITD, and no specific CROR engine related ¢
activities planned in the Systems ITD, WP1.1 will be mostly dependant on a proper interfacing to SFWA and S
in Clean Skyln addition to the main activities to integrate, flight test and validate the engine with respect to its
primary function as propulsion power plant, a dedicated part of the work plan will deal with associated
propulsive energy generation for the CR@Wjine. Considerations of system allocation (in engine, engine nacelle
pylon, fuselage) will be made and agreed between Airbus and the engine manufacturer with respect to the ms
system concept (more electric, all electric) in the course of the wonk. dlhe development of this technology is
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