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1. CLEAN SKY 2 JU - INTRODUCTION

Clean SkyPublic Private Partnership

Clean Skytoday epitomises a true Public Private Partnership (PPP). It represents a strategic
and successful input to the Europe 2020 objectives: boosting private investments in research
and innovation and making the best use of public research funding in a dtgr@ming

sector. Five years into the Programme, the-stgmge improvement potential targeted, such

as up to 30% reduction i€0O, emissions and (depending on the aircraft segment) 60%
reduction in noise footprint, are all within reach. Stakeholder [gaation is a huge success:

first time participation from many SMEs and their success rate in the Calls for Proposals is
over twice that of any other FP7 instrument. Industry is increasingly ean Skyas the
centrepiece of their R&T programmes becanisthe flexibility of the instrument; and the JU

has proven its efficiency aamanagement body.

Horizon2020 and Clean Sky 2: new challenges and objectives

This is one of the reasons why the European Commission proposed in July 2013, within the
European Innovation Investment Package, to continue Clean Sky in the framework of
Horizon 2020: a Clean Sky 2 Regulation was hoiladdresshe Joint Technical Propacsal

put together by the | eadi ngandcoondmaed byeahe JU. i f o un
RegulationNo 558/204 of 6 May 201dstablishing the Clean Sky 2 Joint Undertakivep

adoptecby the Council or6™ of May, 2014 after consultations witthe European Parliament

and published on thé"of June 2014

The aeronautical sector, in particular througlean Sky 2 will be a critical player in
contributing to one of the ke$ocietal Challengé s mar t |, green and inte
defined in Horizon 2020. The Clean Sky 2Pr ogr amme  wi | | serve sof
strengthen global industry leadership. It will enable cutting edge solutions for further gains in
decreasing fuel burn an@0O, and reducingNOx and noise emissions. It will contribute

strongly to the renewed ACARE SRiA

Clean Sky 2will be more than twice the size of Clean Sky, with widened scope and
objectives: higher level of integration of technologies while taking also into account some
lower-TRL, longerterm targets; reaching for a new set of environmental tafgassuming

that ttose of the current Clean Sky will actually been achieved as exgeutkile ensuring

the future global leadership of the European industry and supply chain, creating jobs through
a reinforced competitiveness

Clean Sky 2will build on the success oflean Sky and will deliver fultscale inflight

'0J L 169/77 of 7 June 2014.

% Advisory Council on Aviation Research in Europe, Strategic Research and Innovation Agenda (2012)
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demonstration of novel architectures and configurations. Advanced technology inserted and
demonstrated at full systems level will enable steanges in environmental and economic
performance and bring crucial cpetitiveness benefits to European industry. jBiytly
pursuing this research on new breakthrough innovationsdanibnstratingnew vehicle
configurations in flight, the Programme will provide the proving grounds for concepts that
would otherwise be beyonthe manageable risk of the private sector. It will give the
necessary funding stability to the private sector to develop and introducecbantgng
innovations within timeframes that are otherwise unachievable. Compared to the best
available aircraft inoperation in 2014, up to a 30% reduction in fuel burn and refa@d
emissions, similar or greater reductions in,N&nissions and up to a 75% reduction in noise
affected communities will accrue from this focused and programmatic appideese pace

sett ng gai ns wi || enabl e the European Avi at
sustainable, competitive mobility towards 2050. By doing @@lsan Sky 2will be the key
European instrumento speed up technology development, overcome market faillde an
guarantee a sustainable advancement of avidlil@an Sky 2will significantly contribute to

the Innovation Union, create higdkilled jobs, increase transport efficiency, sustain economic
prosperity and drive environmental improvements in the glob#laaisport system.

The Clean Sky ZProgramme will be jointly funded by the European Commission and the
major European aeronautics companies, and will involve an EU contribution from the
Hori zon 2020 Pr og7#mmnitewill tbal ldvgraged by further Activities
funded at national, regional and private levels leading to a total public and private investment
of approximatelyd 4 ®lgan Sky 2vill run for the full duration of Horizon 2020 actions, i.e.
from 2014 to P23. A phased approach will be taken to the starof Clean Sky Zrojects

and align them closely and adequately witllean Skyorngoing projects (to beompleted in

the period 20142016).1t will be endorsed and supported by the leading European aémonau
research organisations and academia. Small and mestnenenterprises and innovative sub
sector leaders will continue to shape promising new supply chains. In so Gteag, Sky 2

will engage the best talent and resources throughout Europe and,0derhidghly skilled

staff (FTEs) will be consistently employed over a ten year period.
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2. INTRODUCTION TO THE PROGRAMME

The Council Regulation setting up the Joint Undertaking was adbgtéaie Council of the
European Union on 20 December 2007 and published in the Official Journal of tiped&uro
Union on 4 February 2008.

Clean Sky is a Joint Technology Initiative (JTI) that aims to develop and mature
breakt hrough 0 c | Ararmanspoe. B acceleratigg tiees depldyroent, the

JTI wi | | contribute t o Europeods strategic
simultaneously promote competitiveness and sustainable economic growth.

Joint Technology Initiatives are purpeseilt, large scale research projects created by the
European Commission within the 7th Framework Programme (FP7) in order to allow the
achievement of ambitious and complex research goals. Set up as a Public Private Partnership
between the European Commissioml dme European aeronautical industry, Clean Sky pulls
together the formidable research and technology resources of the European Union in a
coherent, 01.6 bn programme.

The Clean Sky goal is to identify, develop and validate the key technologies necessary t
achieve major steps towards the ACARE (Advisory Council for Aeronautics Research in
Europe) Environmental Goals for 2020 when compared to Year 2000 levels: fuel
consumption and carbon dioxidE@,) emissions reduced by 50%, Nitrous oxidé&kOk)
emissions reduced by 80%, reduction in perceived external noise of 50% ; another goal is to
improve the environmental impact of the life cycle of aeronautical products (manufacturing,
operaion, maintenance and disposal).

Simultaneously, the programme aimasstrengthen and anchor industrial competitiveness in
the European Aeronautical industry by enabling an accelerated development and validation of
differentiating technology, enduring networks of research collaboration and innovation, and a
stable platfom for integration and synthesis of technology into viable development
platforms.

Clean Sky activities cover all sectors of the Air Transport System and the associated
underlying technologies.

Clean Sky is built upon 6 different technical areas called tated Technology
Demonstrators (ITDs), where preliminary studies and dselaction of work will be
performed, followed by largecale demonstrations on ground osflight, in order to bring
innovative technologies to a maturity level where they can pécaple to new generation

Afgreen aircrafto. Mul tiple |Iinks for coherer
ITDs.
A fiTechnology Evalwuator o, using a set of to

single aircraft mission to the wonldde fleet, provide for independent evaluation of the

Written Proc. 201407 Amendment nr. 1 to the Work Plan 2@D45 PART A1 PagelOof 745



environmental achievements. The innovative technologies developed by Clean Sky cover
nearly all segments of commercial aviation.

Innovative technologies, Concept Aircraft and Demonstration Programmestiie three
complementary instruments used by Clean Sky in meeting these goals:

T Technol ogies are selected, devel oped and m
Readiness Level 6 (TRL), the wultimate goal C
to successful demonstration in a relevant operating environment (i.e. TRL §)isTthe

highest TRL achievable in research.

1 Concept Aircraft are design studies dedicated to integrating technologies into a viable
conceptual conyguration. They cover a broaf
large commercial aircraft, asell as rotorcraft.

1 Demonstration Programmes include physical demonstrators that integrate several
technol ogies at a | arger O6systembd or aircre
conditions. This helps determine the true potential of tdenologies and enables a
realistic environmental assessment. Demonstrations enable technologies to reach a higher
level of maturity (TRL).

The Clean Sky Programme is shown schematically in the following figure

Concept | Aircraft

:-Eco-Design!
. i _\“—‘ - e X,
mm:ii b

Sustainable

—and Greg:
LE 1N 3 4
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The multi-annual approach

Most of theClean Skyfull-scale, inflight demonstrationsvill be taking place from 2014 to

2016.

Based on the mukannual commitments approach of Clean Sky 2 under its new legal basis,

this work planincludes a full description of actties for the yeag2014and 2015As many
activities are interlinked with previous yea
other years throughout this document in order to give the complete picture to the reader.

The period 2014 to 2016 Ivrepresent the peak of the Clean Sky programme with most of
the demonstration activities taking place. All Integrated Technology Demonstrators (ITDs)
will experience an intense activity:

1 Most key technologies have been completed for integration in d#rators that will
enter the phase of detailed design, manufacturing and testing.

1 Should however some ITDs fail to use in due time the full funding available, due to any
technical contingencies, some further technologiag be introduceth several integrated
demonstrators.

1 Theevaluation results of theall 16whichtook place in December 2B8&nabled the JU to
have a clear picture of the target to reac
arising from thecalls process)
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3. CLEAN SKY PROGRAMME IMPLEMENTATION 2014-2015

3.1. SFWA' Smart Fixed Wing Aircraft

SFWA is developing two major large transport aircraft technologies; the first mainly related
to the drag reduction by using laminar flow and known as ‘smart wing', and the second related
to the integration of advanced (ulrdnigh bypass propulsion condspuch as Open Rotor.

The objective is to achieve maturity levels in both technologies to a status close to a potential
application through major, dedicated large scale ground and flight demonstrations.

Activities for year 2014
Overview

The SWFAITD is heading towards the stage of implementation and testing of these
technologies through demonstration both in laboratory and in flight. As consequence, most of
the work in 2014 will be dedicated to prepare and to conduct large ground and flight test
demorstrations along the main technology streams, namely the natural laminar flow wing, the
smart flap for low speed applications, low speed vibration flight demonstration, the business
jet innovative after body demonstrator, as well as simulator tests ahttéigts for active

load control for large passenger aircraft and vibration control for business jets.

Final wind tunnel tests for the integration of the CROR propularenforeseen on selected
issues of high speed performance, acoustics and handlingyqddle identification and
gualification of structural solutions for the engine integration and to manage potential failure
cases will be continued. Based on the expected availability of a first set of CROR engine
certification and qualification rules,le¢ed test activities will be launched in 2014.

Based on specifications made in 2013 and in close coordination with the -BAGthe

formal preliminary design review process for the CROR demo engine integrated to an Airbus
test aircraft based flying tesedh will start in summer 2014 with a significant number of
dedicated component and system preliminary design activities. The baseline for the test
aircraft is an Airbus A34300.

Tests to down select passive and active means to control buffet will be tahduough

most of 2014 to targeting for a technology readiness level o8 ERthe end of 2014.

The preparation of the Airbus A34BD0 BLADE test aircraft will require a strong effort in
terms of man power and resources along all the Z@4valleled by the work to assemble the
upper cover and leading edge parts of the laminar wing articles in Vitoria (at Aernnova),
planned to start in June 2014, the first wing shall arrive in the hangar with the test aircraft in
June 2014. The huge workimparty of the test aircraft is planned to begin at the end 2014,
with ground tests planned to start in April 2014. The aircraft is booked to be exclusively
available for the BLADE working party, flight test campaign and refurbishment from June
2014 until atumn 2016.

Written Proc. 201407 Amendment nr. 1 to the Work Plan 2@D45 PART A1 Pagel3of 745



Il n parall el to the BLADE flight test,

demonstratoro (GBD) wi || be assembl ed

structural concept at large scale, in particular the integration of the deedije, upper cover
and the Kruegebased high lift components.

Major milestones planned for 2014:

= =4 4 A4 A 1

= =4

Start of the laminar wing BLADE Airbus A34800 workinggroup

Complete thedading edge system demonstrator

Pass the Low Speed BilicliDasgsRevieivet A Smar t
Launch the simulator tests for active load control functions large transport aircraft
Launch the simulator tests for vibration control tests for business jets

Prepare the CROR engine demo Airbus A380 test aircraft Preliminary Digs Review
process

Launch of preliminary design phase for CRGRon

Complete the SFWA principle contribution to CR@Rgine integration rulemaking
process

Complete the preparation of Innovative Bizjet afterbody wind tunnel flutter test
Complete the ifflight CROR blade deformation and CRQRylon effort measurement
system definition

Major deliverables planned for 2014:

Written Proc. 201407 Amendment nr. 1 to the Work Plan 2@D45

Blade fuselage Pod on dock at BLADE final assembly line

Complete the laminar Wing Ground Based Demonstrator Phase 4 assembly
Analysisand Completing of the Smart Flap Low Speed Busiles¢LSBJ) Wind tunnel
test

Complete the application of aeroelastic and aerodynamic tailoring on concept aircraft

t

t he

(0]

Fl

Pass the test of the Critical Design Review for Low Speed Vibration Control of Business

Jds

Definition of the principle architecture of CROR ddémagine system integration to
Airbus A34G300 FTD

Complete test plan for impact & trajectory tests

Large scale Innovative Bizjet afterbody demonstrator assembled, ready for test
Definition of the inflight PIV diagnostic concept for CROR deragine flight test,
integration concept for test aircraft available

Structural design and systems integration concept for camera pod in VTP accomplished

(PDR)
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Activities for year 2015
Overview

The preparatio of the main demonstrators of the SFWA technologies will be completed at
straddling the end of the year 2014 and the beginning of year 2015. Hence the activities in
2015 will focus for the majority on performing tests on large ground and flight
demonstrairs, such as the natural laminar flow wing, the smart flap for low speed
applications, low speed vibration flight demonstration, and the business jet innovative after
body demonstrator.

All major components for the Airbus A348D0 BLADE flight test demonsitor are
scheduled to arrive in the first hal f year
Tarbes, which will be exclusively dedicated for the preparation, maintenance, conduct and
refurbishment activities for a period of, in total, two yeditlse laminar test wing articles are
planned to arrive by end of the second quarter of 2015, shipped to Tarbes directly after
completion of the assembly in Vitoria (Spain). Component assembly, installation of flight test
instrumentation, calibration and gruii tests of all major BLADE wing components will
stretch over the second half of 2015, finishing into 2016.

The ground based demonstration associated to the development of the laminar wing for large
transport aircraft, which is going on in parallel, wile concluded in early 2015 with a
number of key contributions to TRL5 to the structural concept and the leading edge high lift
kinematic.

The low speed vibration load control tests for business jets in 2015 will encompass all major
simulator tests and teswith the full size Dassault Falcon ground rig. Parallel tests with
advanced load control functions integrating real time loads monitoring will be conducted with
target to accomplish technology readiness levels of 5 at the end of 2015 for Business jets an
large passenger short range aircraft.

Thesec al | ed fAsmart flapd, a multifunctional <co
control capability for business jets will be tested in a full size ground demonstrator over the
full domain of static ad dynamic loads relevant for a the flight envelope in the second half of
2015. The analysis and exploitation of tests is scheduled to follow in 2016.

For the innovative rear empennage for business jets, the flutter test will be conducted in a
high speed wmd tunnel test and will be a key contribution to reach TRL4. The full scale
ground test with a structural mock up is planned to take place behind a Dassault Falcon 7X to
obtain realistic data about the thermal, acoustic and fatigue behaviour of theeatlVeatad
concept, which shall lead to the accomplishment of TRL 5 before the end of 2015.

Most of the research and development activities for the Contra Rotating Open Rotor will be
transferred to the Clean Sky 2 progras) while a number of topics (asseph by Call for
proposal) concerning the propulsion system integration, the aerodynamic and acoustics,
certification items, the physical integration and flight test, as well as the demonstration and
instrumentation, will continue in SFWA during 2015. A sfggant number of related
conclusive results are expected in 2015, to be completed in 2016.
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In 2015 all SFWA activities associate to active flow control wing technologies are planned to
be completed with the final testing of the robustness of the devedapeator concepts under
operational conditions. A final analysis of experiments done in 2014 on the leading edge
contamination effect for the application of hybrid laminar flow control, and a number of wind
tunnel tests of active and passive buffet cdritchnologies will be done in SFWA in 2015.

Major milestones planned for 2015:

1 Dedicated dock and hangar ready to host the BLADE test aircraft;

i Start of the final assembly of the BLADE Airbus A3300 test aircraft with all major
components;

1 Integrationof Laminar wing test results for large passenger aircraft into a next generation

short range aircraft concept;

Completing of Low Speed Business Jet MASmart

Completing of simulator tests for active load control functions largepat aircraft;

Completing of simulator tests for vibration control tests for business jets;

Completing of buffet control technology wind tunnel tests;

Completing of CROR shielding concept studies for primary structures;

Availability of CRORengine integation strategies and rules (result of coordinated action

of SFWA and beyond, including relevant authorities);

Completing of smart flap demonstrator structural integration;

Starting of the test campaigns to develop and tedligit CROR blade deformation

measur ement system based on Al PCTO and fl

APl Vo,

1 Completing of midscale validation wind tunnel tests of active flow control concept.

= =4 =4 4 -4 -

= =

Major deliverables planned for 2015:

1 Delivery of the Portboard laminar wing Uppeover and leading edge for wing assembly

1 Starboard and Portboard laminar wing test article on dock at BLADE final assembly line

1 Wing diffusion zones, aeffairings, wing tip pods and plasterons delivered on dock at
BLADE final assembly line;

1 Delivering of d major components for BLADE flight test instrumentation to final

assembly line;

VTP Camera pod manufactured, ready for assembly on test aircraft

Completing of the |l eading edge fAphase 40 de

Completing of the Laminar WinGround Based Demonstrator Phase 4 assembly;

Completing of the Smart Flap Low Speed Busingsts(LSBJ) high Reynolds number

aero performance tests. Completing and analysis of the Wind tunnel tests;

Passive load control technology development and testeanprary results available;

Starting of the large scale Innovative Bizjet afterbody demonstrator campaign;

1 Simulator results to configure the for Low Speed Vibration Control of Business Jets
ground test;

= =4 =4 4

= =4
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T CROR | ow speed test campgemesugsn with AZ490 pac
1 Completing of the CROR related impact & trajectory tests, preliminary results available;
1 Completing of the Innovative Bizjet afterbody wind tunnel flutter test preliminary results
available;
1 Definition of the inflight PIV diagnostic conceptor CROR demeengine flight test,
integration concept for test aircraft available;
1 PANEM model of CROR powered short and medium range transport aircraft including
key system features from SADD updated with recent results accomplished in SFWA.
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3.2. GRA'T Green Regional Aircraft

Future green regional aircraft will have to meet demanding weight reduction, energy and
aerodynamics efficiency, a high level of operative performance, in order to be compliant
regards to pollutant emissions and noise generéils. Objective of the Green Regional
Aircraft ITD is to mature, validate and demonstrate the technologies best fitting the
environmental goals set for the regional aircraft entering the market in the years22021b

The project has 5 main domains research, in which several new technologies are under
investigation in order to entirely revisit the aircraft in all of its aspects. The GRA
technological areas structure is as follows:

GRA1- Low Weight Configuration (LWC)

GRA2- Low Noise Configurabn (LNC)

GRA3- All Electric Aircraft (AEA)

GRA4 - Mission & Trajectory Management (MTM)
GRAS5- New Configuration (NC)

= =4 4 -4 A

GRA will continue the work packages defined in the baseline program, with internal review
of the technologies to be further enhandgidin GRA ITD activities, in the period 2014

2016, will be largely involved in design, manufacturing and final testing of the
demonstrators, according to the description given bdi@vevery domain, a short summary

of the activities carried out for the 'mainstream’ technologies in 2013 is here presented, with
the scope of introducing the activities planned for the next biennium 2018l

Activities for year 2014
Overview

GRAL1 did significant effort, in 2013, and made further progress on the development of
advanced composite materials. The design of the sections of the: Fuselage, Wing Box and
Cockpit of the Full Scale Ground Demo have been completed, so that, on 20itdeswetilt

mainly focus on the manufacturing of these Ground Demos. It has been also planned to start
the design and manufacturing of tdpper Crown Panel to be used for flight tests. In detail,
during 2014, the tests needed to achieve the Permit tat Mijibe performed; the ground
demonstrators and the Panel to be tested in flight will be manufactured. In order to perform,
ATR In Flight Demonstration in 2015fructural and Systems modifications on the ATR 72
aircraft will be performed during 2014.

Most of the activities performed in 2013 by Low Noise Configuration domain (GRA2)
concerned the development of the technologies to reduce the Main and Nose Landing Gears
noise of the Turboprop 9€eat A/C, as well as, the development of advanced aerodyamic
and load alleviation technologies for both i¢ht and 9@eat Aircraft Configurations.
These concepts will be experimentally investigated by large wind tunnel tests. The activities
planned during 2014 will concern the design and the preparation ef dleesdynamics and
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acoustic experiments. In particular, the demonstration of the Laminar Flow technology and
load alleviation technique on an elastic wing is planned to start at end of 2014 in the frame of
project ETRIOLLA under CfP. Design, preparatiordagxecution of acoustic wind tunnel
experiments on a Nose Landing Gear 1:1 scaled rapcko test devices for noise reduction

will be performed during 2014.

GRA3 2014 activities will mainly focus on the completion of the studies on A/C integration
of onboard systems, technologies enabling the application of the All Electric Aircraft
concept, s-E€EBoasthehBAd¥anced EPGDSO includi
Energy Management (E M) 0 , and the OElectromechanical
Cortrol and Landing Gear Systems. In 2014, AEA will also contribute to EDS Copper Bird
activities for the Laboratory Electrical Testing of the Regional A/C configuration including
EPGDS and EMA.

Most of the activities planned Byission and Trajectory Manageent (MTM)domain during

2014 will concern the development of the Green Flight Management System (FMS) and of
the realistic Regional Flight Simulator. The flight simulator will be configured, during this
year, to simulate the GRA TP90 passengers. ThisaNdw performing Flight Simulation
Demonstration in 2015.

The activities performed by New Configuratidomain, during 2014, will be concerning the
design of a wind tunnel Test Campaign to demonstrate and validate tHéthpghformance

and the whole stability & control dataset of the -58@&t Regional A/C. A powered complete
model will be used for thesavestigations. In addition, the sizing of two Green Concepts,
TurboProp 90 pax and 130 pax with different powerplants (AdvamoeooFan andseared
TurboFan Engines) will baitiated and continued through Loop 3 during all 2014. The A/C
Simulation Models (GRASM) to the Technology Evaluator for the assessment of
environmental targets achievement in terms of air pollutants emisSion & NOx) and
external noise reduction will be developed during this year to be finalized in 2015.

Major milestones plannedor 2014:

1 TRR Full Scale Demonstrator;

1 Upper Crown Panel for thedRlight Demonstration availability;

1 NLF wing 1:3 Wind Tunnel model (HW) (ETRIOLLA project under CfP);
1 WTT First Complete Aerodynamic Test (Clean Wing);

1 Final Green FMS availability;

Major deliverables planned for 2014:

Fuselage Test Article Availability;

Wing Box Test Article Availability;

Cockpit Test Article Availability;

Test SetUp & FCSEMA Delivery for Copper Bird;

Test SetUp & LGS-EMA Delivery for Copper Bird,;

Electrical PowefGenerators and Controls equipment available for Demo Aircratft;

=4 =4 4 4 A 9
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1 Electrical Power Center (EPC) and Simulated Resistive Electrical Load available for
Demo Aircratft;

1 Completion of WT Testing of elastic modular transonic laminar wing model with load

controldevices (WTT2);

Completion of LG Modular Scale WT Testing;

NLG/MLG & Bay Concept: 2nd down selection;

Green FMS final release availability;

GRASM (TP90 pax and GTF 130 pax A/C of Design Loop 3).

= =4 4 A

Main events:

1 TRR Full Scale Ground Demo
9 Test A/C availal# (ATR MSN 098)
1 GRA Annual Review Meeting (ARM)

Work plan for year 2015
Overview

Low Weight Configuration domain (GRA1) activities will totally focus on Testing the
Ground Demonstrators (Fuselage Section, Wing Box Section and Cockpit Section). The
major objectives in 2015 are represented by the static and fatigue tests to be executed on
Ground Demonstrators together with some functionality testing (i.e electrical conductivity,
modal analysis and acoustic). Structural and Systems modifications wilhweni be
applied on the ATR 72. A new composite stiffened panel will be installaed on crown area in
place of the existing aluminium panel for flight tests.-Plight Tests (preliminarystrain
check acoustic evaluation and calibration of sensors for SHM) and Flight Tests will be
executed, with unmodified and modified A/C, on ATR 72 (MSN 098). The overall
assessment of the domain project results will be carried out including the final
demonstrationsesults, focusing on the main achievements against initial taigessFlight
Readiness Review (FRR) will be achieved and the Flights will be executed in 2015.

Low Noise Configuration domain (GRAZ2) activities will be basically dealing with the
demonstrabn of advanced aerodynamics (laminar flow technology), load alleviation (tests
performed on 1:7 halA/C aeroserveelastic model in the frame of project GLAMOUR
under CfP) and low airframe noise technologies tailored tes#a0 A/C (tests of lovgpeed
aerodynamicand aereacousticperformance on 1:7 complete A/C powered WT model in the
frame of the projects: ESICAPIA and EASIER both under CfPs) argk80green regional

A/C (tests of lowspeed aerodynamic and a@woustic performance on 1:7 completeCA/
powered WT model) and acoustic tests performed on-adale mockup of a Main Landing

Gear lownoise configuration. Respective tests will be executed in the frame of the projects
LOSITA, WITTINESS and ARTIC, all under CfPs, through a variety of lesgae
aerodynamic and ae@xroustic Wind Tunnel Tests on innovative models.
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In addition, mechanical tests on a fstlale prototype of the morphing flap sized to the-half
outboard flap of the 138eat A/C will be carried out. Ground demo of LE&&ystem
architecture through a representative test rig integratingtineal computer, active devices

and control laws will be performedhen, the overall assessment of the domain project
results will be carried out by reviewing the different phasebeftork programme, from the
technologies development to the final demonstrations, focusing on the main achievements
against initial targets.

Most of the activities performed in Mission and Trajectory Management domain will be
dedicated to the final FlighSimulation Demonstration test according to the defined
procedure. The overall assessment of the domain project results, collecting pilot feedback and
environmental benefit due to the implementation of green FMS functions, will be carried out.
Demonstratia of the Green FMS (Flight Management System), using a realistic Regional
Flight Simulator, will be executed.

New Configuration domain (GRA5) will focus on the lapeed aerodynamic wind tunnel

test campaign to estimate the performance in high lift comditof the 136eat aircraft
configuration by testing a 1:7 complete A/C powered WT model. The A/C Simulation
Models (GRASMs) for the assessment of environmental targets achievement in terms of air
pollutants emissiond0O, & NOx) and external noise redimt, based on experimental results

and enclosing the MTM Technologies, will be delivered to the Technology Evaluator.

Major milestones planned for D15

Completion Ground Full Scale Test;

WTT Demo Large Scale 90 Pax;

E-ECS verification of integration ofA/C on ground;
Completion of Flight Test Demonstration;

E-ECS for Regional A/C Completion Demonstration;
Completion of Flight Simulator Demonstration;

WTT Demo Large Scale 130 Pax;

= =4 =4 4 48 48 -9

Major deliverables planned for 2015:

Fuselage Ground Test Demonstratiosults;

Wing Box Ground Test Demonstration results;

Cockpit Ground Test Demonstration results;

Test SetUp & FCSEMA Delivery for Aircraft Flight Demo;
Test SetUp & LGS-EMA Delivery for Aircraft Flight Demo;
E-ECS rack available;

Systems FTI kit available;

Flight test Engineering Station available;

ATR (MSNO098) modified A/C;

Wind Tunnel demonstrators for 1-3@at and 9@eat green regional A/C performances as
above outlined and relevant tests results;

= =4 =4 4 -4 4 -5 -5 -5 -9
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9 Ground demonstrators of morphing flap and of LC&#stem architecture and relevant
tests results;

1 Final MTM Report based on Simulation Test execution;

1 GRASM (TP90 pax and GTF 130 pax A/C of Design Loop 3 and with MTM
Technologies).

Main events:

i Static and Fatigue Full Scale Ground Destaators;

1 WTT DemolLarge Scale 90 & 130 Pax;

1 Flight Test on ATR MSN 098;

1 Demonstration of the Green FMS by a Regional Flight Simulator;
1 GRA Annual Review Meeting (ARM).
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3.3. GRCi Green Rotorcraft

The Green Rotaraft ITD gathers and structures all activities concerningiritegration of
technologies and the demonstration on rotorcraft platforms, supported by activities performed
within the EceDesign ITD, the Sustainable and Green Engines ITD, the Systems for Green
Operations ITD and the Technology Evaluator. It combinegers domains aiming at
reducing the environmental footprint by reducing emissions and halving perceived noise for
the next helicopter generation.

The main activities for the seven domains of the GRC ITD are

GRC1- Innovative rotor bladesctivities will be related to the design, manufacturing and
testing of new blade devices including both active and passive systems, and the methodology
and tools necessary to carry out parametric study for global rotor benefits. A flight test
campaign is planned for thetave Gurney flap rotor in 2@l In case additional funding can

be made available a flight test campaign atimisedpassiverotor will be performed in
early/ mid 2016

GRC2- Reduced drag of airframe and dynamic systems actiwiiebe related tahe design

of optimised shape, the manufacturing and testing of helicoptepastdb such as the air inlet,
rotor hubfairingsand fuselage aft body for several rotorcraft configurations including the tilt
rotor. Passive shape optimisation approach angxaenerators will be complemented with
active control systems. Flight test campaigns starting in late 2014 and 2015 for testing
integrated technologies.

GRC3 - Integration of innovative electrical systenastivities will be focused on new
architecturesdr more electrical helicopters including new technologies such as electric tail
rotor, brushless starter generator, eleatechanical actuators, electric taxiing, electric
regenerative rotor brake and the management of energy recovery. Performancecassgssm
the different electrical architectures in a representative environment performed in 2014 and
2015 using the Copper Bird Test Rig.

GRC4- Installation of a High compression engine on a light helicopték consist in the
development of a specifiigh compression engine power pack demonstrator to be installed
on a modified EE€120 helicopter. Important milestones test are expected in 2014 with ground
tests of the High compression engine powered helicopteflight test campaign will
conclude the wdxstartingin late 2014.

GRC5- Environmendfriendly flight paths activitiewill focus on the optimisation of the
helicopter flight path relying both on new procedures in @fikeand landing phase (IFR
based) and new flight envelope definition to rednoése (steep approach) and pollutant
emissions. An intensive work with SESAR (Single European Sky Air Traffic Management
Research), EASA Huropean Aviation Safety Agencyand ICAO (International Civil
Aviation Organization) is planned to introduce new 8ohs operational by 2020. Flight
tests are planned in 2014 and 2015.

GRC6- EcoDesign Rotorcraft Demonstrators activitigsl be related to manufacturing and
testing helicopter subssemblies such as a doubleved fairing, a tail unit section, an
intermediate gear box, a tail gear homcluding the relevant input shaft which will feature
REACh compliant corrosion protectioimplementation of new eeoiendly materials and
processes (thermoplastic composiéesl relevant forming and joining processesetallic
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all oys with fAgreeno surface protection) basece

projects.

GRCT7- Technology Evaluator for Rotorcraft activitiase related to the packaging of results
obtained for the different rotorcraft subsystemsl éhe delivery of consistent behavioural
models representing the future helicopter fleet for the Technology Evaluator to assess their
environmental impact as compared to the fleet operated in 2000. Six behavioural models will
be delivered from 2013 to 261

Year 2014
Overview

Most of the activities on GRC1 Innovative Rotor Blades-gidject will focus onthe
development of active and passive technolodreparticular, GRC1 objective can be broken
down as follows:

1 Assess the potential of active/passive rotor technologies to achieve a commercially viable
solution enabling reduced rotor power consumption and reduced rotor acoustic signature.
Targeted achievements shall be measured relative to fleetbiz@@lnehelicopters (see
GRC7).

1 Pursue development of the active twist concept from Friendcopter.

1 Carry out parametric study and optimisation of active and passive bladatlé&yr global
rotor benefits.

91 Develop methods necessary for the optimisation of blade deaignoation system
integration, sensory data transmission, power transfer and control algorithms.

1 Develop suitable opelwop and closedbop control algorithms to manage the active
system behaviour.

GRC2 activities will focus on the reduction of the hafiter and tikrotor overall drag by
nontdegrading its lift and handling quality, and by decreasing engine installation losses. Drag
reduction of the tilrotor fuselage and lift over drag increase of its wing and empennages will
be investigated and test&d wind tunnel and/or flight. Moreover, efficiency improvement

(i.e. decrease pressure losses and distortions), noise emission reduction of engine intake,

efficiency improvement (i.e. pressure recovery), increase of secondary mass flow and of

engine exhast (ERICA tiltrotor model)will be addressed numerically in wind tunnel and/or

in flight.

The GRC3 objective of Innovative Electrical Systems domainthe development of

electricallypowered systemt® replace hydraulic systems on rotorcraft and the réoluof

carbon emissions by improved overall electrical power system energy efficiency. The

objective can be broken down as follows:

1 Assess the potential for electrical technologies to achieve a commercially viable solution
that enables removal of hydraukystems, improved electrical systems functionality, and
reduced power consumption. The targeted achievements shall be measured relative to
existing technologie§Y2000 Baseling)and theY2020 Reference Helicopters as defined
by GRC?7.

1 Pursue model devgdment of the electrical concepts.
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1 Carry out benefit analysis studies and optimisation of individual and collective
technologies to provide electrical systems benefits.

1 Definition and provision of technology prototypes, facilitating practical demonstration

1 Incorporation of prototypes into the Copper Bird, system test bench, or test airframe to
demonstrate system behaviour and benefits.

1 Optimisation of existing tasks to provide technology confidence at the highest Technology
Readiness Level (TRLJemonstration possible.

GRC4 will focus on turbochargedigh compression engine technology, developed in the
automotive industry, with the objective to integrate this technology on helicopters to
drastically reduce gas emission level (foreca&3@, more han 40%, NG more than
53%).Most of the activities will concern the integration of a flight worthy helicopter
demonstrator based on the adaptation of an aeronautical high compression engine to
helicopter specifications and the transformation of a turbimeeped light helicopter.

The GRC5 objective is to reduce, for helicopter and tiltrotor aircraft, noise and polluting

emissions through the optimisation of flight paths and, in addition, to develop nemolsgv

procedures to minimise noise perceived @ougd during departure, low level flight and

approach.

The GRCS5 sudproject is aimed to develop

i tools to optimise trajectories for lemoise and lowemissions

1 a process to promulgate noise abatement procedures

1 software to plan environmentally friendly $sion profiles

9 airborne hardware, and software, to allow flight crew to fly the-toige and low
emission trajectories.

The general objective of GRC6 is to demonstratefaendly life cycle processes in the

phases of manufacturing, maintenance angdadgial for specific helicopter componenthe

WP will demonstrate the possibility to eliminate substances considered hazardous. Activities

will focus on thefollowing demonstrators:

1 Composite based structures/ Crosstube Fairing: the aim is to designaanfboture a
typical rotorcraft cowling/fairing geometr
processes to achieve a cost & weight savin
of the demonstrator geometry shall represent typical design démitsdcess technology
has to master.

1 Composite based airframe structures/ Structural parts: the aim is to design and
manufacture a composite primary (leearying) structural element out of ecolonomic
materials.

1 Metallic based transmission structurdgansmission parts: the aim is to design and
manufacture a demonstrative main helicopter mast and tail gear box.

1 Metallic based transmission structures/ Gear box: this demonstrator will address the build
of a REAGh compliant and ECO efficient Intermedia@ear Box (IGB) and associated
shatft.
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Subproject GRC?7 is the interface between the GRTand the Technology Evaluator (TE).
GRCY7 in its support to the TE will endeavour to ensure that the uniqueness of rotorcraft
operations in relation to fixedling aircraft is duly taken into account. GRC7 ultimately
provides a rotorcraft assessment software platform called PhoeniX to be integrated in the TE
simulation framework to allow the TE to evaluate the possible environmental benefits of
GRC subproject technologs. The PhoeniX platform will need to be refined and updated
given the nature innovative of the developed technologies.. Therefore the iterative cycle of
evolution of the platform will be continued, which is to be supported by the interaction
between GRC&nNd the other GRC syfrojects and the TE as the Technology Readiness
Level (TRL) evolves.

Major milestones planned for 2014:

9 Critical Design Review (CDR) of the optimised shape of the common helicopter

platform

Critical Design Review (CDR) of the neawr intake for the ECqg light H/C.

Critical Design Review (CDR) of the fuselage the AW heavy H/C.

Test Specimen Ready

Critical Design Review on full scale 3D active gurney flxglivery of first prototype

Starter Generatdground test results

1 Ecoflight IFR procedures for TouloudBlagnac airporEMS sim correctly coupled
with flight simulator AWAREEvaluation and verification of the test resiBisfitware
delivery to TE: several version of Phoenix Black Box

= =4 =4 -4

Major deliverables planned for 2014

1 Test Matrixon active twist

1 Test Specimen

1 Results 2D wind tunnel test

1 Measured vibration data analysis and report

9 Test Program for structural tests of blade model of AGF rotor

1 Preliminary Design Review on full scale 3D active gurney flap.

91 Delivery of helicopter dondslades

1 Synthesis report on GRC2 common platform hub cap and blade neck optimisation

1 Synthesis report on GRC2 common platform fuselage drag reduction

1 Specification of wind tunnel test campaign on a heavy helicopter fuselage (Issue3)

1 Synthesis of the benediand related penalties for the technology demonstrations of
GRC2 (issue 1)

1 Aerodynamic fuselage characteristics of the 2000 baseline, 2020+ reference and
2020+CS conceptual fleets (Issue 4).

1 GRC3 benefits at H/C level for TEH configurations

1 EMA for Landing Gear Final report

1 HERRB Technology Assessment

1 Baseline ETRD System Definition Report

1 Piezo Power Supply Test Report

1 Interface document for HEMAS and Adaptation Kit for HEMAS: final issue
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Iron bird test report

Ground test report

Technical synthesiseport

AWARE upgrades to support ATC/TR simulation in Clean Sky Green Rotorcraft 5
VFR low-noise approach guidance concept

Pollutant emissions report (PZL, AG, EMICOPTER)

Report on Cross Tube Fairing Demonstrator manufacturing and analysis/evaluation
Tail cone: Report on panel manufacturing process

Roof specimen: report on goelting technical results

Evaluation and verification of the test results EC

Phoenix Black Box V4.1 for (TE) TEM

(Contributors: AWL, AWS, AHsas, AHD, NLR, CIRA, DLR, ONERA, PZL, ©,
SAGE)

Phoenix Black Box V4.1.2 for (TEPELU1

(Contributors: AWL, AWS, AHsas, AHD, NLR, CIRA, DLR, ONERA, PZL, CU,
SAGE)

Phoenix Black Box V5.1 for (TE)JEH U1+DEL

(Contributors: AWL, AWS, AHsas, AHD, NLR, CIRA, DLR, ONERA, PZL, CU,

SAGE)

=4 =4 =4 -5_4_9_9_°5_2°_2°_-2._-2-
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Main events:

1 4th Assessment TE simulation framework results with updated PhoeniX.

Year 2015
Overview

Forecast and remaining activities planned from 2015 onwards for the seven domains are:
Innovative rotor bladesctivities will be related to the design, manufacturing and testing of
new blade devices including both active and passive systems, and the methodology and tools
necessary to carry out parametric study for global rotor benefits. The integration ofwbe act
gurney flap system in the rotor blade will be finished in 2015.The active twist concept will be
further developed, which means in detail the manufacturing of the specimen and the bench
testing in 2012015 and the final test report in 2015. The pasdilede design will be
finished by the CDR in 2015, followed by manufacturing and whirl tower testamjng in

late 2015 / early 2016 his means demonstration on a whirl tower will be performed in 2015
for active Gurney fla@nd in 2016 with shape opinised blades. The whirl tower testing of

the AGF rotor will be followed by a flight test campaigm 2016 Depending on the
availability of additional funding a flight test campaign would conclude the work performed
for the optimised passive blade.

Reduceddrag of airframe and dynamic systems activitrgi be related to the design of
optimised shape, the manufacturing and testing of helicoptepat such as the air inlet ,

the rotor hub cap and fuselage aft body for several rotorcraft configuratioding the tilt

rotor. Passive shape optimisation approach and vortex generators will be complemented with
active control systems such as pdigets and continuous blowing. Wind tunnel campaigns

Written Proc. 201407 Amendment nr. 1 to the Work Plan 2@D45 PART A1 Page27 of 745



will validate performance predictions all along the pragree. Flight test campaigns will be
completedn 2015 for testing integrated technologies.

Integration of innovative electrical systems activiiiel be focused on new architectures for
more electrical helicopters including new technologies such asiel&atrrotor, brushless
starter generator, electrnechanical actuators, electric taxiing, electric regenerative rotor
brake and the management of energy recovery. Performance assessment of the different
electrical architectures will keep being testedhirepresentative environment in 2015 using
the Copper Bird Test Rig along with various equipment tests to be performed on specific test
benches from 2014 onwards. The electric tail rotor technology will be tested on a-AW in
house test rig.

The demonstratio of integrationof a high compression Enginen a Light Helicopter will be
completed with flight demonstratierin early 2015 The assessment of the test campaign
results will conclude the work in GRCA4.

Environmendfriendly flight paths activitieswill be related to the optimisation of the
helicopter flight path relying both on new procedures in @fikeand landing phase (IFR
based) and new flight envelope definition to reduce noise (steep approach) and pollutant
emissions. Along with the implementatiohrew devices in the flight management systems,

an intensive work with SESAR (Single European Sky Air Traffic Management Research),
EASA (European Aviation Safety Agency) and ICAO (International Civil Aviation
Organization) is planned to make those newtsahs operational by 2020. Flight tests are
planned in 2015 to assess the benefits of new procedures in an operational environment.
EcoDesign Rotorcraft Demonstrators activitdl be related to manufacturing and testing
helicopter sukassemblies suclas a tail unit section, an intermediate gear box, a main
helicopter mast and a tail gear box. New-&tendly materials and processes (thermoplastic
composites, metallic alloys with HAgreeno
EcoDesign ITD and eker projects will be implemented on these demonstrators and
evaluated. Overall assessment of benefits for the whole life cycle will continue in 2015.
Technology Evaluator for Rotorcraft activitiase related to the packaging of results obtained
for the different rotorcraft subsystems and the delivery of consistent behavioural models
representing the future helicopter fleet for the Technology Evaluator to assess their
environmental impact as compared to the fleet operated in 2000. The delivery of the six
behavioural models will be completed in2015 including updates of those already delivered.
Major milestones planned for 2015:

Flight test on the AW light helicopter featuring the new beanie accomplished.

Flight test about on the AH light helicopfeaturing the new rotor head accomplished
Wind-tunnel test of the optimised GRC2 common platform

ETB Test

HEMAS system and its adaptation kit delivery to Copper Bird

T/R eccolFR procedures validated by PITL simulations in laboratory environment (with
ATC).

Realisation of ifflight demonstrations

Completion of HCE flight test campaign

= =4 4 4 - 9
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1 Final flight test demonstration of LolNoise VFR Approach Guidance on EC145
1 Flight test with EC138ACT/FHS
1 Delivery of Final PhoeniX platform to the TE

Major deliverables planned for 2015:

1 Summary on the flight test results for the AW light helicopter featuring the new beanie.

1 Synthesis report on WT measurements on a AW Heavy helicopter fuselage

1 Summary on the flight test results for the AH light helicopter featuring thero@r head
and fuselage fairings.

1 Summary on the flight test results for the AH light H/C with the new air intake.

1 Synthesis of the benefits and related penalties for the technology demonstrations of GRC2
(issue 2)

1 Test report on wind tunnel experimentalimpaign of oscillating AGF airfoil in dynamic

stall conditions

Tooling ready for manufacturing

Analysis 3D model rotor wind tunnel test

Assessment of GRC1 Technology Benefits (all GRC1 partners) 2015

Whirl Tower Test Report

Synthesis report on the designd project study of tiltrotor fuselage in support of weight

and performance.

Synthesis report on the design of thelatake and exhaust of a tilbtor

Synthesis Report of the Design Studies for an Optimised Green Tiltrotor

Final report

GRC3.4.6 finareport

HEMAS Final Report

Final test plan for HEMASM21

Final demonstration report

HCE flight test report

TRAVEL D5.3: Final report

Synthesis report of flight demonstration at TouleB&sgnac

Synthesis report of flight demonstration at Seo de Urgel

EcoFlight Planner Final Demonstration report. (AWS)

Flight Test Report on VFR Approach Guidance for EC145 (ECD)

Phoenix Black Box V6.1 for TEE TEH Ul

Phoenix Black Box V7.1 for TEE TEL U2

Light Twin Engine Helicopter Models EUROPA, TM Engine and HELEAIV7.1

Heavy Twin Engine Helicopter ModelsEUROPA, TM Engine and HELENA V6.1

= =4 4 -4 -
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Main events:

1 M23- Final TE Assessment results using final updated PhoeniX simulation.
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3.4. SAGET Sustainable and Green Engines

2014 will be a key year for SAGE ITD. Most of themaining design activities will be
completed transforming the last concepts ifmozen definitions. New engine tests will be
launched and the ones started in 2013 will be finalized. These efforts will raise the
Technology Readiness Lev@IRL) of subsystems towards the overall whole engine system
reaching TRL level 6. During this period another ramppn the spend will happen due to the
costly detailed design activities, the manufacturing and the ground and flight tests of the
demonstrators. This reflected in the budgets for this period which demonstrates the high
levels of budgets planned in 2014. In 2013, the Turboshaft engine demonsteabmeha
delivered and during 2014 2016, 4 more engine demonstrators will be delivered
representing ne technologies such as Open Rotor, Large 3 Shaft Turbofan, Geared Turbofan
and Lean Burn.

Activities plan for year 2014
Overview

SAGE1- Activities were reviewed after the Go decision made in 2013. The outcome was to
reduce the activities further andpgwrt the work breakdown structure shown in figure 1.

SAGE 1
Geared Open Rotor
Rolls-Royce
SAGE 1.1 SAGE 1.2 SAGE 1.3 SAGE 1.4
Open Rotor Design Open Rotor Open Rotor Forced Noise
Fast CFD Solver Component Integrity Response University of
University of University of Oxford Imperial College Southampton
Cambridge London

Figure 1: New SAGE 1 Work Breakdown Structure.

Therefore, SAGE 1 will now focus on 4 themes: Open Rotor (OR) Design Fast CFD;
Component Integrity; Forced Response and Noise. These activitieowell develojng the

code to provide a fast capability to analyse and understand the steady and unsteady
aerodynamics of installed open rotors, also leading to an enhanced understanding of the
resultant aerodynamic3he project will develop the capabilifgr impact engineering with
composite materials for open rotor designs feature variable blade pitch angles in conjunction
with an overhung rotor and the continuation of Aero and Noise Methodology Development.
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SAGE 2- The objectives of the Geared Opent&tdemonstrator projects are to demonstrate
technologies that contribute to assess open rotor architecture feasibility and environmental
benefits, to adapt an existing gas generator and a rig for technology validation and integration
demonstration, to dedop enabling manufacturing technologies and materials where these are
necessary to deliver the engine technologies for demonstration, to deliver and start to ground
test a demonstrator in Q4 2015 and, on the basis of prediction and test data obtairtled from
engine, to assess the improvements in gaseous and noise emissions that may result from a
production open rotor propulsion system. After the Preliminary Design Review in Q4 2013,
2014 will be the year of the freeze of the whole demonstrator defimiitnthe completion

of the CDR.

SAGE 3- The Large 3 Shaft Engine project will demonstrate technologies applicable to large
3-shaft turbofan engines in the -88,000 Ib thrust class, as concerns low pressure system.
The project aim is to deliver TRL6 fathese suksystems through appropriate testing
delivering engine conditions representative of potential future engine applications.
Demonstration by rig testing will have completed in 2013 and the focus in 2014 will be on
full-scale engine tests of the Consfie Fan System and Low Pressure Turbine. Three engine
tests are planned to be launched in 2014: flight test of the composite fan blades, ground test
of the full composite fan system and ground test of the low pressure turbine. Additionally,
the groundesting of the composite fan blades launched in 2013 will be completed.

SAGE 4- The purpose of the advanced Geared Turbofan (GTF) Engine Demonstrator, as an
important part of SAGE platform, is to improve necessary technologies in order to further
reduce fiel burn /CO, by addressing efficiency and weight, to continue efforts to further
decrease already low noise emission levels and to enhance reliability and cost. Main focus in
2014 will be manufacture, procurement and instrumentation work of modules and
components, module level assembly work and test preparation for a successful test campaign
in Q2-2015.

SAGE 5- The Turboshaft engine Demonstrator shall provide with the necessary technologies
for the development of a new engine family equipping helicopiEsses with a takeff

weight from 3 tons (singtengine) to 6 tons (twkengine), delivering TRL6 for the sub
systems studied and design in SAGE 5 through appropriate testing, delivering engine
conditions representative of potential future engine apiplinos. The technologies to be
demonstrated will deliver improved specific fuel consumptions, noise and emissiams in

with the goals of the Clean Sky programme. Further Turboshaft Demonstrator engine tests
are scheduled in 2014 to demonstrate the iatie® technologies related to the performance
and thermemechanical behaviour.

SAGE 6- The Lean Burn Project, started in 2011, consists of two major work streams. The
first will define subsystem designs and associated verification strategies for cencept
identified as most suitable for introduction into future gas turbine products. The second will
focus on design and make activity to create a set of functionally representative experimental
subsystems that can be integrated into a demonstra@iorph. It is anticipated thathis
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hardware will be subjected to botly testing (2013 onwards), followed lngine testing
(201571 2016).

Major milestones planned for 2014:

SAGE1

1 Achieve next loop of test data evaluation fromgming data evaluations
1 Update ofon-going far and near filed noise predictions

1 Update of associated transpositions to flight

1 Further improved design, aero and prediction methods and tools

=

CROR blade mechanical design methods
1 Summary from ofgoing concept evaluations and according teldgyevaluations

SAGE2

1 Launch of manufacturingeven if the manufacturing of most parts will start after the
completion of the CDR, long ledine items procurement will be anticipated and will
thus start in February 2014.

1 Critical Design Review (CDRJ}reeze demonstrator definition

SAGE3

1 Composite Fan Blade Ground test completion. Completion of the ALPS CFS1 ground
engine demonstration of the composite fan blades

1 Composite Fan Blade Flight Test Pass to Test. First flight test of the ALPS FTB1
compositefan blade demonstrator.

1 Low Pressure Turbine Demonstrator Pass to Test. Pass to Test of ALPS LPT1 build for
ground demonstration of low pressure turbine technologies

SAGE4
1 System Level Test Readiness Review

SAGE 5

1 Engine Built 2 Endurance

1 Engine Built 2 Performance Test The target is to validate the thenechanical
behaviour of the engine in very hot environment and verify the global performances of
the innovative technologies implemented on the engine at high Turbine Entry
Temperature

SAGEG

! Lean lurn core engine demonstrator EFE Build 4 commissioning
1 Critical Design Review (CDR), freeze of engine configuration
1 Build start of ground test engine
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Major deliverables planned for 2014:

SAGE1

1

1
1
1

=

T
T

Test data evaluation reports from-gaing data evaluations

Summary from orgoing far and near filed noise predictions

Associated transpositions to flight

Summary regarding improved design, aero and prediction methods and tools

CROR blade mechanical design methods and tool progress report

CROR blademanufacturability progress report

Summary of definition of next generation RR CROR blades for Z49P2 testing projected
for 2015

Summary from orgoing concept evaluations and according technology evaluations
Design and marfacture of blades for tests

SAGE?2
Critical Design Review (CDR) closure report

Freeze demonstrator definition

T

First LLTI forging parts delivered

SAGE3

T

Final Parts to Stores for Composite Fancase demonstration. Delivery of final parts for
build of the ALPS CFS2 engine

Composite Famlade Ground Test Reports. Delivery of ptestt reports closing out the
ALPS CFS1 composite fan ground test campaign

SAGE4

T

Final Parts on Stores

SAGES

)l
)l

Completed module and components instrumentation
Turboshaft Demonstration. Engine demonstratiothefinnovative technologies in order
to demonstrate performance and themmechanical behaviour

SAGEG6

)l
)l

Critical Design Review (CDR) report for the ground test engine
Delivery of finished parts to stores for ground test engine
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Work plan for year 2015
Overview

2015 will be another key year for delivering engine demonstrators for the success of SAGE
ITD. Additionally, SAGE 3 and SAGE 5 will be finalising their analysis of demonstrators
performed during 2014. For SAGE 2, 4 and 6 there will be their dingine runs. These
efforts will raise the Technology Readiness Level of-sygtems towards the overall whole
engine system reaching TRL level 6. During this period the spend level will remain high
during this intense period of demonstrator testing. s Thireflected in the budgets for this
period which demonstrates the high levels of budgets planned in 2015. In 2014, the large 3
shaft engine demonstrator, SAGE 3, will have been delivered with 3 more engine
demonstrators being delivered in 2015 represgntRL increases in Open Rotor, Geared
Turbofan and Lean Burn.

SAGE 1 will continue to focus on 4 themes: Open Rotor (OR) Design Fast CFD; Component
Integrity; Forced Response and Noise. These activities will cover dawglt®e code to
provide a fast gaability to analyse and understand the steady and unsteady aerodynamics of
installed open rotors, also leading to an enhanced understanding of the resultant
aerodynamics, the project will develop the capability for impact engineering with composite
materids for open rotor designs feature variable blade pitch angles in conjunction with an
overhung rotor and the continuation of Aero and Noise Methodology Development.

SAGE 2 - The Geared Open Rotor Demonstrator project objectives are to demonstrate
technologes that contribute to assess open rotor architecture feasibility and environmental
benefits, to adapt an existing gas generator and a rig for technology validation and integration
demonstration, to develop enabling manufacturing technologies and matéeatsthese are
necessary to deliver the engine technologies for demonstration, to deliver and install a
demonstrator at the ground test facility in Q4 2015 and, on the basis of prediction and test
data obtained from the engine, to assess the improvelnegéseous and noise emissions
that may result from a production open rotor propulsion system. After the Critical Design
Review in 2014, 2015 will be the year of the receipt of the parts, the assembly and
instrumentation and the delivery of the SAGE2 destiatior to the ground test facility.

SAGE 3- The Large 3 Shaft Engine project will have been delivered in 2014 demonstrating
technologies applicable to largesBaft turbofan engines in the-88,000 Ib thrust class, as
concerns low pressure system. Theject aim will have delivered the TRL6 for these-sub
systems through appropriate testing delivering engine conditions representative of potential
future engine applications. Demonstration by rig testing will continue for the Low Pressure
Turbine develoment.

SAGE 4- The purpose of the advanced Geared Turbofan (GTF) Engine Demonstrator as an
important part of SAGE platform is to further improve engine technologies in support of the
everlasting reduction of fuel burrC/O, by addressing efficiency amdeight and to continue
efforts to further decrease already low noise emission levels as well as to enhance reliability
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and cost. After completing engine assembly and test preparation main focus in 2015 will be
on full-scale engine demonstration of the G&elafurbofan in order to validate the selected
technologies. After testing, the demonstrator engine will be taken off the test stand, dis
assembled and inspections will take place on module and component levels, followed by test
analysis and reporting inaling the results of assessments of inserted technologies.

SAGE 5- The Turboshaft engine Demonstrator shall provide with the necessary technologies
for the development of a new engine family equipping helicopter classes with-afftake
weight from 3 tons gingleengine) to 6 tons (twhengine), delivering TRL6 for the sub
systems studied and design in SAGE 5 through appropriate testing, delivering engine
conditions representative of potential future engine applications. The technologies to be
demonstrated Vv deliver improved specific fuel consumptions, noise and emissiotiagn

with the goals of the Clean Sky programme. The main activity in 2015 for SAGE 5 will be
the finalisation of the analysis of demonstrator test performed during 2014.

SAGE 6- The Lean Burn Project, started in 2011, consists of two major work streams. The
first will define subsystem designs and associated verification strategies for concepts
identified as most suitable for introduction into future gas turbine products. The sedond wi
focus on design and make activity to create a set of functionally representative experimental
subsystems that can be integrated into a demonstration plaédten.a rig testing phase
planned mainly during 2013014, an engine test campaign is foresee20152016, which
includes not only ground tests, but also flight tests supported by CSJU.

Major milestones planned for 2015:

SAGE1

1 Open Rotor Component Integrity (Composite damage model available);
1 Open Rotor Forced Response (Technical Report);

1 OpenRotor Component Integrity;

1 Open Rotor Forced Response;

SAGE2

1 Start of the assembly of the demonstrator;
1 Installation of the GTD on the ground test facility;

SAGE3

1 Composite FarbystemPass to Test of the ALPS CF8@mposite farsystem (including
composite fan caselemonstrator.

1 Low Pressure Turbine Demonstrator Pass to Test. Pass to Test of ALPS LPT1 build for
ground demonstration of low pressure turbine technologies
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SAGE4

1 GTF Demonstrator on test starfeéinal test preparation at test cell tallow full-scale
GTF engine demonstration;
1 GTF Demonstrators DR&erifying demonstrator test results with objectives;

SAGES
1 Finalisation of results analysis of demonstrators performed during 2014;

SAGEG
1 First Engine Run.

Major deliverables planned for 2015:

SAGE1

1 Open Rotor Design Fast CFD Solver (Update Report);
1 Open Rotor Component Integrity (Update Report);

1 Open Rotor Forced Response (Update Report);

1 Noise (Update Report)

SAGE2

1 Mounts test report;

1 Demonstrator ready for test;

SAGE3

71 Final Parts taStores for Composite Fancase demonstration. Delivery of final parts for
build of the ALPS CFS2 engine

1 Final Parts to Stores fdwow Pressure Turbindemonstration. Delivery of final parts for
build of theALPS LPT1engine

SAGE4
1 GTF demonstrator ground test rep@elivery of postest reports;

SAGE5
{1 Finalisation of results analysis of demonstrators performed during 2014,

SAGEG6
1 Engine ready to test.
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3.5. SGOT Systems for Green Operations

The ASystems for Green Operationso | TD i s
of innovative technologies foManagement of Aircraft Energydealing with electrical
systems for fixed and rotary wing aircraft, ahMhnagement of Trajectory and Missjo
addressing the optimisation of all flight phases from an environmental point of view.

Year 2014

Overview

Building on developments in the previous years of Clean Sky, SGO work will reach high
TRLs (4 to 6 depending on the technology threads) in 2014y Miatiese high TRLs will be
obtained through higfidelity ground demonstrations or in flight tests, in collaboration with
vehicle ITDs: Smart Fixed Wing Aircraft, Green Regional Aircraft and Green Rotorcraft.
Thus, the O ITD will deliver largescale goundbased architectural integration of
electrical technologies comprising generation of electricity, distribution and electrical loads,

together with their management. The demonstration of these integrated systems will be done

in Airbus PROVEN test bendh 2014, early 2015 and will achieve up to TRLS5 for the-sub
systems.

In the field of electrical systems, including environmental conditioning, thermal management,
electrical power generation and conversion, ice protection, major milestones will be reached
in 2014:

1 An innovative Ice detection system has reached TRL4 in 20tB8will be developed
further during 2014 followed by the TRL5 review early 2015.

1 Wing Ice protection systems have reached TRL4 in 2013 and enhanced prototypes will be

delivered to the PROVEN test bench for ground validation starting end 2014, in order to
prepare TRL5 gate early 2015.

1 The maturity of the electrical environmental control system will also be enhanced during
2014, with two main streams contributing to the developmenground validation of
the 70kW turbomachines with performance teststitude chamber on one hand. On the
other handi a reduced scale pack (50kW) will be designed and manufactured for
integration in an A320 test aircraft, to evaluate the functional behaviour of the system
during flight tests end 2015/beginning 2016.

1 Another electrical ECS demonstrator for the Regional Aircraft application will be
developed throughout 2014 reaching TRL4 end of the year.

{1 Flight proven technologies and ssisstems for thermal exchange and management,
including liquid loopsand large skin heakehanger.

1 The flight testcampaign orthe skin heat exchanger is schedut@d-2014to reach TRL6
end 2014.

1 An innovative electrical power distribution centre will be completed early 2014 by using
different equipmentdeveloped in SGO i.e. power modulegolng equipment and
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switching components. The power centre will be delivered to PROVEN test rig and will
achieve TRL5 in second half of 2014.

An electrical synchronized actuation system for engine nacelle is under test and will reach
TRLS5 in second quantef 2014.

In the field of Thermal Load Management Function, the development in 2014 will lead to
the delivery of a prototype by mi2014 for integration in a system test rig.

SGO will also deliver a number of system prototypes and equipment to other ITDs in 2014,
for tests to be carried out in 2014 #@ll5:

1

=a =9

Power Generation and Conversion systems prototypes, adapted to the specifications of
each platform will be delivered tocBdesign (Bizjet), GRA (regional aircraft) and
helicopter (GRC) and will be integrated and tested in COPPER BIRD tests bench
throughout 2014.

An electrical ECS test bench will be delivered to COPPER Bird test rig for integration
and test early 2014.

Optimised trajectories for all flight phases, evaluated in representative conditions on
simulators and integrated in existing Flight Management Systems for full autorhation
TRLS for the first flight phases will be reached by end 2014, before final testd3n 20

Flight tests of a Flight Management function allowing continuous descent in time
constrained environment will be prepared, with TRL5 reached by end 2014 after testing
on GRACE flight simulator (Time and Energy Managed OperationBEEMO). The
systemshould be ready for flight test early 2015.

Integration of new weather radar algorithms and trajectory optimisation functions will be
completed in 2014 and TRL4 will be achieved by the end of the year.

Technologies for electrical taxi.

The onboard wheel etuator system will be further developed to prepare full scale
dynamometer tests early 2015.Developments on the dedicated autonomous towing
vehicle have been completed in 2013, reaching TRl €ull scale demonstration with a
large aircratft.

Major milestones planned for 2014

=4 =4 -4 —a -8 a8 —a -2 -9

TRL5 Nacelle Actuation System

TRL4 E-ECS for Regional A/C

TRL4 50KW Power electronics for-EECS for large Aircraft

TRLS5 for Electrical Power Distribution System

TRL 5 and 6 Skin Heat Exchanger

TRL6 Power module and convertdgsign

TRL5 Multi Criteria Departure function

TRL5 Adaptive Increased Glideslope function

TRL5 Time and Energy Managed Operations in descent function

Major deliverablesplanned for 2014

1
1

Prototype skin heat exchanger subsystem for flight tests
TestedPower Electronic Module for Generic test bench
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1 Tested higkspeed permanent magnet generator and its associated PEM for Generic test
bench

Hardware to demonstrate Power Electronic Module and converter technology

Virtual test results for ground test campa{@1)

Electrical Nacelle Actuation SystemFinal test report

Validated Flight Test results for F.4 (Skin Heat Exchanger flight tests)

Two tested generators, two associated GCUs and one BPCU for GRA flight tests
HEMAS: Swashplate actuators for SGO inténedidation tests

Prototype of thermal management function

WIPS for Business jet Icing wind tunnel test report

Two tested highow DC / DC voltage bivay converter

ECS Control laws configuration for Regional A/C Electrical Test Bench

GATAC v3 Developmenand Validation Report

Advanced Weather Radar algorithms and trajectory optimisation agents Integration report
Departure and Final Approach function FMS implementation report

Final validation report on timbased operations using absolute spacing

Smart Opedaition on ground development report

= =4 4 -4 48 8 48 9 -4 -9 -2 -2 -2 -2 -2

Year 2015
Overview

In early2015 the large scale integration test of electrical systems will be completed on Airbus
test bench. In addition to the completion of electrical system testing, in 2015 a thermal test rig
will host thermal management hardware i.e. theS\Wardware and the thermal load
management function

Other major milestones will be reached in 2015:

1 An innovative Ice detection system will reach TRL5 in 2015 and the flight test hardware
will be delivered for flight test aircraft integrationhe test ampaign itself willtake place
in 2016

1 The same test campaign as for ice detection will include the wing ice protection systems
which will reach the TRL5 gate early 2015, hardware for the flight tests being delivered
end 2015.

1 The maturity demonstratioof the electrical environmental control system will be
completed beginning of 2015. TheE€S flight tests (reduced pack size of 50kW) will be
performed in 2016.

1 The electrical ECS demonstrator for the Regional Aircraft application will be developed
throughout 2014 reaching TRL4 end of 2014. The flight test for this system is planned
mid of 2015.

1 Mid 2015, SGO will deliver the HEMAS hardware for the helicopter architecture, to be
tested in cooperation with the GRC ITD on the COPPER Bird in the secoraf Ral5.

1 In the field of FMS Optimised trajectories, the cruise function providpigmised steps
in cruise, will achieve TRL5, with tests in simulated environment. In parallel, function
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targeting the takeff and final approach phase will be assessdt thie involvement of
an airline. Finally, the 3 functions will be integrated in an FMS prototype to confirm
industrial feasibility with final tests preparation in 2015 and finalization of the TRL6
activities in 2016.

1 The Flight Management and guidancedtion will be finalised in 2015, with flight tests
on boarda Cessna Citation aircraft.

1 The final tests of integrated new weather radar algorithms and trajectory optimisation
functions on GRA regional aircraffimulator will be completed in 2015, providin
technical results to achieve TRL5.

1 Technologies for electrical taxi via an-bnard wheel actuator system will tested in a full
scale dynamometer bench early 2015

Main resultsi validated during TRL gatesand expected gains will be passed to vehicle
ITDs for further tests and/or integration in Concept Aircraft models, to be transferred to the
Technology Evaluator for consolidation and full assessment of environmental gains obtained
by Clean Sky research.

In the field of mission optimisation functionfyrther coordination with SESAR will be

pursued, in order to ensure consistency of the Clean Sky functions with the future evolutions
of the Air Traffic Management system.

Major milestones planned for 2015

TRL5 E-ECS for Regional A/C

TRL4 ECS midsizepack (large aircraft)

TRL5 50KW Power electronics for-EECS (large aircraft)
TRL4 Helicopter electranechanical actuation system HEMAS
TRL5 WIPS System Electromechanical Deicing System
TRL5 Vapour Cycle System

TRL5 Primary in Flight Ice Detection System

TRL5 Onboard Optimisation (€Al)

TRL5 Multi step Cruise function

=A =4 =4 4 -4 4 -4 - 4

Major deliverables planned for 2015

1 PFIDS Delivery for flight tests

Vapour cycle system for thermal bench tests

1 Scoop intake, process air channel and RAM channel incl. protection sysidarge
aircraft

1 Mid-Size pack, pack controller, power electronics and associated cooling system to large

aircraft

ECS Release of Equipment for Flight Test Demonstrator in GRA

Report on HEMAS final tests results

Methods and Tools : Test and Verificatifomal report

Flight Test results for Time and Energy Management function (ME®O: Final report

cycle 2)

=

=A =4 =4 =4
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1 Final Test results of AVXR and QAI ground test in Regional simulator
1 Multi step cruise function FMS implementation report
1 Smart Operation on grouri&lstem Ground test report
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3.6. ECOT Eco Design

EcoDesign ITD is organized in the two major areas of EDA (Besign for Airframe) and
EDS [EcaeDesign for Systems (small aircraft)].

The EDA part of the EceDesign ITD is meant to tackle the environmental issues by focusing
on the following challenges:

1 To identify and maturate environmentally
production.

2. To identify and maturate environmant | y sound (figreeno) mater:i
maintenance and use processes.

3. To improve the field of endf-life a/c operations after several decades of operation,
including reuse, recyclability and disposal
4. To provide means for an eedesign process in order to minimize the overall
environmental impact of a/c production, use/maintenance and disposal.

Year 2014
Overview

In 2014, the work to be performed in the framd=BfA will continue on the following Work
Packages:

- WP A.2 Technology Development,

- WP A.3 Application Studies,

- WP A.5/A.6 Lifecycle Ground Demonstration.
In WP A.2, the work is dedicated to the maturation of the most innovative technologies
selected at the end of 2010. The end of the development pHasginaing of October 2013
but remaining activities will be performed beginning of 2014 for the finalisation of CfP
projects.
In WP A.3, WP A.3.1 (Ecétatements) and A.3.2 (Extrapolation to Industrial Conditions)
will be active:

- In WP A.3.1, after the fifeation of the development of evaluation tools (A.3.1.1)
and of the ecstatement of current technologies (A.3.1.2), the work on 2014 will be
devoted to the eestatement of new technologies.

- In WP A.3.2, activities will continue on the extrapolation bk ttechnologies
developed in WP A.2 to industrial conditions. The WP should end mid of 2014.

After finalisation of WP A.4, WP A.5 will be active in thé' fjuarter of 2014 and WP A.6
until end of 2015. Ground demonstration activities will be carried out for the equipment
(A.6.2) as well as for the equipped airframe demonstrators (A.6.1).

The general objective thEDS part of the EceDesign ITD is to gain a aluable and
comprehensive insight into the concept ofeddictric aircraft. It is expected that the use of
electricity as the only energy medium, by removing the hydraulic fluid and by the use of on
board powetyi wire will offer significant benefits inerms of aircraft maintenance and
disposal environmental impact, and will yield new possibilities in terms of energy
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management (e.g.: intelligent load shedding, power regeneration on actuators, sharing of
Electrical Control Unit over actuator).

The work tobe performed in 2014 will consist in pursuing the common activities (WP S.1),
performing the characterization of the business jetsyiskems architectures (WP S.2). On
2014, the preparation of the benches related activities (WP S.3 and WP S.4) widlisedi

and the main activity will be the carrying out of the electrical and thermal tests (WP S.3.5 and
S.4.5).

The WP S.1 common activities will continue in 2014 through WP S.1.6 (Models & Data), the
last active WP in 2014.

The work within WP S.2 will cotinue throughout 2014 essentially at the level of the bizjet
architecture tradeff (S.2.6) supported by modelling activities (S.2.5).

The WP S.3 (Electrical Test Bench) and S.4 (Thermal Test Bench) activities will continue in
2014. Beginning of 2014 wiBee the finalisation of the ETB (Electrical Test Bench) and TTB
(Thermal Test Bench) integration and the electrical and thermal tests initiated in 2013 will
continue during 2014.

The main technical deliverables to be produced in 2014 are set out itidiaenip table.

Major milestonesplanned for 2014

End of technology development to TRL 5 (including GAPS)
End of current ecatatement on reference parts

End of final ecestatement on reference parts

Technical and economical impacts review

Eco-design guidelines deliverables

Electrical Test Bench : 2nd Test Readiness Review (TRR)
Electrical Test Bench: Generic configuration acceptance report
End of Air Cooling Calorimeter integration

End of MockUp integration

General synthesis of WP S.1

= =4 =4 -8 4 4 -4 4 -4 4

Major deliverables planned for 2014

EcoDesign Guideline

Ecostatement & ec@nalysis on reference technologies: final report
Equipped Airframe demonstration preparation: Synthesis Report
Electrical Test Bench: Generic configuration acceptaepert

Report on integrated ACC

General synthesis of WP S.1

=A =4 =4 -4 -4 4
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Year 2015
Overview

EcoDesign ITD is organized in the two major areas of EDA (Besign for Airframe) and
EDS [EcaeDesign for Systems (small aircraft)].

The EDA part of the EceDesign ITD is meant to tackle the environmental issues by focusing
on the following challenges:

1. To identify and maturate environmentally
production.

2. To identify and maturate environmart | y sound (fAgreeno) mat eri
maintenance and use processes.

3. To improve the field of endf-life a/c operations after several decades of operation,
including reuse, recyclability and disposal

4. To provide means for an eedesign process in order to minimize the overall
environmental impact of aircraft production, use/maintenance, and disposal. In 2015, the
work to be performed in the frame BDA will continue on the following Work Packages:

- WP A.3 Appliation Studies,
- WP A.6 Lifecycle Ground Demonstration.

In WP A.3, WP A.3.1.1 (Evaluation Tools), A.3.1.3 (Final E2tatement) will be active and
the final synthesis will be produced.

- In WP A.3.1.1 the activity will focus on the finalisation of the databdasehe new
technologies by using results from the ground demonstrations.

- In WP A.3.1.3, the work in 2015 will be devoted to the finalisation ofstatement of
new technologies.

Ground demonstration activities will be carried out and finalised forghment (A.6.2) as
well as for the equipped airframe demonstrators (A.6.1).

The EDA part will be finalised by the end of 2015 to produce conclusion on new
technologies (feasibility, interest and final TRL). Data will be provided to the TE for
aircraft/mision level final assessment.

The work to be performed in 2015 in the frame of EDS part of theClesogn ITD will
consist in pursuing and finalising the characterization of the business jetyseins
architectures (WP S.2).

The work within WP S.2 wilcontinue throughout 2015 essentially at the level of the bizjet

architecture tradeff (S.2.6) supported by modelling activities (S.2.5) and ground tests
results. In factin 2015, the ground electrical tests (WP S.3) and thermal tests (WP S.4)
activitieswill be also finalised including results analysis and validation.
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Major milestones planned for 2015:

= =4 =4 -4 A

Final results of demonstrations to TRE Equipped airframe
Final results of demonstrations to TRE BEquipment
General synthesis of WP S.2

Generakynthesis of WP S.3

General synthesis of WP S.4

Major deliverables planned for 2015:

=A =4 =4 =4 =4 -4 - 8 -8 o oa

Dissemination & Communication Plan (update)
Eco Statement Final Report

Equipped Airframe demonstration: Synthesis Report
Airframe demonstrators: final results

Equipment demonstrators Synthesis Report
Application studies Final Synthesis Report
Thermal bench conclusions and recommendations
Final Review

General synthesis of WP S.4

General synthesis of WP S.2

General synthesis of WP S.3
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3.7. TE - TechnologyEvaluator

The TE will perform in 2014 a global environmental Clean Sky Assessment, based on its set
of dedi cated tool s, i n order to monitor tf
technology outputs, and in order to ensure a consistent technical assessnuathapiih

respect to the environmental objectives. This 2014 Assessment will consider all segments of

commercial aviation, ranging from large and regional aircraft to helicopters and business jets.

This environmental impact assessment will be done, aseirptevious TE assessments, at

three complementary levels:

1 Mission level, considering one single aircraft flying a set of typical missions. For fixed
wing aircraft, missions are defined in terms of a set of representative ranges. In case of
helicopters, tpical missions will be specifically defined;

1 Airport (operations) level, for instance around an airport, considering all departing and
arriving flights on a single (representative) day

1 Global air transport system level, considering the global aircraftactraft fleet.

The TE completed its first and second assessments beginning 2012 and 2013 respectively. A

further assessment is underway ford-2014 During the period 2023016, the TE will

continue its Clean Sky technology evaluation task based droemental metrics, in order

to reach the contractual CS final assessment in 2016.

These global environmental assessments reflect the global status of the Clean Sky programme

with respect to its environmental objectives. From the 2014 assessment,yctmtthe

previous ones which were performed on a yearly basis, they are now aligned with ITDs
models updates planning.

These updates of the ITD a/c models result from the integration in these models of new and

higher TRL level technologies. Also, from oassessment to another, more complex scenario

will be considered (more airports, taking into account SESAR, updating forecasts). They will

also aim at improving the TE processes and tools in order to create a user friendly toolset.

Yet, beside these globalssessments, the TE will go on performing every year partial

assessments and traolé studies upon request of such or such ITDs.

All these global or partial assessments aim to help secure the final TE Assessment which is

planned for the end of 2016, afte t he compl eti on of the vari ous

demonstrations.

Global assessments planning

The TE completed its first and second assessments beginning 2012 and 2013 respectively. A
further assessment is underway ford-2014 During the period20152016, the TE will
continue its Clean Sky technology evaluation task based on environmental metrics, in order
to reach the contractual CS final assessment in 2016.

All these global or partial assessments aim to help secure the final TE Assessmbns whic
planned for the mid of 2016.
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Detailed Scope of Work of Technology Evaluator

This work plan is based on results reached by the first and second global assessments, and is
organized on the following basis:

1 InJune 2014 another global TE assessment will be produced.

1 In 2015, either another global TE assessment or only partial TE assessments will be
achieved, according to the status of the technology achievements and demonstrations in
the ITDs

1 In 2016, the fal CS year, the final assessment will be produced.

This incremental way of working reduces the risk of both content and delay for the final 2016
assessment. It also allows the TE to benefit from the achievements of the partial assessments
of the year befre to improve the results of the year after.

Each year, the main outputs are:

- The issue of the global assessment report, in case such an assessment has been

planned for the year (in June 2014, possibly in 2015, and final in 2016) ;

- The issue of the re#is of partial assessments of the year.
These outputs are strongly dependant on the inputs expected from the ITDs. These inputs are
the updated ITDs a/c models and LCA data to be used in the TE global or partial assessments
of the year. To avoid any delay the issue of the assessment report by the TE, they must be
received early enough before the issue by the TE of the global or partial assessmel(6 results
or 3 month, respectively).

In addition to these TE global or partial assessments,-tfiddudes can begerformedfor

the ITDs, on the basis of a compromise between their needs, and the available TE budget
dedicated to this activity, knowing that the assessment task is a priority.

It is anticipated that these trad# requests should increase with the time, when on the one
hand, the TE system will be more complete, and on the other hand when the ITDs
demonstratoriill have reached a higher TRL level.

To support both assessmentsl dradeoff studies, the TE system will be upgraded every
year, following the same incremental procedure, on the basis @ tfieedback, in order to

get it both more powerful and easy to use.

Written Proc. 201407 Amendment nr. 1 to the Work Plan 2@D45 PART A1 Page47of 745



Year 2014
Overview

Objective

To perform the 2014 globassessment which will include improved ITDs a/c models,
updated airport, ATS scenario, and LCA scenario; tdtlestudies and an  updated TE
system.

This objective is detailed by WP in the following:

WP1: Planning

1 2014 planning updates of the global goartial TE assessments as well as traffe
studies until 2016 taking into account the major ITDs demonstration and TRL
achievements

WP2: models

1 ITDs a/c models

1 2014 PANEM update (bizjet/mainliners): integration of new or updated functionalities as
required

1 2014 GRASM update: integration of new or updated functionalities as required

1 2014 Phoenix update or release of: SEL/TEM/DEL models, including the integaédtion
Turbomeca engine modules for SEL and TEM

WP3 : TE system

1 Update TE computer system: A& and 3 platforms simulation framework

WP4: TE assessments

1 TE global assessment in June 2014, including PANEM, GRASM and PHOENIX models
updates

1 Mission level: Mision assessments defined begin 2014 including development/updates of
ITD models

1 Airport level: Airport assessments according to specification defined begin 2014
including updates of and new airports and updated ITD models

1 ATS level: ATS assessmerdscording to specification defined begin 2014 including
updates of forecasts / traffic scenarios and updated ITD models

1 LCA: Perform demonstration LCA for production phase for CleanSky reference
aircraft/rotorcraft, definition of ground operations data

Major milestoneplanned for 2014
1 End June 2014 : TE assessment report

Major deliverablesplanned for 2014

1 Mid March : 2013 Anual report
1 End June 2014 : TE assessment report
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Year 2015
Overview

Objective: to perform the 2015 assessments which intlude improved ITDs a/c models,
updated airport, ATS scenario, and LCA scenario; tadtlestudies and an updated TE
system.

This objective is detailed by WP in the following:

WP1: Planning

1 2015 planning updates of the global and partial TE assessmemellaas tradeff
studies until 2016, taking into account the major ITDs demonstration and TRL
achievements.

WP2: models
ITDs a/c models

1 2015 PANEM update (bizjet/mainliners): integration of new or updated functionalities as
required, i.e. full SGOfunctionalities should be inserted into the PANEM mainliner
model and an update of the HSBJ model made

1 2015 GRASM update: integration of new or updated functionalities as required (loop 3
and SGO functionalities)

1 2015 Phoenix update or release of: TEH, Thtdels

WP3 : TE system

1 Update TE computer system: A& and 3 platforms simulation framework
WP4: TE assessments

TE partial or global assessment according to the availabilities of the PANEM, GRASM and
PHOENIX models updates.

Mission level: Mission assessments defined begin 2015 including development/updates of
ITD models.

Airport level: Airport assessments according to specification defined begin 2015 including
updates of and new airports and updated ITD models.

ATS level:ATS assessments according to specification defined begin 2015 including updates
of forecasts / traffic scenarios and updated ITD models and continuation of economic study
activity.

LCA: Perform demonstration of LCA environmental improvement by comparinfy fo€
CleanSky reference and conceptual aircraft/rotorcratft.

Major milestones planned for 2015

1 End Jan 2015 : TE assessments specifications
1 End June 2015: 2015 TE assessment performance completed (partial or global according
to Specifications)
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Major deliverablesplanned for 2015:

1 Mid-March2015: 2014 annual report
1 End June 2015: TE assessment reports (including JU Member Summary Report and
Publishable Executive Summary)
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4. CALL ACTIVITIES IN 2014 -2015

Grant agreements for Partners (GAPS)
The evéuation results of the call 1&hich took place in December 20EBabled the JU to

have a cleapicture of the target to reagthemi ni mum 200 m U to be gr
arising from the calls procéss
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5. OBJECTIVES AND INDICATORS

As the Clean Skyprogramme approaches its final phase, the objectives covering the
remaining period are shown below.

Objectives for 2014 to 2017

The overall objectives for this period are:
U To run all the demonstrators (ground or flight demonstrators)
U To achieve thenvironmental targets.

The two tables below give respectively the list of the demonstratorsh@ environmental
forecasts:

DEMONSTRATORS

High Speed Smart Wing Flight Demonstrator

1 Airbus A343300 flight test
Advanced load control for Smart Wing

1 Ground test bed for large transport aircraft

9 Flight test for vibration control for bizjet
SFWA Smart Wing High Lift Trailing Edge Device

1 Full scale demonstrator, ground test only
Innovative afterbody

9 Full scaledemonstrator, ground test only
Innovative Empennage Demonstrator

9 Full scale demonstrator, ground test only

Static & Fatigue Test

1 Full Scale Ground Demonstration
Large scale Wind Tunnel Test Demonstration

1 Acoustic & Aerodynamic WT TestTurboProp 90 pax

1 NLF wing aerodynamic & aeroelastic design WT Tesis80
GRA 1 Geared Turbo Fan configuration
Ground Laboratoryrest(COPPER BIRDand other
Flight Simulator on ground

T Green FMS Final Demonstration on GRA Flight Simulator
Integrated IAFlight DEMO

1 ATR Integrated IAFlight Test- ATR 72 FTB

Innovative Rotor blades, passive and active (AGF), on Ground and in Flight
Drag reduction on Ground / in Flight

Medium helicopter electrical system demonstrator

Lightweighthelicopter electromechanical actuation

Electric Tail Rotor Prototype

Diesel powered flight worthy helicopter Demonstrator

Flightpath operational Demonstrations

Thermoplastic composite faring demonstrator

GRC
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Thermoplastic composite tailcodemonstrator

Surface treatments for tail gearbox and rotor mast

Surface treatments and welding technology for intermediate gearbox

Thermoplastic composite drive shaft for intermediate gearbox

VIRTUAL IRON BIRD

COPPER BIRD
1 Ground Test (NacellActuation System, Power Generation and Convers
Generators, Power Rectifiers, Electrical ECS Demonstrator, HEMAS )

PROVEN (Ground test rig at Airbus Toulouse)
9 Flight Test (Environemental Control System Large Aircralite Protection an(
Ice Detection Systems)

SGO 1 Ground Tests (Power Generation and Conversion S/Gs, PENMtrical Power
Distribution System/Power Center)
1 Flight Tests (Thermal Management Skin Haet Exchanger)
1 Ground Tests (Thermal Management Vapour Cycle System inlcl
Compressor)
AIR LAB, MOSAR & GRACE simulations
Electric systems integration
1 Ground Tests (Power Generation and Conversion EDS ITD)
Geared Open Rotor
T CROR Ground Test Demonstrator
Advanced Low Pressure System (ALPS) Demonstrator
Gearedl'urbofan Demonstrator
1 Ground Test Engine demonstrator based on a GTF donor engine
Large 3shaft Turbofan
T Ground testemonstratofto study aergperformance, flutter, blade integrity a
SAGE bird impact capability for the composite fan system anddogsure turbine).
1 Flight testDemonstratofin-flight operability of the composite fan blades).
9 Outdoor ground testing (to determine composite fan system flutter beh;
under crossvind conditions and noise performance.
T Icing tests (to determine i&hedding behaviour of blades and impact damage
tolerances of new liners).
Lean Burn Demonstrator
1 Ground Test Lean Burn Combustion System demonstrator engine
Electrical Ground Test (Copper Bird®)
9 High power, High Voltage Large electrical netwdok validation of the All
Electrical Concept for small aircraft. It includes power generation, power
distribution and consumers (actuators, ECS simulation, etc)
Thermal Ground Test
ECO 1 Simulation of thermal exchanges of 3 sections of an aircraft in a repaége

environment. Main objective is the validation of the thermal modeling proce
an overall aircraft.

Clustered technologies airframe and equipment demonstrators
1 12 demonstrators related to Airframe (e.g. Fuselage panel, Cabin furniture)
1 6 Equipment demonstrators (e.g. Cables, connectors, part of air cooling unit
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Environmental forecasts

The following figures, summarized here for a limited number of air transport segments, are

based on the initial estimates and have been refined duringZ2dP1 For a clarification of
the Concept Aircraft please refer to Appendix 2 of the Clean Sky Dawelot Plan. The

ranges of potential improvements result from the groupings of technologies which are
expected to reach the maturity of a successful demonstration within the Programme

timeframe. All environmental benefits are related to a Year 2000 reéerenc

Aircraft

Noise area difference ratio

CO; [%] NOy [%0] at take-off (%)
-30to -40 -30to -40 -60 to-70
Low Speed Bizjet
-25t0 -30 -25t0 -30 -40 to-50
Regional turboprop
Short/ Medium
-251t0-35 -251t0-35 -30 to-40
Range / CROR
Light twin engine -15 t0-30 -55t0-70 -4010-50

rotorcraft
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Objectives for 2014 2015

Clean Sky annual objectives are linked to the completion gildredoperational tasks, the
progress towards the technologies readiness, the environmental benefits assessment, the
control of expenditures, the satisfact@ghedulingand outcome of calls for proposals and

the further improvement of the JU's quality managdraad internal control system.

The following objectives are set for 202015 They are divided below as administrative
objectves and operational objectives.

Operational Objectives:

U Smart Fixed Wing Aircraft NaturdlaminarF | o w i B Wifg DdmanstratoCritical
Design Review performed

Low Sweep Bizjet Vibration Control Ground Test, Critical Design Review performed
Green Regional Aircraft Fuselage Barrel and Wing Bemonstrators finalized

ATR72 Flying Test Bed, Flight Test Readiness Revpenrformed

Rotorcraft Active blades tested on ground (wind tunnel and whirl tower preparation)
Rotorcraft Diesel engine tested on ground

Open Rotor Ground Demonstrator Critical Design Review held

Large 3shaft engine Composite Fan Blade Ground test canpeerformed

Engine Buitl 2 Turboshaft Performance tests performed

Power generation and electrical distribution systems tested on ground

Green Flight Management System tested in simulator

Thermal Test Bench tests for Eco Design performed

Fully-fledged Techology Evaluator assessment available at-yadr.

[l e i e A B B O O A A N

Administrative Objectives:

U A reliable financial management and reporting to the JU's individual stakeholders is
ensured, in order to maintain the confidence of the financing parties, i.e. the European
Union and the industrial members and partners of CS;

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

0 40% of GAPs are formally closed by June 2015;

U The expost auditson FP7 projectsare performed according to the plan and show a
materiality of errors lower than 2 % for the total programme perfibe. expost audit
strategy for H2020 projects is developed and responsibilities are allocated to the CAS and
the JU.

The JU has implementedharious tools to monitor the execution of the programme in terms of
productivity, achievements, planning and risks of the operations.
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Clean Sky Programme (FP7)ndicator s

The following list of indicatorswas set up in 2011 andhas beenapplicable since the
beginning of 2012Theseindicatorsallow the monitoing of the operational activities. The
most important of these indicators are summarized below, in relation to the JU process
concerned Theyare assessed on an annual baldese bjectives will also apply for 2015

and will be updated in early 2015.

Indicator Indicator short Description of the indicator Target
ID name for
20142015
% or nr.
Ind 1.9.2 A | Risk mitigation| Number of very important or critical risk&n JU| O
JuU level without mitigation action (including also actig
defined but not implemented and unsucces
actions)
Ind 1.9.2 B | Risk mitigation| Number of very important or critical riskson| O
ITDs ITD level without mitigation action (including alg
actions definedbut not implemented and unsuccess
actions)
Ind 2.5.6 A | Finalising of| Percentage of contracts signed in less than 8 mq 50%
GAPs after the call closure
Ind. 2.6 A Deliverables off Percentage of final reports due from partners on 80%
GAPs schedule
Ind. 2.7.1 A | AIP execution| Percentage of resources consumptigarsus plarn 90%
by members - | (members only)
resources
Ind2.7.1 B | AIP execution| Percentage of deliverables available versus | 90%
by members - | (members only)
deliverables
Ind 2.9C Budget Percentage of payments made within the deadline| 85%
execution -
payments
operational
Ind 2.11 A | Dissemination | Number of publications from ITDs registered at | 3*ITD /
of results level 21
Ind 5.3 A Ex-post audits- | Percentage obperational expensdscurred for FP7 20%
coverage projects)covered by eypost audits
Ind5.3D Ex-post audits- | Residual error rates resulting from audits at | 2%
error rates beneficiaries per year and accumulated for
programmegFP7)
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Concerning thanonitoring of the activity of the Members within the ITDs, which is the

major part of the operations, the following tools are maintained:

1 Internal rules to set the Grant Agreements Annex 1B, including technical risks associated
to the Work Packages (CS Magement Manual)

1 Quarterly Reports of the ITDs, which inform on the resources consumption, the
achievements and the resulting forecasts for level of project implementation

1 Steering Committees at ITD level with involvement of the CS project officers

1 AnnualReviews of the ITDs' performance organised by the JU with the involvement of
independent experts.

This monitoring information is summarizeddreportedregularlyto the Governing Board.
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6. RISK ASSESSMENT

The following table presents tiiask assessmefdr the year 204.

Risk Description CS-process Action Plan Summary
A late availability of ITD Manage the Tightly monitor the work progres
aircraft  models for  thg Programme on this item through the Projg
Technology Evaluator (lack g Officers and the GAMs.
prioritization or lack of Have preliminary model
technical inputs) could preve implemented where needed.
the environmental benefi
assessment to beefficiently
performed.
Conflicts of priorities may Manage the Have an early warning capabili
happen  within  industria Programme through quarterly reports and alf
companies, or change of at Governing Board level.
strategy, resulting in a lack Propose rerientations  whel
resources available for Clex needed and possible.
Sky and delays in th
completion of the activities.
The fnAshare of Manage the Challenge the ITDs in order th
could result in a lack of focy Programme they focus on optimising the glob
on the major, critical activities output.
Technical setbacks ine or Manage the Re-balance the budget across IT
several ITDs may result in Programme and with Partners if necessary

significant undesspending of
annual budget.

mid-year, according to the "2
quarterly reports.

There is a risk that lack of pr
activity in dissemination o
result may result in vaguy
information to the end
user/interested party  ai
therefore compromise the J
reputation

Communicate

Harmonize the dissemination pla|
of ITDs

Monitor the disseminatn actions
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Risk Description

CS-process

Action Plan Summary

Continued understaffing cou
result in a continuous backidg
of grant agreements ai
resulting payments affectin
both activities progressing ar|
budget execution of the JU bg
within the JU and in the ITDs.

Run the Executive
Team

Get support from the Membef
according to the Statutes, and mj3
use of framework contracts
service providersSee chapterl5.
JU Executive teanwhere the JU
will provide opportunity for new
permanent support to the execut
team

The above mentione
understaffing could result ||
insufficient exante control
resulting in an error rate abo
the limit of 2%

Run the Executive
Team

Same action as above.

Educate the members and apply
recently defined procedure to ma
sure that potential errors fro
previous year are checked a|
detected in cost claims.

The lack of experience i
European Researd
Programmes  from  man

Partners (SMEs) could result
a difficult and late closur
process of their projects.

Run the Executive
Team

Reinforce theinformation, mainly]
through relevant Information Day
and Web conferences; reinforce {
role and the awareness of Toj
Managers

The potential introduction d
Clean Sky 2 in parallel to Cled
Sky could result in a scatterin
of benefi ci and
a delay in Clean Sk
demonstrator 0:

Run the Executivg
Team

Condition the CS2 funding b
SPD/TAsand by beneficiary to th
actual execution of CS budgets 4
technical progress

The potential introduction g@
Clean Sky 2 in parallel to Claa
Sky could result in a
unbearable overload for the |
team, if not preceded by a st;
increase as requested.

Run the Executive
Team

Proceed as quickly as possible
the recruitment of the right level
staff.

The definition of the riskassessmerior the year 2015 will be made at the end of 2014 when

the situation will have evolved.
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7. JUSTIFICATION OF THE FINANCIAL RESOURCES

Introduction

The FrameworkProgramme7 under which Clean Sky is funded ealdn 2013. The AB 2014
therefore does not show any Commitment appropriations (CA) for 2014 coming from the EU
budget. It only shows the payment appropriations (Pe sources of revenue are the
carried over appropriations from previous years, the intg@sed on the bank account of
Clean Sky and the revenue from members for the JU running costs.

Running coss

The running costs have been estimated based
will be matched by industry each year until the end of tBepfogramme. The AB sets out

the annual needs for running costs while keeping within the ceiling of 3% of the overall cash

and in kind contributions of Members of CS.

The main features of the 2012D15 expenditure in the budget are set out below.

Budget Commitment Payment Commitment Payment
Appropriations Appropriations Appropriations Appropriations

Clean Sky

_ 2014 2014 2015 2015
Expenditure

Title 1 2,291,667

2,291,667 3,074,951 3,074,951

Title 2 1,535,226 1,535,226 1,040,302 1,040,302

Title 3 92,249,851 122,216,299 57,004,482 126,882,462

Title 5 27,640,835 0 0 0

Total Budget 123,717,579 126,043,191 61,119,736 130,997,716

Overall allocation of running costs between CS and CS2

The Joint Undertakingbés common costs such as:c
etc.will be divided across the 2 programmes. For 2014 the JU cositmadlow Clean Sky

to fund the main part of these expenses anéve programmaevill not stat beforesummer

2014. Only those expenses which can directly attributed to lkenSky 2 programme are

budgeted in the running costs for 2014 in the CS2 budget. For 201basghieen revised and

reflects the reality of cost distribution more accusatel
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Title 1 (Staff and associated costs):

The JU has experienced the foreseen growth of its workload and consequently the need for
qualified support has grown significantly. This need is particularly important to cope with the
number of reports due andiaimng at the JU from its GAPs and GAMs.

Since JU has a limited number of staff and this is not foreseen to increase through its own
staff plan at the beginning of 2014U foresees to use other possibilities to have external
support to its team where possible. At present this is done through interim support and
through the recent tender procedure for services from the private members.

Title 2 (Buildings, IT, Equipment, Communication, Management of Calls and
Miscellaneous expenditure for running activities):

Premises

The JU will continue to be housed in the White Atrium as with the otherahd a marginal
increase in cost could be expected due to indexation on the rentehat and associated
charges for the building maintenance among others. The JU foresees the need to rent further
office space to house the extra staff to be recrugtding to CS2vhich will be included in

the CS2 part of the budget

Grant ManagemenTool T next steps

In 2012 the JU started using the Grant management tool for the beneficiary information of
members of the JU, i.e. the Oprogracmamed gr at
and further developments has been awarded at the &td 8ffor a period of 4 years (2013

2016)f or a maxi mum of 500, 000 0.

Communication

The Communication budget foresees the costs for the JU to participate to the air shows
Farnborough in July 2014nd Paris Air Show in 20150ther communication costs are
related to orgasings t a k e havdntdire201 @nd 2015The costs for these events have
been included in the final AB among othenouounication activities foreseen.

Title 3 (Operational Expenditure):

The JU has received the detailed scope of Wk all ITDs and TE for the remaining
lifetime of the programme. As some ITDs chose to use faghual grant agreements in
2013, they do not require significant CA in 2014 but rathealloezate unused funds from
2012 or previous years. For all ITDs, amts have been estimated based on the figures
provided to the JU. It is expected that the latter phases of the programme will produce a
second year of peak of commitments in 2014 as the ITDs move ever closer to their
demonstrators. It is foreseen to sigmalti-annual agreement with @RITD in 2014 for the
remainder of the programme while SAGE ITD sees a significant peak of funding in 2014.
This is linked to the scheduled activities (see related chapter above).
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Grant agreements for Members (GAMS)

The model Grant Agreements for Members has been revised to cater for both annual and
multi-annual grant agreements. The figures per ITD are based on the estimates received
0 b o tup' &ram the beneficiaries of the ITDs and THer information, the 2014nd 205

ITDs estimatedallocationsare

OPERATIONAL

EXPENDITURE

SMART FIXED WING
AIRCRAFT

GREEN REGIONAL 17,202,906 7,323,673 0 10,585,042
AIRCRAFT

GREEN ROTORCRAFT 12,640,872 7,430,478 8,167,663 12,169,559
SUSTAINABLE AND 44,141,183 30,420,592 20,555,903 39,607,704
GREEN ENGINES

SYSTEMS FOR GREEN 0 11,752,660 15,038,509 19,136,106
OPERATIONS

ECO-DESIGN 71,104 3,527,556 2,214,745 6,048,465
TECHNOLOGY 0 1,506,321 2,087,976 2,512,605
EVALUATOR

CALLS FOR 2,708,241 49,975,633 0 22,948,036
PROPOSALS

TITLE 3 - TOTAL 92,249,851 122,216,299 57,004,482 126,882,462
Thecalkf or proposals budget ne shows an amour

2014

Commitment
Appropriations

(CA)
15,485,546

2014

Payment
Appropriations

(PA)
10,279,386

2015

Commitment
Appropriations

(CA)
8,939,685

2015

Payment
Appropriations

(PA)
13.874.946

some Grant agreements for partners up to the published threshold values where the scope of
activity implied an increase in the funding to be provided to the beneficiariesroea and
as agreed with the Joint Undertaking in those specific cases.
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PART BT CLEAN SKY2 PROGRAMME
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8. OVERVIEW OF THE CLEAN SKY 2 PROGRAMME

8.1. Meeting the Challenges set in Horizon 2020

As underlined in the EC Communication of July 2)I8ogress towards the Europe 2020
objective of investing 3% of GDP in R&D has been slow, with particulakknesses in

private investmentsThe Clean SkyPPP has proven effective: delivering innovations by

combining efforts from public and private stakeholders. The European Aeronaséctor
todayaccounts fonearlyhalf of thew o r Ifleetinsoperation or on order. It is of paramount
importance to the Edconomy; andithelpemeets oci et ydés needs by ensu

V Safe, reliable and competitive mobility for passengers, goods and public services;

V Minimal impact of aviation on the environmentdahgh key innovations;

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

V Retentionad gr owt h of hi ghl y sk ikdowledge egomolnys , s uppc

Continued growth in demand for air travel raises re@wironmental and socieconomic
challenges. Research and innovation has been and remains core to EU competitiveness and
sustainable value creatiofhe lbngterm publieprivate investment made by the European
Union and its Aeronautics Sector has madeirtdestry globally competitive, allowing it to

drive the innovation agenda in many areas, including environmental performance. But the
new challenges identified in ACARE SRIA highlight the need for more accelerated
innovation and for more fereaching solubns. A continuation of the existinglean SkyJTI

will ensure new concepts are fully validated in order to accelerate the market adoption of
stepchange solutions. A continued PPP throGdgan Sky 2will deliver major gains within

thekey pillars defind in H2020:

1 Creating resource efficient transport that respects the environm€man Sky 2nust
finish the jobof achieving the ACARE SRA goals as set for 2020.

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

1 Building industrial leadership in Europe Clean Sky 2will help protect and develop
highly skilled jobs within European aeronautarsd its supply chain, including academia,
ROs and SMEs; against a backdrop of significantly increased global competition.

By pursuing joint European researth breakthrough innovations and demonstrating new
vehicle configurations in flight,Clean Sky 2will position industry to invest in the
development and introduction of gameanging innovations in timeframes otherwise
unachievable. In doing sib,will significantly contribute tce u r o lpreason Union.

3 COM (2013) 494 FinalPublic-private partnerships in Horizon 2020: a powerful tool to deliver
innovation and growth in Europe
http://ec.europa.eu/research/press/2013/pdf/jti/iip_communication.pdf
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8.2. The objectives ofClean Sky 2

The renewed ACARE SRIA was completed in 2012, with ambitious goals for a sustainable
and competitive aviation sector. These include a 75% reducti@Omemissions, a 90%
reduction in NQ anda 65% reductionin perceived noise by 2050 compared to 2@Is,

and 4 hour doeto-door journeyg for 90% of European travellers. These substantial emissions
reductions and mobility goals require radically new aircraft technology inserted into new
aircraft configurations. Building on the substantial gains mad€léan Sky Clean Sky 2
aimsto meetthe overall higHevel goals with respect to energy efficiency and emrirental
performance shown in the following

CQ and Fuel Burn -20% to-30% (2025 / 2035)
NG, -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 Deltevand
the full completion of the original ACARE 2020 goals (with a modest delay)

High Level Objectives for Clean Sky 2
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8.3. Building on Clean Sky: the structure of Clean Sky 2

Clean Sky has demonstrated clear benefits in terms of accelerating technology development.
Major developments are being made possible in different systems such as optimized wing
designs, new fuselage construction concepts, energy efficient engine auckgteaew flight

gui dance systems -lmardisystemo These dhmologdical iadvances need
to be integrated into complete aircraft to render the next generation of air vehicles more
efficient and reduce emissions and noise. In addition,vshicle configurations will have to

be evaluated with flight demonstrators as they will be essential to fulfil the ambitious
objectives of renewed ACARE SRIA.

Clean Sky 2 will continue to use the Integrated Technology Demonstrators (ITDs)
mechanisnbut will alsoinvolve demonstrations and simulations of several systems jointly at
the full vehicle level through Innovative Aircraft Demonstrator Platforms (IADRsumber

of key areas will be coordinated across the ITDs and IADPs throtayisverse Activite

where additional benefit can be brought to the Programme through increased coherence,
common tools and methods, and shared khow in areas of commonterest. Asn Clean

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

Innovative Aircraft Demonstrator Platforms (IADPS)

IADPs will aim to carry out proof of aircraft systems, design and functions on fully
representative innovative aircraft configurations in an integrated environment and close to
real operational conditions. To simulate and test the interaction and impact of the various
systems in the different aircraft types, vehicle demonstration platfoer@a@posed covering
passenger aircraft, regional aircraft and rotorcraft. The choice of demonstration platforms is
geared to the most promising and appropriate market opportunities to ensure the best and
most rapid exploitation of the results Gfean Sky2. The hHnilADPRapgproeadho ca
provide:

1 Focused, longerm commitment of project partners;

T An Aintegratedod approach to R&T activities
i Stable, longerm funding and budget allocation;

1 Flexibility to address topicthrough open Call for Proposals;

1 Feedback to ITDs on experiences, challengesanikrs to be resolvddnger term;

1 A long-term view to innovation and appropriate solutions for a wide range of issues.

Integrated Technology Demonstrators (ITDs)

In addtion to the complex vehicle configurations, Integrated Technology Demonstrators
(ITDs) will accommodate the main relevant technology streams for all air vehicle
applications. They allow the maturing of verified and validated technologies from their basic

Written Proc. 20147 Amendment nr. 1 to the Work Plan 2@D45 PART BT Page66 of 745



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 three ITDs orientates a set of
technology developments that will be brought from component level matyritio tthe
demonstration of overall performance at systems level to support the innovative flight vehicle
configurations:

1 Airframe comprising topics affecting the global vehildgel design;

1 Engines for all propulsion and power plant solutions;

1 Systems cmprising on all board systems, equipmeamd ¢he interaction with the ATS

Transverse Activities

Some activities can be relevant for various

do not form a separate IADP or ITD, but are an integral part ofttler 6ADPs 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. So far, two Transverse

Activities are agreed for Clean Sky 2:

1 ECO-Design: life cycle optimizationf thetechnologies, components and vehicles;

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

The TechnologyEvaluator (TE)

A Technology and Impact Evaluation infrastructure is an essential element within the Clean

Sky PPP and will be continued. Impact Assessments such as at Airport and ATS level
currently focused on noise and emissions will be expanded whewamelfor the evaluation

of the Programmeébés delivered value. Wher e a
such as the mobility or increased productivity benefits of Clean Sky 2 concepts. The TE will

al so perform eval uat iedms ton aasisrecsrsafitn nfoMiast s iv
configurations.

Membership and participation in the Clean Sky 2 Programme
Membership ofClean Sky 2will be comprised of:

1 The European Commission representing the Union and ensuring EU public policy;

1 Leaders committed to achieing the full research anddemonstreor activity of the
Programme

9 CorePartners with a substantial lotgrm commitment towards thedgramme

Core-Partnerswill be chosen through opeand competitive ca| guaranteeing a transparent
selection of the best membership and strategic participabioraddition, Partners i.e.
beneficiariesselected as a result of open Calls for Proposals (@flP)carry out actions
(projects)in specific topics in the scopé¢ a welldefined limited commitment.
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With 60% of funding open to competitio@lean Sky 2will fosterwide participation where
SMESs, research organisations and academia interact directly with key industry stakeholders.
Up to half of this 60%will be awarded taCore Partner who will join the JU as Members,
ensuring the long term Programme stabilitgeded to meete relevant ACARE Goals.
Clean Sky 2s expected to involve at least 800 participants from the European aeronautics
players and atsnew entrants in this field.

From Clean Sky to Clean Sky 2the principles of transition

A phased approach will be taken to the stgrtof Clean Sky 2rojects. In very broad terms,

in the first 4 year€lean Skydeveloped and demonstrated technologg$o TRL45. From

there ona selection of the most promising and mutually additive technologies are now being
subsequently taken to TRL6 system level demotistraby 2016 In some specific cases,
Clean SkyTDs will bring a small number of highotential- but less mature technologies

up to TRL4 through a focused effort during the 2Q¥4period. These will not be validated at
TRL6 within Clean Skyut can be good candidates for continuatio@lisan Sky 2

Many Clean Sky 2ADPs will useresultsfrom Clean Skyas a startowardsintegration
studies in the 20322017 timeframeClean Skyor Clean Sky aTD level outputs will form
key inpusinto the configuration and content of demonstrations.

The activites withinClean Skywill be pursued until completion according to plan. Then the
technology integration may be launched i@Glaan Sky 2ADP or, if the maturity at this point

is deemed not sufficient for integration, the technology development will hmged as part

of the relevant ITD. An IADP may start i€lean Sky 2while some of the integrated
technologies have not yet passed the final validation tests. The architecture and configuration
tradeoff studies can be launched in an IADP as soon as #wfigations and interfaces of

the components and subsystems to be integrated can be frozen. Consequently, the activities
within Clean SkyiTDs can be completed according to their own work plan at the latest in
2016 while new activities are launched witl@lean Sky 2TDs and IADPs according to a
staggered schedule starting in 2014, the start of Horizon 2020, at the earliest.
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8.4. Clean Sky 2i Introduction to the Programme Structure and Setup

TheClean Sky Programme consists of four different elements:

1 Three Innovative Aircraft Demonstrator Platforms (IADPs), for Large Passenger Aircraft,
Regional Aircraft and Fast Rotorcraft, operating demonstrators at vehicle level;

1 Three Integrated Technology Demonstrators (ITDs), looking at Airframe, Engines and
Sysems, using demonstrators at system level;

1 Two Transverse Activities (EeDesign, Small Air Transport), integrating the knowledge
of different ITDs and IADPs for specific applications.

1 The Technology Evaluator (TE), assessing the environmental and sauiptait of the
technologies developed in the IADPs and ITDs;

An overview of the distribution of the requested funding is given for the difféAdDiPs,

ITDs, TE and the Transverse Activities. The funding distribution is based ani fhg5bn of

EU fundingas set out in the Clean Sky 2 regulatidutivities of the programme will go up

to, and not beyond, TRL 6. They are consider
according to H2020 rules. Accordingly, they shall be fundé®é of the eligible costs.

The overall estimated budget is U4 bn. I n a
2020 programme budget), the private members
additional activities which are not formally paftthe Clean Sky 2Programme as described

here, but which are contributing to the objectivemnablers for the demonstrators or parallel

research work necessary to develop an operational product in due time.

Thestructure of th&€lean Sky Programme aabe summarized as set out below.

FaSt Large Reg'onal

Vehicle Rotorcraft Passenger Aircraft

Agusta ; ;
IADPs Westland Aircraft Alenia

Eurocopter 7 Airbus . Aermacchi

>

Airframe ITD
Dassaultc EADSCASA; Saab

Engines ITD
Safrang RollsRoyceq MTU

Large
Systems
ITDs

EcoDesign
FraunhoferGesellschaft
German Aerospac€enter(DLR)

TechnologyEvaluator (TE)

Systems ITD
Thalesc Liebherr
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The 16 Leadersare Members of Clean Sky 2 thaill commit to deliver the full Clean Sky 2
Programme throughout its duration.

The Core Partnerswill make substantial longerm commitments towards the Programme
and bring key competences and technical contributions aligned to théewaylobjectives.
They will contribute to the global management of the demonstrators and contribute
financially with significant inkind contributionsCore Partners will be selected on the basis
of Topicsfor Core Partnersvhich will be launched through th@alls for Core Partners
Applicants wishing to become Core Partners in the Clean Sky 2 Prograhatisubmit
proposals against one or more Topitlke proposals will be evaluated and the highest ranked
proposals will be selected for funding by thé(seechapter 11).

The selected Core Partners will negotiate withXtieheir accession to the Grant Agreement
for Members (by signing an accession form) which will beaady signed, where appropriate
between thdU andthe Leaders of the relevant IADP/ITD/TA. The negotiation and accession
stage will include the integration of the proposal, the work packages andcté@mtivities

of the Core Partner into the Annex | (Description of work and estimated budget) of the
relevant IADP/ITD/TA Grant Agreement for Members. The Annex | will be subject to
updates and revisions based on the rantiual grant agreements framelvn line with the
multi-annual commitments and the programme management depisiking rules and
governance framework under t8&2Regulation.

The technical activities of the Core Partners will have to be aligned with the Programme
objectives and stragic direction laid down in the Development Plan of the Clean Sky 2
Programme which will dleintT esceh rfircoar tFreo girCd neraeno
referred to in the Grant Agreement for Members.

Based on the above and in the light of the specific role of the Core Partner in the
implementation of the Programme a¥id governance structure, other activities in addition to
the technical proposal of the topic may be performed by the Core Partners amdiéd by

the JU. In the course of the implementation and updates of the -amuitial
Programmewhen the implementation of other areas of the Programme require the specific
key capabilities of the Core Partners and its level of technical involvemerthein
implementation of the ITD/IADP/TA objectives.

TheJU will define on one hand, when the capabilities required and other areas of activities to
be performed in an IADP/ITD/TA may be covered/absorbed by the existing level of
capabilities at IADP/ITD/TA Members level, subject to a technical assessment ditlaad

based on the Members mudthnual grant management process, and on the other hand when
the capabilities required necessitate a call to be launched Bythe

The partnerswill carry out objective driven research activities aiming at developing new
knowledge, new technologies and solutions that will bring a contribution to one of the actions
as defined in the Programme and developed in one dADIR/ITDS/TAS.
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The Partners' activitiewill be defined through topics proposed by the private Members of
the JU to complement their research activities where appropriate. The lispick will be
defined in the Work Plan with information such as the relB&&P/ITD/ TA, the title of the

topic, its duration and an estimate of the topic budget value without setting a maximum
threshold. The nature and value of the Topics for Partnersbeilsmallerin terms of
magnitude and duration from the Topics for Core Partners.

The private Members of th#&J will proposethe scope, the objectives, the duration and the
estimated budget associ at ed aunchedhrdughCallsafort ner s C
ProposalqCfP) organisedoy theJU. The Partners' activities will agsist of tasks limited in

time and scope and they will be performed under the technical monitoring of the private
Member acting in the call for proposal process as topic manager (the person representing the
privateMember in charge of the topic)

The Callsfor Proposals will be subject to independent evaluation and will follow the H2020
rules on calls for proposals. Upon selectitiie Partners will sign a Grant Agreement for
Partners with thdU and its contribution will benadeto either the final demonsttor or the

set of activities which are performed by one or sev€®2 Members in the frame of the
Grant Agreement for MemberBartners will not become members of théand will not be
expected to contribute to the running costs ofXte Similarly, they will not participate in

the steering committees of the IADP/ITDs.
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8.5. Overview of the Programme Researcland DemonstrationActivities

1) Large Passenger Aircraft IADP

The Large Passenger Aircraft IADP approach builds on the positive experience in Smart
Fixed Wing Aircraft (SFWA) inClean Sky The Airbus A346300 based BLADE laminar

wing flight test demonstratothe Airbus A346600 based CROR demo engine flying test

and two different Dassault Falcérased low speed and load control flight tests under
preparationn Clean Sky will provide unique contributions towards maturing technologies
for application in ext generations of aircraft.

For Clean Sky 2the Large Passenger Aircraft goal is RIQRL demonstration of the best
technologieso accomplish the combined key ACARE goals with respect to the environment,
fulfilling future market needs and improving tltempetitiveness of future products. The
setup of the main programme objectives is to further push the value of technologies tackled in
Clean Skye.g. the integration of CROR propulsion systems, and to add the validation of
additional key technologies likeybrid laminarity for the wing, horizontal and vertical tail
plane as well as an allew next generation fuselage cabin and coekgitigation suite
validated at integrated level with large scale demonstrators in operational conditions.

The focus is on lge-scale demonstration of technologies integrated at aircraft level in three
di stinct 6Pl atfor mso:

T Platform 1 nAdvanced Engi ne winpovidAthe cr af t
environment to explore and validate the integration of the most fuel efficieptlpian
concept for next generation short and medium range aircraft, the CROR engine. Large
scale demonstration will include extensive flight testing with a full size demo engine
mounted to the Airbus A34600 test aircraft, and a full size rear end stradtground
demonstrator. Two demonstrators ar e pl ann
l aminarityo targeting for a substanti al aer
range aircraft. A further demonstration is planned for a comprehensiveraqh of the
concept of dynamically scalled flight testing. The target is to examine the
representativeness of dynamically scaled testing for technology demonstration with highly
unconventional aircraft configurationyhich means flight tesdemonstratios that are
virtually impossible with modified fistandar

TPlatform 2 fAlnnovative 1PBkgslemi $tad u cl Gimstegdr at i o
develop, mature, and demonstrate an entirely new, advanced fuselage structural concept
deweloped in full alignment towards a next generation cahirgo architecture, including
all relevant principle aircraft systems. To be able to account for the substantially different
requirements of the test programs, the large scale demonstration walsed bn three
individual maj or demonstrators. A | ower
fuselage stretching from aft of the center section to the pressure bulkhead will be
developed, manufactured and tested with focus on loads and fatigue a8pkotber
Atypical o fusel age demonstrator wil lofbe dec
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large passenger aircraft cabin and cargo. A number of smaller test rigs and component
demonstrators will also be part of the Programme in the preparattase. Targeting to
accomplish technology readiness level 6, manufacturing and assembly concepts for the
next generation integrated fuselaggbincargo approach will be developed and
demonstrated.

TPl atform 3 fiNext Gener at iCoonc kipli @ ¢ tarnidasa v i Ainri ¢
clear focus to develop and demonstrate a next generation cockpit and navigation suite.
Based on the results of a number of research programmes which are currently ongoing or
to be started shortly, platform 3 shallow the Progamme to integrate and validate all
functions and features which are emerging from individual developments into a disruptive
new concept in a major demonstrator suite. With the core of platform 3 being a major
ground based demonstrator, selected featurdsfunctions will be brought to flight test
demonstration. The scope of platform 3 will cover the development of a new next
generation cockpit concept, a rethinking 1t
aircraft, specifically including all nagation and flight guidance features and function
required to incorporate next generation flight and trajectory management capabilities.

2)Regional Aircraft IADP

Regional aircraft are a key element@tan Skythrough a dedicated ITDGreen Regional

Aircraft (GRA), providing essential building blocks towards an air transport system that
respects the environment, ensures safe and seamless mobility, and builds industrial leadership
in Europe. InClean Sky 2the Regional Aircraft IADP will bring the integration of
technologies to a further level of complexity and maturity than currently pursuétbam

Sky The goal is to integrate and validate, at aircraft level, advanced technologies for regional
aircraft so aso drastically derisk their integration on future products.

The following demonstration programmes for regional aircraft a/clarentlyforeseen:

1 2 Flying Testbeds (to minimize the technical and programme risks) using modified
existing regional TRy/c with underwing mounted engines, for demonstration campaigns
of: air vehicle configuration technologies; wing structure with integrated systems and
propulsion integration; flight dynamics, aerodynamic and load alleviation; advanced flight
controls andyeneral systems, and avionics functionalities.

1 5 Large Integrated Ground Demonstrators:-fathle wing, fullscale cockpit; fullscale
fuselage and cabin; all including their associated systems; flight simulator; iron bird. In
addition a Nacelle ground n@nstrator will be done in the Airframe ITD.

Full-scale demonstrations, with acceptable risk and complexity but still providing the
requested integration, are essential to allow the insertion of breakthrough technologies on
regional aircraft entering intservice from 2025. The individual Technology Developments

are arranged along with 8 fAWaveso and seve
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waves will be developed through roadmaps defined to satisfy thdevighrequirements of

the future HighlyEfficient Next Generation Regional Aircraft, the configuration of which

will be developed at conceptual level in a dedicated work package. To increase synergies and
cross fertilization across the different ITDs and IADPs some of the above technological

roadmag wi | | be shared with the fAstreamso of t
of subsystems and systems planned inside Systems and Engine ITD. The Demonstration
Programme wi |l be divided into technol ogi cal
subprogrammes:

1 FTB1 - Innovative Wing and Flight Controls (Regional IADP): Integration and flight
testing of technologies suitable to regional aircraft applications for a new generation wing
and advanced flight control systems. Innovative wing relaystems and wing structural
solutions will also be incorporated where feasible. Aerodynamic enhancements and LC&A
features will be considered to complement FTB2, such as: outboard wing featuring
laminar airfoils for skin friction reduction; high A/R by mesaof adaptive/innovative
winglets.

1 FTB2 - Flight Demonstration of a high efficient and low noise Wing with Integrated
Structural and related Systems solution, including power plant aspects (Regional
IADP): A new wing will be designed, manufactured andipged with new structural
solutions strongly integrated with advanced low power and high efficient systems such as
ice protection, fuel, flight control, engine systems, LE and winglets morphing.

1 Full-scale innovative fuselage and passenger cabin (RegiotaDP):: Integration and
onground testing of a full scale innovative fuselage and passenger cabin including all the
on board systems and advanced solutions for increasing passenger comfort and safety. The
fuselage will be a full scale demonstration of temlbgies for composite material,
structures and manufacturing aimed to weight and cost reduction and to minimize the
environmental impact through edesign and energy consumption optimization all along
the life-cycle (towards a zefimpact).

1 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 concepts as well as advanced avionics functionalities.

1 Iron Bird (Regional IADP): Virtualard Physi cal Al ron Birdso wi
part of the Regional A/C Ground Demonstration Programme. These will be used to
integrate, optimize and validate the systems modification of the Flying Test Bed and the
results of their simulations and graliesting will be essential to achieve the peitiant
fly.

1 Ground Demonstration of the wing (Airframe ITD), including the airframe and the
related systems.

1 Ground Demonstration of the Cockpit (Airframe ITD), including the structure and
related system.

1 Nacelle ground demonstration (Airframe ITD).
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3) East Rotorcraft IADP

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

9 Joint activities:

These activities cover the methodology for technology evaluation of fast rotorcraft
demonstrations and the EBesign concept implementation, along with the programme
management activities for the Fast RotorckaDP.

Concerning the methodology for technology evaluation, the activities will allow defining
SMART objectives and criteria adapted to the fast rotorcraft missions in line with the
general TE approach f&lean Sky 2In addition, the tools used in GRGRC7 will be
adapted and further developed in order to enable the assessment of conceptual rotorcraft
models corresponding to the new configurations to be demonstrated.

Concerning Ecdesign concept implementatiohet activities will allow coordinating
approaches and work plans in the two demonstration projects regarding the greening of
rotorcraft production processes and ensuring complementarity of case studies. The general
Life Cycle Assessment approach will be coordinated with the participants dctine
Design TA.

9 The Tiltrotor demonstrator NextGenCTR:

NextGenCTR will be dedicated to design, build and fly an innovative next generation civil
tiltrotor technology demonstrator, the configuration of which will go beyond current

architectures of this type of airlamaft . Ne
validating its architecture; technologies/systems and operational concepts. Demonstration
activities wildl show significant i mgd-r oveme

the-art. The project will also allow to develop substantial R&Tivéiees to increase the
know-how about a new platform like a tiltrotor (not 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), s@what comparable to that of well proven
conventional helicopter platforms.

NextGenCTR will continue and further develop what has been initiated in Clean Sky, and
launch new activities specific to Clean Sky 2 and NextGenCTR project. In the area of
CO2 emisions reduction, NextGenCTR will continue/develop engine installation and
flight trajectories optimisation (this is now done by analytical models and with scaled
model tests, whereas Clean Sky 2 will validate it at full scale), while specific Clean Sky 2
new activities on drag reduction of the pragior and airframe fuselage and wing will be
necessary (due to a new generation of pudpr, modified fuselag&ing architecture).

This latter Clean Sky 2 specific topic will also be related to operation edistion to
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address competitiveness of the architecture and solutions adopted. The neatqrojl

require substantial research (a@mpustics, by modelling/by tests) to reduce noise
emissions (then validated at full scale); in the current Cleanr®kse reduction is mainly
addressed through trajectories optimisation (that will anyhow continue in Clean Sky 2 and
will be linked to SESAR concepts where necessary). Clean Sky 2 transversal subjects will
cover new material (e.g. thermoplastics, surfaeatiments, less hydraulics and more
electrical systems) validating them at full scale and in real operational conditions, and
sustain the development of the Technology Evaluator for the case of the tiltrotor (today
not widely considered).

Parameters neea tbe defined to show Clean Sky 2 achieved progress according to a
specific tiltrotor roadmap (a direct comparison with conventional helicopter architecture
seems not appropriate as the two configurations must be regarded as substantially different
types ofrotarywing platforms). Today, certified Tiltrotors are not available in the civil

sector (while only one product is available in the military); hence, a database from which
baseline information for the current statethe-art can be extracted is not #daale.
Therefore, Okey perfor mance parameterso
Next GenCTRO0s progress with respect to refert
to technologies which have been tested or conceptually designed in the peric2022)05

Objectives will be defined considering tiltrotor specificities and in line with the main

pillars of Horizon 2020 towards a Smart, Green and Integrated Transport and Clean Sky 2
which addresses environmental compatibility (Greening Objectives), coivgretss
(I'ndustri al Leadership) and mobility. Consi
Economy and Jobs creation will be considered, to confirm and further sustain a steady
growth of the sector with regard to revenues, workforce productivigyy tate of new
employment (in particular of higher educated personnel) and R&D expenditure.

The Compound Rotorcraft demonstrator:

The LifeRCraft project aims at demonstrating that the compound rotorcraft configuration
implementing and combining cuttirepge technologies as from the current Clean Sky
Programme opens up new mobility roles that neither conventional helicopters nor fixed
wing aircraft can currently cover in a way sustainable for both the operators and the
industry. The project will ultimatelgubstantiate the possibility to combine in an advanced
rotorcraft the following capabilities: payload capacity, agility in vertical flight including
capability to land on unprepared surfaces nearby obstacles and to load/unload rescue
personnel and victimswhile hovering, long range, high cruise speed, low fuel
consumption and gas emission, low community noise impact, and productivity for
operators.

A large scale flightworthy demonstrator embodying the new European compound
rotorcraft architecture will bdesigned, integrated and flight tested. This demonstrator will
allow reaching the Technology Readiness Level 6 at whole aircraft level in 2020. The
project is based on:
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v > >

identified mobility requirements and environmental protection objectives;

lessons lemt from earlier experimentation withe low scale exploratory aircraft;
technology progress achieved for rotorcraft subsystems on one side through
participation toClean Skyprojects and other research activities at EU or local level;

The individual echnologies from the first Clean Sky Programme (Green Rotorcraft ITD,
Smart Green Operations ITD, E€gesign ITD) that will be further matured and integrated
in this LifeRCraft demonstration concerns:

A

> v D

New rotor blade concepts aiming rotor blade concepitsng at improved lifting
efficiency and minimum noise esp. through-8ptimised shape; the methodology and
computational tools required for such optimization;

Airframe drag reduction through shape modifications and interference suppression;
Engine intakdoss reduction and muffling;

Innovative electrical systems e.g. brushless generators, high voltage network, efficient
energy storage and conversion, electrical actuation designed for weight-apdrdn
energy savings;

EcoDesign approach, with substitoti of harmful materials by new ones and green
production techniques, demonstrated for specific rotorcraft components;

Helicopter flyneighbourly demonstration based on new flight guidance function and
specific approach procedures in both VFR conditionsfdiid, SESARcompliant;

This LifeCraft project essentially consists of the following main activities and deliveries:

A

A

Airframe structure and landing systent Advanced composite or hybrid
metallic/composite construction, featuring low weight and aerodynamic efficiency;
Lifting rotor and propellers : Low drag hub, pylon and nacelles, -8ptimized blade
design;

Drive train and power plant: New drive trainarchitecture and engine installation
optimised for the LifeRCraft configuration;

On board energy, cabin and mission systems Implementation of the more
electrical rotorcraft concept to minimise power-tatkes from the engines and drive
system;

Flight control, guidance and navigation Smart flight control exploiting additional
control degrees of freedom inherent to LifeRCraft configuration for best fuel
economy and quieter flight;

LifeCraft Demonstrator overall design, integration and testing All coordination

and cross cutting activities relevant to the whole vehicle delivering a full range of
ground & flight test results and final conclusion.
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4) Airframe ITD

Aircraft level objectives on greening, industrial leadership and enhanced mobility, and the
fulfilment of future market requirements and contribution to growth cannot be met without
strong progress on the airframfe.more efficient wing with natural lamindlow, optimised
control surfaces and control systemidl be demonstratedh Clean Sky Also, novel engine
integration strategies will have been derived and tested, and innovative fuselage structures
investigated.

Altogether strong progress towards the 2020 targets will have been obtaine@eaersky

is completed (estimated at 75% of the relgv@art of the initial ACARE goals, applicable to
aircraft with an EIS from 2020/22). However further progress is required on the most
complex and challenging requirement on new vehicle integration to fully meet the 2020
objective, and to progress towattie 2050 goals. To make this possible, different directions
are proposedAll of these directions of progress will be enabled throughout the foreseen
execution of 9 major Technology Streams:

1 Innovative Aircraft Architecture , to investigate some radical msformations of the
aircraft architecture.

The aim of this Technology Stream is to demonstrate the viability of some most promising
advanced aircraft concepts (identifying the key potential showstoppeexpsoring
relevant solutions, elaborating candidate concepts) and assessing their potentialities.

1 Advanced Laminarity as a key technological path to further progress on drag reduction,
to be applied to major drag contributors: nacelle and wing;

This Tecmology Stream aims to increase the Nacelle and Wing Efficiencies by the mean
of Extended Laminarity technologies.

1 High Speed Airframe, to focus on the fuselage & wing step changes enabling better
aircraft performances and quality of the delivered mob#igyvice, with reduced fuel
consumption and no compromise on overall aircraft capabilities (such as low speed
abilities & versatility).

1 Novel Control, to introduce innovative control systems & strategies to gain in overall
aircraft efficiency.The new cha#inges that could bring step change gains do not lay in the
optimisation of the flight control system component performing its duty of controlling the
flight, butin openng the perspectivef the flight control system as a system contributing
to the global architecture optimization. It could contribute to sizing requirements
alleviations thanks to a smart control of the flight dynamics.

1 Novel Travel Experience to investigate new cabins including layout and passenger
oriented equipment and systenThe calin interiors progress is indeed on the path of all
societal challenges of the future transport 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 afight saving & ecacompliance.

1 Next Generation Optimized Wing Boxesleading to progress the aereefficiency and
the ground testing of innovative wing structures;
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The challenge is to devel@nddemonstrate new wing concepts (including architecture)
that will bring significant performance improvements (in drag & weight) whilgroving
affordability and enforcingstringentenvironmental constraints.

1 Optimized High Lift Configurations , to progres®n the aereefficiency of wing, engine
mounting & nacelle integration for aircraft who needs to serve small, local airports thanks
to excellent field performances.

1 Advanced Integrated Structures to optimize the integration of systems in the airframe
along with the validation of important structural advances and to make progress on the
production efficiency and manufacturing of structures.

1 Advanced Fuselagdo introduce innovation in fuselage shapes and structures, including
cockpit & cabinsNew concepts of fuselage are to be introduced to support the future aircrafts
and rotorcrafts. More global aero structural optimizations can lead to further improvémenatg
& weight in the context of a growing cost & environmental pressure, inclieimeygence ofiew
competitors

Due to the large scope of technologies undertaken by the Airframe ITD, addressing the full
range of aeronautical portfolio (Large passenger Aircraft, Regional Aircraft, Rotorcraft,
Business Jet and Small transport Aircraft)dathe diversity of technology paths and
application objectives, the above technological developments and demonstrations are
structured around 2 major Activity Lines, allowing to better focus the integrated
demonstrations on a consistent core set of wsgritrements, and, when appropriate, better
serve the respective IADPs:

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

A Activity Line 2: Demonstration of airframe technologies focused tdwdigh
Versatility and Cost Efficiency (HVE).
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5)Engines ITD

In Clean Skythe industry leaders committed to build and test five engine ground
demonstrators covering all the civil market. The goals were to validate to TRL 6 a 15%
reduction inCO, compared to 2000 baseline, a 60% reductioMN®yx and a 6dB noise
reduction. This is roughly 75% of the ACARE objectives. Following the worst economic
downturn and the consequent changes to market assum@tlores a n SAGE as adjusted

its content to esure these goals remain achievable. Apart from the consequent delay to the
open rotor programme which means that TRL6 is not possible by 2016, the bulk of SAGE
objectives remain on track. An open rotor ground demonstrator will run and confi@Othe
objective, a lean burn combustion ground demonstrator will run to confirlN@eobjective

and a GTF will run to confirm th€O, improvements and noise advantage of such a
configuration. An advanced turkshaft engine has already run to ensure the envirominent
goals extend across the whole market while SAGE 3 has run for the first time to validate the
cost and weight advantages of an advanced dressings configufagooriginal plans for the

open rotor from both Airbus and the engine manufactunads to berevisedand require
further work to confirm both the advantages and credibility of this novel concept.

For Clean Sky 2Engines ITD willbuild on the success of SAGE to validate more radical
engine architectures to a position where their market acceptability is not determined by
technology readinesslhe platforms or demonstrators of these engines architectures are
summarized below:

1 Open Rotor Flight Test, 20142019: A 2nd version of a Geared Open Rotor
demonstrator carrying o@lean SkySAGE 2 achievements and aimed to validate TRL 6
will be tested on ground and then on the Airbus A340 flying test bed (see IADP LPA
Programme). From initlaSAGE 2 demonstrator some engine modifications aimed to
various improvements, control system update, and engine/aircraft integration activities
will be necessary.

1 Ultra High Propulsive Efficiency (UHPE) demonstrator addressing Short / Medium
Range aircraft market, 2016-2022: Design, development and ground test of a propulsion
system demonstrator to validate the low pressure modules and nacelle technology bricks
necessary to enable an Ultra High-Bass Ratio engine (e.g. advanced low pressure fan,
innovatve nacelle modules, gearbox, pitch change mechanism if any, high speed power
turbine). This ground demonstrator will be built around an existing high pressure core.

9 Business aviation / Short range regional Turboprop Demonstrator, 2012019:
Design, devalpment and ground testing of a new turboprop engine demonstrator in the
18002000 shp class. Base line core of ARDIDEN3 will be improved specifically for
turboprop application (compressor-date, combustion chamber, power turbine) and then
integrated withinnovative gear box, new air inlet and innovative propeller.
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1 Advanced Geared Engine Configuration (HPC and LPT technology demonstration),
20152020: Design, development and ground testing of a new demonstrator to validate
key enablers to redudgO, emissons and noise as well as engine weight. Key elements
are: improvement of efficiencies, reduction of parasitic energy flows, innovative
lightweight and temperature resistant materials, low pressure turbine and exhaust noises
reduction.

1 Very High Bypass Rdio (VHBR) Large Turbofan demonstrator, 20142019: Design,
development, builthg, ground tesnhg and flight teshg of an engine to demonstrate key
technologie®n a scale suitable for large engines. An existing engine will provide the core
gas generatoused for the demonstrator. Key technologies included in this demonstrator
will be: integrated low pressure system for a high power-thagly bypass ratio engine
(fan, compressor, gearbox, LP turbine, VAN), Engine core optimisation and integration,
and optimised control systems.

1 Very High Bypass Ratio (VHBR) Middle of Market Turbofan technology, 20142018:
Development and demonstration of technologies in each area to deliver validated
powerplant systems matured for implementation in full engine systemearRkesand
demonstration will require the following: behaviour of fans at low speeds and fan pressure
ratios and structural technology, aerodynamic and structural design of low pressure
turbines for high speed operation, Systems Integration of novel aocessd power
gearboxes, optimised power plant integration, Compressor efficiency, and control &
electrical power system technology developments

1 The Small AeroEngine Demonstration projects related to SAT [Small air Transport]
will focus on small fixeewing aircraft in the general aviation domain, and their pewer
plant solutions spanning from piston/diesel engines to small turboprop endiagbe
demonstration project on businesgation and shostange regional turboprop aircraft (see
above) will demonstrate the reliability and efficiency gains in small turbine engines, this
area in the Engines ITD will focus on light weight and fuel efficient diesel engines
(including the potetial exploitation of the 300 kW helicopter engine launched through a
CfP under the currer@tlean Sky)and potential hybrid engine architectures (piston/electric
engine). In addition (within the overall SAT project scope), the development and use of
low-noise, highly efficient propellers (aimed at hybrid engine, small turbines, diesel
engines) will be undertaken.
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6) Systems ITD

While systems and equipment account for a small part of the aircraft weight and
environmental footprint, they play a central roleaircraft operation, flight optimisation, and
air transport safety at different levels:

1 Direct contributions to environmental objectives: optimised green trajectories, electrical
taxiing, more electrical aircraft approach, and have a direct impact gerii€sions, fuel
consumption, perceived noise, air quality, weight gain.

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

1 Enablers for air transport system optimisation: many of the major improvements identified
in SESAR, NextGen an@lean Skyfor greening, improved mobility or ATS efficiency
can only be reached through the development and the integratiorbofh systemsuch
as data link, advanced weather systems, trajectory negotiation, and flight management
predictive capabilities.

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

In Clean Skythe Systems for Green Operations ITD has developed solutions for more
efficient aircraft operation. Further maturation and demonstration ab & new
developments are needed to accommodate the needs of the next generations of aircraft. In
addition, the systemic improvements initiated by SESAR and NextGen will call for new
functions and capabilities for environmental or performance objectigsalso for flight
optimisation in all conditions, flight safety, crew awareness and efficiency, better
maintenance, reduced cost of operations and higher efficiency. Finally, framework
improvements will be needed to allow for more efficient, faster aasdiefto-certify
development and implementation of features and functions.

The Systems ITD il€lean Sky vill address these challenges through the following actions:

1 Work on specific topics and technologies to design and develop individual equignaent
systems and demonstrate them in local test benches and integrated demonstrators (up
toTRL 5). The main technological domains to be addressed are cockpit environment and
mission management, computing platform and networks, innovative wing systems (WIPS,
sensors, and actuators), landing gears and electrical systems. Other contributive activities
are foreseen and will be carried on by core partaadspartnersThe outcome of these
developments will be demonstrated systems ready to be customized amdtexitag
larger settings. An important part of this work will be to identify potential synergies
between future aircraft at an early stage to reduce duplication.
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1 Customisation, integration and maturation of these individual systems and equipment in
IADPs demonstrators. This will enable full integrated demonstrations in IADPs and
assessment of benefits in representative conditions.

1 Transverse actions will also be defined to mature processes and technologies with
potential impact on all systems, either dgrdevelopment or operational use. Examples of
these transverse actions can be development framework and tools, simulation, incremental
certification, integrated maintenance, @t@sign etc.

7) Small Air Transport (SAT) Transverse Activity

The SAT Initiative proposed inClean Sky 2represents the R&T interests of European
manufacturers of small aircraft used for passenger transport (up to 19 passengers) and for
cargo transport, belonging to EASA’s @8 regulatory base. This includes more than 40
industrialcompanies (many of which SMEs) accompanied by dozens of research centres and
universities. The New Member States industries feature strongly in this market sector. The
community covers the full supply chain, i.e. aircraft integrators, engine and systems
manufacturers and research organizations.

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

1 Multimodality and passenger choice

1 ore safe and more efficient small aircraft operation

1 Lower environmental impact (noise, fuel, energy)

1 Revitalization of the European small aircraft industry

To date, most key technologies for the future small aircraft have reached an intermediate
level of maturity (TRL34). They need further research and experimental demonstration to
reach a maturity level of TRL5 or TRL6. The aircraft and systems manufacinvetved in

SAT propose to develop, validate and integrate key technologies on dedicated ground
demonstrators and flying aircraft demonstrators at an ITD level up to TRL6. The activity will
be performed within th€lean Sky 2TDs for Airframe, Enginesral Systems; with strong
co-ordinating and transversally integrating leadership from within a major WP in Airframe
ITD.
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8) Eco-Design Transverse Activity

EcoDesign will research for a roadmap of excellence, to give high (European) individuality

in quality and ececompliance in the aeronautics vehiélés their whole product life. Eco

Design is reshaped from the former two domain conteptAi r f r ame o0 adtod ASys
transformed, interfacial sudictivity areas that armore open and entrepreneuridie® are:

1 The EceDesign Analysis (EDAS) activity for next concept (full) REcycle and
commensurate EeDesign Life.

T Al pill ars of l 1 f e val ue ar e addressed,
philosophy, to stimulate better REse options and new, bdgtow-how service options,
embracing all the supply chain and OEM actors.-Besign Analysis is a knowledge &
responsibility empowerment, addressing more widened stakeholder suitability. It shall
open up a new supplier/SME interaction basis, and willesbetter to grasp fufjround
pollutior® issues and catalyse more clean and efficient processes for improved economic
and societal return.

1 Eco-Design principles should be owned by all new programmes and contributors to them.
The analysis shall programacoDesign as enthusiasm value partner for user benefit
analyses of the IADP/ITD (acceptance and repeatability, ergonomics and flair, competitive
edge value, ecological and economic asset improvement).

1 The Vehicle Ecological, Economic Synergy (VEES) atyivithat is driven from
Materials, Processes, Resources (MPR) innovations, secondly from the assimilation of
cooperative modules from the ITD/IADP demonstrators with an adaptive Eco Hybrid
Pl atform (EHP), which i s t-plus)designgrivénla@an- 0 ( L
open platform on the level of complete vehicles. This is networked with clustered REcycle
for REuse ground facility realisations. LCA+ is used as a recemsmgmethodology from
the developing Design for Environment (DfE) vision. Haesign work units inside the
sub-activities give a practical footing, always relating to Bo®-Design Life and REcycle
theme reference, see below this section, tracked by the transversal coordination. Eco
Design ensures a collective vision of these theroeboard the various ITD/IADP
technology streams.

AEco Architectureso, as dootprint émpactop the vehickeov er s
from systems performance and indirect energy, water etc. consumption. Glogeration

for these outputs from thmajor physical benches (electrical, consumer heat output, etc.) will

be incorporated. ITD/IADP advanced optimisation methodologies, special physical frame
architecture concepts such as next Thermal Frame Benches, Fluid Management Benches etc.
will help new interface tradeoffs research that fortifies the straigkio-the-point
ecolonomics in energy, water/air footprints results.

*Includes also Engine and Systems, and regardless of airotaftraft frame definition.

® Global Warming Potential of substances equate€@-impact, negative potentials on health and bio diversity, depletion
of resources, primary energy demand.
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Il n the wor k BECOTethsnis ofc aear cueiversal issues (e.g. on corrosion,
surface treatments, fire, contaminatidn.ewill be implemented. EeBesign will upkeep a
sophisticated MPfDatabase suitable for aeronautics from the ini@an Skyachievement,
offer technical workshops for exchange on LCA, the discourse on DfE, REACH, RoHS,
evolving European Standards iagts (indirect water consumption etc.), on concerns such as
primary energy demand in production with cost krook

A deeper EcdDesign Statements (ES) concept will ensure the best developeDeSgn
recommendation guidelines come from these collab@atiwactivity areas. Stakeholder
balanced consultation and user benefit analyses in tgallgol ecolonomic harmonisation

process will be exercised on different mi@oonomictiers with industrialization scoping to

produce well backed soceconomic devative data; this includes quality labour growth
impacts or remedial volumes to tackle and suppress any ground pollution sensitivities. The
closure on its material f | ow a-opmbratiorovgth BEt i ¢ s 0
in the ITD/IADP toplevel aggregate delivery.

EcoDesign delivery focuses on quality, ecompliance and processes whereas the
ITDYIADPs are front lining the TRimaturity in the technology streams with component
application identity. Together, this will raise the technoletygngths in the ne@lean Sky?
Programme.

Eco-Design will deliver success by:

1 demonstrating Ec®esign interaction through the ITD/IADP (through shared components
contributing to process optimality and ecompliance up to a/c level),

1 bringing all thelTD/ IADPs really on board, for instance for the Eco Statements (ES)
having consistent and validated process improvements for the technologyptaite big
impact technology pathways,

1 generating master scientific approaches to matchgaabty and-comgdiance to high
technology readiness promoted through the ITD/IADP,

1 creating user enthusiasm value fdsatk through Ecd®esign principles

1 reducing dowrcycling, nefuture technology dowsselection and withdrawal menaces.

1 MPR database enhancing EU competitiess dimension.

Key EcoDesign & REcycle themes:

Identification and Life Information Strategy (not a copy of SHM), MPR, manufacture &
production, services to component and system (MRO, Finances/IT -Kioowy limited life

and extended life integration, ids-outside gate synergy processes), Integrationffield
assemblydisassembhseparation, REJse, End of Life, Alternative Sectoral Applications,
Use Phase (TE fedaack, vehicle utilization closure; esalues).
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9) Technology Evaluator

A Technology and Impact Evaluation project organization and infrastructure was and remains
an essential element within ti@ean SkyPPP, and will be continued. Impact assessments
evaluating the performance potential of @lean Sky 2echnologies both atehicle level and

at relevant aggregate levels such as at Airport and ATS level, and currently focused on noise
and emissions, will be retained. Where appropriate and agreed jointly within the JU
Membership they may be expanded to include other relevantoamental or societal
impacts, such as mobility benefits or increased productivity.

The analysis of single or logically grouped core technologies on system / vehicle level will be
embedded within the IADPs and ITDs, with the TE taking an integrativeasdy nt het i c
approach focusing on the relevance of @lean Sky 2utput on the Aviation Sector and
simulating Air Transport System Impact3herefore, the core aircraft performance
characteristics (at the spal | ed o6 mi ssi on | e veelADI3, with icléat be r
assigned responsibilities, resource and project tasks embedded in each IADP. Reporting the
mission level aircraft capability will reside under the responsibility of the leading company.

The IADPs will provide verification and validatioof the performance modelling, so as to

certify validity of performance predictions. Impact Assessment will be the responsibility of

the TE / Impact Evaluator and will focus on aggregate impacts.

For thoseClean Sky 2TDs technologies not feeding into &ADP aircraft model, the TE

will build up its own Mission Level assessment capability, also to assess innovative long term
aircraft configurations. Thus, an aircrafte vel synt hesi s of these r1e:
is possible and the respectivilD results can be shown at aircraft level and evaluated within

the Airport and Air Transport System alongside the IADP results.

Finally, the progress of each demonstration platform (ITDs and IADPs) will be monitored
against the defined environmental an@iseeconomic benefits and targets via an efficient
and effective interfacing between the TE and the ITDs and IADPs. For this, dedicated work
packages in the TE (WP2) as well as in the ITDs and IADPs are intended.

In summary, the Technology Evaluator cotss three major tasks:

1 Progress Monitoring o€lean Sky &achievements vs. defined environmental and societal
objectives;

1 Evaluation at Mission Level by integrating particular ITD outputs into TE concept aircraft
/ rotorcraft models;

1 Impact Assessmentst Airport and ATS Level using IADPs and TEs concept aircraft /
rotorcraft models.
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8.6. Summary of Major Demonstrators and Technology Developments

The table belowsummarizeghe major demonstrators and technology developmieméseenover thelife of the ProgrammeSupporting
activities not directly embedded into a demonstrator are listed separately. The funding required for the running cdsistddttuertaking as

well as for the Technology Evaluator are taken into account through atktilmudget calculated in accordance with the CS2 Statutes. For the
Eco-Design and Small Air Transport Transverse Activities the funding is embedded within the IADPs and ITDs funding amounts.

Noteactivities highlighed as followsthese are currently under further preparation and revision and will be subject to a Technical Evaluation.

IADP /ITD Reference

Chapter by

Complete ROM
funding

Technology Areas Demonstrator / Technology Strean Technologies

LargePassenger Aircraft | Advanced Engin{ CROR demo engine flight test deperformance noise, vibratj 6.5.2 2020 93
Design & Integration &
for Large Passengd NPE Demonstration NPE activities
Aircraft
Advanced engine integration drive - CROR structure and systq6.5.3 2020 39
fuselageground demonstrator integration
- Full CFRP fuselage
Validation of scaled integrated flig| Potential unique enabler for demo (6.5.4 2020 5
testing advanced a/c configuration at fu
aircraft level
Large Passenger Aircraft Advanced Laminar Floy HLFC largscale specimel Aerodynamic drag reduction throug 6.5.5 2020 29
Drag Reduction for| demonstrator in flight operation laminar flow for L/R aircraft at hig
Large Passenge transonic speed
Aircraft
High speed demonstrator wit| Aerodynamic drag reduction throug 6.5.5 2020 39
hybrid laminar flow control wing | laminar flow for L/R, high transon
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IADP /ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete ROM EC

Chapter by funding
OAY
speed
Large Passenger Aircraft Innovative Flight| Innovative Flight Operations Next generaton ATM and MTN6.5.6 2020 18
Operations functionalities
Demonstration of| Demonstration of advanced shef Demo of a target a/c configuratiq 6.5.7 2020 a7
Radical Aircraff medium range aircraft configuratio| with combinations of disruptivg
Configurations technologies
Large Passenger Aircraft Innovative Cabin & Next generation fuselage, cabin a| Advanced fuselage architecture fu| 6.6.3 2020 69
Cargo Systems an systems integrated Demonstrator | integrated next generation cabin ¢
Fuselage Structury cargo concepts and systems
Integration for Large
Passenger Aircraft Next generation Cabiargo Cabin  functionalities,  advanceg 6.6.3 2020 34
Functional Demonstrator networks for energy and dat
transfer, Cabin flexibility, Cab
ergonomics, human centered cabin
Next Generation lower centrfAdvanced fuselage structure ful6.6.3 2020 37
Fuselage Demonstrator integrating the next generation win
and main landing gear concept
Large Passenger Aircraf Next Generation Integrated systems and avioni| Full 4D - flight capability; fully 6.7.5 2020 38
Cockpit &  Avionig demonstration parameterized green trajecton
Concepts anc capability
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IADP /ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete ROM EC

Chapter by funding
OAY
Functions for Larg{Next Generation Cockpit groun Development and validation suite fg 6.7.5 2020 19
Passenger Aircraft demonstrator - New MMI functiong

- Advanced IMA’
- Networked data link an
functions

Fully integrated next generatio
avionics simulation & test lab

Flight demonstration NexX Cockpit feature flight demonstratog | 6.7.4 2020 34
Generation Cockpit & flight Coordinated with Systems ai

operation features Equipment ITD

bt Af2G OF aS¢ RS)Qualification and validation of ne)6.7.6 2020 5

generation cockpit features sensib
to a highlyrealistic environment

service operations enhancemd Demonstration of the technical an 6.7.7 2020 15
demonstrator economic maturity and performang
of a value and service orientq
architecture and its enablers:

Large Passenger Aircraft Other [not for Other research  activities  ar 0
evaluation] management: Included i
Demonstrator Programmes.

Large Passenger Aircraft Total: 521
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IADP / ITD

Technology Areas

Demonstrator / Technology Strea

Technologies

Reference Complete ROM EC

Chapter

by

funding
OAY a

Regional Aircraft Highly Efficient Low Air Vehicle Technologieg Flying| Low noise and high efficient HLD, N 7.5.3  (1)| 2021 22
Noise Wing Design fg Test Bed#1 (FTB1) Active LC&, Innovative wing structur| 7.5.2  (I)
Regional Aircraft and systems 7.5.2 ()
7.5.2 (IV)
Regional Aircraft Innovative  Passenge Full scale innovative Fuselage & I R @ High@&gRness materials | 7.5.2 (Il 2021 31
Cabin Design 4 passenger Cabin I A3Kf& Ay dSaNI Gd§753()
Manufacturing for {la F2NJ RIFYIlI3S H
Regional Aircraft condition based maintenance
I RO y-€0$§ Randfaztaring
| AIKE& | dzi2Yl 4SH
I dzYl'y OSyiSNBR (
it StSOGNROKAY!
Regional Aircraft Advanced for Regiong WTT for Configuration of Nejlnnovative  configuration, advancg 7.5.1 2020 6
Aircraft: Generation HEfficient Regional A/( powerplant integration, efficient
1. Power Plant technologies insertion at A/C level
2. Flight  Simulatol Flight Simulator New cockpit interaction concept{ 7.5.3 (Il 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 (H/\7.5.2 ()
and pilot in the loop) 7.5.2 (V)
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IADP /ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete ROM EC

Chapter by funding
OAY
Regional Aircraft Innovative Future| High Lift Advanced Turbopropg I OGA®GS 2 Ay13 753 (V)2017 -|23
Turboprop Flying Test Bed#2 (FTB2) ' RFLIIABS | SNRPRey 752 2020
Technologies fol Morphing Winglets
Regional Aircraft 2Ay3 NBtFGSR {&3

! ROy OSR / Cwt 2 A
hLIWGAYAT SR t 26 SN
RegionalAircraft Linked to all the above Regior Other research activities and 7.4.2 2022 5
Aircraft Demonstrators management: 7.5.4
-IADP Management (WP 0)

¢ SOKy2f23ASa 5S¢
Demonstrations Results Assessment
(WP4), including interfaces with TE and
EcoDesign transvese activity
Regional Aircraft Total: 104
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IADP / ITD

Technology Areas

Demonstrator / Technology Strean Technologies

by

Reference Complete | ROM EC

Chapter funding

Fast Rotorcraft: Technology Evaluatio Transverse activities relevant to bot| 8.5.1 12
Joint/Transverseactivities |& Eco  Transversg FRC demonstrators and manageme
Technologies (WPO0)
Fast Rotorcraft: Tiltrotor |Advanced Tilt RotolD1: Mockup of major airfframelw { @& iGSY RSaAxdy 8.4 D1: 201623
Structural &| sections and rotolw { G NHzOG dzNY € |y R FR(WPL1) |D2:
Aerocoustic Design D2: Tiedown helicopter (TDH analysis software 2018/201
D3: NextGenCTR figw ! RO yOSR St SOGNK 9
demonstrator (ground & flight) w ! SNEReéyl YAOackl SN D3:
and analysis 2019/202
w tNRG2G@LIAY3I GSOK 0
D4: Proprotor components andw { @&GSY RS&A3Iy | {84 2018/201 |11
assembly w { 0NHzOGdzNF £ |y R FR(WP12) |9

analysis software

w ! SNREReyl YA OmaoddlisgN
and analysis
w 2AYR Gdzyy St GSaf{
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IADP / ITD

Technology Areas

Demonstrator / Technology Strean

Technologies

Reference Complete | ROM EC

Chapter

by

funding

OAY a

Fast Rotorcraft: Tiltrotor | Advanced Tilt Rotol5 ¢ Y bSEGDSY/ ¢y l SNPReYyIl YAO4 Y2H84 2018/20 |6 H H
Aerodynamics ang assembly { G NUzO (i dzNuBalysis2tdttg | (WP1.4) |19 funding is
Flight Physics Design l RO yOSR 0O2YLI2aAN964 part  of
| 2YLX SE aeaidSy H(Aiframe Airframe
analysis ITD C ITD)
5 Sta dod yriteria WPB4.2)
5-8 avdightytriteria
5TY bSEGDSY/ ¢wQj ! SNEReylYAO4 Y2H84 2018/201 |12
{ GNYzOG dzNB Y2 RSt f(WP14) |9
I RO yOSR 02YLRaA
/| 2YLX SE aeadSy A
analysis
5 Sta dod yriteria
5-8 avdightytriteria
D8:  Enginairframe  physica Il SNPReylYAO4 Y2H84 2018/201 |9
integration |l ROl yOSR aeaidSy |(WPL5) |9
D9: Fuel system components and integration
¢Saiday3a GSOKyAIld
Fast RotorcraftTiltrotor |Advanced Tilt Rotol5pY bSEGDSY/ ¢ w( 'l RO yOSR YI (i SNXA 84 2018/201 |10
Energy = Managemen| components and assembly environmental impact (WPL.3) |9

System Architectu

res

5 Sta dod yriteria
5 Sta weipft criteria
{FFS 2 LISHEAdnergeyicy 7
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IADP / ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete | ROM EC

Chapter | by funding
OAY a
D10: intelligent electrical powe | ¢spadd brushless generators 8.4 2018/201 | 22
system and anciliary/ auxilia {2f AR altl G§SLRéSNWPLE) |9
components switching units
D11: Flight control & actuatio | RGFyOSR SySNHe@
systems and components architectures

{YINI FOlidzt A2y
| RO yOSR aSyazNg

Fast Rotorcraft: Tiltrotor | Technology Evaluatio Other research activities an 8.4 2024 3
& Eco Transversa management (including support to T|(WP1.0
Technologies Impact Evaluator): +WP1.7)

Fast Rotorcraft: Tiltrotor Total: 89
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IADP / ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete | ROM EC

Chapter by funding
OAY a
Fast Rotorcraft: Compoun( Innovative Compound Airframe structure & landing syste| Advanced composite or hybr| 8.7.11 2020 17
R/C Rotorcraft Airframe metallic/composite structure using late| 8.7.12
Design NB: Wing and tailaddressed ifdesign and production techniques e
Airframe ITD dedicated WPs (1] topological optimization, fibre/tapeg
1.11) 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. Environmenfriendly materialg
and production techniques
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IADP / ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete | ROM EC

Chapter | by funding
OAY a
Fast Rotorcraft: Compoun( Innovative Compound Lifting Rotor & Propellers Integrated design of hub cap, blad|8.7.13 2020 6
R/C Rotorcraft Power Plan sleeves, pylon fairings, optimized for d 8.7.14
Design reduction; Rotor blade design f

combined hoveihigh speed fligh
envelope and variable RPM; Propel
design optimized for best dual functig
trade-off (yaw control, propulsion

All  optimized for best missio
performance and noise reduction wil
provision for icing protection capabilit
based on extensive use of stabéart
CFD and coupled CHKIBD toolg

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 operatiq
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
REACktomgdiant materials and surfac
treatments.
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IADP / ITD

Fast Rotorcraft: Compoun
R/C

Technology Areas Demonstrator / Technology Strean Technologies Reference Complete | ROM EC
Chapter | by funding

OAY a

Innovative Compound On board energy, cabin & missi| Implementation of innovative electric{ 8.7.17 2020 10
Rotorcraft Avionics| systems generation & conversion, high volta¢ 8.7.20

Utilities & Flight network, optimized for efficiency & lo

Control Systems weight; advanced cabin insulation & B

for acoustic and thermal comfort.

Flight  Control,  Guidance Smart flight control exploitingadditional| 8.7.18 2020 13
Navigation Systems control degrees of freedom for be{8.7.19
vehicle aerodynamic efficiency and 18.7.21
noise impact reduction.

Fast Rotorcraft: Compoun
R/C

LifeRCraft Fligh| LifeRCraft Flight Demonstrator Integration of all technologies on §8.7.10 2020 21
Demonstrator unique large scale flight demonstratd 8.7.22
success & compliance with objectiv
validated through extensive range
ground & flight tests

Fast Rotorcraft: Compoun
R/C

Total: 89
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IADP / ITD TechnologyAreas Demonstrator / Technology Strean Technologies Reference Complete  ROM EC

Chapter by funding
OAY
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 engin 9.6.2 TRL 6/43
pylons, NLF, advanced CFD, aerodyng 2017 for
flow control, manufacturing and further
assembly technologies, accurs 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, innovative
shape and structure for fuselage a
cockpit, eceefficient materials ang

processes
Novel Control Gust Load Alleviation, flutter contrg 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
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IADP / ITD TechnologyAreas Demonstrator / Technology Strean Technologies Reference Complete  ROM EC

Chapter by funding
OAY
Airframe High Versatility and Next Generation Optimized Wi Composite (D&M), out of autoclay9.7.1 TRL 5/31
CostEfficiency Box process, modern thermoplastics, wi 2018 for
aeroshape  optimisation, morphing further
advanced coatings, flow and load cont IADP
low cost and high rate production testing
TRL 6
2020
Optimized High Lift Configurations| Tprop  integration on high win¢9.7.2 TRL 5/ 23
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 structun 9.7.3 TRL 5/51
(composite  metallic, multifunctiong 2018 for
materials), all electrical wing, electriqg further
anti-ice for nacelle, integration ¢ IADP
systems in nacelle, materials a testing
manufacturing process, affordable sm TRL 6
aircraft manufacturing, small a/c syster 2020
integration
Advanced Fuselage Rotorless tail for fast r/c (CF9.7.4 TRL 5/ 68
optimisation, flow control, structurg 2018 for
design),pressurised fuselage for fast r further
more affordable composite fuselag IADP
affordable and low weight cabin testing
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IADP / ITD

TechnologyAreas

Demonstrator / Technology Strean Technologies

by

Reference Complete  ROM EC
Chapter

funding

OAY

Airframe Management and Business jet, LPA, SAT, Rotorg n/a 9.5 2020 10
interfacing and Regional a/lc OAD al
configuration
Airframe Total: 347
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 demonstratol 10.6.1 (2019) in LPA
- Studies and design of engine a 10.7.1 IADP
control systemupdate and modification figures
for final flight test
- Manufacturing, procurement an
engine assembly for ground test check
before flight
Following on flight test planned in LK
IADP and test results analysis
Engines Innovative High Bypas| UHPE demonstrator 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 engine:| 10.7.2
Concept for| validation of the low pressure modulg
Short/Medium  Range and nacelle technology
aircraft (Safran)
Engines Business Business  aviation/short  rand Design,development and ground testin 10.5.3 TRL5/6 |22
Aviation/Short  Range regional Turboprop Demonstrator | of a new turboprop engine demonstrat¢ 10.6.3 (2019)
Regional Turboproy for business aviation and short ran{10.7.3
Demonstrator regional application
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IADP / ITD

TechnologyAreas

Demonstrator / Technology Strea

Technologies

by

Reference Complete ROM EC
Chapter

funding

OAY a

Engines Advanced Geare( Advanced Geared Engil Design, development and ground testi| 10.5.4 Engine 44
Engine Configuration |Configuration (HPC and LPJof an advanced geared engil10.6.4 Demo
technology demonstration) demonstrator: 10.7.4 2020
improvement of the thermodynami
cycle efficiency and noise reduction
Engines Innovative HighBypass VHBR Middle of Market Turbofs O0SKIF@A2dzNJ 2F T {1055 TRL 4/946
Ratio Enging Technology pressure ratios (e.g. fan stall marg 10.6.5 2018
Configurations 1l: VHBI variable cold nozzle geometries) a| 10.7.5
Middle of Market structural technology
Turbofan ~ Technology FSNERE&YIlIYAO | yR

(RollsRoyce)

low pressure turbines for high speg

operation

{eadsSvya LydS3anNg
and power gearboxes, including
system and bearing technologig

2LIWAYAESR Lo Son
of engine and nacelle structure
externals and dressings, Noise, Logisti
Build challengeg

O2YLINBaazN
O2y i NPt g StSO
technology developments
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IADP / ITD TechnologyAreas Demonstrator / Technology Strean Technologies Reference Complete  ROM EC

Chapter by funding
OAY a
Engines Innovative High Bypas| VHBR engine demonstrator for tl AYGS3INIGSR t2¢ |1056 Engine |69
Ratio Engineg| large engine market high power veryhigh bypass ratio engin 10.6.6 Demo
Configurations 1k (fan, compressor,gearbox, LP turbing 10.7.6 2017
VHBR enging VAN) 2019
demonstrator for the Sy3airys 02 NB
large engine integration
market (RollsRoyce) 2LJGAYAASR 02
INRdzyR FyR FfA3
engine
Engines Small Aircraft Engin¢ Small Aircraft EnginBemonstrator NBfAFO6ofS |yR Y201124.2 18
Demonstrator small turbine engine
ftAIKG 6SAIKG |y
engines
Engines [Not for evaluation] Other research activities arn 14
management: Budget for activitig
performed byairframer (Airbus) and fo
EcoeDesign Transverse Activity
Engines Total: 290
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IADP / ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete | ROM EC

Chapter by funding
OAY a
Systems Integrated Cockpit| Extended Cockpit Demonstrations Ct A3KG al yl3SySji16.1 ¢ w58

Environment for New technologies, SESAR, NextG 11.6.2 in 2015

Functions & Operationg interactive FM 11.6.7 (1) ¢ wi

! R@FyOSR Fdzy Ol A in 2018+
surveillance, systems manageme
mission management
/ 201 LAG 5AaLX @&
HMI, EVO, etq

La! LI FAOF2NY | yF

Systems Innovative and| Innovative Electrical Wing bSg ' Oldzt GA2Yy [11.6.3 TRL 5 to ¢ 32

Integrated Electrica| Demonstrator (including icl concepts for new wing concep between
Wing Architecture andprotection) I A3K AYyGdS3INI GA2) 2018 to
Components structure and EWIS constrair 2020+

LYSNIAL aSyaz

electronics
bSs as ycar@emﬁ
I SIfaK YzyA 2NJ
2 Lt { 2y 0OSLI

architectures
{KIFENBR t28SN) St §
power managemen
hLIWGAYATFGAZY 3
technologies and control strategy

Written Proc. 20147 Amendment nr. 1 to the Work Plan 22045 PART Bi1 Pagel03of 745



IADP / ITD

Technology Areas

Demonstrator / Technology Strean

Technologies

Reference Complete | ROM EC

Chapter

by

funding

OAY a

Systems Innovative Advanced systems for nose a 2Ay3 DSINJFYR . 71164 TRL 4 to 30
Technologies an¢ main landing gears applications | configurations between
Optimized Architecture I SIFEGK a2y Al2NRy 2018 &
for Landing Gears hLIWiAYAT SR 022t Ay 2020

brakes
D N&iby
Cdzt £t St SOGNROI
NLG and MLG applications
91! YR 9a! (SOK
9 f -BydraulcePower Packs
wSY23GS 9t SOGNRYA
LYy2@F G§ASBS 5NR DY

Systems High Power Electricg Non propulsive energy generation '/ yR 5/ St SO(N11.6.5 () TRL6: 27
and Conversior| '/ YR 5/ St SO{N11.6.5(l)| 2020
Architectures {D RSaA3Iy TF2N KA

electrical network
L y i S 3 NirechSoRgie¥, 2vith2 N
high speed rotation and high
temperature material
Equipments and Systems for ng Electrical motors for loads applications | 11.6.6 (Il) | TRL 4 to 49
aircraft generations between
2019 &
2020
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IADP / ITD Technology Areas Demonstrator / Technology Strean Technologies Reference Complete | ROM EC

Chapter by funding
OAY a
Systems Innovative Energy Innovative  power  distributior 9ft SOGNR O € t 26 {11.65()|TRL5 & 633
Management System| systems, (including powq Aircraft ¢ load management and tran from 2018
Architectures management) ATA optimization to 2020+

I A3K Ay dS3INI (Rt
aircraft (multi ATA load managemel
power distribution and motor control

{ YI NI INARZ R4
breakthrough components to create
decentralized smart grid, partly in ne

pressurized zZong
9t SOGNROL Tt ¢tlgad
management opimization

I SFEGK a2y Al2NRy

Systems Innovative Next Generation EECS, Theri bS¢ 3IASYSNIGAZ2Y [1166() |TRL5& 626
Technologies fol management and cabin comfort | global trans ATA visionable to answer from 2018
Environmental Contro| needs for load management, Inerti to 2020+
System systems, Thermal Management,
quality & cabin comfor

580St2LIYSyid «k 21
A/C EECS components for full sq
performance demonstratiof

bS¢ 3SyDdlihglsysnss fa
additional needs of cooling
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